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SAFETY PRECAUTIONS

The following warning and caution notices illustrate the style used in Varian manuals for
safety precaution notices and explain when each typeis used:

WARNING:

CAUTION:

Warnings are used when failure to observe instructions or precautions
could result in injury or death to humans or animals, or significant
property damage.

Cautions are used when failure to observe instructions could result in
serious damage to equipment or loss of data.

Warning Notices

Observe the foll owing precautions during installation, operation, maintenance, and repair
of the instrument. Failure to comply with these warnings, or with specific warnings
elsewhere in Varian manuals, violates safety standards of design, manufacturing, and
intended use of the instrument. Varian assumes no liability for customer failure to comply
with these precautions.

WARNING:

WARNING:

Persons with implanted or attached medical devices such as
pacemakers and prosthetic parts must remain outside the 5-gauss
perimeter from the centerline of the magnet.

The superconducting magnet system generates strong magnetic fields that can
affect operation of some cardiac pacemakers or harm implanted or attached
devices such as prosthetic parts and metal blood vessel clips and clamps.

Pacemaker wearers should consult the user manual provided by the pacemaker
manufacturer or contact the pacemaker manufacturer to determinethe effect on
a specific pacemaker. Pacemaker wearers should also aways notify their
physician and discuss the health risks of being in proximity to magnetic fields.
Wearers of metal prosthetics and implants should contact their physician to
determine if adanger exists.

Refer to the manuals supplied with the magnet for the size of atypical 5-gauss
stray field. This gauss level should be checked after the magnet is installed.

Keep metal objects outside the 10-gauss perimeter from the centerline
of the magnet.

The strong magnetic field surrounding the magnet attracts objects containing
stedl, iron, or other ferromagnetic materials, which includes most ordinary
tools, electronic equipment, compressed gas cylinders, steel chairs, and steel
carts. Unless restrained, such objects can suddenly fly towards the magnet,
causing possible personal injury and extensive damageto the probe, dewar, and
superconducting solenoid. The greater the mass of the object, the more the
magnet attracts the object.

Only nonferromagnetic material s—plastics, aluminum, wood, honmagnetic
stainless steel, etc.—should be used in the area around the magnet. If an object
is stuck to the magnet surface and cannot easily be removed by hand, contact
Varian service for assistance.
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Warning Notices (continued)

WARNING:

WARNING:

WARNING:

WARNING:

WARNING:

WARNING:

WARNING:

Refer to the manuals supplied with the magnet for the size of atypical 10-gauss
stray field. This gauss level should be checked after the magnet isinstalled.

Only qualified maintenance personnel shall remove equipment covers
or make internal adjustments.

Dangerous high voltages that can kill or injure exist inside the instrument.
Before working inside a cabinet, turn off the main system power switch located
on the back of the console, then disconnect the ac power cord.

Do not substitute parts or modify the instrument.

Any unauthorized modification could injure personnel or damage equipment
and potentially terminate the warranty agreements and/or service contract.
Written authorization approved by a Varian, Inc. product manager is required
to implement any changes to the hardware of a Varian NMR spectrometer.
Maintain safety features by referring system service to a Varian service office.

Do not operate in the presence of flammable gases or fumes.

Operation with flammable gases or fumes present creates the risk of injury or
death from toxic fumes, explosion, or fire.

Leave area immediately in the event of a magnet quench.

If the magnet dewar should quench (sudden appearance of gasses from the top
of thedewar), leave the areaimmediately. Sudden rel ease of helium or nitrogen
gases can rapidly displace oxygen in an enclosed space creating apossibility of
asphyxiation. Do not return until the oxygen level returns to normal.

Avoid liquid helium or nitrogen contact with any part of the body.

In contact with the body, liquid helium and nitrogen can cause aninjury similar
toaburn. Never place your head over the helium and nitrogen exit tubes on top
of the magnet. If liquid helium or nitrogen contacts the body, seek immediate
medical attention, especialy if the skin isblistered or the eyes are affected.

Do not look down the upper barrel.

Unless the probe is removed from the magnet, never look down the upper
barrel. You could beinjured by the sample tube asit g ects pneumatically from
the probe.

Do not exceed the boiling or freezing point of asample during variable
temperature experiments.

A sample tube subjected to a change in temperature can build up excessive
pressure, which can break the sampletube glassand causeinjury by flying glass
and toxic materials. To avoid this hazard, establish the freezing and boiling
point of a sample before doing a variable temperature experiment.
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Warning Notices (continued)

WARNING:

WARNING:

WARNING:

Support the magnet and prevent it from tipping over.

The magnet dewar has a high center of gravity and could tip over in an
earthquake or after being struck by alarge object, injuring personnel and
causing sudden, dangerous release of nitrogen and helium gasses from the
dewar. Therefore, the magnet must be supported by at |east one of two methods:
with ropes suspended from the ceiling or with the antivibration legs bolted to
the floor. Refer to the Installation Planning Manual for details.

Do not remove the relief valves on the vent tubes.

Therelief valves prevent air from entering the nitrogen and helium vent tubes.
Air that enters the magnet contains moisture that can freeze, causing blockage
of the vent tubes and possibly extensive damage to the magnet. It could also
cause asudden dangerous rel ease of nitrogen and helium gases from the dewar.
Except when transferring nitrogen or helium, be certain that therelief valvesare
secured on the vent tubes.

On magnets with removable quench tubes, keep the tubes in place
except during helium servicing.

On Varian 200- and 300-MHz 54-mm magnets only, the dewar includes
removable helium vent tubes. If the magnet dewar should quench (sudden
appearance of gases from the top of the dewar) and the vent tubes are not in
place, the helium gaswould be partially vented sideways, possibly injuring the
skin and eyes of personnel beside the magnet. During helium servicing, when
the tubes must be removed, carefully follow the instructions and safety
precautions given in the manual supplied with the magnet.

Caution Notices

Observe the foll owing precautions during installation, operation, maintenance, and repair
of the instrument. Failure to comply with these cautions, or with specific cautions
elsewhere in Varian manuals, violates safety standards of design, manufacturing, and
intended use of the instrument. Varian assumes no liability for customer failure to comply
with these precautions.

CAUTION:

01-999161-00

Keep magnetic media, ATM and credit cards, and watches outside the
5-gauss perimeter from the centerline of the magnet.

The strong magnetic field surrounding a superconducting magnet can erase
magnetic media such as floppy disks and tapes. The field can also damage the
strip of magnetic mediafound on credit cards, automatic teller machine (ATM)
cards, and similar plastic cards. Many wrist and pocket watches are also
susceptible to damage from intense magnetism.

Refer to the manuals supplied with the magnet for the size of atypical 5-gauss
stray field. This gauss level should be checked after the magnet is installed.
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Caution Notices (continued)

CAUTION: Keep the PCs, (including the LC STAR workstation) beyond the 5-
gauss perimeter of the magnet.

Avoid equipment damage or data loss by keeping PCs (including the LC
workstation PC) well away from the magnet. Generally, keep the PC beyond
the 5-gauss perimeter of the magnet. Refer to the Installation Planning Guide
for magnet field plots.

CAUTION: check helium and nitrogen gas flowmeters daily.

Record the readings to establish the operating level. The readings will vary
somewhat because of changes in barometric pressure from weather fronts. If
the readings for either gas should change abruptly, contact qualified
maintenance personnel . Failureto correct the cause of abnormal readings could
result in extensive equipment damage.

CAUTION: Never operate solids high-power amplifiers with liquids probes.

On systems with solids high-power amplifiers, never operate the amplifiers
with aliquids probe. The high power available from these amplifiers will
destroy liquids probes. Use the appropriate high-power probe with the high-
power amplifier.

CAUTION: Take electrostatic discharge (ESD) precautions to avoid damage to
sensitive electronic components.

Wear a grounded antistatic wristband or equivalent before touching any parts
inside the doors and covers of the spectrometer system. Also, take ESD
precautions when working near the exposed cabl e connectors on the back of the
console.

Radio-Frequency Emission Regulations

The covers on the instrument form a barrier to radio-frequency (rf) energy. Removing any
of the covers or modifying the instrument may lead to increased susceptibility to rf
interference within the instrument and may increase the rf energy transmitted by the
instrument in violation of regulations covering rf emissions. It is the operator’s
responsibility to maintain the instrument in a condition that does not violate rf emission
requirements.
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Introduction

Thismanual is designed to help you perform liquids NMR experiments on your Varian
NMR spectrometer system using VNMR software (VNMR is Varian’s NMR application
software package). The manual contains the following chapters:

Chapter 1, “Advanced 1D NMR,” covers working with 1D experiments at a more
advanced level, such as handling multi-FID spectra, kinetics, and T, and T, analysis.

Chapter 2, “1D Experiments,” describes anumber of common 1D pul se sequencesfor
“everyday” use.

Chapter 3, “Multidimensional NMR,” describes data acquisition, processing, and
display for 2D and 3D NMR. Acquisition of 4D NMR is also covered.

Chapter 4, “Multidimensional and Advanced Experiments,” describesanumber of 2D,
3D, and advanced liquids experiments.

Chapter 5, “Indirect Detection Experiments,” covers indirect detection experiments,
also known as heteronuclear multi ple-quantum coherence (HMQC) experiments.

Chapter 6, “Data Analysis,” covers spin simulation, deconvolution, addition and
subtraction of data, regression analysis, and pulse shape analysis.

Chapter 7, “Pulse Analysis,” describes the Pulsetool and Pandora’s Box tools.
Chapter 8, “Variable Temperature Operation,” describes VT startup and operation.

Chapter 9, “Carousel, SMS, and NM S Automation,” coversautomation run acquisition
and operation, including user programming of the sample entry window.

Chapter 10, “VAST Accessory Operation,” covers setting up and using the VAST
sample changer.

Chapter 11, “PFG Modules Operation,” describes operation using Varian Pulsed Field
Gradient modules.

Chapter 12, “PFG Modules Experiments,” describes experiments using PFG modules.

Notational Conventions

The following notational conventions are used throughout all VNMR manuals:

Typewriter-1like characters identify VNMR and UNIX commands,
parameters, directories, and file namesin the text of the manual. For example:

The shut down command isinthe/ et ¢ directory.

Typewriter-1like characters asoshow text displayed on the screen,
including the text echoed on the screen as you enter commands. For example:

Self test conpleted successfully.

Text shown between angled brackets(<>) in asyntax entry isoptional. For example, if
the syntax isseqgen s2pul <. c¢>, entering the“. ¢” suffix is optional, and typing
seqgen s2pul . c or seqgen s2pul isfunctionaly the same.

Lines of text containing command syntax, examples of statements, source code, and
similar material might not fit the width of the page. In such cases, linesarebroken at a
convenient point (such as at acomma), abackslash (\ ) isinserted at the break, and the
line is continued as the next line of text. This notation will be familiar to
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C programmers. The backslash is not part of the line and, except for C source code,
should not be typed when entering the line.

» Because pressing the Return key isrequired at the end of almost every command or
line of text you type, the Return key is mentioned only in cases where it is not used.
This convention avoids repetition of the instruction “press the Return key.”

» Textwithachangebar (likethisparagraph) identifiesmaterial new to VNMR 6.1C that
was not in the previous version of VNMR. Refer to the Release Notes for adescription
of new features of the software.

Other Manuals
This manual should be your basic source of information on intermediate and advanced
liquids NMR. Other VNMR 6.1 manuals you might need to reference include:
e Getting Sarted
* VNMR Command and Parameter Reference
» Walkup NMR
* VNMR User Programming
* VNMR and Solaris Software Installation
» User Guide: Solid-Sate NMR
e User Guide: Imaging
All of these manual's are shipped with the VNMR software. Note that these manuals, other

Varian hardware and installation manuals, and most Varian accessory manuals are also
provided online so that you can view the pages on your workstation and print copies.

Types of Varian Spectrometer Systems

In parts of this manual, the type of system ("NTYINOVA, MERCURY-VX, MERCURY,
GEMINI 2000, UNITYplus, UNITY, or VXR-S) must be considered in order to properly
use the software.

o UNTYINOVA and MERCURY-VX are the current systems sold by Varian.
e UNITYplus, UNITY, and VXR-S are spectrometer linesthat preceded the WNTYINOVA.

» GEMINI 2000 is a separate line of spectrometers that preceded the MERCURY and
MERCURY-VX.
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chapter 1. Advanced 1D NMR

Sectionsin this chapter:
» 1.1 “Working with Experiments,” this page
* 1.2 “Multi-FID (Arrayed) Spectra’ on page 30
* 13 “T;and T, Analysis’ on page 35
» 1.4 “Kinetics’ on page 37
e 1.5 “Diffusion ExperimentsDOSY” on page 38

This chapter describes working with 1D NMR liquids experiments at a more advanced
level than the manual Getting Sarted

1.1 Working with Experiments

Table 1 lists commands for working with experiments.

Table 1. Commands and Macros for Working with Experiments

Command

explib Display experiment library

jexpl, jexp2, ...,jexp9999 Joinexisting experiment

nd( <f rom exp, >t o_exp) Move display parameters between experiments
nf (<from exp, >t o_exp) Move FIDs between experiments

np( <from exp, >t o_exp) Move parameters between experiments
Macros

cexp(<exp_dir,>exp_nunber) CreateaVNMR experiment

del exp(exp_numnber) Delete an experiment

To obtain aview of the experiments on asystem, type expl i b. The monitor displaysthe
experiment library of the currently available experiment files (expl, exp2, ...,
exp9999).
For each experiment, the following is displayed:

e The name of the experiment and its current size.

» The pulse sequence currently active in the experiment.

» Thefirst 50 characters of thetext file in the experiment.

» The names contained in subexperiments.
An experiment is created with the macro cexp( n) , where n isanumber from 1 to 9999
(e.g.,cexp(4) createsthe experiment exp4). An experiment is deleted by the macro

del exp( n),wheren isanumber from 2t09999 (expl cannot be del eted). For example,
entering del exp(4) deletesexp4.
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When multiple experiments are created, an issue arises concerning how to individually
work with each experiment. To handl e this matter, only one experiment isallowed at atime
to be currently active (i.e., in the foreground for manipulation), although background
processing can be occurring in other experiments at the same time.

To make another experiment currently active (provided it has been created), you “join” it
by entering thej exp command with the experiment number as an argument. For example,
tojoin exp6, enter j expb.

Themacrosj expl toj exp9999 have anumber of convenient uses. For example, they
clear the graphics window, display a parameter set appropriate to the newly joined
experiment, and restart the main menu. To prevent any of these actions, usethej exp
command with an experiment number as an argument. For example, perhaps you want to
simultaneously display a second spectrum from another experiment, but do not want the
currently displayed spectrum to be erased. Inthiscase, enter j exp( 6) rather thanj exp6.

The np, nf , and nd commands move FIDs and parameters between experiments:

e np(<n, >m moves parameters from experiment n to experiment m for example,
np( 4, 5) . If n isomitted, parameters are moved from the currently active experiment
to experiment m

» nf (<n, >m movesthe last acquired FID and the associated parameters.

* nmd(<n, >m) movesonly those “saved display” parameters associated with the
commands s1 through s9.

The Workspace menu contains most of the commands for working with experiments:

Librargl Exp 2| Exp 3| Exp 4| Exp 5| Create Neul Deletel
I

To enter this menu, click on the Main menu button, then select the Workspace button. You
can also display this menu by entering the command menu( ' wor kspace' ). The
number of buttons in this menu depends on how many experiments have been created on
your system. Inthe Workspace menu shown above, you seethat five experiments have been
created (remember that expl isaways present by default and cannot be del eted).

1.2 Multi-FID (Arrayed) Spectra

30

Many experiments require obtaining a series of FIDs, related to each other through the
variation of one or more parameters. For example, supposeit isnecessary to run a series of
spectraat four different temperatures. 30°C, 50°C, 70°C, and 90°C. Instead of acquiring
four separate sets of data, it is possible to create an array in which thet enp parameter is
given four successively different values. These four subexperiments are now al treated as
asingleexperiment. Entering go begins successive acquisition of all four experiments. One
command can be used to transform all the spectra, one command to display al the spectra
on the screen simultaneously, one command to plot all the spectra, and one command to
save all the spectra.

Arrayed Parameters
Table 2 lists command and parameters used with arrayed parameters.

To create an array for anumeric parameter, enter the arrayed val ues separated by commas,
(eg.,t enp=30, 50, 70, 90 or pw=5, 10, 15, 20, 25). Alphanumeric parameters can
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Table 2. Arrayed Spectra Commands and Parameters

Commands

array* Easy entry of linearly spaced array values
da<(paraml<, parang, ...>)> Display acquisition parameter arrays

ds<(i ndex) > Display trace from arrayed 1D spectra

dss* Display stacked spectra

dssa* Display stacked spectra automatically

dssan* Display stacked spectra automatically without erasing
dssh* Display stacked spectra horizontally

dsshn* Display stacked spectra horizontally without erasing
dssn* Display stacked spectrawithout erasing screen

ft* Fourier transform 1D data

pl * Plot spectra

rt<(file<,'nolog >)> Retrieve FIDs

svf<(file<,'nolog ><,"arch'>)> SaveFIDsin current experiment

wit* Weight and Fourier transform 1D data

* array<(paranmeter<,numsteps,start, step_size)>
dss<(start, finish<, step>)><,options>)>
dssa<(start, finish<, step>)><, opti ons>)>
dssan<(start, finish<, step>)><, opti ons>) >
dssh<(start, finish<, step>)><, opti ons>)>
dsshn<(start, finish<, step>)><, opti ons>) >
dssn<(start, finish<, step>)><, opti ons>)>
ft<(<options,><" nf'><, start><, finish><,step>)>,
ft('inverse', exp_num expansion_factor)
pl <(<start, finish<,step>><,'int'><,"all'><, options>)>
wft <(<options, ><' nf' ><, start><, finish><, step>)>,
wit('inverse', exp_num expansion_factor)

Parameters

arr ay {string} Parameter order and precedence

ho {number} Horizontal offset

il {y,'n} Interleave arrayed and 2D experiments
vo {number} Vertical offset

also be arrayed. To perform two experiments in which the decoupler is off in one case and
on in the other, for example, you canusedm=' n' ,

y'.
Not all parameters can be arrayed. Non-arrayable acquisition parameters include
processing parameters, display parameters, and any parameter that changes the number of
data points to be acquired, such asnp, sw; dp, and at .

To display the values of the arrayed parameter, the da command is used. da displays all
values of arrayed parametersif entered without an argument. If one or more parametersare
listed as an argument, da displays only the specified parameters.

Multiple Arrays

Two or more parameters can be arrayed in an experiment. For example, an experiment to
perform a series of decoupling experiments using an array of decoupler power levels and
an array of decoupler frequencies might be set up with dpw =17, 20, 23 and

dof =295. 1, 345. 6, 507. 2, 1245. 5. In this example, twelve experiments are
performed (i.e., three different values of decoupler power dpwr are used), and for each of
those values, four different values of the decoupler offset dof are used.
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Setting Array Order and Precedence

Whenever an array of one or more parametersis set up, the parameter ar r ay becomes
important. This parameter tells the system the name of the parameter or parametersthat are
arrayed, and the order and precedence in which the arraying is to take place.

The string parameter ar r ay can have one of several forms:

e array='"' means no parameter is arrayed (this value istwo single quotation marks
with no space between, not a doubl e quotation mark).

e array='x' meansparameter X isarrayed.

e array='y, x' meansparametersx andy arearrayed, with x taking precedence. The
order of the experimentsis X1y 1, Xo¥1 . XpY1, X1Y2: X2Y 2, XY 2 - XmY ppy With @
total of mxn experiments being performed.

e array='x,y' meansparametersx andy arearrayed, withy taking precedence. The
order of the experimentsisX 1y 1, X1Y 2,--X1Y 1 X2Y 1, X2Y 2,--X2Y s X mY nyy With atotal
of mxn experiments being performed.

e array='(x,y)"' meansparametersx andy arejointly (“diagonally”) arrayed. The
number of elements of the parameters x andy must be identical, and the order of
experimentsis X1y 1, XY 2, -..XpY , With n experiments being performed.

Asyou enter one or more arrayed parameters, ar r ay isautomatically set for you. Only if
you want to change the order or precedenceisit necessary to enter ar r ay directly.

Interactively Arraying Parameters

Separate from the ar r ay parameter isthear r ay macro. If you enter the ar r ay macro
without an argument, an interactive mode is started in which you are asked for the
following information, in this order:

» The name of the parameter to be arrayed.

e The number of values of the parameter.

» The starting value.

» The magnitude of the difference between elementsin the array.

Using the information you provide, an arrayed parameter is set up. Therestrictions are that
only numeric parameters can be arrayed and all values of the array must satisfy the limits
of the parameter.

Entering ar r ay with a parameter name asan argument, (e.g.,array (' pw ) ) till starts
an interactive mode but the program only asks for the remaining three items of information.

If you enter the macro with all four pieces of information as arguments (in this order—
parameter name, number of steps, starting value, and step size), ar r ay bypassesthe
interactive mode compl etely. For example, enteringar ray(' t of ' , 5, 1000, —50) sets
thet of parameter to have 5 elementswith the valuesin the order 1000, 950, 900, 850, 800.

Resetting an Array

Once an array is created, it is possible to change the value of a single element of the array
by typing, for example, pw{ 2] =11. 3, where the 2 enclosed in brackets indicates which
element of the array to modify (array elements are counted starting at 1).

To reset an arrayed parameter to asingle value, enter asingle value for the parameter (e.g.,
pw=10). Thear r ay parameter is automatically modified to reflect this change.
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1.2 Multi-FID (Arrayed) Spectra

Array Limitations

Regular multiple arrays can include up to 20 parameters, each of which can be asimple
parameter or adiagonal array (aset of parameters), which can include up to 10 parameters.
The total number of elements of al arraysis essentially unlimited (232—1).

Acquiring Data

Once any parameter is an array, entering go (or related commands and macros) generates
not just one, but an entire array of spectra. These spectra can then be examined either
individually or as agroup, as described below.

Autogain cannot be used in an arrayed experiment. You can either usegai n='y' , which
sets the gain to the previously determined value, or set gai n equal to afixed value.

Arrayed acquisitions can be interleaved, in which apart of each experiment isdonein turn
rather than starting and finishing each experiment sequentially. The interleave function is
controlled by the parameter i | .

e Ifil ="y', experimentsareinterleaved. bs transientsare performed for each member
of the array, followed by bs more transients for each member of the array, and so on
until nt transientsare collected for each member of thearray. Thus,i | isrelevant only
if bs (block size) islessthan nt (number of transients).

o Ifil="n",al transients are acquired for the first experiment in the array, then all
transients for the second experiment, etc.

Processing
Thecommand ft or wf t isused totransform all of the spectra. Both commands take the
same arguments and options:

e "acq' doesnot transform elements that have already been transformed.

* 'nodc' doesnot perform FID drift correction.

* 'nods' prevents an automatic spectral display (sane asds command).

e 'zero' zeroestheimaginary channel of the FID before Fourier transform.

Phasing can be done on any spectrum. Only one set of phase correction parameters exists,
so all spectra have the same phase at any one time (although the phase can of course be
changed when examining different spectra).

Display and Plotting

The command ds (i ndex) displaysinteractively the requested spectrum from the array.
Theindex can have one, two, or three numbers, depending on the dimensionality of the
spectral array. Spectra are always scaled according to the number of completed transients
ct;if nt isarrayed (nt =1, 2, 4, 8), each spectrum isscaled by itsown ct .

Other spectra display commands are dss, dssn, dssa, dssan, dssh, dsshn and
dssl . These are not interactive like the ds command. They display stacked spectrain
which each spectrum is offset with respect to the previous spectrum. The order of stacking
can be left to right, right to left, top to bottom, or bottom to top, depending on whether the
horizontal offset (ho) and vertical offset (vo) parameters are positive or negative. Some of
these commands set ho and vo automatically.

The spectra display commands function as follows:
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 dss displays stacked spectra using the current values of ho and v o to set the order of
stacking.

» dssn displaysstacked spectrathe sameasdss, but the graphicswindow is not erased
before starting the display. This alows composite displays of many spectrato be
created.

» dssa displays stacked spectra automatically (i.e., vo and ho are automatically
adjusted to fill the screenin alower left to upper right presentation).

» dssan displays stacked spectra automatically the same as dssa, but the graphics
window is not erased before starting the display.

» dssh displays stacked spectra horizontally (i.e., vo is set to zero and ho is adjusted
tofill the screen from left to right).

» dsshn displays spectra horizontally the same asdssh, but the graphics window is
not erased before starting the display.

» dssl displaysalabel for each element in a set of stacked spectra. Thelabel isan
integer value starting with 1 and extending up to the number of spectrain the display.

The command pl plots stacked spectra with the same format as displayed by dss.

The argument syntax <( st art, f i ni sh<, st ep>) ><, opt i ons>) > isused by the
dss command, variants of dss, and by the pl command. The arguments are the
following:

e start istheindex of thefirst spectrawhen displaying multiple spectra. It is also the
index number of a particular trace to be viewed when displaying arrayed 1D spectraor
2D spectra.

» fi ni shistheindex of the last spectrawhen displaying multiple spectra. Because the
parameter ar r aydi misautomatically set to thetotal number of spectra, it can be used
tosetfi ni shtoincludeall spectra.

» st ep istheincrement for the spectral index when displaying multiple spectra. The
default stepis 1.

e opti ons can beany of the following:
"al ' isakeywordto display all of the spectra.

"int' isakeyword to only display the integral, independently of the value of the
parameter i nt nod.

"top' or'side' arekeywordsthat causethe spectrum to be displayed either above
or at theleft edge, respectively, of acontour plot. Thisassumesthat the parameterssc,
we, sc2, and we 2 are those used to position the contour plot. This option does not
apply todssa, dssan, dssh, or dsshn.

' dodc' isakeyword for all spectrato be drift corrected independently.

"red' ,' green','blue','cyan',' magenta','yellow ,'black',and
"whi t e’ arekeywords that select a color. This option does not apply to dssa,
dssan,dssh,dsshn,orpl .

"penl',' pen2',' pen3', etc. specify apen number on aplotter. This option does
not apply to dss or any of itsvariants.

Saving and Retrieving

Thecommandsrt and svf retrieve and save arrayed data, just like single 1D data sets.
The entire data, consisting of anumber of FIDs, is stored and retrieved together asasingle
file.
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1.3 T, and T, Analysis

Pulse Width Calibration Step-by-Step
Toillustrate using arrays, note how the following steps perform a pulse width calibration:

1. Setup parameters and obtain anormal spectrum of any sample. For best results, one
or more intense signals should appear near the center of the spectrum.

Enter pw=5. You can use some other small value if you wish.
Enter nt =1.

Obtain a spectrum and phase it properly. Set d1 to 5*T;.
Enter pw=5, 10, 15, 20, 25, 30 ai go.

You can use some other set of suitable values for the pw array.

o~ WD

S

After the experiment finishes acquisition, enter wf t dssh.

7. Findthe experiment where the signal goesthrough its 180° or 360° null. Enter da to
remind yourself of the values of the pwarray.

8. Toreset the array, enter pw=10.

1.3 T, and T, Analysis

One relatively common form of arrayed experiment is the inversion-recovery T,
experiment. In this experiment, the nuclei are allowed to relax to equilibrium (d1), then
inverted with a180° pulse (p1), given avariable time to return to equilibrium (d2), and
finally given amonitoring 90° pulse (pw) to measure their peak height asafunction of d2.
Under most circumstances, the behavior of the peak heights as a function of d2 will be
exponential, and this exponential timeisthe T;.

Table 3 lists commands and parameters associated with the T; and T, analysis.

Table3. T, and T, Analysis Commands and Parameters

Commands
aut oscal e Resume autoscaling after limits set by scalelimits
del s(i ndex1<,index2,...>) Delete spectrafrom T, or T, analysis
dot 1* Set up a T, experiment
expl <(<options,>linel,line2,...)> Display exponentia or polynomia curves
f p* Find peak heights
pexpl * Plot exponential or polynomial curves
scal elimts* Set limitsfor scalesin regression
tl T, exponential analysis
t1ls T, exponential analysis with short output table
t2 T, exponential analysis
t2s T, exponential analysis with short output table
* dot 1<(m ni mum T1_estimate, maxi mum Tl _estimate, tinme)>
f p<(<' phase', ><i ndex1, i ndex2,...>)>
pexpl <(<options,>linel,line2,...)>
scalelimts(x_start,x_end,y_start,y_end)
Parameter
npoi nt {1to fn/4} Number of points for fp peak search
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Setting Up The Experiment

The standard two-pulse sequence is set up to perform the T1 experiment. You can start if
you wish by entering appropriate values for p1, pw, d1, and an array of valuesfor d2.

Alternatively, you can use the dot 1 macro. dot 1 setsup all parameters to performaTq
experiment, includingdl, pw, p1, nt , and an array of d2 values, based on informationyou
enter. The three arguments that can be input are the minimum expected T4, the maximum
expected T4, and the total time in hours the experiment should take. If no arguments are
provided, dot 1 prompts the user for the information.

Be sure that the parameter pwOO is set properly and contains the correctly calibrated 90-
degree pulse width, because dot 1 uses this information.

Processing the Data
Once the data is acquired, process the data as follows:

1. Enterwft ds(arraydi m) todisplay thelast spectrum (or ds(1) foraT,
experiment to display the first spectrum).

Phase this spectrum properly.
Select athreshold and adjust the threshold line position.
Enter dpf or dl | todisplay alinelist and locate lines for the system.

o > WD

Enter f p to measure the peak height of each peak in an array of spectra. If optional
lineindexesaresuppliedtof p asarguments(e.g.,f p( 1, 3) ), only the peak heights
of the corresponding lines are measured.

Thenpoi nt parameter (if defined and set “on”) determinesthe range of datapoints
over which thef p command searches for a maximum for each peak.

Analyzing the Data

T,and To analysisisperformed by thet 1 andt 2 macros, respectively.t 1 andt 2 measure
relaxation times for al linesin the line listing and display an extended listing of observed
and predicted peak intensities. t 1s and t 2s perform the same calculationast 1 and t 2
but produce a shorter output, showing only a summary of the measured relaxation times.

The command expl displays exponential/polynomial curves resulting from Ty, T, or
kinetic analysis. Optional input of line numbers as arguments allows displaying only
selected lines. Similarly, the command pexpl plots the same curves.

The macro aut oscal e returns the command expl to autoscaling in which scale limits
(setbyscal el i m t s)aredetermined that will display all thedataintheexpl input file.
Themacroscal el i mi t s causesthe command expl to usetyped-in scale limits. If no
argumentsaregiven, scal el i m t s asksfor thedesired limits. The limitsareretained as
long asan expl display isretained.

To delete spectrafrom thet 1 ort 2 analysis (or fromt 1s ort 2s), enter

del s(i ndex1<, index2>..).Thiscommand deletesthe spectra selected by the
indexes from the output filef p. out of thef p command used by thet 1 ort 2 analysis.
Spectra can be restored by rerunning f p.

VNMR 6.1C User Guide: Liquids NMR 01-999161-00 C1002



1.4 Kinetics

Exponential Analysis Menu

Most of the commands for working with T, and T, analysis are available by clicking on
Main Menu button, followed by the Analyze button, and then the Exponential button. The
following menu, called the Exponential Analysis menu, is displayed

T1 Procl T1 nnalgsisl T2 Procl T2 nnalgsisl Plotl F'rintl Returnl

This menu can also be displayed by entering the command nenu( ' t 1t 2anal ' ).

T, Data Workup: Step-by-Step

The following procedures accomplish the same result.

Using Menus

1. From the Permanent menu, click on Main Menu > File > Set Directory > Parent

The text output window shows alist of directories (entries with a slash as last
character) and files (if any). The status window (at the top of the screen) shows the
directory path you arein currently.

2. Click the Parent button as many times as necessary on until the message
“Directory now /" appearsin the status window.

3. Clickthemouseonvnnr/ soit turnsto inverse video, then click on the Change
button. You are now in the vnnr directory.

4. Clickthemouseonfi dl i b/ soitturnstoinversevideo, then click onthe Change
button. You are now inthef i dl i b directory.

5. Clickthemouseonthet 1dat a. fi d soit turnsto inverse video, then click on the
buttons Return > L oad.

6. Click on Analyze > Exponential > T1 Proc > T1 Analysis.
The T; analysis appears in the text output window.

Using Commands
1. Enterrt('/vnm/fidlib/tldata.fid).
2. Enterwft dsshfull ds(arraydi n) aph.
3. Click on Next > Th. Use the left mouse button to set the threshold.
4. Enterdl| fptlcenter expl.

1.4 Kinetics

The arraying capability of the VNMR software provides for the acquisition of datafor the
study of kinetics. Table 4 lists commands and a parameter for kinetics analysis.

Setting Up the Experiment

Usually, the best procedure isto array the preacquisition delay parameter pad. For
example, if pad=0, 3600, 3600, 3600, 3600, the system acquires the first spectrum
immediately (pad[ 1] =0), waits 3600 seconds (pad[ 2] =3600), acquires the second
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Table 4. Kinetics Analysis Commands and Parameters

Commands

ki nd Kinetics analysis, decreasing intensity

ki nds Kinetics analysis, decreasing intensity, short form
ki ni Kinetics analysis, increasing intensity

ki nis Kinetics analysis, increasing intensity, short form
Parameter

pad {number, in sec} Preacquisition delay

spectrum, waits another 3600 seconds, etc. Because 3600 secondsis 1 hour, thisinserts a
wait of one hour between acquisitions. After all the spectra have been obtained, they are
processed much like T1 or To data.

Processing the Data

If the signal decreases exponentially with time, the output is matched to the equation
| =AL* EXP( —T/ TAU) +A3. Theanaysisisdone by themacroki nd, or by macroki nds
if ashort output tableis desired.

If the signal increases exponentially with time, the output is matched to the equation
| =—A1* EXP(-T/ TAU) +A3—Al with analysisdone by themacroki ni , or by the macro
ki ni s for ashort output table.

Kinetics Step-by-Step
The following steps are typical in processing a kinetics experiment:
1. Enterwft dsshfull ds aph.
Click on Next > Th. Use the left mouse button to set the threshol d.
Enterdl | fp.

Enter ki nd, ki ni , ki nds, or ki ni s, as appropriate (see Table 4).

If desired, adjust sc, we, sc2, and we2 by enteringcent er orful | .

o o & W DN

Enter expl .

1.5 Diffusion Experiments/DOSY

38

Software for diffusion measurements using a pulsed Z-gradient probeis an optional feature
of Varian NMR systems. This section describes the pulsed gradient experiment and its
analysis. Table 5 summarizes the commands used in diffusion experiments. See the PFG
installation manual concerning installing the Performa PFG module, and see the VNMR
and Solaris Software I nstallation manual for instruction on loading the diffusion software.

Pulsed Gradient Experiments

The pulse sequences diagrammed in Figure 1 illustrate the two pulsed gradient
experiments. These experiments are fully described in theliterature by Stejskal and Tanner
(Stejskal, E. O.; Tanner, J. E. J. Chem. Phys. 1965, 42, 288-292, and Tanner, J. E. J. Chem.
Phys. 1970, 52, 2523-2526).
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Table 5. Diffusion Analysis Commands

Commands

anal yze* Generalized curvefitting

expfit* Make least-squares fit to polynomial or exp. curve (UNIX)
expl Display exponentia or polynomial curves

expl add(i ntegral _region)
pexpl add(i nt egral _region)
pge

pge_calib

pge_dat a(array_i ndex)
pge_out put

pge_process

pge_resul t s*
pge_setup<('no')>

* anal yze('expfit”, xarray, <, option,option,...>)

Add another diffusion analysisto current display

Add another diffusion analysisto current plot

Convert parameter set to PGE pulse sequence

Calibrate gradient strengths for PGE pul se sequence
Extract data from single element of PGE pul se sequence
Output results from PGE pul se sequence

Automated processing of data from PGE pulse sequence
Calculate diffusion constant for integral region

Set up gradient control parameters for PGE pul se sequence

expfit options <analyze.inp >analyze.list (UN X)
pge_resul ts(integral _region<,reference_regi on>)

pl gl grjid_pl pw g2 9rad_pl
di do d2 d3 d4 -
acquisition
grad_cw
v
T
5
A
ty t
pge — Pulsed Gradient Experiment (stim="n")
pl gl ﬂrad_pl p2 pw g2 grad_pl
d1 do d2 ds5 d3 I d4 -
}' acquisition
grad_cw
T
5
A
t 5

pge — Stimulated Echo Experiment (stim="y")

Figurel. PGE Pulse Sequences
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A pulse sequence named PGE and its associated help file are provided. A parameter set
/vnnr/ parli b/ pge isused asthe master parameter set. Table 6 lists the new gradient
control parameters.

Table 6. Gradient Control Parameter Set

Name Description Units Used In
stim select normal echoor stimulatedecho ' n', ' y' pul se sequence
experiment

d0-d5 acquisition delays sec pul se sequence

pl, p2, pw RF pulse widths msec pul se sequence

g1, g2 gradient pulse widths msec pul se sequence
grad_cw continuous-wave gradient amplitude  gauss/cm pul se sequence
grad_pl pulsed gradient amplitude gauss/cm pul se sequence
grad_p2 pulsed gradient amplitude gauss/cm pul se sequence
dac_cw continuous-wave gradient amplitude  dac units pul se sequence
dac_p1l pulsed gradient amplitude dac units pul se sequence
dac_p2 pulsed gradient amplitude dac units pul se sequence
g_nmax maximum gradient value macro pge_set up
g_mn minimum gradient value macro pge_set up
g_steps number of gradient values macro pge_set up
g_array type of gradient array macro pge_set up
nt_array type of nt array macro pge_set up
nt_first first nt value macro pge_set up
nt _fract fractional nt increment macro pge_set up

The parametersp2 and d5 are only used for the stimulated echo experiment (st i m="y* ).
The parameter p1 definesthe first rf pulse, pw defines the last rf pulse. Delay d1 occurs
before the first rf pulse.

With the current pulse sequence, gr ad_p1 defines the amplitudes of both pulsed
gradients: g1 andg2. Unused parametersgr ad_p2 anddac_p2 areprovidedif youwish
to modify the pul se sequenceto use different gradients. These parameters are unused by the
pge pulse sequence that is provided.

The PGE pul se sequence checks the average power output of the gradient coils for a safe
value. Maximum valueis 100 gauss/cm for a continuous wave gradient. Thisvalueis hard-
coded into the pulse sequence by defining a numerical value in the pul se sequence for the
variabledut ycycl e. Thevalueis calculated from the following expression:

(gr ad_sw)2 xtime+(gr ad_pl)2 x(gl+g2)
tinme

dutycycle =

wheret i me=gl+g2+d0+d1+d2+d4+d5+pl+p2+pw+at .

The user should change this to fit the needs of a specific probe. Comments in the pulse
sequence file/ vnnr / psgl i b/ pge. ¢ contain more details about the sequence.

Pulsed Gradient Experiment Setup

There are two ways to retrieve a set of parameters for the pulsed gradient experiment:
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e Enterrt('/vnnr/parlib/pge').Thiscommand returns acomplete parameter
set into the active experiment.

» Enter pge( nacr o_nane) . This appends the required parameters to those already
present in the active experiment.

For the data from a diffusion experiment to be analyzed properly, it is necessary to define
integral regions in the Fourier transformed spectra. The simplest way to define these
regionsisto run the pulsed gradient experiment as a simple echo experiment

(gr ad_p1=0): first, to check that the values of T and 2t start the dataacquisition at thetop
of the echo, and second, to defineintegral regionsin the experiment where the pulsed field
gradient experiment will be subsequently done. The phase parameters (r p andt p) should
also be determined for this spectrum. If data acquisition was started at the top of the echo,
thel p phase parameter should be zero. The easiest way to define integralsis by using the
RESETS button of the ds command.

Once the parameters are in the experiment, those associated with gradient control can be
set by entering pge_set up. Thismacro has a single optional argument to turn off
interactive questioning; any argument can suffice (e.g., pge_set up(' no')).

The macro pge_set up performs the following three tasks.

1. Setsthegradient (gr ad_p1) array.

If the interactive mode is used, pge_set up prompts for the values of g_nax,
g_m n,g_steps,andg_array. These parameters are used to calculate the
gradient amplitude array. Manual overrideis provided by typing in each value. The
vaueof g_array canbesetto' | i near' if thegradient values are equally
spaced betweeng_ni nandg_max, or setto' squar e’ if the square of the
gradient valuesis equally spaced between the square of g_mi n and the square of
g_nex.

2. Setsthe number of transients (nt ) array.

If theinteractive modeisused, pge_set up promptsfor thevaluesof nt _ar r ay
andnt _first.Thevaluesof nt _array are' sane' and' fraction'.The
parameter nt _fi r st isusedto set to the value of thefirst nt array element. If

' same' isselected, all elementsof thent array aresettont _first.|If
"fraction' isselected, nt _fract isset sothat elements of thent array are
calculated according to the equation:

nti=nt_first x [1 —i x (1 — nt_fract) / g_st eps] 2
Manual overrideis provided by typing in each value.

3. Does necessary housekeeping.

Thear r ay parameter isset sothat nt and dac_pl form a*“diagonal array.” The
t i me macro is executed to display the experiment duration. The average gradient
level of the particular parameter combination is checked when acquisition is
attempted. Thewexp parameterissetto' pge_pr ocess' to perform appropriate
data processing at the end of the experiment.

Other acquisition parameters can be altered by typing in new values. Once a“good” set of
parameters is entered, it may be saved for future recall with the svp (save parameters)
command. The automatic processing of the diffusion data following data acquisition is
initiated with the au command if wexp issetto' pge_process' .
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Gradient Calibration

Calibration constants, which relate DAC values (in DAC units) to resulting values (in
gauss/cm), are stored in conpar with namesgr ad_cw_coef andgrad_p_coef.
These coefficients are in units of (gauss/cm)/(dac unit). The DAC values are whole
numbers while gradient values are real numbers that may contain fractional parts.

Whenever thedac_x or gr ad_x parameters are changed, wherex iscw, p1, or p2,
macros are available to adjust the dependent parameter, taking into account possible
minimum and maximum values and housekeeping in case the parameters are arrayed. The
mathematical relationships are defined as follows:

e Whendac_x ischanged: grad_x=dac_x*grad_x_coef

e Whengrad_x ischanged: dac_x=grad_x/grad_x_coef
grad_x=dac_x*grad_x_coef

The second step taken, when gr ad_ x is changed, is necessary because the calculation of
dac_ x isrounded to the nearest integer, which necessitates that gr ad_ x then be
recal culated so that it correspondsto dac_ Xx.

A macropge_cal i b isprovidedto assist in the calibration of acquisition parametersthat
control the gradient power levels (i.e., the DAC values). After phasing and selecting the
integral region of the standard sample, run a pulsed gradient experiment and process data
withthepge_pr ocess macro. The calculated diffusion constant is displayed in the text
window. Thenrunthepge_cal i b macro to recal cul ate the coefficient. This macro resets
the set of data, followed by processing with the pge_pr ocess macro, and should now
give the diffusion constant that was selected with the pge_cal i b macro. After running
pge_cal i b,runpge_set up again to calculate DAC values with the new coefficient.

Data Reduction

Thepge_pr ocess macro performs several tasks (see Figure 2), calling macros as
appropriate.
1. Transforms the data with the specified weighting function.

2. For each array element (i.e., spectrum), writesinto atext file the following
information: the gradient value for that spectrum, the integral amplitudes, and the
spectral parameters needed to reproduce the data.

Thefileis stored in the current experiment directory and its name reflects which
element of the array thisinformation pertainsto (e.g.,i nf o_1 toi nf o_n). The
macro pge_dat a iscalled by pge_pr ocess to do thisfor each array element.

Thepge_dat a macro hasthe el ement number passed asan argument. Thisfeature
allows an operator to manually adjust the spectral parameters for a single element
and then invoke the pge_dat a macro to update the raw information in the
appropriate text file.

A sampleinformation file for the second element of an array is the following:
Gradi ent anplitude for spectrum?2 is 63.9715
Spectral paraneters:

rp= 344.604 Ip=0 Ilvi=01tlt=20

sp= —-5000 wp= 10000 is= 691.5 ins= 1 fn= 32768

2 Integral Regions Val ue
7440186 -46. 5117 4.58914
—325. 582 —-1604. 65 36. 8508
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pge
pge_setup | Setup for Pulsed Gradient Experiment
go
4 svf
Data in Experiment > Data on Disk
wit
Fourier Transformed Data

[}
(%]
3 pge_data
o
o
g info_1 to info_n files
o

pge_results

analyze.inp files
analyze
v pge_output
—> regionx_results file »| Plotting and Printing
gronx_ | of Files

Figure 2. Data Processing Macros Flowchart

To manually correct the data from a single element of the data array, the following
sequence can be used: select the desired array element with ds (e.g., ds(5) );
manually adjust the phase or drift corrections; then, typepge_dat a(5) to write
the new integral information into thei nf o_5 text file.

3. Thepge_process macro calsthe

pge_resul t s macro.pge_results List of 8 x-y data
collects the necessary information from parrs
thei nf o_n files and constructs a text diffusion data for \
fileanal yze. i np that isused to integral region 2
calculate the diffusion coefficient. G ad* G ad 1n( Anp)
pge_resul t s requiresasingle 0 4.23277
argument that indicates which integral 4092. 35 3. 60688
region to use when recalculating the 8192. 57 3. 01594
diffusion coefficient with theinformation 12305. 2 2.37857
20619. 8 1.13322
Thepge_process macro cals

pge_resul t s oncefor each of the
defined integral regions. Figure 3isa
sampleanal yze. i np text file.

Figure3. Sampleanal yze. i np
File
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The diffusion coefficient is calculated using Equation 1.

2123 2 .2 1 .2
Ai = Aoexp -y D{ét xgrad_cw +3 (A—§6)grad_p1|

_é‘{(tl2 + t22) +8(t1+1t2) + %62—212}gr ad_plixgr ad_cw}

where A; isthe observed integral value of an NMR resonance for the ith element of the
gradient array. A istheintegral value of an NMR resonancejust after the first 90° pulsein
the pulse sequence. A is the self-diffusion coefficient. In the case of the two-pulse echo
sequence, the variablest, 8, A, t1, and t2 (refer to Figure 1) are calculated from the pulse
sequence variables as follows:

=B do+g1+d2+BY
6=9g1

A=gl+d2+pw+d3

-pl
t1=5=+do
t2=d4

In the case of the stimulated-echo sequence, the equation for A is asfollows:
D=gl1+d2+p2+d5+pw+d3
Equation 1 can be recast as the following, which becomes Equation 2:

In(A) =1n(Ag) + Dx CO0+ D x Clx grad_pli+DxC2xgrad_plixgrad_pli

where:

Co = §y213grad_cw2

Cl= Y25[(t12 + t22) +o(tl+t2) + %52—21-2] x grad_cw
_ 2 1

C2=— S(A - éa)

Thefitting program anal yze accepts two arguments that instruct it to perform a
polynomial fit. The selection of which polynomial to fit depends on whether gr ad_cwis
zevo. If it is zero, the second and third terms of Equation 2 vanish and a first-order
polynomial y = c0 + ¢l x x isused where:

y = 1n(A)
c0=1n(Aq) + D x CO
cl=DxC2
x=grad_pli

Otherwise, a second-order polynomial y = c0 + ¢l x X + €2 x X x X is used, where:
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y =1n(A)
c0=1n(A0) + D x CO
cl=DxCO
c2=DxC2
x=grad_pli

Another argument of anal yze isthe complete name of atext file (anal yze. i np) that
contains the x-y data pairs. The output of this calculation is written into atext file in the
current experiment directory. The name of thistext filereflectstheintegral region onwhich
the analysiswas performed. Thisname hastheformr egi onx_r esul t s, wherethex is
the integral region number. Using the experimental delays, gr ad_cwand ganmm, the
pge_resul t s macro calculates the diffusion constant and the time-zero integral
amplitude from thefitting parametersc0, ¢ 1, and ¢ 2. Theresults of these calculations are
appended to the text file that contains the | east-squares analysis results.

The diffusion coefficients of both components of atwo component mixture can be

cal culated assuming the following conditionismet. It ispossibleto find oneintegral region
where the NMR resonance is due to only one component of the mixture. The diffusion
coefficient is calculated using that integral region with the processing already described.
For integral regions, where the NMR intensity results from both components of atwo
component mixture, Equation 1 transforms to the following, which becomes Equation 3:

Aj=a0x exp[D x (CO+ C1lxgrad_pli+ C2xgrad_plixgrad_pli)]
+a2xexplal x Dx (CO+Clxgrad_pli+C2xgrad_plixgrad_pli)]

The diffusion coefficient D is available from the separate reference integral region. The
congtants CO, C1, and C2 are defined in Equation 2. Thefitting parameters are a0, al, and
a2. In order to perform the non-linear least squares analysis of Equation 3, the
pge_resul t s macrois supplied with two arguments (e.g., pge_r esul t s( 1, 3)).
Thefirst argument is the region on which to perform the analysis (just as for the single-
component analysis case) and the second argument is the integral region used to get the
value of D. Thefitting parameter a0 corresponds to the time-zero integral amplitude of the
reference component; a2 corresponds to the time-zero amplitude of the other component;
al corresponds to the ratio of the two diffusion coefficients.

Data Display

The macro pge_out put printsthe experimental parameters and the results of the
diffusion calculations. It also prints graphs of the line fitting results and the spectra.

Aswith any printing operation, the pge_out put macrocalspri nt on,doesacat of
ther egi onx_resul t s files, and then calls pri nt of f. The plotting is done with the
pexpl command. The analogous expl command displays graphs on the screen.

Two macrosare supplied that add the results of the separate cal cul ation to an existing graph.
Thesearecalledexpl add and pexpl add, for graphicsdisplay and plotting, respectively.
Each requires a single argument that specifies the number of the region whose results are
to be added to the existing plot or graph.

To plot or display the results of atwo-component analysis, the commands pexpl and
expl , respectively, are provided. For example, to plot the results of a two-component
analysis, enter pexpl (' square', 'l og') . Thiscommand makes aplot of the square
of the gradient versus the natural logarithm of the amplitude.
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Variations on the pge Pulse Sequence

In addition to the basic pul se sequence pge for diffusion measurements, there are pulse
seguence variations on pge:

pger anp Ramps gradients, unlike pge. Once the pge parameter set has been
recaled, setseqfi | =' pger anp' to execute pger anp. Usethis pulse
sequence when probe impedance is highly mismatched to the gradient
amplifier output. pger anp determines ramp length (defined in us). When
executed, this pul se sequence determines the number of stepsin ramping the
gradient based on the value of t r anp (default value is 200 ps) and the
gradient strength. In arrayed series of gradients, lower gradients have fewer
steps and higher gradients have more steps.

g2pul ranp Analogousto g2pul except that the gradients are ramped and ramp timeis
determined by t r anp. g2pul r anp is executed by setting
seqfil =" g2pul ranp’' . It determines the number of stepsin ramping
the gradient based on the value of t r anp (the default value is 200 ps) and
the gradient strength.

DOSY Experiments

The DOSY (Diffusion Ordered SpectroscopY) application separates the NMR signals of
mixture components based on different diffusion coefficients. Generally speaking, DOSY
increases the dimensionality of an NMR experiment by one. In 2D DOSY theinitial
diffusion weighted NMR spectra are one-dimensional; adding diffusion weighting to a
2D NMR experiment such as COSY or HMQC gives 3D DOSY spectra.

The DOSY analyzesinvolves two steps. These steps are executed by the dosy macro.
1. SetupandacquireaDOSY spectrum.

2. Determine the diffusion coefficients for each line (or cross-peak) in the spectrum.
Takeline (or cross-peak) positions and diffusion coefficients and show theresultsin
aDOSY ploat.

Table 7 shows the available tools for DOSY.

DOSY Pulse Sequences

Previous DOSY pul se sequences used an unhelpful choice of parameter names. These
names have been corrected, but compatibility with old data has largely been maintained.
Thedosy macro attemptsto identify the relevant information from the parameters and the
pulse sequence name; if it fails, dosy startsadialog asking for three pieces of required
information:

» Thewidth of the gradient pulse(s) used for dephasing before diffusion.
» Thediffusion delay between dephasing and rephasing.
 For bipolar sequences, the time between the positive and negative gradient pulses.

New sequences always start with “D” and are supplied with this version of the DOSY
software. The sequences calculate the time portion of the exponent governing diffusional
attenuation, storing the calculation asdosyt i necubed, and the Larmor frequency of the
diffusing spins, storing that calculation asdosyfr q.

The macros bppst e and showdosy are obsoletein VNMR 6.1C.
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Table 7. Toolsfor the DOSY Experiment

Command Function

cleardosy Delete any temporarily saved datain the current (sub) experiment.
ddif Synthesize and display DOSY plot.

Dgcstecosy Set up parameters for the Dgcstecosy.c pulse sequence.
Dgcstehmgc Set up parameters for the Dgcstehmgc.c pulse sequence.
DgsteSL Set up parameters for the DgsteSL..c pul se sequence.

Doneshot Set up parameters for the Doneshot.c pul se sequence.

dosy Process DOSY experiments.

Dbppste Set up parameters for the Dbppste.c pulse sequence.
Dbppsteinept Set up parameters for the Dbppsteinept.c pul se sequence.

fbc Apply baseline correction for each spectrum in the array.

fiddle* Perform reference deconvolution.

makedosyparams Create DOSY-related parameters (called by setup macros).
makeslice Synthesize 2D projection of a3D DOSY spectrum in diffusion limits.
redosy Restore the previous 2D DOSY display from the subexperiment.
setup_dosy Start dialog to set up gradient levels for DOSY experiments.
sdp Show diffusion projection.

setgcal Set the gradient calibration constant.

showorigina Restore the first 2D spectrumin a3D DOSY experiment.
undosy Restore the original 1D NMR data from the subexperiment.

* fiddle(option<,file><,option< file>>< start>< finish><,increment>)

General Considerations

The DOSY experiments are probably the most demanding gradient sequencesin NMR. In
conventional coherence-pathway-sel ected-experiments, you can optimizethe experimental
conditions for a given gradient setting. However, in DOSY, very often the whole scale of
available gradient power is used and the high-resolution NMR conditions still must be
maintained. Convection, i.e., moving liquid columns aong the sample axis (primarily due
totemperature gradients), does not seriously hurt coherence-pathway-sel ected-experiments
(apart from the obviousintensity losses), but, it can make the DOSY analysis completely
useless.

DOSY pulse sequences use the gradient stimulated echo element (or one of its
modifications), shown in Figure 4.

A
A
1N I
. I
<> <+
) )

Figure4. Gradient Stimulated Echo Element
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Inthe DOSY experimentsthe strength of the diffusion encoding gradient isarrayed and the
diffusion coefficients are calculated according to the Stejskal-Tanner formula:

S(G.)=S(0)exp(-Dy*6%(G.) (A~ 5/3)

where S(G,) and S(0) are the signal intensities obtained with the respective gradients
strengths of G, and 0. D isthe diffusion coefficient. y isthe gyromagnetic constant, 8 isthe
gradient pulse duration and A isthe diffusion delay.

The formulaitself provides valuable hints on how to set DOSY-related parameters in
different pulse sequences.
* (y*8*G,)? isthe gradient pulse area.
Nuclei with higher y are more sensitive to diffusion than the low-y nuclei. If possible,
observe H, 1°F, or at least do the diffusion encodi ng step on the high-y nucleus. See

“Dbppsteinept (DOSY Bipolar Pulse Pair Stimulated Echo INEPT) Experiment,” page
52.

Shaping a gradient dramatically reduces its phase encoding efficiency. Although
VNMR software can support gradient shaping on UNITYplus or "NTYINOVA
spectrometers, no advantages are expected from using shaped gradients.

» Jisthe gradient pulse duration.

During 6 (and the subsequent gradient stabilization delay, gst ab) the magnetization
istransverse and subject to T, relaxation and homonuclear J-evolution. Do not use
long 6 valuesin the presence of large homonuclear couplings or short T, relaxation
times (6<<T, or 1/J).

* G, isthegradient strength. Use as high values as possible provided high-resolution
NMR conditions are still maintained (no phase, amplitude, and line shape distortions).

» Aisthediffusiondelay. Convection can alwaysbe an unwanted competitor to diffusion
and T relaxation attenuates the signal intensities. Do not use unnecessarily long
diffusion delays (A<T,).

Some of the previous recommendations might seem contradictory. Of course, in real cases
you need to find an acceptable compromise between them.

The separation efficiency in the diffusion domain is determined by the accuracy of the
measured diffusion coefficients. DOSY does not necessarily intend to get absolute
diffusion coefficients (in mixtures, it is difficult to discuss “ absolute” numbers anyway);
therelative differencesin the D values might be adequate for separation.

Note: Changing the solvent of aDOSY mixture might change the diffusion coefficients
and the separation power of the method. The solvent might play asimilar rolein
DOSY as the different columnsin HPLC.

Diffusion coefficientserrorscan either be statistical or systematic. The most obvious source
of statistical errorsisinappropriate signal-to-noise ratio; therefore in DOSY experiments,
relatively high S/N values must be reached even with the strongest phase encoding
gradients. Systematic errors are primarily caused by instrumental imperfections (such as
gradient nonlinearity over the active sample volume, phase distortions, changesin
experimental lineshape as afunction of gradient amplitude). Systematic errors can be
minimized by careful pulse sequence design (see Magn. Reson. Chem. (1998), 36: 706)
and by adding a suitable internal reference to the sample (acomponent producing a strong,
well isolated singlet peak in the spectrum) suitable for reference deconvolution (FIDDLE)
when processing DOSY.

When setting up DOSY experiments, consider the following recommendations:
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» Besurethat the pr obe parameter is set to the probe you intend to use and
Pr obegcal hastheright value (the setup macros extract the gradient strength, gcal
from the probe file and store it in the local parameter DAC _to_G)) Pulse power levels
and pw90 values are also read from the probe calibration file.

 Set z0 precisely on resonance and carefully adjust the lock phase. Incorrect adjustment
might cause progressive phase errors with increasing gradient power.

» Do not spin the sample.
» Use an adequate number of data points for proper spectral digitization.
» When running long experiments, use interleaved acquisition.

» To minimize temperature gradients (and convection), avoid using extreme (low and
high) temperatures. For solutions with very low viscosity, you might prefer to
completely switch off the VT controller.

« If you can find a substance suitable for reference deconvolution, add it to the mixture
before running DOSY (in proton spectra, TMS might be an ideal candidate).

2D-DOSY Spectroscopy

The current DOSY package includes four 2D DOSY sequences.
» Dbppste
» DgcsteSL
» Doneshot
» Dbppsteinept

Setting Up 2D-DOSY Experiments

1. Start setting up any of the four experiments by recording a normal s2pul spectrum
on the nucleus to be observed.

2. Cadlibrate (or check) pulse widthsif necessary.

3. Beforecalling the set up macro, which always has the same name as the pulse
sequence itself, reduce the spectral window to the region of interest.

4. Each sequence has a parameter called del f | ag. By settingdel f1 ag="y" , the
actual DOSY sequenceisactivated. Settingdel f 1 ag="' n' enablesyouto go back
to the basic s2pul (Dbppste, DgcsteSL, Doneshot) or INEPT (Dbppsteinept)
sequence without changing the experiment or the parameter set.

5. Inall of the sequences, the phase encoding gradient duration is defined by the gt 1
parameter (the total defocusing time). Its strength is defined by the gzl vI 1
parameter and the diffusion delay by the del parameter. The actual DOSY setup
determines the proper relationship among these three parameters. The best setting
primarily depends on the sampleitself (e.g., solvent, viscosity, molecular size and
shape, the isotope to be detected) and on the experimental conditions
(e.g., temperature). Therefore, it isrecommended that you use the DOSY sampleto
optimize the experimental parameters. For small or medium sized molecules, it
might be useful to set gt 1=0. 002 and del =0. 05 sec and to array the gradient
strength:

gzl vl 1=500, 5000, 15000, 20000, 25000, 30000 for Performall
gzl vl 1=50, 500, 1000, 1500, 2000 for Performal gradient systems

6. For themaximum gradient power used inthe DOSY experiment, selectthegz! vI 1
value, which attenuatesthe signal intensitiesto 5% to 15% of theintensities obtained
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with the weakest gradient pulse. If the intensity drop is not sufficient at the end of
the array, you canincrease del or gt 1. If no signal is detected towards the end of
the array, decrease del or gt 1 and repeat the procedure again.

7. Beforethefinal setup, optimize the alfa delay to reach ideal baseline performance.

8. After having determined suitable valuesfor gt 1, del , and the maximum gradient
power, call theset up_dosy macro.

set up_dosy asksfor the number of gradient levels, for the weakest and strongest
gradient power to be used in the experiment and setsup arange of gzl vl 1 values
with their squares evenly spaced. The minimum gradient strength may be setto 0.3-
0.5 G/cm.The number of different pulse areas to use depends on the range of
diffusion coefficientsto be covered and the bal ance between systematic and random
errors but typically isin the range of 10 to 30. Asin any quantitative experiment,
there is abalance to be struck when choosing a repetition rate between signal-to-
noise and accuracy. But in DOSY experiments, adelay of 1-2 T, suffices, provided
that careistaken to establish asteady state before acquiring data. It isrecommended
to set ss<0 to have steady-state pulses at every new array element and run the
acquisitioninterleaved (i | ="' y' ).

Each sequence is equipped with a Tcl-Tk acquisition panel, which provides direct access
to parameters and setup related commands. Figure 5 shows the acquisition panel of the

Doneshot sequence.
1 Acquisition Parameters DOSY flags DOSY paraneters ey & Obs
Gbserve nuclens e ® Phasecycle flag Maximm selectable gradient level [32767
Spect frequency [199.87 ¥ Diffusion delay flag Diffusion gradient level 1000 Decouplers
Spectral width [8000.0" _i Tnterlsave Diffusion gradient length (sec) [0.002 S
Acquisition time 3.0 Gradient stabilization delay (sec)[0.0002°
Acq. complex points 24000 Sample Diffusion delay {sec) 0.06 Bl & Eadly
Recycle delay 1.5 Date Jul 16 1999 Tnbalancing factor (~0.2) 0.2 Ea=s
Transmitter offset 0.0 File exp Spoiling gradient level 1000
(e ks e 61 s a0 ¢ Spoiling gradient length ¢sec)  |0.0005 | r°cess2
Observe pulse 5.55 Probe [triax Dosy frey.(Miz) (set by go)  499.869 Display
Block size 32 Solvent pzo dosytinecubed {set by go) 1.55039e-07F pom—
Steady state B DAC_to_G {Gaus/cm) 0.0021872
Transients 8 Channel : Nucl. Status PFEON 1 nny LCNMR/STARS
Completed transients 0 Dbserve : HL Gradient Type: ttt Text
Receiver gain [16 " pecowpler :mL - nnn
Spare
Clear subexperinent | Display Pulse Sequence | Setup DOSY | Experiment Time | hequire Fmp——

Figure5. Tcl-Tk Acquisition Panel of Doneshot Pulse Sequence

Dbppste (DOSY Bipolar Pulse Pair Stimulated Echo Experiment)

del

\ 2

_ =0
GRD_-_-

Figure 6. Dbppste Experiment

-_-_
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Table 8. Dbppste Parameters

Parameters

calibflag
DAC to G
del

delflag

fn2D
gstab
otl

gzivll

Function

Correct systematic errorsin DOSY experiments.
Store gradient calibration value in DOSY sequences.
Actual diffusion delay.

y runs the Dbppste sequence.

n runs the normal s2pul sequence.

Fourier number to build up the 2D display in F2.
Gradient stabilization delay (~200-300 us)fn2D.
Total diffusion-encoding pulse width.
Diffusion-encoding pulse strength.

DgcsteSL (DOSY Gradient Compensated Stimulated Echo with Spin
Lock) Experiment

del

A

\

_GRD_-_-—-_-_

Figure7. DgcsteSL Experiment

Table9. DgcsteSL Parameters

Parameters

calibflag
DAC_to_G
del

delflag

fn2D
gstab
otl
gz dt

gzlvil
prg_flg*

prgpwr*
prgtime*
tweek

* The optional purging pulse can effectively eliminate the dispersion signal components.

Function

Correct systematic errorsin DOSY experiments.
Store gradient calibration value in DOSY sequences.

Actual diffusion delay.
y runsthe DgcsteSL sequence.
n runs the normal s2pul sequence.

Fourier number to build up the 2D display in F2.
Gradient stabilization delay (~200-300 us).

Totd diffusion-encoding pul se width.

Flag to invert the gradient sign on alternating scans

(default isn).

Diffusion-encoding pulse strength.

y selects purging trim pulse (default).
n omits purging pulse.

Power level for the purge pulse.
Purging pulse length (in second).

Tuning factor to limit eddy currents. It can be set between 0 and

1, usually set to 0.0.

Be careful not to create convection in the sample by the trim pul se.
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The “Oneshot” Experiment

Thetotal gradient power transmitted to the sample remains independent on the phase
encoding gradient power. Although the sequence design makes phase cycling unnecessary
and, unlike other DOSY sequences, the Doneshot sequence can be run with asingle
transient per array element, it is recommended to turn on the cyclops cycle:

phasecycl ef | ag="y"

del

S

GRD.II_I- — — m

. ,bummy*“ heating B Phase encodind
0O Spoiler = Lock refocusing

Figure 8. Oneshot DOSY Experiment

Thelock refocusing gradient is determined by kappa and gzl vl 1. The dummy heating
gradients are automatically adjusted by the sequence. For the maximum gradient power
available in the experiment, use:

gzl vl _max > gzl vl 1*( 1+kappa)

Table 10. Oneshot DOSY Parameters

Parameters Function
calibflag Correct systematic errorsin DOSY experiments.
DAC_ to G Store gradient calibration value in DOSY sequences.
del Actual diffusion delay.
delflag y runs the Doneshot sequence.
n runs the normal s2pul sequence.
fn2D Fourier number to build up the 2D display in F2.
gstab Gradient stabilization delay (~200-300 ps).
otl Total diffusion-encoding pulse width.
ot3 Spoiling gradient duration (sec).
gzlvil Diffusion-encoding pulse strength.
gzIvi3 Spoiling gradient strength.
gzlvl_max Maximum gradient strength accepted.
(32767 with Performall or 111, 2047 with Performal)
kappa Unbalancing factor between bipolar pulses as a proportion of
gradient strength (recommended:~0.2).
phasecycleflag Flag to turn on or off the phase cycle.

52

Dbppsteinept (DOSY Bipolar Pulse Pair Stimulated Echo INEPT)
Experiment

This sequence uses the higher “resolving power” of the wide 13¢ chemical shift range,
while the phase encoding and decoding step is more effectively done on the
1H magnetization.
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Table 11. Dbppsteinept Parameters

Parameters Function
cal i bfl ag Correct systematic errorsin DOSY experiments.
DAC to G Store gradient calibration value in DOSY sequences.
del Actual diffusion delay.
del f1 ag y runs the Dbppsteinept sequence.
n runs the normal INEPT sequence.
fn2D Fourier number to build up the 2D display in F2.
gto Gradient duration of the spoiler gradient (for sat f | ag="y" ).
gtl Total diffusion-encoding pulse width.
gzlvlO Spoiling gradient power.
gzlvll Diffusion-encoding pulse strength.
j 1xh One-bond H-X coupling.
mul t Carbon multiplicity.
2 selects CHs (doublets).
3 gives CH2s down and CHs CH3s up.
4 enhances all protonated carbons.
pp 90° hard *H pulse.
ppl vl Decoupler power level for pp pulses.
satfl ag y gives agrad-90(X) grad sequence during the diffusion delay to destroy the
X-magnetization not originated from INEPT transfer.

Processing 2D-DOSY Experiments

After DOSY data has been acquired, it must be processed to give a2D DOSY spectrum.
Processing data involves the following stages:

1. Reference deconvolution with the command f i ddl e (optional, but useful if there
isasuitable reference line that slowly diffuses).

Baseline correction with the macro f bc (also optional, but strongly recommended).

3. Extraction of diffusion datafrom the spectraand synthesis of a2D DOSY spectrum
with the macro dosy.

fiddle

Thef i ddI e program enables you to use reference deconvol ution to correct the line

shapes, frequencies, phases, etc. of the signals caused by instrumental imperfections. Full
instructions for its use are given in section 6.2 “Deconvolution” on page 205 and in the
Command and Parameter Reference manual. Reference deconvolution of DOSY spectra
removes systematic errors caused by the disturbance of the magnetic field and field/
frequency lock caused by gradient pulses. Itisbest tousef i ddl e withthewri tefi d
option to store the corrected data, recall the corrected data, and set all the weighting
parameters to n before Fourier transforming and proceeding to the next step.

fbc

Thef bc macro applies bc type baseline correction to all spectrain an array. Use the
partial integral mode to set integral regionsto include al significant signals. Leave blank
as large an area of baseline as you possible can; this minimizes systematic errorsin
diffusion coefficient fits caused by baseline errors.
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dosy

This macro uses the commands dl | and f p to determine the heights of all signals above
the threshold defined by the parameter t h. Then it fits the decay curve for each signal to a
Gaussian using the programdosyf i t , storingasummary of al diffusion coefficientsand
their estimated standard errors and various other results as follows:

In the directory $HOVE/ vnnr sys/ Dosy:
« diffusion_display.inp
* general_dosy stats
 cdlibrated gradients
« fit_errors
« diffusion_spectrum

In the current experiment:
» A second copy of diffusion_display.inp.

Thedl | program islimited to handling 512 lines, so very crowded spectra might need to
be processed in sections by appropriately choosing sp and wp. dosy then runs the
command ddi f to synthesize the 2D DOSY spectrum.

The peak representation and the accuracy of the peak heights might increase with higher
digital resolution, i.e., zero-filling the FIDs (f n>np) can occasionally improve the quality
of the DOSY data. In extreme cases, evenf n=512k isallowed by the software. Building
up a 2D data set (and a 2D display) with this data size would not make sense; therefore a
new parameter, f n2D (with a maximum limit of 64k), isintroduced in the 2D-DOSY
sequences, replacing f n when setting up the 2D display.

Note: The 2D DOSY display is set up in the same experiment where the data processing
takes place.

The synthesized spectrum containsf n1/ 2 tracesin the diffusion domain (f 1), andf n2D
real data pointsin the spectral domain (f 2); f n1 islimited to the range 128-1024.
Normally f n2D of 16k suffices. If f n2D* f n1 istoo large, spectral synthesis and display
will be slow and/or VNMR might run out of disk space.

Note: After displaying a 2D spectrum, the variable ni issettof nl/ 2 (thissetting is
required by dconi ). So if more dataisto be acquired or the sequenceisto be
displayed (dps) you must set ni back to zero.

By default, dosy uses all the experimental spectra and covers the whole diffusion range
seen in the experimental peaks. Either one or three arguments, shown in Table 12, can be
supplied to dosy to change the defaults.

Table 12. dosy Commands

Command Function

dosy(' prune') Start adialog to allow one or more spectrato be omitted from
the analysis.

dosy(d1, d2) d1 and d2 are numbers causing the diffusion range of the
synthesized spectrum to be limited to d1* 10°1° m?/sec and
d2*1071° m%/sec.

dosy(' prune', dl, d2) Combine the previously described arguments.
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Themessage Syst emat i ¢ Gz devi at i ons indicates that the random errorsin the
dataare sufficiently small. It might be worthwhile correcting for the small systematic errors
inthefield gradients, produced by the spectrometer hardware, by using the decay curves of
selected signals to provide an internal calibration of the relative gradient strengths. To
correct for systematic gradient errors, do the following procedure:

1. Set the display/threshold parameters to select afew strong, well-resolved signals,
which are known to arise from single species (i.e., the signals are not composites of
overlapping signals from species with different diffusion coefficients). Enter dosy
to perform the analysis afirst time, readjust the display and threshold to contain all
the signals of interest.

2. Enterundosy cal i bfl ag="y' dosy. Thesecond analysis uses the shapes of
the decay curvesin the first analysisto correct for systematic errors. Remember to
setcal i bf | ag backto' n' if you wish to stop using the internal gradient
calibration.

WARNING: If the argument pr une was used for the initial run of the dosy macro,
you must ensure that the same increments are deleted in the second
run. Use undosy cal i bflag="y' dosy(' prune') and specify the
same increment number(s).

Thetwo-dimensional DOSY display (and plot) is constructed by taking the bandshape of a
given signal from thefirst (lowest gradient area) spectrum and convoluting it in a second
dimension with a Gaussian line centred at the calculated diffusion coefficient and with a
width determined by the estimated error of the diffusion coefficient obtained from the
fitting process.

To extract spectraof the mixture components separated along the diffusion axis, select the
region of interest using the two cursors in the interactive 2D display (dconi ) mode and
click on Pr oj (projection) and Hpr oj ( sun) (horizontal projection). The spectrum can
be plotted with the Pl ot menu.

When processing 2D DOSY spectra, you might find the Tcl-Tk process panel, shown in
Figure 9, useful..

Processing Linear Prediction | Ry & Obs
Veighting Interactive - back Caloulate full DOSY Spectrum |
line broad |2— W ~ forward fecmnleny
sinebell o coefs I talculate full DOSY with dialoy | Sequence
shift 0 o basis pts [ Flags & Cond.
ganssian 0.68 o | starting at
shift 0 o predicted pts | Calculate partial DOSY Spectrun | Process
Transform starting at l— Lower diffusion limit: lﬁ—mzfsec Process2
Acquired data points: 16384 Upper diffusion limit:[7  n2/sec ieplay
Fourier No. (1D, fn ): 32768 ﬂﬂ calculate partial DOSY with rlialugl
Fourier No. (2D, fn2n): 32768 || display2
Fourier No.(DIFF, fnl): 256  a¥| _I Calibration flag LCNMR/STARS
Recall Original NMR Data |
Text
Process I FIDDLE {TMS)
Baseline Correct ALL Spectra | FIDDLE (NO-TMS) Recall Diffusion Display I Spare
Setup EXP

Figure9. Tcl-Tk Process Panel for 2D_DOSY Pulse Sequences

WARNING: Do not process the data with the dosy macro until the acquisition has
been completed.
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sdp

The sdp macro (show diffusion projection) displaysthe integral projection of aDOSY
dataset onto the diffusion axis. sdp usesthefileuserdi r +' / Dosy/

di ffusi on_spectrum asinput for thesdp command. Only use sdp inan
experiment in which data can be overwritten because it modifies parameters such asswand
at .

3D-DOSY Experiments

3D DOSY adds a diffusion domain to “conventional” 2D experiments such as COSY or
HMQC. The package contains sequences for DOSY-COSY (Dgcstecosy) and
DOSY-HMQC (Dgcstehmqc), but it is easy to add diffusion encoding to many other

2D experiments. The 3D DOSY sequences provide better resolving power than the

2D counterparts (the probability of overlapping cross-peaksin 2D is much lower than the
probability of overlapping linesin 1D proton detected experiments), at the expense of data
size and experiment time.

An arrayed set of 2D experimentsis performed using different values of gradient strength
(gz!l vl 1). The datais doubly Fourier transformed, and the first 2D spectrum is used to
manually define 2D integral regions. dosy analyzes then fits the integral volumesin
successive increments to Gaussians and synthesizes 2D integral projections of the

3D dataset between defined diffusion limits. Full 3D display is not implemented; although
with patience, you can achieve a similar effect by performing a series of projections.

Setting Up 3D-DOSY Experiments

1. Make surethat the “conventional” parameters of the COSY / HMQC experiment,
such as pulse widths, transmitter offset, spectral window are correctly set.

2. Aswith 2D DOSY, try to find suitable lower and upper bounds for the gradient
strength gzl vl 1. Thereisno needto run 2D experimentsfor this purpose; the first
increment from a 2D run is normally adequate (ni =1).

3. InaCOSY experiment with higher quantum filter (ql vI >1), the first increment
does not contain signals. Set the incremented delay (d2) to 0.05-0.1 during the
gradient optimization process. Set d2 back to zero when starting the DOSY-COSY
experiment.

4. Usetheset up_dosy macroto set up an array of 5to 10 different gz1 vI 1 values.

Thefull 3D experiments then can be acquired. Note the total experiment time when
choosing the number of gzI vl 1 values, ni and nt . Both sequences are equipped
with a Tcl-Tk acquisition panel.
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Dgcstecosy (DOSY Gradient Compensated Stimulated Echo COSY)

Experiment (AV mode)

WL ey )

B Diffusion encoding B Coherence patway selection

Figure 10. Dgcstecosy (AV Mode) Experiment

Usingthe (' t 2dc' ) argument to wf t 2d can be useful.
Table 13. Dgcstecosy Parameters

Parameters Function
calibflag Correct systematic errorsin DOSY experiments.
DAC to G Store gradient calibration value in DOSY sequences.
del Actual diffusion delay.
otl Totd diffusion-encoding pul se width.
gzlvll Diffusion-encoding pulse strength.
gstab Gradient stabilization delay (~200-300 us).
tweek Tuning factor to limit eddy currents.
(can be set between 0 and 1, usually set to 0.0).
ot2 Gradient duration for pathway selection.
gzlvl2 Gradient power for pathway selection.
qivl Quantum filter level (1= single quantum, 2=double quantum).

Dgcstehmqgc (DOSY Gradient Compensated Stimulated Echo
HMQC) Experiment (AV mode)

Process N-type datawith wf t 2d( 1) to processthefirst 2D experiment.

del

3
>

1 «<
Al 0 I [ A
X | 2 —| —

—-_-—-_- ._. |

B Diffusion encoding B Coherence patway selection

Figure1l. Dgcstehmgc Experiment (AV Mode)
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Table 14. Dgcstehmqc Parameters

Parameters Function

del Actual diffusion delay.

gtl Total diffusion-encoding pulse width.

gzlvil Diffusion-encoding pulse strength.

gt2 First coherence pathway selection gradient in HMQC.
gzlvi2 Gradient power for gt2.

gt3 Second coherence pathway selection gradient in HMQC.
gzlvi3 Gradient power for gt3.

gt4 Refocusing gradient in HMQC.

gzlvl4 Gradient power for gt4.

gstab Gradient stabilization delay (~200-300 us).

pwx 90° X pulse.

pwxlvl Power level for pwx.

i One-bond H-X coupling.

mbond Flag to select multiple-bond correlation (HMBC).
taumb Delay for magnetization transfer for rhond="y" .
cl180 Flag to use the 180° X pulse a composite pulse.

If gzl vl 4 hasthesamesignasgz! vl 2 and gzl vl 3 (N-type selection), usewf t 2d to

process the data.

If gzl vl 4 hasoppositesignto gzl vl 2 and gzl vl 3 (P-type selection), use

wft2d(‘ ptype’, 1) toprocessthedata. Usingthe(' t 2dc' ) argument towf t 2d can

be useful.

Before using the sequence for thefirst time the coherence pathway sel ected gradients needs

to be calibrated for a given probe and gradient amplifier.

The choice of decoupling method in the DOSY-HMQC experiment is crucial, as even
relatively low values of dpwr can cause sufficient convection currentsto invalidate DOSY

results. On UNITYplus or YTYINOVA systems equipped with a PPM module in the
13C channel adiabatic decoupling schemes (WURST, STUD) is recommended.

Processing 3D-DOSY Experiments

In order to analyze 3D results, it is necessary to manually define the individual signal

regionsin the 2D spectrum.

1. 2D Fourier transform the first increment of the 3D data set (i.e., theincrement with
thelowest gzl vl 1 value), using proper weighting functions in both dimensions:

wft2d(1l) for COSY
wft2d(‘ ptype’ ,1) for HMX

2. Correctly setvs2d andt h, then definethe signal regionsinthefirst spectrum using

thestandard | | 2d command and its options (e.g., ' reset',' vol une',

‘clear', ' conmbi ne')Theoptionsareeasily accessibleviathedconi / Peak/

Edi t menu set.

3. Include al the components of a given multiplet (cross-peak) in asingle integral
region, provided that thereis no contamination by other signals. Grouping signalsin

this way maximizes the signal-to-noise ratio available for datafitting.
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This step offers you the unique opportunity to exclude apparent spectral artifacts
(t1-noise, decoupling sidebands, spurious peaks, etc. from the DOSY analysis.)
Because the manual peak selectionis probably the most boring and time-consuming
step of the whole procedure, after it is completed, it is worth storing the file (using
thecommand | | 2dbackup) inthe samedirectory where the FID isstored for later
processing.

4. After the signal regions have been defined, enter the command dosy.

The macro extracts the volume of each region for every valueof gzl vl 1 (thisstep
involves, among other things, as many 2D Fourier transforms asthereare gzl vl 1
increments). dosy then fitsthe volumes as functions of gzI vl 1, returning with a
display in which each signal region islabelled with its diffusion coefficient (10'10
m2/sec) and with its standard error in brackets. The coefficients are automatically
displayed whenthedosy macroiscompleted usingthel abel facility of thel | 2d
command. Thus, 6.05(0.05) means a diffusion coefficient of 6.05* 10" 1% m%/sec (+/-
0.05* 1019 m?/sec). The 2D spectrum onwhichthedisplay isbased isthat of thefirst
2D increment of the 3D experiment. A copy of thediffusion resultsisavailablefrom
thefileuser di r +/ Dosy/ di f f usi on_di spl ay_3D. i np. Thisfile contains
three columns:

» The peak humber (asobtained by | | 2dnode="' nynn')
» Thediffusion coefficient
* The standard error

5. Thedisplay of diffusion coefficients as numbers on the screen can result in very
crowded display. You can change the type of information shown by using the
| | 2dnode parameter (for details see the Command and Parameter Reference
Manual and Figure 12).

6. Inorder to makethe analysiseasier, use sdp to obtain the integral projection of the
3D data set onto the diffusion axis. You can use this diffusion spectrum to choose
suitable diffusion regions for which to examine 2D projections of the 3D DOSY
data.

WARNING: Warning: Be sure to use sdp in an experiment in which data can be
overwritten!

7. Inthe experiment containing the 3D data, enter the command:
makesl i ce(dl, d2)

whered1 and d2 arethe diffusion limits (in units of 1010 m2/s) between which the
2D projection of the 3D DOSY spectrum is required. Themakesl i ce macro
buildsthe slice and displaysit after afew seconds. makesl i ce uses, among other
things, the diffusion information in the fileuser di r +' / Dosy/

di ffusion_di splay_3D.inp'.

8. To return to the original spectrum, enter showor i gi nal . This command reverts
to the original 2D spectrum for the first value of gzI vI 1.

9. You can repeat the sequence makesl i ce —showor i gi nal asneeded with
different diffusion values (or slice thicknesses), but you must useshowor i gi nal
in between the display of two slices.
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Both sequences are equipped with a Tcl-Tk Process2 panel, shown in Figure 12,
providing access to necessary functions and parameters to process 3D DOSY data.

Acg & Obs
Retransform the 1st 2D spectinmm |
Decovplers
taleulate DOSY spectrum | Sequence
Labeling options {cross,mumber,box,Diff.coef.}): |rmyr| Flags & Cond.
Calculate DOSY spectrum with dialog | Redisplay spectrum
Process
Process2
Show 2D pojection within the specified limits: I Display
Lower diffusion Limit: |4.1 n2/sec -
Upper diffusion linit: |4.7 n2/sec e
LCNMR/STARS
Text
Show ORIGIMAL 2D {first spectrum)
Spare
Setup EXP

Figure12. Tcl-Tk Process2 Panel for the 3D-DOSY Pulse Sequences

Sample FIDs to Practice DOSY Processing

The package includes afew 2D and 3D FIDs (in/ vnnr / fi dl i b/ Dosy) to practice
DOSY processing. Except for Doneshot, every pul se sequence has an example. Processing
Doneshot dataisnot unique; it requires the same procedure asthe Dbppste or the DgcsteSL
sequences.

Dbppste.fid

The sample is a mixture of three dipeptides (Phe-Val, Phe-Glu, and Phe-Gly) and
3 (trimethylsilyl)-1-propane-sulfonic acid dissolved in D,0O.

1. Loadthedatafileinto the experiment:
cd('/vnnr/fidlib/Dosy') rt(' Doppste.fid')

Enter f t and adjust the phase of the first spectrum.
Set the cursor to the TSP singlet and enternl  r1 (0) .
Change to a directory (cd) in which you have write permission.

Set the cursors 30 Hz either side of the TSP singlet, set| b="' n' and gf =0. 75, and
enter the command

fiddle('satellites',"TM5 ,"witefid ,'tenp')

to perform reference deconvolution on all the data, regularizing the lineshapes so
that the peak heights in successive spectra accurately reflect the signal integrals.

o > WD

6. Recall the FID created in the previous step and retransform it:
rt('temp') gf="n" Ib="n" ft

7. Theintegral regions have already been set in the supplied parameters. Display the
integral to see where the resets have been positioned.

8. Enter f bc to perform baseline correction.

Set the threshold below the peaks of interest:
(vs=500, th=3)

10. Enter dosy.

11. To zoom into the diffusion region of interest, enter undosy dosy(4, 7).
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The following examples describe how to process DOSY data in the command mode
(Commands column) or by using the Tcl-Tk Process (2D-DOSY)) or Process2 (3D-DOSY)
panels (Buttons in the Process Window column). The middle column has instructions or
comments about both types of operations.

DgcstedL..fid

The sample is a mixture of adenosine mono-, di-, tri-phosphate (AMP, ADP, ATP) and
K,HPO, in D,O (pH=7). The datawas acquired in a3mm probe with direct >'P observe.

Commands Comments, Instructions for Both Buttons in the Process Window

Recall the FID:
cd('/vnnr/fidlib/Dosy'")
rt('DgcsteSL.fid")

| b=2 wft Fourier transform Process

fbc Do basdline correction Baseline correct All spectra

dosy Execute dosy. Calculate full DOSY
spectrum

To have better diffusion resolution,
calculate a partial dosy spectrum:

undosy Recall original NMR data
dosy(6.1,7.1) Calculate partial DOSY
spectrum

To display (and plot) the diffusion
spectrum, join another experiment and
executesdp.

Dbppsteinept.fid

The sample is a mixture of sucrose, methyl-alfa-D-glucopyranosid, 1,3,5,-O-methylidene-
mio-inosytol, and dioxane (asinternal reference) in D,O. The experiment was run using an

AutoSwitchable gradient probe.
Command Comments, Instructions for Both Buttons in the Process Window
Recall the FID:

cd('/vnnr/fidlib/Dosy')
rt (' Dbppsteinept.fid')

ft Fourier transform Process (unset | b and gf )
fbc Do baseline correction Baseline correct All spectra
| b=-0.4 gf=0.7 Set weighting functions. (Activatel b and gf )

Expand the spectrum and put the two
cursors around the most intense line
dixonane+ 15 Hz.

fiddle Execute fiddle. FIDDLE (NoTMS)
Display full spectrum and set
threshold.
dosy Execute dosy. Calculate full DOSY
spectrum

To have better diffusion resolution,
calculate a partial dosy spectrum:

undosy Recall original NMR data
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Command

Comments, I nstructions for Both

Buttons in the Process Window

dosy(2.0,5.0)

To display (and plot) the diffusion
spectrum, join another experiment and
executesdp.

Calculate partial DOSY
spectrum

Dgcstecosy.fid

The sample is a mixture of sucrose, methyl-alfa-D-glucopyranosid, and 1,3,5,-O-
methylidene-mio-inosytol in D,O. The experiment was run using an AutoSwitchable

gradient probe.
Command Comments, Instructions for Both Buttons in the Process2 WWndow
Recall the FID:
cd('/vnnr/fidlib/Dosy'")
rt (' Dgcstecosy.fid")
wft2d(1) Fourier transform. Retransform the 1st

112dnmode="' nnyn'

dconi
dosy

112dnode=' nnnn'
dconi

Signal regionsfor thisfile have already
been saved. Recall 112d file:

112d 112d('read’

' Dgcst ecosy. 112d')

Check preset regions. Each cross peak
of interest is boxed.

Execute dosy.

When ready, COSY spectrumis
displayed again with each cross peak
labelled by its diffusion coefficient and
itserror.

Join another experiment and display
diffusion projection:

sdp

A set of signals appear:

4.1-4.8-1,3,5,-O-methylidene-
mio-inosytol

3.6-3.9-methyl-alpha-
D-glucopyranosid

2.8-3.1-sucrose
Other three lines between 3.2 and 3.6
D (1019 m?/sec) are overlapping

diagonal peaks.

Rejoin DOSY experiment.
Reset peak labels.

To display inosytol spectrum:
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2D spectrum

Labelling options: nnyn

Redisplay spectrum
Calculate DOSY spectrum

Labelling options: nnnn
Redisplay spectrum
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Command Comments, Instructions for Both Buttons in the Process2 Wndow
makeslice(4.1,4.8) LowLim.: 41, Up.Lim: 4.8
Show 2D projection
within. ..

To display glucopyranosid projection,
recall original 2D.

showor i gi nal Show original 2D
(first spectrum)

makesl i ce(3. 6, 3.9) Display glucopyranosid. Low. Lim.: 3.6, Up. Lim: 3.9
To display thelast projection, recall the
original 2D.
showor i gi nal Show original 2D
(first spectrum)
makeslice(2.8,3.1) Display sucrose. LowLim.: 2.8,Up.Lim: 3.1
Show 2D projection
within . ..

Note: By accident, this cosy spectrum was run with an unusual parameter setting
(sw<>swl). The setting was absol utely unintended and should not affect the DOSY
processing. The operator (P.Sandor, Darmstadt) assures you that the sequence also
gives proper results with adegquate parametrization.

Dgcstehmgc.fid

The sample is a mixture of quinine, geraniol, and camphene (and TMS) in deutero-
methanol. See J. Magn. Reson. (1998), 131: 131-138.

Commands Comments, Instructions for Both Buttons in the Process2 Window

Recall FID:

cd('/vnnr/fidlib/Dosy'")
rt (' Dgcstehnmge. fid')
wft2d(' ptype', 1) Fourier transform. Retransform thefirst
2D spectrum

Signal regionsfor thisfile have already
been saved. Recall I12d file:

I'l2d
I12d(' read', ' Dgcst ehnyge. ||
2d")
I'l 2dnode=" nnyn' Check preset signal regions. Eachcross Label 1 i ng opti ons:
peak of interest is boxed nnyn
dconi Redisplay spectrum
dosy Execute dosy. Calculate DOSY spectrum

01-999161-00 C1002 VNMR 6.1C User Guide: Liquids NMR 63



Chapter 1. Advanced 1D NMR

Commands Comments, Instructions for Both Buttons in the Process2 WWndow

When ready, HMQC spectrum is
displayed again with each cross peak
labelled by its diffusion coefficient and
itserror.

Join another experiment and display
diffusion projection:

sdp

A set of signals appears:
7.0-8.5—quinine

10.0-11.6 — geraniol

14.0-15.4 — camphene

Other linesaround 18 D (10"1° m?/sec)
are methanol and TMS.

Rejoin DOSY experiment.

Il 2dnmode=' nnnn' Labelling options: nnnn
dconi Redisplay spectrum
To display quinine spectrum:
makeslice(7.0,8.5) Low.Lim.: 7.0,Up.Lim: 85
Show 2D projection
within . ..

To display another projection, you
need to recall the original 2D.
showor i gi nal Show original 2D
(first spectrum)
makeslice(10.0, 11. 6) Display geraniol. Low. Lim.: 10.0,
Up.Lim: 11.6
Show 2D projection
within . ..
To display last projection, recall
original 2D.
showor i gi nal Show original 2D
(first spectrum)
makesl i ce(14. 0, 15. 4) Display camphene. Low. Lim.: 14.0,
Up.Lim: 154
Show 2D projection
within ...

DOSY-Related Literature

Morris, K.F.; Johnson, C.S., Jr. “Resolution of Discrete and Continuos Molecular Size
Distributions by Means of Diffusion-Ordered 2D NMR Spectroscopy,” J. Am. Chem. Soc.
(1993), 115: 4291-4299.

Wider, G,; Détsch, V.; Wiltrich, K. “ Self-Compensating Pulsed Magnetic-Field Gradients
for Short Recovery Times,” J. Magn. Reson. (1994), 108 (Series A): 255-258.

64 VNMR 6.1C User Guide: Liquids NMR 01-999161-00 C1002



1.5 Diffusion Experiments/DOSY

Barjat, H.; Morris, GA.; Smart, S.; Swanson, A.G,; Williams, S.C.R. “High-Resolution
Diffusion-Ordered 2D Spectroscopy (HR-DOSY) —A New Tool for the Analysis of
Complex Mixtures,” J. Magn. Reson. (1995), 108 (SeriesB): 170-172.

Wu, D.; Chen, A.; Johnson, C.S.,Jr. “An Improved Diffusion-Ordered Spectroscopy
Experiment Incorporating Bipolar-Gradient Pulses,” J. Magn. Reson. (1995),
115 (Series A: 260-264.

Gozansky, E.K.; Gorenstein, D.G. “DOSY-NOESY: Diffusion-Ordered NOESY,” J. Magn.
Reson. (1996), 111, (Series B): 94-96.

Wu, D.; Chen, A.; Johnson, C.S.,Jr. “Three-Dimensional Diffusion-Ordered NMR
Spectroscopy: The Homonuclear COSY-DOSY Experiment,” J. Magn. Reson. (1996),
121 (Series A): 88-91.

Wu, D.; Chen, A.; Johnson, C.S.,Jr. “Heteronuclear-Detected Diffusion-Ordered NMR
Spectroscopy through Coherence Transfer,” J. Magn. Reson. (1996),
123 (Series A): 215-218.

Jerschow, A.; Mller, N. “3D Diffusion-Ordered TOCSY for Slowly Diffusing Molecules,”
J. Magn. Reson. (1996), 123 (Series A): 222-225.

Birlikaris, N,; Guittet, E. “A New Approach in the Use of Gradients for Size-Resolved
2D-NMR Experiments,” J. Am. Chem. Soc. (1996), 118: 13083-13084.

Jerschow, A.; Mdller, N. “Suppression of Convection Artifactsin Stimulated Echo
Diffusion Experiments. Double-Stimulated-Echo Experiments,” J. Magn. Reson. (1997),
125: 372-375.

Barjat, H.; Morris, GA.; Swanson, A.G, “ A Three-Dimensional DOSY-HMQC
Experiment for the High-Resolution Analysis of Complex Mixtures,” J. Magn. Reson.
(1998) 131: 131-138.

Pelta, M.D.; Barjat, H.; Morris, GA.; Davis, A.L., Hammond, S.J. “Pulse Sequences for
High Resolution Diffusion-Ordered Spectroscopy (HR-DOSY),” Magn. Reson. Chem.
(1998), 36: 706.

Tillett, M.L.; Lian, L.Y.; Norwood, T.J. “Practical Aspects of the Measurement of the
Diffusion of Proteinsin Aqueous Solution.,” J. Magn. Reson. (1998), 133: 379-384.

Gounarides, J.S.; Chen, A.; Shapiro, M.J. “Nuclear Magnetic Resonance Chromatography:
Applications of Pulse Field Gradient Diffusion NMR to Mixture Analysis and Ligand-
Receptor Interactions,” Journal of Chromatography B (1999), 725: 79-90.

DOSY Review Papers

Morris, GA.; Barjat, H., “High Resolution Diffusion Ordered Spectroscopy,” Methods for
Sructure Elucidation by High Resolution NMR, ed. K. Kévér, Gy. Batta, Cs. Szantay, Jr.
(Amsterdam: 1997), pp. 209-226.

Morris, GA.; Barjat, H.; Horne, T.J. “Reference Deconvolution Methods (FIDDLE),”
Progress in Nuclear Magnetic Resonance Spectroscopy (1997), 31: 197-257.

Johnson C.S. Jr., “ Diffusion-Ordered Nuclear Magnetic Resonance Spectroscopy:
Principles and Applications,” Progressin Nuclear Magnetic Resonance Spectroscopy
(1999), 34: 203-256.

01-999161-00 C1002 VNMR 6.1C User Guide: Liquids NMR 65



Chapter 1. Advanced 1D NMR

Filter Diagonalization Method

Filter Diagonalization Method (FDM) isanon-Fourier data processing method that extracts
spectral parameters (peak positions, line widths, amplitudes, and phases) of Lorentzian
lines directly from the time-domain signal by fitting FID datato a sum of damped complex
sinusoids. The spectral parameters (saved in cur exp/ dat di r/ f dnil. par ) are also
called “linelist” and are used to construct an “ersatz’ spectrum of the NMR data.

FDM is slower than Fast Fourier Transform, but it offers better resolution in the case of
truncated signals and the option of processing only a selected spectrum region. FDM has
the potential to work well with corrupted data, and the potentia to produce aline list with
each line represents atrue NMR peak.

FDM readsinput parametersfrom afile created by thef dml macro, using default (optimal)
values. You can change any of the parameters from the command line. Table 15 listsf diml
parameters. If the spectrum is not referenced withr | , thereferencer f | isalso read from
cur par . Thesection* Changing Local Variables,” page 68 describeshow you can override
the default setting.

In most cases, you only need to decide the number of data points to be used and the
spectrum window to be processed. By default, half of the FID data or 3000 data points,
whichever is smaller, is used.

The window to be processed is determined by VNMR parameters s p and wp. If the datais
already processed (using FT or FDM) and displayed, you can process the displayed region
againwith FDM by typing f dm. If the dataisnot processed and displayed, sp andwp are
read from the cur par file, but sp and wp might not be what you want.

Using FDM

The following steps describe how to do normal activities such as phasing, zooming in,
zooming out, and processing a spectrum window with the f dnil macro.

Table 15. fdm1 Parameters

Parameter Description

cheat No cheat if cheat =1, lines are narrower if cheat <1.
cheat nore No cheatmore if cheat nor e=0.

error Error threshold for throwing away poles.

fdm 1forf dm-1fordft.

Gammt Smoothing width (line broadening).

Ccut Maximum width for a pole.

i dat —4for ASCII complex FID file, -5 for VNMR FID file.
kcoef kcoef >0; use “complicated” dk ( k) . -1 always preferred.
Nb* Number of basisfunction in a single window.

Nbc* Number of coarse basis vectors.

Nsi g* Number of pointsto use, 3000 is ok.

Nski p* Number of points to skip.

rho r ho=1 isoptimal.

Ssw A test parameter.

to Delay of the first point.

theta Overall phase of FID (r p inradians).

wnmi n Minimum spectrum frequency in hertz.

whax Maximum spectrum frequency in hertz.

* Global; see “Globa Parameters,” page 67 for more information.
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1. Display the FID data and use the right mouse button to select the data pointsto be
used by FDM.

2. Processthedatawithft (it usesall FID points), then display and reference the
spectrum.

3. Placethe cursor on aregion of interest, zoomin onit, then type f dml or select the
Process2 panel and click on 1D FDM to process the data. If you select but do not
zoom in on aregion, the whole spectrum in display is processed.

A new menu appears with Sop FDM and Display buttons. The calculation might
take afew seconds to a few minutes depending on the number of data points used
and the size of spectrum window to be processed. To abort the process, click on
Sop FDM. To check if the processis finished, click on Display. If the processis
finished, display the spectrum.

Reprocessing a Spectrum

The 1D FDM button is displayed on the Process2 panel. Use this button to reprocess a
spectrum.

Changing Parameters

Relevant f dmil global parameters are displayed on the Process? panel with current values.
You can change these parameters. The value of aglobal parameter issavedto cur par and
it remainsthe same until you change it from the parameter panel or make anew assignment
using the command line. You can al so change the parametersfrom thef dml command line
as described in the section “Changing Local Variables,” page 68.

Global Parameters

The following FDM parameters are global.

* Nsi g isthe number of FID pointsto use. You initialize it with the right mouse button
position (cr f +del t af ) *sw If Nsi g=0, half of the FID data points or 3000,
whichever is smaller, isused. Nsi g can be changed from the parameter panel, the
command line Nsi g=nnnn, the right mouse button (when the FID is displayed), or
thecommandlinef dmlL(' Nsi g' , nnnn) . In general, the more peaks you have, the
more data points it takes to fit the spectrum. To check the reliability of the FDM
method, change Nsi g afew times and reprocess the data to seeif you get the same
result.

* Nski p isthe number of data pointsto skip at the beginning of aFID. By default, zero
points are skipped. In some cases, you can improve baseline by skipping the first one
or two points.

* Nb isthe number of basis functions (poles) used to fit each of thewindowsin an FDM
calculation. The default is 10. FDM breaks down the specified window into smaller
windows. Ingeneral, bigger Nb givesbetter results, especially better baseline. Sensible
valuesfor Nb are between 10 and 50.

* Nbc isthe number of additional poles (coarse basis functions) to be used. The default
is zero, but setting Nbc to an integer larger than zero (typically 4-10) might improve
the baseline.

» Gammisthe smoothing width (line broadening). ThedefaultisO. 2* sw/ Nsi g, which
isabout atenth of the FT resolution. Typical valuesare 0.1 to 1.0.

Using bigger Nsi g, Nb, Nbc, or a spectral window significantly slows down the
calculation.
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Changing Local Variables

FMD parameters that are not commonly used are set asf dml local variables. These
parameters are listed with global parametersin Table 15. You can change local variables
only from the f dml command line. Parameter values are lost after the completion of the
macro. To use a value again, you must reenter it; otherwise, f dml sets the value to the
default. To change more than one local variable, enter the variables from the same
command line.

You can change any of the FDM parameters from the f dml command line and you can
change both globa and local variables. Vaues entered from the f dml command line
override the default, the change from the Process2 panel, and the value that you select with
the cursor. Enter command line arguments by giving the parameter namein single quotation
marks and a value separated by a comma, for example:

fdmi(' cheat', 0.8)

fdml(' Nsi g', 3000)

fdml(' Nsig', 3050)

fdml(' Nb', 20)

fdml(' Noc', 10,' Nb', 20)

fdml(' Nsig',3000,' Nb', 20,"' Garmi, 0. 5)
fdmi(' wrin',-1600,"' wrax', 1600)
fdmil(' wrin',-1600,"' wrax', 0)

cheat isafactor multiplied to thelinewidth. Thereisno cheat when cheat =1; linesare
narrower when cheat <1.

wni n isthe minimum spectrum frequency in Hz. Thedefaultissp+rfl - sw/ 2.wm niis
the upper field.

wrax is the maximum spectrum frequency in Hz. The default iswri n+wp. wax isthe
lower field.

The center of the full spectrum is zero.

Seeing Parameter Values

Parameters are set to their default values. Normally, you do not need to change these
parameters or you might change some of the global parameters. You cannot inquire values
of local f dml parametersin the same way that you inquire global VNMR parameters with
echo or ?. To seethe values of all parameters used, look in thef dnil. i npar mfile
created by thef dnil macro inthedat di r directory of the current experiment. Figure 13
shows the format of thef dml. i npar mfile; the number of spaces and tabsis arbitrary.

References
J. Chen and V. A. Mandelshtam, J. Chem. Phys. (2000) 112: 4429-4437.
V. A. Mandelshtam, J. Magn. Reson. (2000) 144: 343-356.

A.A.DeAngdlis, H. Hu, V. A. Mandel shtam and A.J. Shaka, J. Magn. Reson. (2000) 144:
357-366.
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Figure13. fdmil. i npar mFile
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chapter 2. 1D Experiments

Sectionsin this chapter:

o 2.1“APT—Attached Proton Test,” page 72

o 2.2“BINOM—Binomial Water Suppression,” page 73

» 2.3“CPMGT2—Carr-Purcell Meiboom-Gill T, Measurement,” page 74

e 2.4"CYCLENOE—Cycled NOE Difference Experiment,” page 75

e 2.5“D2PUL—Standard Two-Pulse Using Decoupler as Transmitter,” page 76

» 2.6 “DEPT—Distortionless Enhancement by Polarization Transfer,” page 77

e 2.7 "INEPT—Insensitive Nuclei Enhanced by Polarization Transfer,” page 80

e 2.8"“JUMPRET—Jump-and-Return Water Suppression,” page 81

* 2.9“NOEDIF—NOE Difference Experiment,” page 82

e 2.10“PRESAT—1D Water Suppression,” page 85

e 2.11"“S2PUL—Standard Two-Pulse Sequence,” page 85

o 2.12"“S2PULR—Standard Two-Pulse in Reverse Configuration,” page 86
This chapter describes anumber of common 1D pul se sequencesfor “everyday” use. Each
pul se sequence has a macro, with the same name as the pul se sequence, to help you set up
the experiment. Many macros are written with the assumption that you have done a

“normal” 1D experiment on the samplefirst. For example, after you have obtained acarbon
spectrum, you can type apt to set up an APT experiment.

Each macro retrieves an associated file with parameters such as pw90, t pwr, dnf |, etc.
from acentral location like/ vnnr / pr obe or $vnnr user / pr obe. Other specific
parameters, such asmul t for DEPT and d2 for APT, come from your user’'spar | i b
directory or, if thefileis not found there, from the system directory / vnnr / par | i b.

It isimportant that these parameters be correct. Thefirst time the macro for an experiment
isentered (by typing apt , for example), the system retrieves the default parameters and
values.

To change any of these values (for example, the default d2 timein apt is7 msand you
want the default to be 3 ms), make the appropriate change in the displayed parameters, and
then save the modified parameters either in your user’spar | i b orinthesystem/ vnnr /
par | i b. Noticethat becausefilesin the directory / vhnr / par | i b areavailableto al
users, only the system administrator vnnr 1 has permission to save thefilesin this
directory.

To view complete listings of each pulse sequence, print out or look at the contents of the
filesinthedirectory/ vnnr / psgl i b onyour systemdisk. You canasoenter dps toview
agraphical representation.
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2.1 APT—Attached Proton Test

72

Theapt <( sol vent ) > macro convertsal3C parameter set to an APT experiment, where
sol vent isthe name of the solvent to be used. If sol vent isnot supplied, sol vent
either defaultsto CDCl5 or, if in automation mode, sol vent isread from the

sanpl ei nf o file.

Use half as many transients as the normal carbon 13, assuring multiples of 4. This must be
done before changing other parameters because as soon as any parameter is changed, the
number of completed transientsis zero ( ct =0) . Figure 14 isadiagram.

pw 180 180
T a1 d2 d2+d3 d3 {W
Dec

Figure 14. APT Pulse Sequence

Applicability
APT isavailable on al systems.

Parameters

d2 isthet au delay (in sec): 3msnullsaromatic CH; 4 msnullsall else except J> 125 Hz
and quaternaries; 6 to 8 ms gives quaternaries, CH,'s up methyls; CH’s down.

pl isa180° pulsefor observe nucleus (composite pulses used).
pwisanormal observe pulse. It need not be 90°.

d3 isashort delay (typically 1 ms); if d3=0, the second 180° pulse is omitted and pw
should be set to 90° or greater (6=180-0).

dme' yny' for an APT spectrum; dn¥e' yyy' for asimple spin-echo spectrum.
r of 1 isset to 0to turn receiver off during the entire pul se sequence.

r of 2 isthe receiver dead time after last pulse in sequence.

Technique

To set up the experiment, enter apt . Theapt macro sets up the experiment either by
modifying an existing 13C parameter set or by using default 13C parameters. apt also sets
the t delay d2 to 7 ms, which gives CH’s, CHz's down and CH,'s up.

References

Rabenstein; Nakashima, T. Anal. Chem. 1979, 51, 14651A.
Lecocq, C.; Lalemand, J. J. Chem. Soc. Chem Comm. 1981, 150.
Patt, S.; Shoolery, J. J. Magn. Reson. 1982, 46, 535.
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Related Commands and Macros
The apt aph macro automatically phases APT spectra.

2.2 BINOM—Binomial Water Suppression

Thebi nommacro sets up parameters for the binomial water suppression sequence. Figure
15 isadiagram of the BINOM sequence with seq=1510.

pl p2 p3 p3 p2 pl

Tx
d2-p1/2-p2/2 d2-p3 d2-p2/2-p1/2
d2-p2/2-p3/2 p2-p3/2-p2/2

A B

Figure15. BINOM Pulse Sequence

Applicability
BINOM is not supplied on MERCURY-VX, MERCURY, and GEMINI 2000 systems.

Parameters

pl, p2, p3 arethe pulses of thefirst half of the pulse sequence; all pulse sequences are
symmetric (p3 isused only for 1-5-10-10-5-1). If p2=0 or p3=0, those pul ses are derived
frompl.If p1=0, p1 isderived from pw which is assumed to be a 90° pulse.

of f set isthefrequency, in Hz, from the carrier at which maximum excitation occurswith
the binomial sequences. If of f set >0, suppression is on-resonance. If of f set <0,
suppression is off-resonance (anull at the offset specified in Hz from the transmitter offset
position) and d2 is calculated by the program. If of f set =0, avalue of d2 entered gives
off-resonance suppression at the corresponding offset from the transmitter position.

d2 isdirectly entered only if of f set =0; otherwiseg, it is calcul ated.
seqisl11, 121, 1331, 146 (gives 1-4-6-4-1), or 1510 (gives 1-5-10-10-5-1).
r of 2 isthe receiver gating time, in pus, after last pulse in sequence.

r of 1 isthereceiver gating time, in pus, before and after all other pulses. If r of 1=0, the
gate receiver is off during the entire sequence.

Reference
Hore, P. J. J. Magn. Reson. 1983, 55, 83-300.
Starcuk; Sklenar J. Magn. Reson. 1985, 61, 567-570.
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2.3 CPMGT2—Carr-Purcell Meiboom-Gill T, Measurement

The cpngt 2 macro modifies a parameter set to perform a Carr-Purcell Meiboom-Gill To
measurement. Figure 16 is a diagram of the CPMGT 2 sequence.

pw pl pl at

90 180 180
d1 d2 2+d2 d2 ) WVV

Figure16. CPMGT?2 Pulse Sequence

Applicability
CPMGT2 isavailable on al systems.

Parameters

pwis set for 90° pulse.

p1 isset for 180° pulse.

d1 issetfor 1to 3timesthe T, value.

d2 isthe spin-echo cycle time; typical valueis1to 10 ms.

bt (“bigtau”)is4n x d2, thetotal timefor T, relaxation. Typically, bt isarrayedforaT,
experiment. If bt isnot amultiple of 4 x d2, it isrounded automatically so that it is.

T, Measurement

1

Run a spectrum of the material. Then enter the macro cpngt 2.
This macro sets up the T, measurement parameters.

Create an array of bt . Values are entered in seconds. This array differs depending
on the T,'s to be measured. An exampleis
bt =. 020, . 040, . 080, . 1,. 120, . 140

The computer determines the actual values used (sel ected as close as possible to the
values you entered but still satisfying the equality bt =4n x d2). In the sequence
diagram shown in <Red>Figure 12, the part in parentheses is repeated n times. The
length of bt islimited, usually to about 0.5 seconds, but the upper limit varies
depending on avariety of factors.

Acquisition and Processing

1

Enter ga to start data collection. After data collection completes, enter the
commands below to process the data.

Enter ds( 1) to display the first spectrum,

Click the mouse on the th button to obtain a threshold line, then place the threshold
below the tops of the peaks of interest.
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2.4 CYCLENOE—Cycled NOE Difference Experiment

Enter nl | to find the peak frequency.

Enter f p to find the top of the peak.

Enter t 2 to calculate and print T,'s of the pesk.

If the exponential curveis not displayed, enter expl .

To plot the exponential curves, enter pexpl .

© © N o g &

To plot thedata, enter dssh pl (" al | ') pap page.

2.4 CYCLENOE—Cycled NOE Difference Experiment

Thecycl enoe macro sets up parameters for a cycled NOE difference experiment.

Applicability

CY CLENOE requires that the observe channel be equipped with direct synthesisrf and a
linear amplifier. This experiment does not apply to MERCURY-VX, MERCURY, or
GEMINI 2000 systems; see the NOEDIF experiment instead.

Parameters
pwisa90° excitation pulse (at power t pwr ).

i nt sub="y"' setsinternal subtraction of data acquired by on-resonance and off-
resonance selective excitation on alternate scans. i nt sub='n' makes data acquired by
on-resonance and off-resonance sel ective excitation to be stored separately; only 1D with
sat f r q iscollected.

sat f r q isthe frequency of selective saturation (on-resonance).

cont r ol isthe off-resonance selective saturation frequency (an inactive parameter if
i ntsub="n").If control isinactive, off-resonance spectrais not collected.

cycl e="y' doeson-resonance saturation using frequency cycling around the frequency
satfrqgivenby spaci ngandpattern;cycl e=' n' does off-resonance saturation
at control.

spaci ng isthe spacing, in Hz, of the multiplet.

pat t er n isthe pattern type (1 for singlet, 2 for doublet, etc.). Fit the desired pattern to
some value, even if some frequencies do not fall on NMR lines

t au isthetime spent on asingle irradiation point during cycling.

sat pwr isthe power of selective irradiation (typical values are at lowest power).
sat ti me isthetotal length of irradiation at frequency sat f r g.

nm x isthe mixing time.

sspul ='y"' does trimx)—trinm(y) beforedl.

nt isamultipleof 16if i nt sub="'n',nt isamultipleof 32if i nt sub="y" .
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Technique

CY CLENOE does alternate scan subtraction of two FIDsin which the saturation frequency
is moved on-resonance and off-resonance (for i nt sub="' n'). Separate datatables are
storedfori nt sub="n" . Power may be reduced from ordinary NOE experiments because
theirradiation can be cycled (cycl e="y' ) through the lines of a multiplet.

1. Onewaytosetupsatfrqisbyenteringdn="Hl" and using sd thesameasin
homodecoupling. Then enter sat f r g=dof and dn=' C13".

2. Adjust proper sat pwr by setting nt =1 and arraying sat pwr from 3 to—16 on
UNTYINOVA and UNITYplus systems, and from 3to 0 on UNITY and VXR-S
systems. Enter proper valuesfor pat t er n andspaci ng. t auistypicaly afew
hundred milliseconds. sat t i me isusually several seconds.

3. Acquire the data and select the power necessary for 50 to 75% saturation. Then set
nt to alarge number (several hundred).

4. Set the control frequency as near as possible to sat f r g to make the control and
sat f r g conditions as close as possible. The control frequency should be “in the
noise,” not on top of a multiplet. Several protons may be done simultaneously for
one control frequency.

5. Enter appropriate frequencies for patterns and spacings.

6. Set array='(satfrq, pattern, spaci ng)' . Thisperformsthe proper
number of experiments.

7. Runnonspin and temperature-regulated. A large number of transientsresult in better
subtraction.

2.5 D2PUL—Standard Two-Pulse Using Decoupler as

76

Transmitter

Thed2pul macro sets up parameters for a two-pul se sequence with the decoupler
configured as a transmitter. Figure 17 is a diagram of the D2PUL sequence.

Dec L

A ! B ' c

Figure17. D2PUL Pulse Sequence

Applicability

D2PUL isavailableonall UNITY-series systems. On MERCURY-VX and MERCURY systems,
the high-band transmitter is used as observe and decoupler—use S2PUL. On MERCURY-VX
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2.6 DEPT—Distortionless Enhancement by Polarization Transfer

and MERCURY and GEMINI 2000 systems, ift nis' H1' anddnisnot' H1' , thesoftware
now automatically usesthe decoupler as the observe channel and the broadband channel as
the decoupler channel. This channel swapping also makes the pulse sequence d2pul
macro obsolete on the GEMINI 2000. If you want to run the equivalent of d2pul , set
tn=' C13' anddn=' Hl', andthenruns2pul .

Parameters
dof (decoupler offset) should equal t of (transmitter offset) for proper signa detection.
honmo must besetto' n' .

t pwr, instead of dpwr , controls the decoupler power level during pulses on YNTYINOVA,
UNITYplus, and UNITY systems equipped with alinear amplifier on the decoupler rf
channel. dpwr controlsthedecoupler power level at all other timesduring apul se sequence
for this type of system configuration.

For systems with class C decoupler amplifiers, dhp is set to 255 by the pul se sequence
statement decl vl on duringall pulsesandisreset toits parameter valuefor all other times
during the pulse sequence.

Technique

Acquire anormal spectrum, then enter d2pul to convert the parameter set.

2.6 DEPT—Distortionless Enhancement by Polarization
Transfer

The dept macro sets up parameters for a DEPT pulse sequence, an improved version of
the INEPT experiment. Figure 18 isadiagram of the DEPT sequence.

pp pp 2pp pp g=mult*pp
(v1) (v5) (v2) (v5) (one)
(H) di tau tau § tau BB decouple
pw W 2pw  pw | at
(v3) (oph)  (v4)  (oph)
) H U U W\m

Figure 18. DEPT Pulse Sequence

Applicability
DEPT isavailable on al systems.
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Parameters
pwis the 90° pulse (in ps) on the X-nucleus (usually 13C) at power equal tot pwr .

pp isthe proton 90° pulse width supplied from decoupler (refer to the decoupler 90° pulse
width test using polarization transfer in the manual Getting Sarted). pp is set at the power
level ppl vI if linear amplifiers are present, or at full power if class C amplifiers are used.
Optimum spectral editing requires a carefully calibrated value of pp. MERCURY-VX,
MERCURY, and GEMINI 2000 broadband systems use linear amplifiers and the parameter
ppl vl must be set correctly. GEMINI 2000 1h/13c spectrometers do not have linear
amplifiersand ppl vl has no meaning.

dnf setsthe modulation frequency for broadband decoupling of protons at power equal to
dhp (if class C amplifier) or dpwr (if linear amplifiers). On GEMINI 2000, UNITY, and
V XR-S systems, the modulation mode is WALTZ. On UNTYINOVA, MERCURY-VX,
MERCURY, and UNITYplus systems, avariety of modulation modes can be used. dnf sets
the frequency for all modes.

j isanaverage X-H (usually C-H) coupling constant in Hz (t au isan internal parameter
set to 1/2J).

mul t isan arrayed parameter (0.5, 1, 1, 1.5) that leads to a value for the 6 pul se of

mul t *pp: mul t =0. 5 (6 = 45°) gives approximately equal excitation of all protonated
carbons; mul t =1. 0 (6 =90°) excites CH’sonly (or mainly); mul t =1. 5 (6 = 135°) gives
CH’s, CHy's up, CHy's down.

d1 isarelaxation delay (1 to 3 timesthevalue of t7) for the protons connected to the NMR
active nucleus, for example, 13C or 15N.

at isthe acquisition time (t, period).
nt (number of transients) should be amultiple of 4. A multiple of 16 is suggested.
dm(decoupler modulation) issetto’ nny' .

sat dl y isan optional saturation delay. If sat dl y isgreater than 0, PW(90)-HS-
SATDLY 13C presaturation occursimmediately following thed1 delay. If sat dI y=0, no
PW(90)-HS-SATDLY 13C presaturation occurs. The recommended valueis

sat dl y=0. 00. (sat dl y isnot available on MERCURY-VX, MERCURY, or GEMINI 2000.)

hs=' nn" for no homospoil isrecommended. If homospoil isused, hst (homospoil time)
istypically 10 ms (hs must be' nn' on a GEMINI 2000).

Technique

To set up the experiment, enter dept . If alt3c parameter set is present in the experiment,
thedept macro modifies existing parameters; otherwise, it uses the default 3¢
parameters. dept alsosetsrmul t =0. 5,1, 1, 1. 5.

Specific parameters for dept not found in the B¢ parameter set are retrieved from the
user'spar | i b directory, or if not found there, from the/ vnnr / par | i b system
directory. In either case, it isimportant that the parameters in these directories be correct.

To initiate acquisition, enter au if you wish automatic processing, spectral editing, and
plotting. For auto processing, the parameter wex p should be set towexp="' dept p' . The
edited spectrum is constructed as follows:

1. ALL: 0.23*(sl + s2) + 2*sl
2. CH: s2 + s3
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2.6 DEPT—Distortionless Enhancement by Polarization Transfer

3. CH2: sl — s4
4. CH3: —0.77*(s1l + s3) + s1 + s4

where s 1 represents spectrum 1, s2 represents spectrum 2, etc. Note that quaternary
carbons are suppressed in the DEPT spectrum.

Thedept experiment may be set up and run manually or by using the menu system. The
following description uses the standard VNMR system menus and commands.
Alternatively, the GLIDE system can be used to run the spectrum in a completely
automated fashion.

1. A good sampleto use the first time you run the experiment is 30% menthol in
CDCl3. Set up acarbon experiment by clicking on the setup menu button followed
by the C,CDCI3 button.

Set nt =4 and enter dept . This sets up the experiment.
Enter ga to acquire the data. Four spectra are acquired, which you can edit.
After data acquisition, display the first spectrum by entering ds( 1) .

Click on the th button to obtain a threshold line. Select athreshold level below the
top of all peaks.

6. Enter adept dssa to analyze the spectra.

o > w D

7. Enter pl dept to plot the DEPT spectra.

Potential Problems

The most common failure of dept ispoor subtraction in the edited spectra. Poor
subtraction isusually caused by improper calibration of the decoupler 90° pulse pp. If the
dept does not work, check the 13C 90° pul se width, and decoupler 90° pulse widith
calibrations. Other causes of poor cancellation are lock saturation, leading to unstablelock,
improper vibration isolation of the system, or temperature change during the experiment.

Reference
Doddrell, D.; Pegg, D.; Bendall, M. J. Magn. Reson. 1982, 48, 323.

Related Commands and Macros

The following macros assist in processing, analyzing, and plotting DEPT data:

e Theadept command automatically analyzes aset of four DEPT spectraand editsthe
spectra so the spectrais arrayed in the following order: CH5 carbons only, CH,
carbons, CH carbons only, and all protonated carbons. adept produces atext file
dept . out inthe current experiment directory that containsthe result of the analysis.
Refer to the description of adept inthe VNMR Command and Parameter Reference
for the arguments available with adept and other information about the command.

» Theaut odept macro process DEPT spectra, plots the unedited spectra, edits the
spectra, plots the edited spectra, and prints out editing information.

» Thedept gl macro setsup parameters for a DEPTGL sequence (not distributed with
MERCURY-VX, MERCURY, or GEMINI 2000 systems) for spectral editing and
polarization transfer experiments. Refer to the description of dept gl inthe VNMR
Command and Parameter Reference for the parameters used with dept gl and a
reference to the literature.
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e Thedept pr oc macro weights, Fourier transforms, and phases each spectrumin a
DEPT data set.

e Thepadept command performstheadept analysisand plots the resulting spectra
with a scale and the assigned line listing. Refer to the description of padept inthe
VNMR Command and Parameter Reference for the keyword arguments used with
padept and other information.

» Thepl dept macro plots out DEPT data, edited or not edited.

2.7 INEPT—Insensitive Nuclei Enhanced by Polarization
Transfer

Thei nept macro setsup parametersfor an INEPT pulse sequence. Figure 19 isadiagram
of an INEPT sequence with mul t =3.

2*pw pw 2*pw
180.0 90.0 180.0

Tx di l d3/2-2*rof1-3*pp/2

I\

T
d3/2-2*rof1-3*pp/2 d2/2-rof2-pp
d2/2-rofl-pp

pp 2*pp pp 2*pp

90.0 180.0 90.0 180.0
Dec

A B C

Figure19. INEPT Pulse Sequence

Applicability
INEPT is available on al systems.

Parameters

j isacoupling constant (0 alows entry of d2, d3).
pwisa90° pulse on the observe nucleus.

pp isa90° pulse on protons using the decoupler.

mul t selects multiplicity:
mul t =0 givesanormal experiment (d1—pw-at sequence);
mul t =2 selects ch’s (doublets);
mul t =3 gives ch2's down, ch’'s and ch3's up; and
mul t =4 enhances all protonated carbons.
dm=' nny"' gives decoupled spectrum; dim=' nnn' gives coupled spectrum.

dmmissetto’' ccw or' ccf'.
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focus="y"' givesrefocusing for coupled spectrum (decoupled spectra are always
refocused).

nor mal ="' y' givesnormal multipletsin coupled spectra.

If the decoupler channel uses alinear amplifier, ppl vl isthe power level for the proton
decoupler pulse and dpwr isthe power level for broadband proton decoupling. If the
decoupler channel uses a class C amplifier, maximum power is used for the proton
decoupler pulse and dhp specifies the power level for broadband proton decoupling.

d1 isarelaxation delay (1 to 3 timesthevalue of t7) for the protons connected to the NMR
active nucleus, for example, 13C or 15N.

Technique

To set up the experiment, enter i nept . If aparameter set is present in the experiment, the
i nept macro modifies existing parameters; otherwise, it uses the default parameters.

Specific parametersfor i nept not found in the spectral parameter set are retrieved from
theuser’spar | i b directory, or if not found there, fromthe/ vnnr / par | i b directory. In
either case, it isimportant that the parametersin these directories be correct.

Reference
Morris, GA.; Freeman, R. J. Am. Chem. Soc. 1979, 101, 760.

2.8 JUMPRET—Jump-and-Return Water Suppression

Thej unpr et macro sets up parameters for the JUMPRET pul se sequence.

Applicability
JUMPRET isavailable on al systems except MERCURY-VX, MERCURY, and GEMINI 2000.

Parameters

pwisthe 90° pulse width at power t pwr .

p1 isacorrection to second pulse width, typically 0 to 1 us. Try increments of 0.025 ps.
d2 isset for desired excitation maximum (typically 100 to 200 us).

| p should be able to phase spectrum with small | p (usecal f a).

| fs, zf s: try solvent suppression digital filtering:
forwft (' zfs'),tryssfilter=300,ssntaps=11,andssorder=7.
formft("1fs"),tryssfilter=100,ssntaps=200,andssorder="n".

Reference
Plateau, P;; Gueron, M. J. Amer. Chem. Soc. 1982, 104, 7310.
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2.9 NOEDIF—NOE Difference Experiment

82

Thenoedi f macro convertsalH parameter set to perform the NOE (Nuclear Overhauser
Enhancement) difference experiment. Figure 20 isadiagram of the sequence. The NOEDIF
experiment performs subtraction directly in the computer memory, avoiding the necessity
for an add—subtract step.

pw at

(v1) (oph)

Pre-radiation

A B C

Figure20. NOEDIF Pulse Sequence

Applicability

NOEDIF is available on MERCURY-VX, MERCURY, and GEMINI 2000 only. For
UNITY -Series systems, see CY CLENOE.

Parameters
d2 isset to 0 seconds.

f 0 tof 5 areindividual decoupling frequencies through which to cycle (set unused
frequenciesto 0).f 6,f 7, f 8, and f 9 are also defined and can also be used.

You must start entering irradiation frequenciesat f O through f 5. If f 0 isleft empty (0.0),
then the entire irradiation period is skipped (asif d1=0).

t au isthetime per individual decoupling (number of cycles equalsd1/(t au x n), where
n isthe number of different frequencies).

dof of f isthe position of decoupler during d1 of control experiment.
dof isthe position of decoupler during d2 and acquisition.

ctrl issetto' y' for control experiment; setto' n' for decoupling cycling.

Phase Cycling

If ctrl="y":
vl +X -X +ty -y X =X oty =y ...

oph X =X oty -y X =X oty -y ...
Ifctrl="n":

vl = +xX +X +y +y X =X =y =y ...
oph = —x +X -y +y +X =X +y -y ...
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2.9 NOEDIF—NOE Difference Experiment

Procedure

The following procedure performs the NOE difference experiment on MERCURY-VX,
MERCURY, and GEMINI 2000 spectrometers. The order of the first three stepsis critical.

1. Runaproton spectrum in the usual way, store the spectrum in exp1, then enter
nf (1, 2) tomovetheFID toexp2. Enter wf t .

2. Enter noedi f.

Thenoedi f macro converts the pulse sequence from S2PUL to NOEDIF and
creates the parameters to set up the experiment. The screen displays instructions.

3. Enter ds. Find the peak or multiplet to be irradiated in the NOE difference
experiment and expand the spectral region around it so that it occupies about 20
percent of the width of the screen. Display a cursor and select the frequencies for
cycling during irradiation as follows:

« If thelineisasingleline, multiple irradiation points may be chosen by setting
the cursor at the point halfway up the line on the left side, then enter sd
followed by f O=dof . Reset the cursor at the peak of the line, then enter sd
followed by f 2=dof . Next, set the cursor at the point halfway up the line on
theright side, enter sd followed by f 3=dof . The decoupler now cycles over
these three frequencies, remaining at each frequency for atime equal to the
parameter t au seconds. Enter t au=0. 1 unlessit isalready set to thisvalue.

* If the proton to beirradiated isadoublet, f 1 through f 4 are normally used,
leaving f 5 at 0. Set up the frequenciesf 1 tof 4 asdescribed above, setting the
cursor in sequence on the side of the first line, then on the second, then on the
other side of thefirst line, and finally on the other side of the second.

* Tripletsand higher multipletsare usually cycled over the frequencies of each of
thelinesin the multiplet. Set the frequenciesf 1 to f # (where # is the number
of linesin the multiplet) as described above, putting the cursor on the peak of
each line.

4. Enter ss=16 to set the steady-state parameter ss to perform the sequence 16 times
before acquiring data, all owing the magnetization of the nuclei to reach equilibrium
state.

5. Enter d1=4 to set thedelay d1 to 4 seconds. In sampleswith very long T1 values, a
longer delay is necessary to achieve equilibrium. Conversely, some samples with
shorter T1's may give good results with a shorter delay.

Thetotal number of stepsequalsdl/ t au. Do not exceed 60 steps. If the number of
steps exceeds 60, the acquisition parameters may be loaded into the acquisition
computer by the host computer when the go command is given, but the acquisition
computer may not be able to hold so many instructions and will not start to acquire
data.

If the values of d1 and t au create more than 60 steps, increase thet au delay. For
example, adl of 10 secondswithat au=. 1 produces 100 steps, which istoo many.
Increasing t au to 0.2 produces 50 steps, an acceptable number.

Anintegral number of frequency cycles (f 1 through f #) is performed during d1.
The computer changest au if necessary to accomplish this.

6. Setdnm=' ynn' to turnon the decoupler during the delay period d1.

7. Setdof of f to determines where the decoupler is set to irradiate during alternate
pulses when it does not irradiate the multiplet.
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10.
11.
12.

The default value of dof f is—10000 Hz, but it can be set anywherein the spectrum
that is not close to aline, even within the spectral range of the observed lines. The

exact position should not matter, but more than one setting may betried to determine
experimentally whether it does or not.

Setctrl ="n" tocyclethe decoupler during the NOE difference experiment.
Alternate FIDs are subtracted, beginning with the second pul se for which the
decoupler is set to the dof f position. Thisresultsin positive peaks for positive
NOEs and a large negative signal for the irradiated peak or multiplet.

Ifctrl="y",thedecouplerisnot cycled and alternate FIDs are not subtracted, so
the resulting spectrum isthe normal proton spectrum, obtained with the same pulse
width and delay time as the NOE experiment. This gives the control spectrum to
compare with the NOE difference spectrum. Both spectra can be obtained in one
experiment by enteringctrl ="' y' , ' n' toarray thevalueofctrl .

Set dpwr for MERCURY-VX, MERCURY, and GEMINI 2000 broadband systems, or
dl p for IH/A3C GEMINI 2000, to give a value of decoupling field strength at the
sample of about 2 to 3 Hz. This requires that the homonuclear decoupler is
calibrated.

» For MERCURY-VX and MERCURY, dpwr controlsdecoupler power in 1-dB steps,
from 0 to 63.

» For GEMINI 2000 broadband, dpwr controls the homonuclear decoupler field
strength, set in 0.5 dB steps from 0 to 50. If equipped with PIN-diode
attenuators, additional fine control can be used through dI p on BB systems.

« For GEMINI 2000 1H/13C, dI p controlsthe proton homodecoupler power level
(if present) from 0 to 2047 in arbitrary units, where 2047 is full power.

The actual field strength can be calibrated exactly, but extreme accuracy is usually
not necessary. Typical values vary widely from system to system:

* On MERCURY-VX and MERCURY, use dpwr set to 10.

» On GEMINI 2000 broadband systems, start at dpwr =5 and increase or decrease
as necessary.

« On GEMINI 2000 *H/*3C systems, start at dl p=1650 and increase in units of
50 until the correct power is obtained.

A simple method to calibrate the decoupler for NOEDIF is to irradiate the peak of
interest with a small amount of power and partially saturate the peak. Compare the
spectrawith and without irradiation (set dm=" ynn' , ' nnn' ). When the peak
intensity has decreased by 50 to 75%, the power is optimum for NOE difference.

Set bs='n' todisable block size storage.
Turn off the spinner and control sample temperature.

Run the NOE difference experiment for 512 pulses (if time permits). In general, the
number of repetitions of the pul se sequence should be large enough to build up good
signal-to-noise, since the NOE difference peaksare only afew percent of the normal
spectral intensity, and should also be large enough to statistically average
unavoidable perturbations of thefield or frequency. A value of nt between 256 and
1024 should be suitable for most work unless very small samples are studied.

Because the NOE difference experiment measures small differences between large
signals, stability is very important. Be sure the spectrometer is protected from
perturbing effects such as building vibrations, magnetic noise in theimmediate
vicinity (like moving iron objects and scanning magnetic fields), or strong air
currents.
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2.10 PRESAT—1D Water Suppression

13. One possible cause of poor cancellation in this experiment is the noise in the lock
channel. Set lock power to just below (3 dB) saturation and turn lock gain down as
far as possible. The system remains locked at lock levels of 20%.

The optimum combination of lock gain and lock power must be determined for each
sample. A series of experiments with nt set to 16 or 32 should allow the best
combination to be found without investing too much time. Then the value of nt
should be increased and the data coll ected.

Reference
Kinns, M.; Sanders, J. K. M. J. Magn. Reson., 1984, 56, 518.

2.10 PRESAT—1D Water Suppression

The pr esat macro sets up a standard two-pul se sequence with optional composite
observepulse {trimx)trimy)}..dl..satdly..pl..d2..pw.at.

Applicability

PRESAT isavailable on all systemswith alinear amplifier on the observe channel. It isnot
available on GEMINI 2000 systems.

Parameters

sat node setto' y' givesobservetransmitter saturation at sat f r g with power sat pwr
(uselikedm e.g., sat node=" yyn' orsat node='ynn')

sspul ='y' doestrim(x)trim(y) todestroy all magnetization.

conmposi t="y' uses composite 90° for pw (discriminates relative to B;).

2.11 S2PUL—Standard Two-Pulse Sequence

The s2pul macro converts the current experiment into an experiment suitable for the
S2PUL pulse sequence.

Applicability
S2PUL isavailable on all systems.

Parameters

A full description of S2PUL, including a diagram of the sequence, is provided in the
manual Getting Sarted.
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2.12 S2PULR—Standard Two-Pulse in Reverse
Configuration
Thes2pul r macro sets up parameters for a S2PULR pulse sequence. Figure 21 isa

diagram of the sequence. The local oscillator (L.O.) signal must be taken from the
decoupler board. No decoupling is supported in this sequence.

T d1 , L d2

pl pw

180.0 90.0
Dec W

Figure2l. S2PULR Pulse Sequence

Applicability
S2PULR appliesto VXR and UNITY systems only.

Parameters

The observe channel uses the decoupler hardware and is controlled by the parameters dn
(whichmust besetto' H1' ), dof , dpwr (or dhp), p1, and pw

The macros novet of and novesw cannot be used with this sequence except in the
following way: t of =dof novet of (or novesw) dof =t of .

Technique
1. Acquire alH spectrum in the normal manner.

2. Enter s2pul r to convert the parameter set.
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chapter 3. Multidimensional NMR

Sectionsin this chapter:
e 3.1“Interferograms,” this page
e 3.2“2D NMR Step-by-Step,” page 88
e 3.3"Phase-Sensitive 2D NMR,” page 89
» 3.4 "DataAcquisition: Arrayed 2D,” page 90
e 3.5“Weighting,” page 93
» 3.6 “Phasing Before the 2D Transform,” page 95
o 3.7 “Baseline Correction,” page 96
e 3.8 “Processing Phase-Sensitive 2D and 3D Data,” page 99
* 3.9"“2D and 3D Linear Prediction,” page 105
» 3.10 “Phasing the 2D Spectrum,” page 106
e 3.11 “Display and Plotting,” page 107
» 3.12"“Interactive 2D Color Map Display,” page 113
» 3.13"“Interactive 2D Peak Picking,” page 118
e 3.14“3D NMR,” page 127
» 3.15“4D NMR Acquisition,” page 132

In some respects, 2D NMR is similar to an arrayed 1D experiment. In both, as a function
of time (one of the time variablesin the pulse sequence), we obtain a series of FIDsthat we
then transform to become a series of spectra. For 2D experiments, however, the times for
each experiment are not explicitly specified. Instead, two new parameters are used: swi,
which describes our “2D” spectral width (to be discussed shortly), and ni , the number of
increments, which sets the number of different experiments we will do. The implicit time
variable will then be incremented from experiment to experiment as determined by swi.

3.1 Interferograms

Once the data are obtained and transformed along the acquisition dimension, we have a
series of spectra. If thiswere a 1D arrayed experiment, like an inversion-recovery Tq
experiment, we would see that the peak hel ghts behave exponentially asafunction of time.
In 2D experiments, however, the peaks heights will oscillate as afunction of time, and that
oscillation istheinformation of interest. To unravel thisinformation, wefirst transpose the
matrix to form a series of interferograms.

Each interferogram contains a series of pointsthat represent the peak height at a particular
frequency in the original spectrum as a function of time. Of course, most of these
interferograms contain only noise, because many of the frequenciesin the original
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spectrum also contained noise. However, some interferograms, namely those
corresponding to the peaks in the original spectrum, contain useful information.

Thetimethat isvaried in a2D experiment is known as the evolution time or t;, because it
isthefirst of two key time periods in the 2D experiment. Evolution timeis controlled in
VNMR software by the parameter d2. Thistime is normally calculated by setting the
number of incrementsto the value of the parameter ni and the increment valueto 1/ swi.
Thevalue of ni determinesif a2D experiment will be run. Initially, d2 can be set to any
value but is usually set to zero.

The d2 array does not appear in the display da (i.e., d2 is“implicitly” arrayed). Only the
first value of d2 appears as the parameter value in the display dg. A minimum of eight
increments must be used for ni to do a 2D transform. Typical numbers range from 32 to
512. Theaddpar (' 2d' ) macro creates the 2D acquisition parametersni , swl, and
phase (par 2d functions the same).

The time during which the signal is detected is known as the detection time or t,, because
it isthe second of the two key time periods. After transform of the signal s detected during
thetimet,, the “normal” spectrum appears along the f, axis. The second transform reveals
information about the frequencies of oscillations during thet; time period along the f; axis.

Many parameters that refer to the new f1 axisin a2D experiment are identified by the
number 1 (e.g. swl, | b1, f n1), whereas the normal 1D parameters control f.

The process of transformation, transposition to interferograms, and second transformation
may seem complicated, however, it can all be reduced to literally a single command, or
even a single menu choice, that starts an acquisition of a 2D experiment and performs all
the necessary processing when the experiment is done. So the process can be fairly simple.

3.2 2D NMR Step-by-Step

88

The examples in this section provide an excellent way to get started in 2D NMR. The 2D
concepts involved are described in greater detail later in this chapter.

To Process Stored Data

1. Inthe VNMR menus, click on Main Menu > Workspace.
The Workspace menu appears on the lower row of menus.

2. Join the experiment in which you want to perform the 2D processing by clicking on
the button for the experiment: Exp2, Exp3, etc. If the experiment doesnot exist, click
on Create New, then click on the button to join the experiment.

3. Enterrt('/vnnr/fidlib/fid2d).
The text window displays the parameters values for the 2D sample data.

4. Click on Process > Select Params > Sinebell > Large > Return.

This establishes reasonable initial choices for the processing parameters for your
experiment. A number of other choices are available for processing.

5. Click on Full Transform.

Thisinitiates 2D processing. The processing ends with the display of acolor map of
the 2D frequency data.
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3.3 Phase-Sensitive 2D NMR

6. Adjustthevertical scalevs2d andthresholdt h to display thedatain an appropriate
fashion. Each time you change vs using the keyboard, be sure to click the Redraw
button to redisplay the color map.

7. Tosymmetrize the data, enter f ol dt .

8. To produce a 2D contour plot, enter pcon page.

To Acquire a Simple COSY

1. PerformalD 1H experiment on a sample of interest. After processing, display two
cursors and place them around aregion containing only the peaks, omitting most of
the baseline region at both ends of the spectrum.

Certain peaks, such as a small residual CHCl g peak in a spectrum otherwise
containing only aliphatic resonances, can beignored if they are far enough away not
to “fold back into” the spectrum.

2. Enter novesw ga.
This moves the spectrum window and then obtains a narrowed spectrum.

3. Usethenp( <from >t 0) command to move the 1D parameters to another
experiment. For example, enter np( 1, 4) if you performed the 1D experiment in
expl and you want to perform the 2D experiment in exp4. Then join the 2D
experiment by entering, for example, j exp4.

4. Enter cosy.

Thisisamacro that will modify your parameter set to perform an absolute-value
COSY experiment. Thetotal estimated time for the experiment should be displayed
on the screen. If you wish, change nt and typet i e to alter the conditions. For
your first experiment, nt =16, ss=1, and d1=1 isrecommended.

5. Enter wexp='do2d'.
The value of the wexp parameter specifies the end of experiment process.

6. Enter au.

This starts the acquisition. When the data acquisition is complete, the datais
automatically processed and displayed.

7. Adjust the vertical scalevs and thresholdt h to display the datain an appropriate
fashion. Most of the screen should be black when vs andt h are properly adjusted,
with colored spots representing the diagonal and cross peaks. Each time you change
Vs using the keyboard, be sure to enter dconi to redisplay the contour plot. The
parameter t h can be adjusted interactively.

8. Tosymmetrize the data, enter f ol dt .
9. Toplot thedata, enter pcon page.

3.3 Phase-Sensitive 2D NMR

For many years, 2D NMR experiments were performed and displayed in an absol ute- value
mode. Just asin 1D NMR, phase-sensitive processing and display offers better sensitivity
and resolution. Phase-sensitive 2D NMR by itself is simply the ability to display and plot
phased data, as opposed to absolute-value data. There are four kinds of experimentsin
which a user might want to examine phase-sensitive data:
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» A 2D experiment in which the data are not expected to appear in absorption mode in
both directions, but in which it is nonethel ess desirable to observe the data in a phase-
sensitive presentation.

» A 2D experiment in which the data, processed in asuitable way, are expected to appear
in absorption mode in both directions. Heteronuclear 2D-Jis such an experiment.

» Anexperiment in which two different experiments are performed for each value of t4,
typically using different phase cycles, producing afull complex data set for the second
transformation. We shall refer to this method, popularized by States, Haberkorn, and
Ruben (J. Magn. Reson. 1982, 48, 286), as the hypercomplex method

» An experiment in which the phase of the excitation pulseisincremented asafunction
of t1 (TPPI or Time Proportional Phase Incrementation, see Marion and Wuthrich,
Biochem. Biophys. Res. Commun. 1983, 113, 967) and which producesreal dataaong
thet; axis.

Each of the experimentsreferred to above can be performed and processed withthe VNMR
software. Complex transforms are usually performed along t1, which istheideal situation
for the hypercomplex method. TPPI data can be processed along t1 with either a complex
FT or areal FT, depending upon the method of data collection.

In general, the hypercomplex method is the method of choice using VNMR software. A
natural first reaction, since this method requires two datatablesinstead of one, isto assume
that it requires twice as much storage as the TPPI method. Thisis untrue, however, for the
same reason that areal 1D transform covering a given spectral width requires exactly as
much data as acomplex 1D transform— the sampling rate must be twice as high in the real
case to produce the same result. In the same way, the TPPI method requires only one data
table, but requires sampling to occur twice as frequently along t4, thereby incurring twice
the data size per data table to produce the same real resolution. So in this sense the two
experiments are equivalent in data storage regquirements and experimental time.

3.4 Data Acquisition: Arrayed 2D

90

2D experiments have one implicitly “arrayed” parameter, d2. Like 1D experiments,
however, 2D experiments can also have other parameters explicitly arrayed. This feature
can be used, of course, for purposes that have nothing to do with phase-sensitive 2D, such
asrunning a series of 2D-NOE experiments using different mixing times. Aswe shall see
below in discussing the processing of such data, this feature alone opens up a variety of
experiments, including addition/subtraction of two or more 2D experiments. Table 16 lists
commands and parameters associated with arrayed 2D and 3D data acquisition.

Hypercomplex Method

The hypercomplex method of phase-sensitive 2D NMR requires the use of two datatables.
Appropriate pul se sequences must be created (see below for more details of this point)
which, as a function of some parameter, generate a different sequence of pulses or pulse
phases suitable for generating the two component experiments of the hypercomplex
method.

Any parameter may be used for this purpose. As a convention, we use the parameter
phase, which takes on values of 0, 1, or 2:

» A vaueof phase=0 can be used to produce a phase cycle suitable for a conventional
(non-phase-sensitive) 2D experiment.
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3.4 Data Acquisition: Arrayed 2D

Table 16. Arrayed 2D & 3D Data Acquisition Commands and Parameters

Commands

addpar (' 2d' | ' 3d") Add 2D or 3D parameters to the current experiment
par 2d Create 2D acquisition parameters

wf t 2d* Weight and Fourier transform 2D data

* wft2d<(<options, >coefficients)>

Parameters

d2* Incremented delay for 1st indirectly detected dimension
d3 { number, in seconds} Incremented delay for 2nd indirectly detected dimension
ni {number} Incrementsin 1st indirectly detected dimension

ni 2 {number} Incrementsin 2nd indirectly detected dimension
phase {number} Phase selection

phase2 {number} Phase selection for 3D acquisition

swil {100 to 100000, in Hz} Spectral width in 1st indirectly detected dimension
sw2 {100 to 100000, in Hz} Spectral width in 2nd indirectly detected dimension
* d2 {0t04095,in sec} GEMINI 2000, {0to 8190, in sec} other systems

* Running instead an array of experiments with phase=1, 2 produces the two
experiments suitable for the hypercomplex method.

You may ascertain the possible values of phase by reading the source codeinthepsgl i b
directory for any particular pulse sequence.

TPPI Method

The TPPI method of phase-sensitive 2D NMR requiresone datatablewhen phase=3. The
datamust be processed along t1 with acomplex Fourier transform by settingpr oc 1 (which
sets the type of data processing to be performed on the t; interferogram) to' ft* . This
manner of implementing TPPI leads to a doubling of the f; frequency axis.

When an arrayed 2D experiment isrun in thismanner, thereisin reality adouble array: d2
(the evolution time) and phase. The order of these arraysis such that the phase array is
cycled the most rapidly, so that the order of the experimentsis, for example:

d2=0 phase=1

d2=0 phase=2 States-Haberkorn
d2=1/ swl phase=1

d2=1/ swl phase=2

d2=0 phase=3

d2=1/swl phase=3 TPPI (non-arrayed)
d2=2/ swl phase=3

d2=3/ swl phase=3

Not all pulse sequences have the TPPI method incorporated.

When an experiment isin progress, the acquisition status window displays a count of the
current FID and the number of completed transients (ct ) in that FID. Asindeed happens
with a 1D arrayed experiment, the current FID number is actually the total count of the
completed FIDs to this point, including all arrays. Since the phase parameter is cycling
the most rapidly, and since typically phase isan array of two values, the current FID
number is typically twice the number of the current increment. For example, when the
counter reads FID 54, this means that 27 FIDs of the first type of experiment have been
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completed, 26 of the second type, and the system isworking on the 27th experiment of the
second type.

Real-Time 2D

VNMR software can perform real-time 2D, that is, 2D actions while the experiment is still
in progress. Once eight or more increments have been completed, you can enter thewf t 2d
command to perform the full 2D transform on the data that exists up to that paint.

For some experiments, such as heteronuclear chemical shift correlation and homonuclear
2D-J experiments, you will be surprised at how few increments are needed to resolve the
resonances of interest. Others may require more increments. In any case, if you find you
have sufficient datato solve the problem, you can always abort the experiment, so that the
remaining increments are not performed, and proceed to the next problem.

Macros for 2D Experiments

Table 17 lists pul se sequences for 2D experiments that have a macro on the system to help
you set up the experiment.

Table 17. Macros for 2D Experiments

Macros

cosy Set up COSY, correlated spectroscopy

cosyps Set up COSY PS, phase-sensitive COSY
dgcosy Set up DQCOSY, double-quantum filtered COSY
het 2dj Set up HET2DJ, heteronuclear 2D-J experiment

het cor <(exp_nun) > Set up HETCOR, heteronuclear chemical shift correlation
hmgc<(i sot ope) > Set up HMQC, reverse detection heteronuclear multiple quantum

hmgcr Set up HMQCR, HMQC with “reverse configuration”
hondj Set up HOM 2D J, homonuclear Jresolved 2D experiment
i nadqgt ** Set up INADEQUATE experiment

ngcosy<(l evel ) > Set up MQCOSY, multiple quantum filtered COSY
noesy Set up NOESY, laboratory frame Overhauser experiment
rel ayh Set up absolute valueCOSY or single or double RELAY-COSY
roesy<(ratio)>** Set up ROESY, rotating frame Overhauser experiment

t ncosyps* Set up TNCOSY PS, COSY PS with water suppression

t ndgcosy* Set up TNDQCOSY, DQCOSY with water suppression

t nngcosy* Set up TNMQCOSY, MQCOSY with water suppression
t nnoesy* Set up TNNOESY, NOESY with water suppression

t nroesy* Set up TNROESY, ROESY with water suppression

t nt ocsy* Set up TNTOCSY, TOCSY with water suppression

t ocsy** Set up TOCSY, total correlation spectroscopy

* Not available on MERCURY-VX, MERCURY, and GEMINI 2000 systems
** Not available on GEMINI 2000 system

Each macro displays suggestions on how to select values for the parametersin that
experiment. Complete listings of each pulse sequence are found on your system disk in the
directory / vnnr / psgl i b. Note that the INADEQUATE, MQCOSY, ROESY, and
TOCSY sequences are not available on GEMINI 2000 systems. None of thet n sequences
are available on GEMINI 2000, MERCURY-VX, or MERCURY systems.

For further information, including diagrams and literature references, see Chapter 4,
“Multidimensional and Advanced Experiments,” .
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3.5 Weighting

3.5 Weighting

This section describes weighting functions for processingin the ni and ni 2 dimensions.

Parameters

Each 2D weighting parameter (the parameters ending with “1") listed in Table 18 is
analogousto a similarly named parameter for 1D experiments listed the manual Getting
Sarted (the same parameter name but without the 1).

Table 18. Weighting Parameters for ni and ni2 Dimensions

Parameters

awcl {'n', number} Additive weighting const. in 1st indirectly detected dimension
awc?2 {'n’, number} Additive weighting const. in 2nd indirectly detected dimension
fnl {'n', number} Fourier number in 1st indirectly detected dimension

fn2 {'n', number} Fourier number in 2nd indirectly detected dimension

gf 1 {'n', number in sec} Gaussian function in 1st indirectly detected dimension

gf 2 {'n', number in sec} Gaussian function in 2nd indirectly detected dimension

gf s1 {'n,numberinsec}  Gaussian shift constant in 1st indirectly detected dimension
gf s2 {'n,number insec} = Gaussian shift constant in 2nd indirectly detected dimension
| b1 {'n',number in Hz} Line broadening in 1st indirectly detected dimension

| b2 {'n',number in Hz} Line broadening in 2nd indirectly detected dimension

sbl {'n',number in sec} Sinebell constant in 1st indirectly detected dimension

sb2 {'n’,number in sec} Sinebell constant in 2nd indirectly detected dimension
sbs1 {'n,numberinsec}  Sinebell shift constant in 1st indirectly detected dimension
sbs2 {'n',numberinsec}  Sinebell shift constant in 2nd indirectly detected dimension
wfilel{"file User-defined weighting in 1st indirectly detected dimension
wfile2{"file User-defined weighting in 2nd indirectly detected dimension

Parameters for 2D experiments are used for processing the t1 domain (the interferograms)
or ni (first indirectly detected) dimension. Parameters ending with a“2" are used for
processing the ni 2 (second indirectly detected) dimension.

In non-phase-sensitive (absolute-value and power) 2D experiments, “pseudo-echo,”
sinebell, or sinebell-squared weighting istypically used to attenuate long dispersion tails.
This weighting is often responsible for asignificant loss in sensitivity in such 2D
experiments.

In phase-sensitive 2D experiments, the key in using weighting functions is to ensure that
theweighted FID or interferogram decaysto zero by the end to avoid “ truncation wiggles.”
The Gaussian function (gf and gf 1 parameters) isideally suited for this; typical values
might be gf =0. 6*at , gf 1=0. 6*ni / swl (=0. 6* at 1). Resolution enhancement
(using negative | b or negativel b1) may be helpful in cases of spectral overlap, but can
also be dangerous, since the “dips” that it can induce around the sides of peaks show up as
peaks of opposite sign in the 2D plot, complicating analysis.

Setting Values

Setting values for 2D weighting parameters can be done through various macros and an
interactive program (described in the next section). Table 19 lists these tools.

The following macros are available to generate values for 2D weighting parameters:
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Table 19. Commands and Macros for Setting 2D Weighting Values

Commands

pseudo<(C1, C2, C3, 4) > Set parameters for pseudo-echo weighting

si ne<(shi ft<, npoi nt s<, donai n>) > Find values for a sine window function

si nebel | Select default parameters for sinebell weighting
si nesq<(shi ft<, npoi nt s<, dormai n>) > Find values for a sine-squared window function
w i <(el enent _nunber) > Interactive weighting

wt i a<( el enent _nunber) > Interactive weighting for 2D absorptive data
Macros

gaussi an Set up unshifted Gaussian window

pi 3ssbsq Set up pi/3 shifted sinebell-squared window

pi 4ssbsq Set up pi/4 shifted sinebell-squared window
sqcosi ne Set up unshifted cosine-squared window

sqsi nebel | Set up unshifted sinebell-squared window

94

* gaussi an setsup an unshifted Gaussian window functionin 1, 2, or 3 dimensions.
This macro checks whether datais 1D, 2D, or 3D. Theargumentt 1_i nc isthe
number of tlincrements; the default isni . Theargumentt 2_i nc isthe number of t2
increments; the default isni 2.

* pi 3ssbsq and pi 4ssbsq are macros that respectively set up pi3 and pi4 shifted
sinebell-squared window functionsin 1, 2, or 3 dimensions and check whether datais
1D, 2D, or 3D. Both macrosusethet 1_i nc andt 2_i nc arguments, described in
the previous description of the gaussi an macro.

e pseudo<(Cl, C2, C3, C4) > generatesan initial guess at good valuesfor | b, gf ,
| b1, and gf 1 for absolute-value 2D experiments. To generate modified guesses, four
coefficients (described in the VNMR Command and Parameter Reference) are
available.

* sinebel | setssb and sb1l to one-half the acquisition time. Other weighting is
turned off. Use si nebel | in absolute-value 2D experiments only.

* sine(<shift><, npoi nt s><, domai n>) calculates appropriate valuesfor sb
and sbs (if argument dormai nis' f 2' )orforsbl andsbs1 (ifdomainis ' f1')
to achieve asine window function. If shi f t isgreater than O, the starting value for
thewindow functionisgivenby si ne( pi / shi f t) ; otherwise, the starting valueis
0. npoi nt s specifies the number of real points the window function spans. If
domai n isnot specified, the value of the parameter t r ace isused as the default.

* sinesq(<shift><, npoi nt s><, donmai n>) calculates appropriate values for
sbandsbs (ifdonmai n=' f 2' Jorforsbl andsbs1 (ifdomai n=' f 1' )toachieve
a sine squared window function. The arguments are used the same asthe si ne
command.

» sgcosi ne andsqsi nebel | are macrosthat respectively set up unshifted cosine-
squared and sinebell-squared window functionsin 1, 2, or 3 dimensions and check
whether datais 1D, 2D, or 3D. Both macrosusethet 1 i nc andt 2_i nc arguments,
described in the previous description of the gaussi an macro.

Interactive Weighting

Thewt i <( el enent _nunber ) > command allows interactive setting of weighting
parameters for both to FIDs and t1 interferograms (both the ni and ni 2 dimension). The
optional argument el erent _nunber specifies which FID element or interferogram
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traceisto be used in adjusting the weighting parameters. The default valueisthe currently
active element or trace. wt i responds appropriately to phfi d and| sfi d for to FIDs,
phfi dlandl sfi dlfortyinterferogramsdefinedby ni ,andl sfi d2,and phfi d2 for
t1 interferograms defined by ni 2.

The following parameters are used with interactive weighting:

e awc, awcl, and awc 2 set the additive weighting constant; added in to the weighting
function after thel b and sb (sbs) contributions but beforethe gf (gf s)
contributions.

» gf,gf 1, and gf 2 set the Gaussian apodization constant, in seconds.

» gfs,gf s1, and gf s2 set the Gaussian function shift, in seconds. This shiftsthe
origin of the Gaussian function; active only if gf (or gf 1) isactive.

e | b,I bl,and!| b2 set the line broadening factor, in Hz; a positive value gives
sensitivity enhancement; a negative value gives resolution enhancement.

* sb,sbl, and sb2 set the sinebell time period, in seconds; a negative value givesa
sine squared bell.

* sbs,sbs1, and shs2 set the sinebell shift, in seconds; shifts the origin of the
sinebell; active only if sb (or sb1) isactive.

These parameters can be typed in or changed with the left mouse button in the proper field.
The right mouse button turns off the spectrum for a faster response to changesin the
weighting function.

Thewt i a<( el ement _nunber ) > command allows the same weighting parameters to
be set interactively for 2D absorptive data. The argument el ement _nunber is used the
sameasinthewt i command.

3.6 Phasing Before the 2D Transform

Table 20 summarizes the commands and parameters discussed in this section.

For a phase-sensitive 2D display, only the ph (phase-sensitive along f2) command and the
phl (phase-sensitive along f1) command are relevant to ensure that phasing either is
performed during the 2D FT or can be performed after the 2D FT aong each dimension.
ph and ph1 should be executed according to the following rules:

» pnode="" isboth ph and ph1 must be executed before performing 2D FT.
e pnode=' partial ' isonly ph must be executed before performing 2D FT.
e pnode='full"' iseither command must be executed before 2D FT.

To obtain pure 2D absorptive lineshapes requires a properly phased spectrum in the first
dimension, that is, along f2. To facilitate thisoperation, thewf t andf t programs (actually
the same program) allow normal 1D transforms on 2D data. After an experiment is
complete, or whileitisin progress, typewf t (1) orft (1) . Thefirst FID will be
transformed. After thetransform, the spectrum will be displayed. Phasethisspectruminthe
usual way. If prrode=' ful | ', al phasing along f2 can be performed after the 2D FT if
correctionsin fo phasing are required. To prevent automatic spectral display (ds), type
wit (' nods').

One subtle point remains. In, for example, a COSY experiment acquired using the
hypercomplex method, the first spectrum of thefirst array element contains data resulting
from the summing of the signal from 904,—90y and 904,—90_y pul se sequences. But both of
these experiments produce in principle no signal in the xy plane! In this case, phasing is
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Table 20. Commands and Parameters for Phasing Before the 2D Transform

Commands

ds* Display a spectrum

ft* Fourier transform 1D data

ft2d* Fourier transform 2D data

ph Set phased mode along directly detected dimension

phl Set phased mode aong 1st indirectly detected dimension
wht* Weight and Fourier transform 1D data

* ds<(index)>, ds<(options)>
ft<(<options, ><'nf'>< start><,finish><,step>)>
ft('inverse', exp_nunber, expansion_factor),
ft2d(array_el enent)
ft 2d<(<opti ons, ><pl ane_nunber, ><coeffi ci ent s>) >,
ft2d('ni'|'ni 2", el enent _nunber,increnent),
("ni'|"'ni2",increnent, <coefficients>)
wft <(<options, ><'nf'><,start><,finish><,step>)>,
wit('inverse', exp_numnber, expansi on_factor)
Parameters
| p1 {3600 to 3600, in deg} First-order phasein 1st indirectly detected dimension
| p2 {3600 to 3600, in deg} First-order phasein 2nd indirectly detected dimension

prode {"'partia’,'full'} Processing mode for 2D data
rpl {-360 to 360, in deg} Zero-order phasein 1st indirectly detected dimension

r p2 {-360 to 360, in deg} Zero-order phasein 2nd indirectly detected dimension

performed on the first spectrum of the second experiment, which is displayed by ds( 2) .
Different experiments may require different first domain phasing procedures. With the
standard pul se sequences, both array elements can be phased for pure absorption
simultaneously. For cases where one data set is “in phase” and the other is“out of phase”
for agiven set of phase parameters (I p and r p), thef t 2d program can be instructed to
extract the properly phased data from each experiment.

After thefull transform, f1 phasingispossibleusingthel p1 andr p1 parametersif pnode
hasbeensetto' partial' or' full'.fqphasingfortheni 2 dimensionisdone using
the parameters| p2 andr p2. Once satisfactory f1 and f2 phasing has been obtained, future
retransforms may be done with pnode="" (two single quotes with no space between the
quotes). Thisresultsin afaster initial display of the processed data.

3.7 Baseline Correction

96

Table 21 lists commands and parameters covered in this section.

Theft andft 2d commands (and related commands) multiply the first point of each FID
by f pmul t (the default value is 1.0, except that if the processing involves backward
extension of the time-domain datawith linear prediction, the default value is then 0.5) and
the first point of each interferogram by f prrul t 1 (default value is 0.5) for the ni
dimension or f prrul t 2 (default valueis0.5) for theni 2 dimension. f pnul t attemptsto
compensate for the first point distortion caused by analog filters (see Otting, Widmer,
Wagner and Withrich, J. Magn. Reson. 1986, 66, 187).

The effect of using thef prrul t isto perform alinear baseline correction on all f,, data,
reducing negative-going ridges along f, in phase-sensitive 2D data.This correction is not
needed in experiments such as COSY wherethe FID startsat zero and grows or in absol ute-
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Table 21. Baseline and Drift Correction Commands and Parameters

Commands

bc* 2D baseline correction

calfa Recalculate alfa so that the | eft phase is zero
cdc Cancel drift correction

cf pnul t Calculate first-point multiplier for 2D experiments
crof 2<(al fa) > Recalculate rof2 so that Ip=0

dc Calculate spectra drift correction
dead('f1'|'f2") Apply drift correction to 2D spectra

ft* Fourier transform 1D data

ft2d* Fourier transform 2D data

wit* Weight and Fourier transform 1D data

* bc(trace_direction<,order><,trace_start><,trace_end>)
ft<(<options,><'nf'><, start><,finish><,step>)>
ft('inverse',exp_nunber, expansion_factor),ft2d(array_el enent)
ft2d<(<opti ons, ><pl ane_nunber, ><coeffi ci ent s>) >,
ft2d('ni'|'ni 2", el enent_nunber,increnent),
ft2d('ni'|'ni2',increnment, <coefficients>)
wft <(<options, ><' nf' ><, start><, finish><, step>)>,
wit('inverse', exp_nunber, expansi on_factor)

Parameters

al fa{0to1e8, inpus} Set alfa delay before acquisition

dcg {'dc', 'cdc’} Drift correction group

fprul t {'n', number} First point multiplier for np FID data

fprrul t 1 {'n', number} First point multiplier for ni interferogram data

f prrul t 2 {'n', number} First point multiplier for ni2 interferogram data

| p {-3600 to 3600, in deg} First-order phase along directly detected dimension
r of 2 {0to 8190, in ms} Receiver gating time following pulse

value mode presentation if pseudo-echo or sinebell processing is used, because the
processing function goes to zero at t,=0, forcing all FIDsto start at zero amplitude.

Unless| p isapproximately zero, f pnul t will affect both the dc offset and the curvature
of the spectrum during 2D data processing. Obtaining atrial spectrum and phasing it to pure
absorption will provide from the spectrum the current values of the parametersal f a and
| p. Using these parameters, thecal f a macro can calculate anew value for al f a so that
| p isrendered approximately O.

The cr of 2 macro recalculates a new valuefor r of 2 (receiver gating time following a
pulse) based upon the current r of 2 and | p (first-order phase) values, sothat | p is
rendered approximately 0. For cr of 2 to work properly, atrial spectrum must be obtained
and phased to pure absorption. This spectrum providesthe current r of 2 and| p valuesfor
cr of 2. Thevaueof theal f a delay isleft constant, provided r of 2 does not becomeless
than 1 us.

First-Point Multiplier

The best value of f prrul t isafunction of the filter setting and should be determined
empirically. It can be determined before, during, or after the 2D experiment by using
wit(1).

1. With aproperly phased first increment spectrum on the screen, enter dc.
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2. Position the mouse-controlled arrow at the right edge of spectrum baseline (to keep
track of theideal baseline position).

3. Enter cdc and observe the new position of the baseline. It typically drops.

« If the baseline goes negative, set f pnul t to greater then 1.0 (try 1.5) and enter
wit(1).

* If the baseline rises but does not return to the position indicated by the mouse
arrow, increase the value of f pnul t and enter wf t (1) again. If in doing so
the baseline rises above the ideal level, reduce f prul t and try again.

Only afew tries are required before the proper value of f pnul t isfound.

Themacrocf prul t isprovided that doesthe procedure above automatically. Thisapplies
only to datain ty. No equivalent macro for t datais provided. Normally, no correction for
f prul t 1 isnecessary.

Settingf prul t =" n' andf prul t 1=" n' disablesthese features of theft andft 2d
programs. This would be the usual value for sinebell or pseudo-echo processing.

Baseline Correction

Anaternativetotheuseof f pnul t isthe use of the baseline correction command bc. The
implementation of bc in 2D processing uses the spline or second to twentieth order
polynomial fitting of predefined baseline regions. These regions are set up prior to the use
of bc by setting integral resets (seti nt nod=" parti al ' ) so that integrals appear only
over regions of the spectrum with signals present. These may be set afterawft (1) , as
described in the manual Getting Sarted. The quality of the baseline correction may be
assessed by be (1) . In setting baseline regions near the ends of the spectrum, the bc
operation does essentially the equivalent of f pmul t because this represents asimple dc
correction.

If thismodeis used, thewf t 2d command must have an argument ' bc' and an optional
order valuesuch aswf t 2da( ' bc' , 1) . After thefirst (tp) transform, the bc program
executes, and theinterferograms are then cal cul ated from the baseline-corrected data. After
the second transform, bc may be used again, thistime along f1 using the command

bc(' f1').Make surethat the resets are appropriate. They will automatically be so if
sw=swl in ahomonuclear experiment. Of course, in a heteronuclear shift correlation
experiment no proper reset points may be set, in general.

FID Drift Correction

A dc offset in time-domain data transformsinto a“center glitch” in the frequency
spectrum. For 1D data, thef t program automatically appliesadc correction to the FID.
Such a correction is not applied to 2D FIDs or interferograms unless explicitly requested.
Thecommandf t 2d(' t 2dc' ) causesadc correction to be applied to eacht, FID before
thefirst FT andf t 2d(' t 1dc' ) causesadc correction to be applied to each t;
interferogram prior to the second FT. In both cases, the last one-sixteenth of the time-
domain data is used to calculate the dc correction.

Thedcg parameter containstheresults of thedc or cdc command. This parameter cannot
be set in the usual way but it can be queried (dcg?) to determine whether drift correction
isactive.
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Spectral Drift Correction

Thecommanddc2d(' f1' | f2') isthe2D equivalent of dc andisrun only after the 2D
transform. Usedc2d(' f 1' ) for correctionsalongfi anddc2d(' f 2' ) for corrections
along fo. Thedrift correction calculation is done separately for each tracein the 2D data set.

3.8 Processing Phase-Sensitive 2D and 3D Data

After 2D data has been acquired, the complete 2D transformation can be performed with a
single command, with or without weighting as appropriate. Table 22 lists commands and
parameters associated with this processing.

The general flow of information during the process of phase-sensitive 2D transformationis
depicted in Figure 22 for pnode="' parti al ".

optional
FID set# 1 FID set #2
real imag real imag
weighting, FT, phasing @ @ weighting, FT, phasing
spectra set #1 spectra set #2
abs ‘ disp abs disp
1L L

RR!, IR1, RR2, IR2, etc

real imag interferograms

weighting, FT, phasing

2D spectrum
abs disp

Figure 22. DataFlow in Phase-Sensitive 2D Transformation

A series of complex FIDs, obtained as afunction of t1, are transformed to become a series
of spectra. Each spectrum consistsof areal andimaginary part. Each spectrum isthen phase
rotated, according to the phase correcti on determined from an individual spectrum. We now
have a series of spectra, each consisting of an absorptive and a dispersive part, formed as
linear combinations of the original real and imaginary parts. Complex interferograms are
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Table 22. Tools for Processing Phase-Sensitive 2D and 3D Data

*

Commands

addpar (' 2d' | ' 3d") Add selected 2D or 3D parameters to current experiment
dg2 Display group of 3rd and 4th channel/3D parameters
foldt<('symi|'triang')> Fold COSY-like spectrum along diagonal axis

ftld* Fourier transform of 2D data

ftlda<(options)> Fourier transform “halfway” for pure absorption 2D data
ft2d* Fourier transform 2D data

ft2da<(options) > Fourier transform for pure absorption 2D data

ft3d* Perform a3D FT on a3D FID dataset (VNMR, UNIX)
par 3d Create 3D acquisition, processing, display parameters
parlp Create parameters for linear prediction

wf t 1d* Weight and Fourier transform f,, for 2D data

wft 1da<(opti ons) > Weight and FT “halfway” for pure absorption 2D data
wf t 2d* Weight and Fourier transform 2D data

wf t 2da<( opti ons) > Weight and Fourier transform for pure absorption 2D data

Parameters

dasl p Increment for t1 dependent first-order phase correction
f n {'n',number} Fourier number along directly detected dimension

f n1 {'n',number} Fourier number in 1st indirectly detected dimension

f n2 {'n',number} Fourier number in 2nd indirectly detected dimension

i nt mod {'off','partia’, full'’} Integral display mode

I sfid{'n',number} Number of complex points to left shift np FID

I sfidl{'n',number} Number of complex points to left-shift ni interferogram
| sfid2{'n',number} Number of complex points to left-shift ni2 interferogram
| sf rqg {number, in HZ} Frequency shift of the fn spectrum

I sfrqgl {number, in HZ} Frequency shift of the fnl spectrum

| sfrqg2 {number, in Hz} Frequency shift of the fn2 spectrum

prode {",'partia’,'full’} Processing mode for 2D data

proc {'ft", 'rft', 'Ip?} Type of processing on np FID

procl {'ft", 'rft", 'Ip} Type of processing on ni interferogram

proc?2 {'ft", 'rft, 'Ip} Type of processing on ni2 interferogram

sw{100 to 100000, in Hz} Spectrawidth

swil {100 to 100000, in Hz} Spectral widthin 1st indirectly detected dimension
sw2 {100 to 100000, in Hz} Spectral width in 2nd indirectly detected dimension

ftild(el enent _nunber), ftld<(<options, ><coefficients>)>

ft 2d<(<opti ons, ><pl ane_nunber, ><coef fi ci ent s>) >,

ft2d('ni'|'ni2', el enent _nunber, i ncrenent)

ft2d('ni'|"'ni 2" ,increnent, <coefficients>)

ft3d<(<data_dir><, nunber _fil es><, ' nocoef' ><, pl ane_type>)> (VNWR)
ft3d —e exp_nunmber —f —r <options> (UN X)

wft 1ld(el ement _nunber), wftld<(<options, ><coefficients>)>

wf t 2d<( <opti ons, >coeffi ci ents) >

100

then formed out of corresponding points along the frequency axisfrom each of the spectra,
and transformed to produce the final 2D spectrum.

Theeight lineswith arrowsin the center of Figure 22 represent coefficients used during the
process of transformation. The real and imaginary part of the interferograms can be formed
from any linear combination of the real and imaginary parts of one or more spectral sets
after the first Fourier transformation. We shall refer to these coefficients below according
to the following scheme: RR1 is the coefficient used to multiply the real part (first R) of
spectrain set 1 (the 1) before it is added to the real part (second R) of the interferogram.

VNMR 6.1C User Guide: Liquids NMR 01-999161-00 C1002



3.8 Processing Phase-Sensitive 2D and 3D Data

I R2 would thus represent the contribution from the imaginary part of spectrain set 2 to the
real part of the interferogram, and so on.

For pnode=" ful | ', another set of complex interferograms are formed from these two
sets of fo spectra. This set of interferogramsis 90° out-of-phasein f2 to the previous set and
can be constructed without any additional coefficients.

Different experiments will require different coefficients. Some, such as heteronuclear 2D-
Jexperiments, consist of only one FID and spectral set, and hence there will be atotal of
four coefficients. Others, including hypercomplex 2D experiments, will consist of two
original data sets and hence atotal of eight coefficients. Other experiments are possible
with three or even more data sets, requiring in each case four times as many coefficientsas
the number of data sets (see the macro wf t 2dac).

If there are n data sets to be transformed, asin typical phase-sensitive experiments, 4n
coefficients must be supplied. The first 2n coefficients are the contributions to the real part
of the interferogram, alternating between real and imaginary parts of the successive data
sets. The next 2n coefficients are the contributions to the imaginary part of the
interferogram, in the same order.

Thus, using the definition that
thefirst letter refersto the Data Sets ~ Coefficient Order
source data set, the second 1 RRL IRL RIL, II1.
letter refersto the
interferogram, and the number
identifies the source data set,
we havethe cases showninthe
table on theright.

RR1, IR1, RR2, IR2, RI1, 111, RI2, 112.

RR1,1R1, RR2,1R2, RR3, IR3, RI1, I11,
RI2, 112, RI3, 113,

w N

The coefficients are generally

1, 0, or -1, but other coefficients are acceptable. Any real coefficient can be used, and as
many coefficients can be non-zero asisdesired. Up to 32 coefficients can be supplied,
which at four per data set allows the addition, subtraction, etc., of eight 2D data sets (that
is, eight different phase cycles). See the macro wf t 2dac for more information.

Processing Programs

A number of processing programs are available:

« ftild(coefficients) performsonly thefirst Fourier transformation along thef,
dimension (without weighting) and matrix transposition, allowing the display of
interferograms with thewt i , dcon, and dconi commands.

« witld(coefficients) functionsthesameasft 1d except weighting is
included.

» ft2d<(<option, >coefficients)> peformsacomplete transformation in
2D, without weighting, after 2D data has been acquired. If the first Fourier
transformation has already been doneusingft 1d,wf t 1d,ft 1da, orwf t 1da, then
f t 2d performs only the second (t1) transform.' pt ype' or' nt ype' can be used
asthefirst argument to select P-type or N-type peak selection. Thecoef fi ci ents
argument are discussed below.

» wft2d<(<option, >coefficients)>peformsthesameasft 2d except
weighting isincluded. To perform anormal 2D transform on the n-th element in an
arrayed 2D experiment, typewf t 2d( n) .

« ft2da<(' bc', pol ynom al _or der) > runs complete phase-sensitive Fourier
transform after the 2D FID data has been acquired. ' bc' isakeyword to perform a
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baseline correction on the f, spectra prior to the Fourier transform along f;.
pol ynomi al _or der istheorder of the polynomial used in the baseline correction.

e wit2da<(' bc', pol ynom al _order) > functionsthe same asf t 2da except
weighting isincluded.

« ftlda functionsthesameasf t 2da except a Fourier transform along f; is omitted.
» wft 1da functionsthe sameasf t 1da except weighting isincluded.

For some 2D data sets, you can save much time by selectively transforming the t;
interferograms. f t 2d( ' f 2sel ') alowsonly preselected fo regions to be transformed
along ty; thety interferogramsin the non-sel ected fo regions are zeroed but not transformed.
The same mechanism used to select baseline regions for baseline correction (bc) isused to
select the fo regions that are to be transformed along t1. Seti nt nod=" parti al' and
partition the integral of the spectrum into several regions. The even numbered fo regions,
e.g., 2,4, etc., will betransformed along t1; the odd numbered oneswill not be transformed
along t1.

Unreliable peak heights can be caused by Fourier transformation of truncated time-domain
data, instead of Fourier numbersf n and f n1 being too low, as might be intuitively
expected. To obtain properly defined signals, take one of the following steps:

 Collect data until the signal has decayed to zero in the time domain, or
» Transform the datawith zero-filling (f n>=2* np, f n1>=4*ni ).

Taking one of these stepsis particularly important in 2D spectra with antiphase or
dispersive signals, where underdigitization can lead to signal cancellation.

Common Coefficients for wft2d Processing

A magnitude-mode transform, in which the real part of the interferogram is formed from
thereal part of the spectra and the imaginary part of the interferogram is formed from the
imaginary part, would requirewf t 2d( 1,0,0,1) . Changing the sign of the imaginary part
of the interferogram serves to change the effective direction of the f1 frequency axis, asis
required for data in which N-type peaks are detected. This can be done with
wft2d(1,0,0,-1).

In some experiments, including heteronuclear 2D-J, the basic data are purely amplitude
modulated, with a starting amplitude of +1. After the first transformation and phasing
operation are complete, the dispersion part of each spectrum serves only to produce a
phase-twist in the final spectrum without contributing any information. Setting the
imaginary part of the second transform to zero produces a pure absorption display in both
domains. To do this, typewf t 2d(1,0,0,0) orft 2d(1,0,0,0).

In the hypercomplex method for pure absorption 2D data, we have two complete sets of
spectra and must therefore provide eight coefficients to specify the composition of the
interferograms. A typical execution of the method described by States, Haberkorn, and
Ruben, assuming that the first spectrum of the first data block has been phased for
absorption, requireswf t 2d( 1,0,0,0,0,0,1,0) to produce pure absorption spectra. For
this coefficient set, the standard macrowf t 2da (or f t 2da) is supplied; thus, in the most
common case, you do not need to enter coefficients but simply typewf t 2da.

Other manipulations of two data blocks are formatted similarly. A magnitude-mode 2D
experiment that is the sum of the two different experiments can be constructed by

wft 2d( 1,0,1,0,0,1,0,1) . For aCOSY experiment, this would produce the P-type
experiment. Subtracting data block two from block one, which for a COSY experiment
gives the N-type COSY, would be accomplished by wf t 2d( 1,0,-1,0,0,1,0,—-1) . Thus
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two different absol ute-value 2D experiments (P-type and N-type), and aphase-sensitive 2D
experiment, can all be produced from the same data set, without acquiring the data again.

Different combinations of data setswith appropriate phase cycling might allow selection of
various quantum ordersin a single experiment. Note that since the coefficients may be
different from one, it is possible essentially to phase shift each experiment separately
(phase shift the receiver) after the experiment is done. For TPPI datawith phase=3, only
one data set is collected, and the imaginary part of the second transform is set to zero:
wft2d(1,0,0,0).

The parameters pr oc and pr oc 1 can be used to select the type of processing to be
performed along to and t1, respectively. pr oc (or pr oc1) acceptsthevalue' ft'
(complex FT, the default if pr oc or procl isnot defined), ' rft' (real FT),or' | p'
(linear prediction processing on complex data):

 All Varian dataand simultaneously sampled Bruker FID data should be processed with
acomplex FT dongty,i.e,proc="ft".

Sequentially sampled Bruker FID data should be processed with areal FT along ta,
i.e,proc="rft".

» Varian hypercomplex (phase=1, 2) and standard TPPI (phase=3) 2D FID data
should be processed along t1 with proc1="ft" .

 If 2D Bruker datais converted withtheconver t br u program or if the new method
for acquiring TPPI data on a Varian system is used, area FT should be performed
alongtq,i.e,procl="rft"'.Thecommandw t 2da, whichisequal to
wft2d(' ptype',1,0,0,0,0,0, 1, 0), then properly processes 2D Bruker
data

» Ifthe' | p' processing option is selected, additional parameters must be set to fully
define how the time-domain data is to be manipulated. Refer to the description of the
addpar or par | p macrosinthe VNMR Command and Parameter Reference for
more information.

Occasionally, you may process a non-phase-sensitive data set in the phased (ph) mode by
accident. Especially if pseudo-echo weighting has been used, the resulting data will not
appear very pleasant! Thisproblem cannot becuredif pnode="" without reprocessing the
data. If pnrode=" parti al ', enter the absol ute-val ue mode command av 1 and redisplay
thedatawith dcon. If prode=" f ul | ' , any mode of display along both frequency
dimensionsis fully accessible without having to reprocess the data.

Sign of f; Frequencies

Different experiments have the potential to produce sign reversals along f1. Certain
programsin the system, however, require that the sign of frequencies be the same in both
dimensions. These include the axis labeling programs and the symmetrization program

f ol dt . A simple method existsto overcome this problem without altering the experiment
to be performed. L eaving the sign of thereal part of atransform unchanged while reversing
the sign of the imaginary part has exactly the effect of reversing the f1 frequencies after
transformation. Thus, multiplying all of the coefficientsfor theimaginary spectral part after
the first transform by —1 will reverse the f1 frequencies as desired. As an even simpler
alternative, the keyword ' pt ype' may be supplied as an argument to the transform
programsuchaswf t 2d( ' pt ype' ). Inthe absence of either the' nt ype' or' pt ype'
keyword, wf t 2d defaultsto the' nt ype' option.

Once a particular set of coefficientsis decided upon, a macro can be used to eliminate the
necessity of typing four or eight coefficients each time. For example, if you perform the
heteronuclear 2D-J experiment described above, you could create an appropriate macro.
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wf t 2da isinfact amacro equivalent towf t 2d( 1, 0, 0, 0, 0, O, 1, 0) in some cases.
Other macros for other combinations of coefficients can be created (see wf t 2da for an
illustration).

2D Solvent Subtraction Filtering

Ina2D transform, solvent subtraction isinvoked on t, FIDs in the same manner as 1D
usage. The parametersssfi | t er andssor der select the processing option as follows:

» The zfs (zero-frequency suppression) option is selected if bothssfil t er and
ssor der are set to avalue other than “Not Used.”

» Thelfs (low-frequency suppression) option isselected if ssfi | t er issettoavaue
other than “Not Used” and ssor der isset to “Not Used.”

e Thezfsand Ifs options are both turned off if ssfi |t er issetto“Not Used.”

These optionsare used withthef t 1d,wf t 1d,ft 2d, and wf t 2d commands, or with the
ftlda,wft 1da, ft 2da, andwf t 2da macros.

Left Shift, Frequency Shift, Phase Rotation

If the parameter | sfi d1 issettoavaueotherthan' n' , theinterferogram isleft-shifted
by | sfi d1 complex (or hypercomplex) points before weighting and Fourier
transformation are performed. Thevalue of | sfi d1 must lie between 0 and ni —1.

The parameter | sf r g setsafrequency shift of f n spectral data, in Hz, with a negative
value resulting in peaks being shifted upfield (to the right) and a positive value in peaks
being shifted downfield (to the left). | sf r g isthe time-domain equivalent of | p within
VNMR. I sf r g operates on complex np FID data, referred to asthet, dimensionin a2D
experiment. Similarly, the parameters| sfrql and| sf r q2 set afrequency shift of the
fn1 and f n2 spectrum, respectively.

If the parameter phf i d1 isset to avalue other than' n' , the interferogram is phase-
rotated by phf i d1 degrees (zero-order phase rotation) before weighting and Fourier
transformation are performed.

If the parameter das| p exists, each interferogram is phase-rotated by das! p times
(interferogram number) degrees before weighting and Fourier transformation are
performed. This phase-rotation has the effect of “shearing” f1 traces of a2D data set.

2D Processing of 3D Data

Acquisition and full processing of 3D datausing VNMR is available provided the
parameters ni 2 and sw2 have been created (d3 is the incremented delay in the ni 2
dimension). Also available is 2D processing of “dlices’ of the 3D data matrix, which can
be performed as described below.

ft2d(' ni 2') transforms non-arrayed 2D data that have been collected with ni 2 and
sw2 (instead of ni and swl). Theaddpar (' 3d' ) macro creates the necessary
processing parametersfor thef t 2d(' ni 2' ) operation (par 3d functions the same as
addpar (' 3rf')).

ft2d(' ni',#) isusedto selectively transform aparticular np—ni 2D plane within a
non-arrayed 3D data set; # is an integer that can range from 1 to ni 2 in this example.

ft2d(' ni 2', #) isusedto selectively transform a particular np—ni 2 2D plane within
anon-arrayed 3D data set; # is an integer that can range from 1 to ni in this example.
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If an arrayed 3D dataset isto be selectively processed, the format of theargumentstof t 2d
changes. For example, ft 2d(' ni ', #1, #2) performsa2D transform along np and ni

of the #2-th ni 2 increment and the #1-th element within the explicit array. Thisyieldsa

2D np—i frequency plane. #1 rangesfrom 1 to ni 2; #2 rangesfrom 1 to[ arraydi m
(ni*ni2)].

Arrayed 3D data sets can al so be subjected to 2D processing to yield 2D absorptive spectra.
If the States-Haberkorn method is used along both f1 (ni 2 dimension) and f2 (ni
dimension), therewill generally be four spectraper (ni ,ni 2) 3D element. Inthiscase, the
commandft2d(' ni 2', #1, <16 coeffi ci ent s>) would perform a 2D transform
along np and ni 2 of the#1-th ni increment using the ensuing 16 coefficientsto construct
the 2D t-interferogram from appropriate combinations of the four spectra per (ni ,ni 2)
3D element. Use the pr oc2 parameter to specify the type of data processing to be
performed on the ni 2 interferogram (3D): ' ft' for complex FT,' rft"' forrea FT, or
"I p' for linear prediction processing on complex data. The macro dg2 displays 3D
processing parameters.

3.9 2D and 3D Linear Prediction

Just asin 1D linear prediction, the technique of linear prediction can be used in 2D and 3D
data processing. Table 23 lists 2D and 3D linear prediction (LP) parameters and macros to
create and display the parameters. For more information on the specific parameters, refer
to the manual VNMR Command and Parameter Reference.

Table 23. 2D and 3D Linear Prediction (LP) Commands and Parameters

Commands

addpar (' p") Add LP parameters to current experiment

dgl p Display group of LP parameters

parlp Create parameters for LP

set LP1 Sets F1 linear prediction parameters.
Parameters

| pal g1 {'Ipfft’, 'Iparfft} LP algorithm for ni dimension

| pal g2 {'Ipfft’, 'Iparfft} LP algorithm for ni 2 dimension

| pext 1 {number} LP dataextension for ni dimension

| pext 2 {number} LP dataextension for ni 2 dimension

| pfiltl{number} LP coefficientsto calculate, ni dimension

| pfilt2{number} LP coefficientsto calculate, ni 2 dimension

| pnupt s1 {number} LP number of data points, ni dimension

| pnupt s2 {number} LP number of data points, ni 2 dimension

| popt 1 {'b,'f} LP algorithm data extensions, ni  dimension

| popt 2 {'b, 'f'} LP algorithm data extension, ni 2 dimension

| ppri nt 1 {number} LP print output for ni dimension

| ppri nt 2 {number} LP print output for ni 2 dimension

| pt racel {number} LP output spectrum, ni  dimension

| pt race2 {number} LP output spectrum, ni 2 dimension

procl {'ft", 'rft", 'Ip} Type of processing on ni interferogram

proc2 {'ft", 'rft", 'Ip’} Type of processing on ni 2 interferogram
strtext1{1toni/2} Starting point for LP data extension, ni  dimension
strtext 2 {1toni2/2} Starting point for LP data extension, ni 2 dimension
strl pl {number} Starting point for LP calculation, ni  dimension
strl p2 {number} Starting point for LP calculation, ni 2 dimension
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Linear prediction parameters are created for the evolution axes by entering

addpar (' I p', 1) tocreate parametersfor thet, axis, or by addpar ("' | p', 2) to
create parameters for the t, axis (3D experiments only). Macrospar | p(1) and

par| p(2) functionthesameasaddpar ('l p', 1) andaddpar('lp', 2),
respectively.

Thedgl p macro displaysthe linear prediction parameters for both (or al three) domains.
The parameter pr oc1 controls the transformation process along t1, and pr oc2 controls
the transformation process along t,. Using the same method of transformation is not
necessary along two (or three axes). You might, for example, employ a backwards linear
prediction in t, of a2D experiment and aforwards linear prediction along t4, or perhaps a
simple Fourier transformation along t, and a backwards linear prediction along t;.

3.10 Phasing the 2D Spectrum

Table 24 summarizes the commands and parameters discussed in this section.

Table 24. Commands and Parameters for Phasing the 2D Spectrum

Commands

ds<(i ndex) >, ds<(options)> Display aspectrum

Parameters

| p1 {3600 to +3600, in deg} Left phase in 1st indirectly detected dimension
prode {", ‘partial’, ‘full'’} Processing mode for 2D data

r p1 {360 to +360, in deg} Zero-order phasein 1t indirectly detected dim.
trace {'f1,'f2, 3} Mode for n-dimensional data display

The phase constants| p1 and r p1 control the phase correction along f1 in phase-sensitive
data. In most 2D experiments, these should be near zero, but because of finite pulse widths
and delays present in the pulse sequence, they may be far from zero. If the pulse sequence
properly compensatesfor these pulse widthsand delays, it ispossibleto havezero| p1 and
r pl. Most of the setup macroset| p1 andr p1 to zero so that thefirst display will indicate
the need (if any) for phase correctionin f1. The same techniques asused in 1D phasing are
employed here, with a minor difference.

1. Enterf ful |l todisplay thefull datamatrix in afull chart display.

2. Tophasethe 2D spectrum, usethe horizontal cursor present intheinteractive display
toidentify apeak toward the right-hand edge of the spectrum. Note the trace number
indicated at the top of the display (you can “memorize” thisby setting r 1 equal to
itsvalue.)

3. Select one or more other traces at f1 values more toward the center and left parts of
the spectrum. If there is adiagonal in the spectrum with large peaks, these will be
the most sensitive with which to work. User 2, r 3, etc. to “memorize” these trace
values. A minimum of two is needed, one at the far right and one at the far left.

4. Enter ds(r 1) . Phase this spectrum as you would a 1D spectrum using the Phase
button in the displayed menu. Click the mouse on the peak displayed near the right
edge of the spectrum. Phase up this spectrum (thus setting r p1). Do not “click” in
the | eft part of the spectrum at thistime.

5. Enterds(r 2) . Thesecond trace appears. Click the mouse near theright edge of the
spectrum (to fix r p1 at the previously determined value) and do not rephase. Move
the mouse to the peak at the left, click and phaseit (thus setting | p1).
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6. Enterds(r1) torecheck r pl. Repeat the process again if necessary.

In homonuclear correlation spectra (such as NOESY, TOCSY, and ROESY), use the
diagonal peaksfor phasing. It there are strong cross-peaks, you can phase an f1 trace
exactly like a 1D spectrum. Phase HM QC spectra by progressively working from right to
left, with several peaks selected along the way to make surethat | p1 does not go through
an extrarevolution that would induce some baselineroll.

Correctionsin fo phasing may be obvious in the 2D data when they are not in the first
increment 1D spectrum. If pnode=' f ul | * before the 2D transform, f2 phasing may be
corrected without retransforming by settingt r ace="' f 2' and using the same approach as
described for f1 phasing. Transformation of the dataagain is necessary if pnode="" or
pnode=' parti al ' .Nofq phasing is possible after transformation if pnrode=""; f1
rephasing after thetransformispossible (but not fo rephasing) if pnrode=" parti al ' .Do
baseline corrections such asdc2d or bc only after data are properly phased in f1 and fo.

3.11 Display and Plotting

This section discusses noninteractive 2D display and plotting. Table 25 lists the many
commands and parameters available. Interactive 2D color map display (thedconi
program) and interactive 2D peak picking (thel | 2d program) are covered on page 113 and
page 118, respectively.

Display Modes

The commands for 2D display modes are analogous to the command and modesin fo:
» ph1l selectsthe phase-sensitive mode in f1. Thisis equivalent to the ph mode in fo.
» pal selectsthe phase angle mode in f1. Thisis equivalent to the pa mode in fo.
» avl selectsthe absolute-value mode in f1. Thisis equivalent to the av mode in fa.
e pwr 1 selectsthe power modein f1. Thisis equivalent to the pwr modein fo.

Thedngl parameter storesthedisplay mode (' phl',' pal' ' avl' ,or' pwr 1' )forfq
It can be set with the commandsph1l, pa, avl, and pwr 1, respectively. If dngl isnot set
to one of these values, the display mode for f1 isthen selected based upon dirg, the display
mode parameter both for fo in 2D dataand for 1D data.

Display and Plot Limits

Thecenter,l eft,right,andful | commands set the parameterssc, we, sc2, and
we 2 as appropriate to produce adisplay (and subsequent plot) in the relevant portion of the
screen (and page) described by the command. The parameter sc2 isthe start of the chart
in the second direction and the parameter we 2 isthe width of the chart. Together, sc2 and
we 2 control the dimensions of the second axis (or the y axis) in a 2D contour plot.

Theasi ze macro adjusts the parameterssc, we, we 2, and sc2 so that the displayed
resolution along both f, and f, isthe same. The use of asi ze is not suggested for
heteronuclear experiments where the chemical shift spread of one nucleus is much greater
than that of the other.

Another command, f ul | t, setsdisplay limitsfor afull screen with room for traces. The
parameter spl isthe start of the plot in f1, and wp1 isthe width of the plot. Both are
analogous to the corresponding sp and wp 1D parameters.
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Table 25. 2D Display and Plotting Commands and Parameters (Part 1 of 2)

Command
acosy

acosyol d

asi ze

avl

center

cent erswl

crlil

dcon<(options) >

df 2d<(array_i ndex) >
dpcon*

dpconn*

ds<(i ndex)>, ds<(options)>
ds2d<(options) >
ds2dn<(options) >

dss*

dsww*

fol dcc

f ol d]

f ol dt

ful

fullt

gri d<(<spaci ng, ><col ors>) >
i mge

i magepri nt

left

nm2d<(noi se_mul t) >

noi serul t <(noi se_mul t) >
pal

pa
pacosy
pcon*
peak2d*
phl

pl >

pl 2d*
pl grid*
pl ww*

Automatic analysis of COSY data

Automatic analysis of COSY data, old algorithm

Make plot resolution along f, and f, the same

Select AV mode along 1st indirectly detected dimension
Set display limits for center of screen

Move cursor to center of spectrum in 1st indirect dimension
Clear reference linein 1st indirectly detected dimension
Display noninteractive color intensity map

Display FIDs of 2D experiment

Display plotted contours

Display plotted contours without erasing screen

Display a spectrum

Display 2D spectrain whitewash mode

Display 2D spectrain whitewash mode without erasing
Display stacked spectra

Display spectrain whitewash mode

Fold INADEQUATE data about 2-quantum axis

Fold J-resolved 2D spectrum about f1=0 axis

Fold COSY-like spectrum along diagonal axis

Set display limitsfor afull screen

Set display limits for afull screen with room for traces
Draw agrid on a 2D display

Display noninteractive gray scale image

Plot noninteractive gray scale image

Set display limitsto left half of screen

Normalize intensity of 2D spectrum

Control noise multiplier for automatic 2D processing
Set phase angle mode in 1st indirectly detected
dimension (C)

Set phase angle mode in indirectly detected dimension (C)
Plot automatic COSY analysis

Plot contours on a plotter

Return information about maximum in 2D data

Select phased mode on 1st indirectly detected dimension
Plot spectra

Plot 2D spectrain whitewash mode

Plot agrid on a 2D plot

Plot spectrain whitewash mode

* dpcon(<options, ><| evel s, spaci ng>)
dpconn( <opti ons, ><I evel s, spaci ng>)
dss<(<start, finish<, step>><, opti ons>) >
dswnw<(<start, finish<,step>><,"int'>)>
pcon<(<'pos'|'neg' ><,' noaxi s' ><, | evel s><, spaci ng>) >
peak2d: $maxi mum_i nt ensi ty<, $trace, $poi nt >
pl <(<start,finish<,step>><,'int'><,"all'><, options>)>
pl 2d*<(' nobase' |'fill"|'fillnb")>
pl gri d<(<spaci ng><, ><pen>) >
plgrid<(start_f2,increment_f2,start_f1,increnment_f1l<, pen>)>
plwk(start, finish,step><,'all'>)>

Continued on next page
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Table 26. 2D Display and Plotting Commands and Parameters (Part 2 of 2)

Command

proj *

pw 1

ri ght

ri 1<(frequency) >

r ot at e<(nunber _degr ees) >

set swl*

Project 2D data

Select power mode on 1st indirectly detected dimension
Set display limitsto right half of screen

Set reference line in 1st indirectly detected dimension
Rotate 2D data

Set spectral width in 1st indirectly detected dimension

* proj (exp_nunber<,'sum ><, start <, wi dt h>>)
set swl( nucl eus, downfi el dppm upfi el dppn: of f set

Parameter

axi s*

cr 1 {frequency, in Hz}

dry {"pal’ph’‘av pwr}

drmgl {'pal’,'phl’ 'avl,pwrl?}
sc {0towcmax, in mm}

sf {Otothevalueof at, in sec}
sf 1 {0to (2xni)/sw1l, in sec}
sc2 {0towc2max, in mm}

sp {number, in Hz}

spl {number, in HZ}

scal eswl {'n’, number > 0.0}
trace {'f1f2 3%

vs2d

we {5 towemax, in mm}

we 2 { number, in mm}

wf {0tothevalueof at, in sec}
wf 1 {0to (2xni)/sw1, in sec}
wp{ number, in HZ}

wpl {number, in HZ}

Axislabel for displays and plots

Cursor position in 1st indirectly detected dimension
Display mode for data

Display mode along 1t indirectly detected dimension
Start of chart

Start of FID

Start of interferogram in 1st indirectly detected dimension
Start of chart in second direction

Start of plot in directly detected dimension

Start of plot in 1st indirectly detected dimension

Scale spectrawidth in 1st indirectly detected dimension
Mode for n-dimensional data display

Vertical scale for 2D displays

Width of chart

Width of chart in second direction

Width of FID

Width of interferogram in 1st indirectly detected dimension
Width of plot in directly detected dimension

Width of plot in 1st indirectly detected dimension

*axi s {'1,2,3,c,d,'hK,'m'n'p, Uu}

Maximum Intensity

The peak2d command searches the area defined by sp, wp, spl, andwp1l ina?2D data
set for amaximum intensity. It returns the maximum intensity value found, the trace
number of the maximum, and the data point number of the maximum on that trace.

AXis Label and Direction

For 2D, the parameter axi s hastwo letters, with the first letter describing the detected
spectral axis (f5), and the second letter describing the indirectly detected axis (f1). The
special letter d isadded to reference any indirectly detected axisto the parts per million of
the decoupler channel. The special |etter e isadded to reference any indirectly detected axis
to the parts per million of the second decoupler channel. Theletter n isused to suppressthe
axis display on one or both axes.

The parameter t r ace selects the horizontal axis. t race='f 1' displaysf, axis
horizontally so that f; traces can be displayed. t r ace=" f 2' displaysf, axishorizontally
o that f, traces can be displayed.
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Display Scaling

Thennd<( noi se_nul t) > macro sets up the parametersvs2d andt h automatically
for a2D contour plot and color map display. nn2d measures the highest signal in the
spectrum and setsvs 2d such that the highest signal isin the range of the highest color
level. It then measures the root-mean-square noisein the second trace, bothinf, andf, (the
f, trace may contain an f; axial signal if FAD was applied). From both traces, nn2d
measures two regions, avoiding the center and both ends of the trace. From the four
resulting root-mean-square noise figures, the lowest value is taken and multiplied with a
noise multiplier, either the value specified by the argument noi se_nul t or the default
(8for IH, BFand 8lp [high-dynamic-range nuclei] and homonuclear spectrain general, or
3 for other spectra) if no argument is present. If the multiplied noisefigureisbelow t h=1,
vs2d isscaled up; otherwise, t h isincreased to the desired level. nm2d works both with
absol ute-value and phase-sensitive spectra. t r ace canbesetto' f1' or' f2'.

The macro noi senul t <( noi se_rul t) > predetermines the noise multiplier used by
nm2d when starting automatic 2D experiments. The default is 8 for homonuclear 2D
spectraor 4 for other spectra. The argument noi se_nul t overrides the default.

Grid Lines

A grid of horizontal and vertical lines over a 2D display can be drawn by thegr i d macro.
By default, grid linesaredrawn in blue at approximately 1 cmintervals, rounded so that the
intervalsfall at amultiple of 1, 2, or 5 of Hz or ppm. To change the defaults, enter gr i d
with adifferent spacing (incm) or adifferent color (' red' ,' green' , etc.); for example,
grid(2,"' white') giveswhitegridlinesat 2 cm intervals.

Thegri d command also can define agrid, using the following syntax:
grid<(startf2,incrf2,startfl1,incrfl,color)>

The arguments define the frequency and increments between grid linesin the f and f4
directions and the color of the grid lines.

Thepl gri d macro usesthe same argumentsasgr i d, but plotsthegr i d instead.

Color Maps and Contour Plots

The main command for 2D color map display isdconi , but it isinteractive and described
separately on page 113. The rest of the 2D display commands are noninteractive.

» dcon producesa“contour plot” (actually acolor intensity map) on the screen. dconn
performsthe sameasdcon except dconn does not erase the screen before starting the
display. Both dcon and dconn accept various options as arguments.

* i mage macrodisplaysadcon noninteractive display of animageusing grayscaleand
linear scaling of theintensity. Thismacroisuseful for adjusting the display whileusing
thedconi command.Thei nagepr i nt macro can send the same image to the
plotter.

» dpcon(<node, ><I evel s, spaci ng>) producesatrue contour plot display, and
pcon<(node, ><I| evel s, spaci ng) > produces a contour plot on the plotter.
| evel s represents the maximum number of contour levelsthat will be shown; the
default is4. spaci ng represents the spacing of successive contour levels; the default
is2.dpconn( <nobde, ><| evel s, spaci ng>) produces the same display as
dpcon but does not erase the screen before starting. I1n phase-sensitive spectra, node
canbe' pos' , todisplay positive peaksonly, or ' neg' , to display negative peaks
only.
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e df 2d<(array_i ndex) > produces acolor intensity map of theraw 2D FIDsasa
function of t; and ty, where ar r ay _i ndex istheindex of the array to display. The
display can be modified by subsequent display commands.

Whitewashed Spectra

Thedsww<(start, finish, step)>command displays one or more spectrawith
whitewashing (traces in front “block” the view of traces behind them). Use the argument
"al | ' todisplay all spectra. pl wa<(start, finish, st ep)> plotsthe same spectra.

Theds2d<( opti ons) > command produces a stacked display of 2D spectrain the
whitewash mode. Certain optionsare available: ' nobase' activatesthet h parameter to
suppressall intensity belowt h," fil | ' fillsinthepeaks,and' fi | | nb' combinesbase
suppression and peak filling. Theds2dn<( opt i ons) > command creates the same
stacked display asds2d but does not erase the screen before starting. A stacked plot is
produced by pl 2d<( opti ons) >.

Equivalent nonwhitewashed stacked displays and plots may be obtained withdss and pl ,
respectively.

Label Display

Thedssl macro displaysalabel for each element in a set of stacked spectra. Thelabel is
an integer value starting with 1 and ranging to the number of spectrain the display.

Ifwysi wyg="n',labelscan appear at incorrect positions. The positionswere empirically
determined for alarge screen display and are not guaranteed to be correct for all displays.

Thefollowing opt i ons control thedssl| display (more than one option can be entered
aslong as the options do not conflict with each other):
« '‘center',"left','right',"top',' bottom ,' above',and' bel ow
are keywords setting the position of the displayed index relative to each spectrum.

» 'val ue' isakeyword that produces adisplay of the values of each array element,
instead of an integer index.

e 'list=xxx" producesadisplay of the values contained in the arrayed parameter
XXX.

« 'format =yyy' usestheformatyyy to control the display of each label. Seethe
wr i t e command for information about formats.

Projection of 2D Data

Theproj (exp_nunber<, ' sum , start, wi dt h>) command projects data onto
the axis parallel to the screen x-axis, which can be either the f4 or f5, axis, depending upon
the parameter t r ace

* Inaskyline projection, the datais searched and the maximum intensity at any given
frequency becomes the intensity in the projection.

* Inasumming projection, the data at each frequency are summed and the result
becomesthe projection. st art and wi dt h (in Hz) define the traces to be projected.

« If omitted, the whole data set is projected.

The argument exp_numnber isthe number of the experiment in which the resulting
spectrum is stored. If the' suni keyword is given, the projection is calculated as the sum
of the data; otherwise, as the maximum (skyline projection).
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2D Referencing

Themacrosr| andr | 1 set the direct dimension and first indirectly detected dimension
referencelines, respectively. By default, each referencelineis set at the cursor position (cr
for direct dimension and cr 1 for the first indirect dimension) after taking into account any
frequency scaling withthe scal eswor scal eswl parameters, respectively.

To set the reference lines to other than the cursor position, include the f r equency
argument. A number for f r equency with no suffix (e.g., r I 1( 0) ) indicates the
frequency in hertz. A number with the suffix p, d, ork (e.g.,r1 1( 7. 2p) ) indicates the
frequency in ppm, decoupler ppm, or kilo, respectively. These suffixes are defined by the
unit command. The default definition is multiplication by (respectively) r ef fr g, df r g,
and 1000. Thus, if you are doing a 2D experiment in which the indirect axis is determined
by the decoupler channel (e.g., HMQC or HETCOR experiment), you might enter, for
example, r 1 1(10d) , whichisequivalenttor| 1(10*df rq) . Ther ef sour cel
parameter is used to signify whether the frequency along the indirect dimension is related
to the observe transmitter (r ef sour cel="sfrq" ) orif it isrelated to the decouple
frequency (r ef sourcel="dfrq").

The command cr | setsthe reference parametersr f | andr f p to zero and sets

ref posl='n'.In2D spectra, this clearsthe referencing along f,. In 2D spectrathe
commandcr| 1 canbeusedtosetrfl 1 andrf pltozeroandr ef posl='n',therefore
clearing referencing along f4.

The macro set swl( nucl eus, downfi el dppm upfi el dppn) setsthe spectral
width parameter swl for a given spectral window. set swl also does referencing.

The macros cent er swand cent er swl set the cursor to the center of the spectrumin
the directly detected dimension and the first indirect dimension, respectively.

Themacrosset r ef 1 andset r ef 2 set frequency referencing usingtheset r ef macro.
Givenanucleus(e.g.,t nor' C13'),setref 1( nucl eus) caculatesthe value of
rfl1,rfpl,refposl,andreffrql;andsetref2(nucl eus) caculatesrfl 2,
rfp2,refpos2,andreffrqg2.

Rotating Homonuclear 2D-J Spectra

Ther ot at e<( angl e) > command rotates homonuclear 2D-J data 45° (rotation in
frequency-space) to line up multiplets. Use the angl e argument to specify other angles.

Symmetrizing Data

Thef ol dt, fol dj ,andf ol dcc commands symmetrize data as follows:

» fol dt symmetrizes or triangularizes COSY, NOESY, or similar 2D spectra, by
“folding” about the diagonal; it requiresf n=f n2 and sw=sw1.

» fol dj symmetrizesheteronuclear 2D-Jor rotated homonuclear 2D-J experiments by
“folding” along f1=0 (J=0) axis.

» fol dcc symmetrizes 2D INADEQUATE data along the appropriate axis and also
applies an automatic dc correction.

Setting Negative Intensities to Zero

The command zer oneg isused for the projection of proton 2D-J spectraat 45° to strip a
high resolution proton spectrum down to alist of chemical shifts. zer oneg setsal
negative intensities to zero.
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3.12 Interactive 2D Color Map Display

Automatic Analysis

Theacosy and acosyol d commands automatically analyze a COSY data set with
f n=f n1 and sw=swl (acosyol d usesan older agorithm from previous VNMR
software versions). Symmetrization of the data with the command f ol dt is
recommended, but not required.

1. Select aproper threshold and perform a 2D line listing with the command
I'12d(' peak', ' volune').

2. Display the 2D data with the command dcon, leaving enough room at the | eft side
of the display for the connectivity table.

3. Enter acosy or acosyol d to analyze the data and display the connectivities on
the screen.

The command pacosy performsthe same analysisasacosy and plots the connectivities
on aplotter.

Interactive 2D Color Map Display
Thedconi <(opti ons) > command interactively displays 2D traces and projections,
which can a'so be plotted. The following keywords can be used as optional arguments:;
e 'agai n' meansidentify current screen mode and redraw the screen in that mode.
» "avcol or' means use absolute-value color set and display positive peaks only.
» 'dpcon’' meansdisplay true contour plot.
e 'ds2d' meansdisplay “whitewashed” stacked plot.
e 'gray' meansuse grayscale color set.
e 'linear' meansdisplay inlinear instead of logarithmic increments.
» ' phcol or' means use phased color set, and display positive and negative peaks.

* 'restart' meansactivatedconi without redrawing the 2D data set (make sure
that 2D datais already displayed).

When dconi ininvoked with the' dpcon' keyword, it drawsthe 2D data on the screen
similar to Figure 23.

At thetop of thedisplay (directly below the Permanent menu) istheMain menufordconi .
Below the menu is a graphics window with a 2D display box and, if the' dcon' optionis
selected, acolor/grayscal e adjustment bar to the right of the box. The default display mode
isthe color map drawn by dcon, but optional keywords' dpcon' and' ds2d' canbe
used to override the defaullt.

Readouts for parameters such as the following appear in the lower part of the screen:
» cr shows the current cursor position.
 cr 1 showsthe current cursor position along the first indirectly detected dimension.
» del t a showsthe cursor difference.
» del t al showsthe cursor difference along the first indirectly detected dimension.
» vs2d showsthe vertical scale of the display.
» vsproj showsthe vertica scale of the trace or projection.

Table 27 lists commands and parameters associated with thedconi program.
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Figure 23. Interactive 2D Contour Display (dconi Program)

Table 27. Interactive 2D Color Map Display Commands and Parameters

Commands

boxes<(' graphics'|'plotter')>
dconi <(opti ons) >
vsadj

Parameters

cr {number}

cr 1 {number}

dconi *

del t a {pos. number, in HZ}
del t al {pos. number, in Hz}
grayctr {Oto64}

graysl {-10to +10}

sp {number, in Hz}

spl {number, in Hz}

vs2d {1e-6 to 1e9}

VSsproj

wp {number, in Hz}

wpl {number, in HZ}

Draw boxes selected by the mar k command
Interactive 2D contour display
Automatic vertical scale adjustment

Current cursor position

Cursor position along 1st indirectly detected dimension
Control display selection for the dconi program
Difference of two frequency cursors

Cursor difference in 1st indirectly detected dimension
Gray level window adjustment

Gray level slope adjustment

Start of plot in directly detected dimension

Start of plot in 1st indirectly detected dimension
Vertical scalefor 2D displays

Vertical scale for projections and traces

Width of plot

Width of plotin 1st indirectly detected dimension

* dconi {",'display_program’,’ display_program,optionl,option2'}

114

The string parameter dconi  also controls the display selection. For example, if the
parameter dconi isset equal tothe string' dpcon, pos, 12, 1. 2' ,thedconi
command displaystwelve positive contourswithdpcon, using aspacing of 1.2. For details
on using thedconi parameter, refer to the VNMR Command and Parameter Reference.
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Interactive 2D Display Menus

Upon starting thedconi  program, the 2D Display Main Menu is active with thefollowing
buttons:

Boxl Tracel Projl Fulll Redrawl Plotl Peakl Returnl

By clicking on the Proj button, the following 2D Display Projection Menu replacesthe 2D
Display Main Menu:

Hproj(max)l Hproj(sum)l Vproj(max}l Vproj(sum}l Flotl Cancell

Each of the buttons on these menus is described in the sections below.

Interactive 2D Color Map Display Main Menu

The buttons the Interactive 2D Color Map Display Main Menu function as follows:

Box Thefirst button islabeled Box or Cursor, depending on the display
modeyou arein. If labeled Box, you arein the cursor mode, and this
button changesthe display to he box mode with two pairs of cursors.

Cursor If labeled Cursor, you are in the box mode, and this button changes
the display to the cursor mode with one pair of cursors.

Trace Selects the trace display mode.

Proj Displays the Interactive 2D Display Projection Menu, see below.

Expand The fourth button is labeled Expand or Full depending on the mode

you arein. If labeled Expand, you are in the box mode and this
button expands the area between the cursors.

Full If labeled Full, you arein the cursor mode and this button displays
the full area.

Redraw Repeats the last 2D or image display with current parameters.

Plot Plots the current trace.

Peak Displaysthe Interactive 2D Peak Picking Main Menu—I | 2d
program (see page 121).

Return Returns to the previous menu.

Interactive 2D Display Projection Menu

The buttons the 2D Display Projection Menu function as follows:

Hproj (max)  Displaysahorizontal projection of the maximum intensity at each

frequency.

Hproj (sum)  Displays ahorizontal projection of the summed intensity at each
frequency.

Vproj (max)  Displaysavertical projection of the maximum intensity at each
frequency.

Vproj (sum)  Displaysavertical projection of the summed intensity at each
frequency.

Plot Plots the current projection.

Cancel Returnsto the Interactive 2D Color Map Display Main Menu, see
above.
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Controlling the Display with the Mouse

The left and right mouse buttons are used to move cursors, the center button to adjust the
vertical scale of traces, projections and contour maps, as well as to adjust the threshold in
the color bar. The cursors can be used to select regions for expansions of the display. The
cursors can a so be used to select positions to “mark” using either the mar k command or
thel 1 2d("' mar k' ) command. Both commands display and record spectral frequencies,
maxima, intensities, and volumes. | | 2d(' mar k' ) isrecommended, however, because it
also allows for interactive display and editing of mark locations.

Left Mouse Button

Theleft mouse button adjusts the position of the 2D cursor. The corresponding frequencies
aredisplayed at the bottom of the graphi cswindow. Both the horizontal and vertical cursors
move if the left mouse button is pressed within the 2D display box.

Above and below the box, only the vertical cursor can be moved; at theleft and the right of
the box, only the horizontal cursor. In addition, holding the mouse button down and then
moving the mouse movesthe cursor with the mouse. This*dragging” modeisnot available
on the GraphOn terminal for speed reasons.

Center Mouse Button

The function of the center mouse button depends on the location of the cursor:

« If the cursor iswithin the 2D display box, in gray scale images, pressing the center
button sets the point to medium gray. Otherwise, for color map and contour displays,
if thereis no intensity at that point, the center button changes vertical scale to show
intensity at that point. If there isintensity at the point, the center button changes the
scale to show no intensity, then changes the parameter vs and redraws.

« If thecursor isnear an activetrace and active horizontal or vertical projection, pressing
the center button changesthe vertical scale of trace or projection, so that spectrum goes
through the current mouse position.

« If thecursor is near the color/grayscale bar and in the color mode, pressing the center
button sets the threshold to remove low intensity peaks. If in the grayscale mode,
pressing the center button sets the grayscale intensity (the right button adjusts
contrast).

Right Mouse Button

A second cursor pair is displayed with the right mouse button. The second pair can be
moved in exactly the same way as thefirst pair, and is used to select a box within the 2D
display. The right mouse button also switches the display into the box mode, the same as
clicking on the Box button in the menu.

Changing the Display

The user interactively modifies the display through selecting buttons on the menus,
pressing the buttons on the mouse, and moving the mouse. If desired, commands and
macros can aso be typed in at any time.
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Displaying Traces

The Trace button can be used to display atrace at the current position of thefirst horizontal
cursor. The left mouse button still moves the cursor, and different traces will be selected
and displayed accordingly.

The vertical scale of the trace can be adjusted with the center mouse button, by placing the
mouse arrow above the spectrum at the requested height and then pressing this button. Do
not press the center button at this time within the 2D display box.

The trace mode can be left by displaying abox with the right mouse button, or by selecting
any other display mode.

Displaying Projections

With the Proj button, you can display projections from the 2D Display Projection Menu.
Projections can be made in horizontal and vertical direction, and are available as the sum
or maximum of the data. Select one of thefour available modes or cancel the operation with
the Cancel button. Again, the center mouse button adjusts vertical scales.

Expanding the Display

Once abox is selected, you can click on the Expand button to obtain an expanded display.
Alternatively, if you arein the one cursor mode, you can click on the Full button to display
thefull 2D display. In this case, the two cursor pairs mark the last expanded region and the
Full/Expand button toggles between the full and expanded mode.

An alternative way to select an expansion is to type in new values for the parameters sp,
wp, spl,andwpl (eg., sp=100 wp=50 sp1=100 wp1=50) , then use the Redraw
button to redisplay.

Setting the Vertical Scale

The vertical scale can be adjusted in a number of ways. If a peak is expected at a certain
position in the spectrum but is not visible, the mouse arrow can be moved to that position
and then the center mouse button pressed once. This selectsanew vertical scale, so that the
intensity at that point isby afactor of 2 above the threshold, and the display isredrawn. Be
careful in this mode not to queue up several redraw operations.

Adjusting the Threshold

If noiseisvisible at a certain position in a spectrum, but should be suppressed below the
threshold, move the mouse arrow to that position and press the center button. A vertical
scaleis calculated so that thisintensity falls by afactor of 2 below the threshold, and again
the spectrum is redrawn. If the peak isvisible but is not afactor of 2 above the threshold,
clicking on the center button increasesvs2d.

On Sun color screens only, the threshold of the 2D display can be adjusted in real time. For
color displays, the threshold is adjusted by placing the mouse button on the color bar at the
right edge of the display, selecting one of the colors and pressing the center mouse button.
All colors below that level are set to black. For grayscal e images on the Sun color display,
the center of the grayscale is adjusted in the same way. At the same time, the grayscale is
expanded by afactor of 4. On monochrome terminals, this mode is not available.

In order to perform threshold adjustment on grayscal eimages, two new parameters must be
created: gr ayct r, which controls the center of the grayscale, and gr aysl , which
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controls the slope of the grayscale. Enter the par i mmacro to create gr ayct r and
gr aysl, or create the parameters by hand as follows:

* Tocreategrayctr, enter
create('grayctr','real")
setgroup(' grayctr', ' display')
setlimt('grayctr',64,0,1).

» Tocreategr aysl , enter
create('graysl','real')
setgroup('graysl','display')
setlimt('graysl',10,-10,0.01).

If these parameters do not exist, the interactive display still lets you adjust the grayscale
threshold and contrast, but these adjustments are not retained.

Treating 2D Traces as 1D Spectra

After atrace hasbeen selected intheinteractive 2D display program, entering the command
ds alowsthetraceto bedisplayed asif it wereasimple 1D spectrum. All standard 1D data
manipulations, including linelisting, integration, etc., arethen accessiblefor that trace. The
commandds(tracenunber) asocanbeusedtodisplay anfq or fotrace, depending on
thevalueof t race.

3.13 Interactive 2D Peak Picking
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Thel | 2d program isused to automatically or interactively pick peaksin 2D spectraor 2D
planes of 3D spectra. The peaks can be displayed on top of the spectrum in thedconi
display or can be plotted using the pl | 2d command. Table 28 lists commands and
parameters related to the |l | 2d program.

Table 28. Interactive 2D Peak Picking Commands and Parameters

Commands

addpar (' 112d") Add 112d parameters to the current experiment
dconi <(opti ons) > Interactive 2D contour display

Il 2d* Automatic and interactive 2D peak picking

Il 2dbackup<(file)> Copy current |12d peak file to another file
parl | 2d Create parameters for 2D peak picking

p! | 2d<(opti ons) > Plot results of 2D peak picking

* || 2d<(options) ><: $nunp,

Parameters

i ns {number} 2D volume value

i ns2ref {number} Fourier number scaled volume of a peak

| | 2dnode* Control display of peaks picked by | | 2d program

th2d {0.0to 1.0] Threshold for integrating peaksin 2D spectra

xdi ag {nhumber, in Hz} Threshold for excluding diagonal peaks when peak picking

* | | 2dnmode {4 charactersfrom'y' and 'n’}

I'12d("info' <, #>): $peak_nunber, $f 1, $f 2, $anpl i t ude, $vol une, $I abel ,
$coment , SFWHHL, SFWHH2, $f 1_nmi n, $f 1_max, $f 2_mi n, $f 2_nax

The results of all peak picking operations are stored in abinary fileinthel | 2d
subdirectory of the current experiment directory:

» For 2D spectra, the results are stored in the file peaks. bi n.
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» For 2D planes of 3D spectra, theresults are stored in peaks_f #f #_#. bi n, where
f #f # denotesthe orientation of the planebeing picked (e.g., f 1f 3 or f 2f 3) and the
last # denotes the number of the plane.

Binary peak files can be converted to text files for printing or for export to other programs.

For each peak in a peak file, the following information is stored:
* Peak number
* Interpolated peak frequency in both dimensions
* Interpolated peak amplitude
 Full width at half-height (FWHH) in both dimensions
» Bounds of the peak in both dimension
 Volume of the peak
 15-character peak label
» 80-character comment

Theparameter i ns2 adjuststhe 2D volumevalue. Volumeisindependent of i s andvs2d.
It is scaled by Fourier numbers for the two dimensions.

The parameter i ns2r ef is set to the Fourier number scaled volume of the selected peak.
The reported volume isvolume* i ns2/i ns2ref/fn/fnl.Ifi ns2ref is“not used,”
the sum of all volumesisi ns2. The “not used” modeis equivalent to a“normalized”
volume mode. If i ns2r ef iszero or not defined, the reported volumes will be

volume* ns2/ f n/ f nl.

A typical use of i ns2r ef would be to position a cursor within a peak region and set

i ns2r ef equal to the scaled volume returned by the command | | 2(" i nfo' ). The
reported volume of that peak would then bethevalueof i ns2. Thisoperation isanal ogous
to the 1D integral scheme.

» vs2d showsthe vertical scale of the display.
e vsproj showsthe vertica scale of the projection or trace.

The options listed below are availablefor | | 2d:

» ' peak' isakeyword tofind all peaks above the current threshold in the area of the
spectrum displayedindconi (if in cursor mode) or the areadefined by the cursors(in
box mode). Thisoption gives each peak anumber and determines peak frequenciesand
amplitude.

» 'vol une' isakeywordthat, for all peakspickedusingthe' peak' option, findsthe
bounds, volume, and FWHH) of the peak in both dimensions.

e '"adj ust' isakeyword to adjust the boundsof all peaksin the displayed areaso that
none overlap, and then to recal cul ate volumes.

* 'reset’' isakeywordto deleteall peaksin the spectrum.

» 'read' isakeyword to prompt for abinary peak file name and read in that file.

e 'read', fil ereadsinabinary peak file named file.

* 'readtext' isakeyword to prompt for atext peak file name and read in that file.

* 'readtext', fil e readsinatext pesk file named file.

« "witetext' isakeywordto promptfor afile name for apeak file and write out
atext file with that filename.

« "witetext',6 file writesapesk filetoatext file with the name given by file.
« 'draw isakeyword to draw peaksin the peak file to the graphics window.
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e 'mar k' isakeyword toinsert a peak at the current cursor location (in thedconi
cursor mode) or to use the area defined by the cursors as peak bounds and cal cul ate the
volumeinthisarea(inthedconi box mode). Thisoption assignsthese boundsto each
peak within this areathat does not have its bounds already defined. If apeak without
bounds defined does not exist in thisarea, it finds the highest point in this area, marks
it as apeak, and assignsit the bounds defined by the cursors.

e "unnar k' isakeywordto deletethe peak nearest thecursor (indconi cursor mode)
or to delete all peak bounds which are completely within the area defined by the
cursors (in box mode). The peaks are not deleted in box mode.

o ‘unmark' , # deletes peak number #.

e 'cl ear' isakeywordto deleteall peakswithinthedisplayed area(indconi cursor
mode) or to delete all peaks within the area defined by the cursors (in box mode).

« 'l abel ' isakeywordto prompt for a15-character |abel. Thelabel isassigned to the
nearest peak (dconi cursor mode) or to all peaks within the area defined by the
cursors (dconi box mode).

» 'l abel ', stringexecutesthe' | abel ' option using the string argument instead
of prompting for alabel.

» 'l abel ', string, # assigns string to be the label of peak number #.

e 'comment ' isakeyword to prompt for a 80-character comment. The comment will
be assigned to the nearest peak (cursor mode) or to all peakswithin the area defined by
the cursors (box mode).

e 'conment', string executesthe' conment' option using the string argument
instead of prompting for a comment.

e 'conment’, string, # assigns string to be the comment of peak number #.

e "info' isakeyword to print information to the text window about the peak nearest
the cursor.

« "info', "total' printsthetotal number of peaksin the spectrum, or if areturn
value is reguested, returns the total number of peaks in the spectrum.

* "info',# printsinformation to the text window about peak number #. If return
values are requested, then printing is suppressed and the values are returned in this
order: peak_nunber,f1,f2,anplitude,vol une, |l abel ,conment,
FWHHL, FWHH2,f 1 min,f1 max,f2_m n,f2_nax.

« 'conbi ne' isakeywordto combineall peakswithin the areadefined by the cursors
into asingle peak (indconi box mode only). The individual peaks to be combined
are permanently deleted. You may wish to back up the peak file before using this
option, sinceit is not possible to undo combining peaks.

« 'conbi ne', #1, #2,... performsthe’ conbi ne' option on thelist of peaks with
numbers#1,#2,.... If areturn valueisrequested, the value returned isthe peak number
of the new combination peak.

* 'pos' or' neg' canbeusedinadditionto’ peak',' vol unme' ,or 'clear' to
operate only on either positive or negative peaks.

Display of peaksindconi iscontrolled by the global parameter | | 2dnode. This
parameter has four characters, each of which can takethevalue 'y' or 'n' . Thefirst
character controlsdisplay of a“+” to mark the peak maximum, the second controls display
of the peak number, the third controls display of the peak bounds, and the fourth controls
display of the peak label.

The parameter t h2d controls the threshold for integrating peaks, and the parameter
xdi ag excludes diagonal peaks within xdi ag Hz of the diagonal from peak picking. If
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these parameters do not exist, a default value is used for each. To use different values than
the defaults, create both parameters by entering addpar (' | | 2d' ) and then setting the
valuesasusua (themacro parl | 2d functionsthesameas addpar (' 112d"')).

Interactive 2D Peak Picking Menus

Most of the above options are accessible through a series of user-programmable menus of
thedconi program (described in “Interactive 2D Color Map Display,” page 113). From
the 2D Display Main Menu of dconi , the Peak button brings up the 2D Peak Picking Main
Menu of thel | 2d program with the following buttons:

ﬁutol Editl Filel Displagl Returnl

These buttons provide access to the following menus (the labels on some buttons change
depending on what mode you are in):
» 2D Peak Picking Automatic Menu for automatically picking peaks, selected by the
Auto button in the 2D Peak Picking Main Menu (Figure 24 shows this menu with a
typical | | 2d screen):

Boxl Peakl ‘Jolume' Full| Bot.h| ndjust| Reset' Return'

2D Peak Picking Edit Menu for interactively editing peaks, selected by the Edit button
in the 2D Peak Picking Main Menu:

Boxl Mar‘kl Unmar‘kl Fulll Clear‘l Combinel Labell Commentl InFol Set Intl Retur‘nl

» 2D Peak Picking File Menu for manipulating peak files, selected by the File button in
the 2D Peak Picking Main Menu:

Readl Read Textl Write Textl Backup Filel Returnl

crippm)

Figure 24. Interactive 2D Peak Picking (I12d Program)
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» 2D Peak Picking Display Menu for controlling the display of peaks, selected by the
Display button in the 2D Peak Picking Main Menu.

Hd Pk| Hd Num| Hd Box| Hd Lbl| Sh All| Hd All| Return|

Each of the buttons on these menus is described in the sections below.

2D Peak Picking Main Menu

This menu selects another 2D peak picking menu. The buttons function as follows:

2D Peak Picking Automatic Menu

Auto Displaysthe 2D Peak Picking Automatic Menu (see below)
Edit Displays the 2D Peak Picking Editing Menu (see below)
File Displaysthe 2D Peak Picking File Menu (see below)
Display Displays the 2D Peak Picking Display Menu (see below)
Return Displaysthe 2D Display Main Menu (see page 115).

This menu provides automatic peak picking. The buttons functions as follows:

Box Thefirst buttonislabeled Box or Cursor, depending on the dconi
display mode you are in. If labeled Box, you arein the dconi
cursor mode, and this button changes the display tothedconi box
mode with two pairs of cursors.

Cursor If labeled Cursor, you arein the dconi box mode, and this button
changes the display to thedconi cursor mode with one pair of
CUrsors.

Peak Automatically finds peaks in the 2D spectrum. If one cursor is

visible (dconi cursor mode), al peaks above the current threshold
in the currently displayed region of the spectrum are found and
marked. A peak isdefined asadatapoint that ishigher than the eight
pointsaround it. Once such apoint isfound, the actual peak location
is determined by interpolation in both dimensions.

Volume Automatically finds the bounds of apeak and the integral of all
points within these bounds. The bounds are found by descending
down the sides of apeak until the point is reached where the
amplitude of adata point islessthant h2d times the current
threshold. Thus, using asmaller valuefort h2d will causel | 2d to
find and integrate alarger areafor the bounds of the peaks. The peak
volume is calculated by summation of all data points within these
bounds. If the bounds of a peak already exit, the volumeis
recalcul ated.

Expand Thefourth button is labeled Expand or Full depending on the mode
you arein. If labeled Expand, you are in the box mode and this
button expands the area between the cursors.

Full If labeled Full, you are in the cursor mode and this button displays
the full area.
Both Pick peaks and calculate volumes. The Both button does both the

peak and volume operations at once.
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Adjust peak bounds so that none overlap. The Adjust button adjusts
all peak boundsin the displayed region of the spectrum so that none
overlap and recal culates peak volumes with the new peak bounds.

Deletes all peaks that have been found in the current spectrum.
Display the 2D Peak Picking Main Menu (see above).

2D Peak Picking Edit Menu

This menu provides interactive peak editing. The buttons functions as follows:

Box

Cursor

Mark

Unmark

Expand

Full

Clear

Combine

Label

Thefirst button islabeled Box or Cursor, depending on the display
modeyou arein. If labeled Box, you are in the cursor mode, and this
button changesthe display to he box mode with two pairs of cursors.

If labeled Cursor, you are in the box mode, and this button changes
the display to the cursor mode with one pair of cursors.

Indconi cursor mode, this button inserts a peak at the current
cursor location. Indconi  box mode, the cursors are taken as peak
bounds and the area inside the cursorsis integrated. These peak
bounds are then assigned to all peaks within the cursors that do not
aready havetheir boundsdefined. If apeak without bounds does not
exist inside the areadefined by the cursors, the highest point within
that areais found, marked as a peak, and assigned the bounds
defined by the cursors.

Indconi cursor mode, this button deletes the peak nearest the
cursor. Indconi box mode, this button deletes peak bounds from
peaks whose bounds are entirely within the area defined by the
CUrsors.

The fourth button is labeled Expand or Full depending on the mode
you arein. If labeled Expand, you are in the box mode and this
button expands the area between the cursors.

If labeled Full, you arein the cursor mode and this button displays
the full area.

Indconi cursor mode, this button deletes all peaks in the area of
the spectrum displayed indconi . Indconi box mode, the Clear
button deletes all peaks that are within the area defined by the
CUrsors.

This button works only indconi box mode. It combines all peaks
within the area defined by the cursorsinto asingle peak. This
combination peak is located at the average frequencies of all of the
original peaks and has bounds that encompass all of the origina
bounds of the peaks. The volume of the combination peak is
calculated by summation of al data points within its bounds. You
may wish to back up the peak file using the Backup File button in
the 2D Peak Picking File Menu (see below) prior to using this
button, becausethe original peaksare permanently del eted when the
combination peak is created.

Prompts for a 15-character label to be assigned to the peak nearest
the cursor (dconi cursor mode) or to all peaks within the area
defined by the cursors(dconi box mode). Based onthevalue of the
parameter | | 2dnode, thislabel can be displayed next to the peak
indconi .
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Comment

Info

Set Int
Return

Promptsfor an 80-character string to be assigned to the peak nearest
the cursor (cursor mode) or to all peaks within the area defined by
the cursors (box mode).

Prints the peak fileinformation about the peak nearest the cursor to
the text window.

Set the value of the peak volume.
Display the 2D Peak Picking Main Menu (see above).

2D Peak Picking File Menu

Read

Read Text

Write Text

Backup
File

Return

Promptsfor the filename of abinary peak file and readsthat fileinto
VNMR. When afileisread in, the current peak file ( peaks. bi n
for 2D spectra) isoverwritten by acopy of the peak filethat wasread
in.

Prompts for the file name of atext peak file and reads that file into
VNMR. When afileisread in, the current peak file (peaks. bi n
for 2D spectra) is overwritten by anew binary copy of the peak file
that was read in.

Prompts for afilename to write atext version of the current | | 2d
peak file.

Prompts for afile name to copy the current binary peak file. Itisa
good ideato do this occasionally when doing a significant amount
of interactive peak editing, so that intermediate versions of the peak
file can be recovered in the event of an error (such as inadvertently
selecting the Clear or Reset button or making a mistake using the
Combine button).

Display the 2D Peak Picking Main Menu (see above).

2D Peak Picking Display Menu

Sh Pk

Hd Pk

Sh Num

Hd Num

Sh Box

Thefirst button is labeled either Sh Pk (for “show peak”) or Hd Pk
(for “hide peak™), which is used to select whether or not dconi
automatically displaysa“ +" to mark each peak. If labeled Sh Pk, the
“+” is hidden and this button shows a“+" at the location of each
peak.

If labeled Hd Pk, the “+” is shown and this button hides the “+” at
the location of each peak.

The second button islabeled either Sh Num (for “ show number”) or
Hd Num (for “hide number”), which is used to sel ect whether or not
dconi automatically displays the peak number next to each peak.
If labeled Sh Num, the peak numbers are now hidden and thisbutton
shows a peak humber next to each peak.

If labeled Hd Num, the peak numbersare now shown and thisbutton
hides the peak numbers.

Thethird button is labeled either Sh Box (for “show box”) or Hd
Box (for “hide box™), which is used to sel ect whether or not dconi
automatically displays the peak bounds of each peak. If labeled Sh
Box, the box isnow hidden and thisbutton showsabox with the area
integrated to get the volume of the peak.
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Hd Box If labeled Hd Box, the box is now shown and this button hides this
box.
Sh Lbl The fourth button is labeled either Sh Lbl (for “show label”) or Hd

Lbl (for “hidelabel™), whichisused to select whether or not dconi
automatically displays the peak label next to each peak. If |abeled
Sh Lbl, the peak 1abel s are now hidden and this button shows a peak
label next to each peak.

Hd Lbl If labeled Hd Lbl, the peak |abels are now shown and this button
hides peak labels.
Sh All Thefifth buttonislabeled either Sh All (for “ show al”) or Hd All (for

“hide all"), which is used to make dconi automatically display a
“+”, the peak number, the peak bounds, and the peak label for each
peak. If labeled Sh All, the “+”, number, box, and label are now
hidden and this button shows “+”, number, box, and label for all
peaks.

Hd All If labeled Hd All, the“+”, number, box, and label are now shown and
this button hides the “+”, number, box, and label for all peaks. The
Hd All button is used to makedconi display no peak information.

Return Display the 2D Peak Picking Main Menu (see above).

Automatic 2D Peak Picking
This section and the next few sections describe techniques for using thel | 2d program.

Once a 2D spectrum has been Fourier transformed and the threshol d has been adjusted to a
suitablelevel indconi , select the Peak button from the 2D Display Main Menuindconi
to display the 2D Peak Picking Main Menu. Then select the Auto button in that menu to
display the 2D Peak Picking Automatic Menu.

If there are not many unwanted peaks visible above the threshold, then with one cursor
showing (dconi cursor mode) selecting the Peak button will pick all peaksin the
displayed region of the spectrum and write the frequencies and amplitude of each peak to
the current peak file. If there are many artifacts or unwanted peaks in the spectrum, it is
often better to either expand the display to show only regions of interest or select dconi
box mode (two cursors showing) to enclose regions of interest with the cursors before
selecting the Peak button. Indconi box mode, only peaks in the region enclosed by the
cursors are picked.

Asageneral rule, itismoreefficient to be sel ective when picking peaks and only pick peaks
that you want, rather than picking all peaksand artifactsin aspectrum and later deleting the
unwanted peaks.

Interactive Peak Picking or Editing

If unwanted peaks have been picked while using the 2D Peak Picking Automatic Menu,
return to the 2D Peak Picking Main Menu and select the Edit button to display the 2D Peak
Picking Edit Menu.

Individual peaks can be deleted by placing the cursor near the peak to be deleted and
selecting the Unmark button. Groups of peaks can be deleted by entering thedconi  box
mode and enclosing the peaks to be deleted with the cursors prior to selecting the Clear
button. The Clear button can also be used to delete all peaks in the currently displayed
region of the spectrum if only asingle cursor isvisible (dconi cursor mode). A new peak
can be interactively marked by placing the cursor in dconi cursor mode on a peak and
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selecting the Mark button. In this case the peak location is set to be exactly at the cursor
location. Subsequent automatic peak picking on the samepeak will not necessarily coincide
with peaks marked in this way.

Automatic Integration

Once peaks of interest have been picked, the peak bounds, full width at half-height
(FWHH), and volume can be automatically determined using the Volume button in the 2D
Peak Picking Automatic Menu. Thevolumeis calculated by summing all datapointswithin
the bounds of the peak. The size of a peak’s boundsthat | | 2d findsis determined by the
current threshold and the value of the parameter t h2d. If t h2d isset toitsmaximum value
of 1.0, the peak bounds will be selected so that they contain just the portion of the peak
whichisvisibleindconi above the current threshold.

Tomakel | 2d integrate alarger area, the value of t h2d must be decreased. A value of

t h2d of 0.5, for example, will cause| | 2d to find peak boundsthat contain all portions of
apeak greater than 0.5 times the current threshold in amplitude. Selecting too small of a
value for t h2d can cause extensive overlap of bounds of neighboring peaks. The Adjust
button will attempt to adjust the bounds of all peaks within the displayed region of the
spectrum, so that none overlap, and then recal culate peak volumes. In cases of extensive
overlap of several peaks, however, this function may not always adjust the peak boundsin
an optimal way.

Interactive Integration and Editing

The bounds of peaks can be interactively added or deleted using buttons in the 2D Peak
Picking Edit Menu. To del ete peak bounds, enclose the bounds of the peak(s) to be deleted
entirely with the cursorsindconi box mode and select the Unmark button. This operation
del etes the bounds, but not the peaks. To insert peak bounds on a peak without bounds,
placethecursorsindconi box mode so they enclose the peak and the areato beintegrated
for that peak and select the Mark button. This mode can also be used to mark and integrate
peaks. If the Mark button is selected when the two cursorsin dconi box mode enclose a
region where no peaks have yet been picked, it will find the highest point within the area
defined by the cursors, interpolate, mark thisasapeak, integrate the areainside the cursors,
and assign these bounds and volume to the peak.

Peak information from the peak file can be written to the text window using the Info button
in the 2D Peak Picking Edit Menu. This button writes out the peak table entry for the peak
nearest the cursor indconi . Adjust the value of the peak by using the Set Int button in the
following manner:

1. Position the cursor over the peak.
2. Pressthe Set Int button.

The program displays the prompt:
Current integral is xx. New val ue?

3. Typein the value you want to assign to that peak.

Labeling and Commenting Peaks

The Label and Comment buttonsin the 2D Peak Picking Edit Secondary Menu can be used
to store additional information with a peak. The Label button prompts for a 15-character

label to be assigned to the peak nearest the cursor (dconi cursor mode) or all peakswithin
the areadefined by the cursors (dconi box mode). Assigning peak labels or commentsto
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agroup of peaksindconi box mode has no specia significanceinthel | 2d program—
thelabel or comment issimply stored in the peak file record of each peak inthe group. The
label can be displayed next to the peak in dconi based on the value of the parameter

I I 2drmode. An 80-character comment can be assigned to a peak or group of peaks using
the Comment button. This comment is stored in the peak file with the peak entry and can

contain any information desired.

Displaying Peaks in dconi

Peak information— a“+” to mark the peak top, the peak number, a box to mark the peak
bounds, and the peak label—will be automatically displayedindconi based on the value
of the parameter 112dnode, as described above. The 2D Peak Picking Display Menu
provideshbuttonstoset| | 2dnode for easy sel ection of which peak attributes are displayed
indconi or plotted with pl | 2d.

Peak File Manipulations

As described above, the default binary peak file for an experiment is stored inthel | 2d
subdirectory of the current experiment directory. The 2D Peak Picking File Menu provides
buttonsto read, write and backup peak files. The Backup button promptsfor afile nameto
which the current default | | 2d peak file should be copied. Unless afull UNIX (starting
with a“/") is specified, the file is copied to the specified filename in the current working
directory. If afull UNIX path is specified, the peak fileis copied to the specified file in the
specified directory. If no file name is specified at the prompt, the peak fileis copied to the
default peak filename with . bck appended (peaks. bi n. bck for 2D peak files) in the
current working directory.

The other buttons in this menu are used to read and write binary and text peak files. Each
prompts for the name of afile, which is searched for by the following rules. If afull UNIX
path is given, the specified file isread or written, otherwise a“read” searches for the file
first in the current working directory and theninthe |l | 2d subdirectory of the current
experiment directory, while a“write” writesthe file to the current working directory.

3.14 3D NMR

VNMR includes full support for 3D NMR, including acquisition, processing, and display.
Table 29 and Table 30 list commands and parameters connected with 3D NMR.

Many of the 3D-related macros and parameters—for example, cent er sw2,cr 2, crl 2,
del ta2,dnmg2, | p2,1 sfid2,phfid2,rfl2,rfp2,rp2,sp2, wp2—arenormally
used in the same manner as their 1D and 2D counterparts and are not described further in
this section.

In anon-arrayed 3D experiment, there are two implicitly arrayed parameters: d2 and d3.
d2 isassociated with ni and swl, d3 with ni 2 and sw2. The order of these two arrayed
parameters is such that d2 is cycled the most rapidly.

In an arrayed 3D experiment, such as asingle 3D with “superhypercomplex” data
acquisition (States-Haberkorn method applied along both t1 and t2), there are, in reality, at
least three arrayed elements. By convention, such an arrayed 3D experiment is
implemented using four arrayed elements: d3 (t1 evolution time), phase2, d2

(to evolution time), and phase.
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Table 29. 3D NMR Commands and Parameters (Part 1 of 2)

Commands

addpar (' 3d") Add selected 3D parameters to the current experiment
av2 Select AV mode on 2nd indirectly detected dimension.
cent er sw2 Move cursor to center of spectrum in 2nd indirect dimension
crl2 Clear reference line in 2nd indirectly detected dimension
dpl ane* Display a 3D plane

dproj <(pl ane_type) > Display a 3D plane projection

dspl anes* Display a series of 3D planes

ft3d* Perform a3D FT on 3D FID data set (VNMR, UNIX)
get pl ane* Extract planes from a 3D spectra data set
killft3d(exp_numnber) Terminate any ft3d process started in an experiment
next pl Display the next 3D plane

par 3d Create 3D acquisition, processing, display parameters
ph2 Select phased mode on 2nd indirectly detected dimension
p! pl anes* Plot a series of 3D planes

prevpl Display the previous 3D plane

pwr 2 Select power mode on 2nd indirectly detected dimension
resetf3 Reset parameters after a partial 3D Fourier transform

r12<(frequency) >
set 3dproc*

Set reference line in 2nd indirectly detected dimension
Set 3D processing

set sw2* Setspectral width in 2nd indirectly detected dimension
wft* Weight and Fourier transform 1D data

wft 1d* Weight and Fourier transform f, for 2D data

wf t 2d* Weight and Fourier transform 2D data

witt3 Process f3 dimension during 3D acquisition

w i <(el enent _nunber) >

Interactive weighting

* dpl ane(<pl ane_t ype, >pl ane_nunber)
dspl anes(start _pl ane, st op_pl ane)
ft3d<(<data_dir><, nunber _fil es><,' nocoef' ><, pl ane_type>)> (VNWR)

ft3d —e exp_nunber —f —-r <options>

(UNI X)

get pl ane<(dat a_di rect ory><, pl ace_di rect ory><, pl ane_type>) >

pl pl anes(start, stop<,' pos'|' neg' ><, nunber_| evel s><, spaci n

9>)

set 3dproc<(<' nocef' ><, direectory>) >

set sw2( nucl eus, downf i el dppm upfi el dppnj: of f set
wft <(<options, ><' nf' ><, start ><, finish><, step>)>,
wit('inverse', exp_nunber, expansi on_factor)

wft 1d( el ement _nunber),

wf t 1d<( <opti ons, ><coefficients>)>

wf t 2d<( <opti ons, ><coefficeints)>
(Continued on next page)

128

Assumingthat array=' phase, phase2' (seebelow), theorder of arraysissuch that
thephase2 array iscycled the most rapidly, followed by the phase, d2, and d3 arrays.

3D Acquisition

3D data acquisition is accomplished with pul se sequences using the parameter d3, which
isincremented according to the parametersni 2 and sw2. Thisisanalogousto d2, which
isincremented accordingto ni and swl for 2D NMR (of course, d2,ni ,and swl are
activein 3D aswell). In addition, the parameter phase?2 is used to control the “mode” of
acquisition (hypercomplex, TPPI, or absolutevalue) inthethird frequency domain, just like
phase inthe second domain. All of these 3D parameters are created with the macro
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Table 30. 3D NMR Commands and Parameters (Part 2 of 2)

Parameter
cr 2 {number}

d3 {number, in sec}

del t a2 {pos. number,in Hz}
dng2 {'ph2','av2','pwr2}

f 1lcoef

f 2coef

fi ddc3d {3-char string}

i ndex2 {0, 1tofn/2}

| p2 {3600 to +3600,in deg.}
| sfid2{'n',number}

| sfrqg2 {number,in Hz}

ni {number}

ni 2 {number}

pat h3d { path}

phfi d2 {number}

phfi d2*

pl ane*

pt spec3d {3-char string}

r f1 2 {number,in Hz}

r f p2 {number,in Hz}

r f p2 {-360.0to +360.0,in deg.}

sp2 {number,in Hz}

pt spec3d {3-char string}
scal esw2 {'n',n> 0}
sw2 {number, in Hz}
trace {'f1'f2'f3%

wp2 {number, in Hz}

* pl ane {'f1f3'f3f1''f2f3''f3f2', f1f2''f2f 1}
phfi d2 {'n',—360.0 to +360.0,in deg}

Cursor position along 2nd indirectly detected dimension
Incremented delay for 2nd indirectly detected dimension
Cursor difference in 2nd indirectly detected dimension
Display mode along 2nd indirectly detected dimension
Coefficient to construct F1 interferogram

Coefficient to construct F2 interferogram

3D time-domain dc correction

Projection or 3D planeindex selected

First-order phasein 2nd indirectly detected dimension
Number of complex points to left-shift ni2 interferogram
Frequency shift of the fn2 spectrum, in Hz

Incrementsin 1st indirectly detected dimension
Incrementsin 2nd indirectly detected dimension

Path to currently displayed 2D planes from a 3D data set
Phase selection for 3D acquisition

Zero-order phasing constant for ni2 interferogram
Currently displayed 3D plane type

Region-selective 3D processing

Reference peak position in 2nd indirectly detected dimension
Reference peak frequency in 2nd indirectly detected dimension
Zero-order phasein 2nd indirectly detected dimension
Start of plot in 2nd indirectly detected dimension

Flag for 3D spectral dc correction

Scale spectral width in 2nd indirectly detected dimension
Spectral width in 2nd indirectly detected dimension
Mode for n-dimensional data display

Width of plot in 2nd indirectly detected dimension

addpar (' 3d"') aong with other 3D parameters, including f i ddc3d for 3D time-

domaindc correction, pt spec3d for region-selective 3D processing, and pat h3d for the
path to the currently displayed 2D planes extracted from a 3D data set. (The macro par 3d
isfunctionally equivalent to addpar (' 3d').)

By convention, 3D sequences are described with the first evolution time being known ast;,
the second evolution time as t,, and the time during which data are acquired asts. After
transformation, these same dimensions are called the f4, f5, and f3 dimensions.

3D Processing

Dataprocessing includesthef t 3d command for full 3D processing, governed by the usual
parametersto control transform sizes, weighting, phasing, etc., witha“ 2" at the end of the
parameter name signifying the third dimension. Unlike other VNMR commands, f t 3d
occurs in the background by default; that is, it is run as a separate task by UNIX, leaving
VNMR freeto continue with other tasks (including 1D and 2D processing of the same data
set!). Toincreasethe speed of 3D transformsfurther, thewf t t 3 macro allowsthe software
to process one dimension (the acquisition or t3 dimension) as the data are being acquired.
Also, thef t 3d software can be configured to run on several computers simultaneously, for
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even greater speeds. Theki | | ft 3d macro terminatesany f t 3d program that has been
started in an experiment.

3D Display

Oncethe dataare processed, the data can be displayed as two-dimensional planes of the 3D
data set in any of the three orthogonal directions. Skew planes are not supported, nor are
“full 3-dimensional” displays. Onecommand, get pl ane, extractsthe 2D planesfromthe
3D dataset in one or more of the three orientations. After the planes are “ extracted” in this
manner, they are displayed with the dpl ane macro. The parameter i ndex2 keeps track
of which planeison display. The macro next pl displaysthe next plane from the plane
currently on view. Another macro, pr evpl , shows the previous plane from the current
plane.

Thedspl anes(start_pl ane, st op_pl ane) macro produces agraphical 2D color
or contour map for a subset of 3D planes specified by the arguments. Thedconi program
isused to display the planes. The pl pl anes macro is available to plot a series of 3D
planes.

The new concept of time-domain frequency shifting can be employed to good use in 3D
NMR, where spectrain the indirectly detected directions are often “folded” by accident or
by choice. The parameters| sfrq, | sfrql, andl sfr g2 cause the frequency of the
spectrum to be shifted as part of the Fourier transformation process.

3D Pulse Sequences

No standard and fully documented pulse sequences are provided for 3D NMR in the
released software, although a number of sequenceswill be found in the user library. If you
arewriting your own sequences, you simply need to write a sequence that includes ad?2
and d3 delay (these delays may also be d2/ 2 or d3/ 2). If your sequenceisto operatein
the hypercomplex (or the hyper-hypercomplex) mode, you should use the parameters
phase and phase?2 to select between the two orthogonal components of the
hypercomplex experiment in the relevant domain. To ensure that your experiment is
processed correctly using the default processing coefficients, you should write your pulse
sequence so that the phase=2 (and phase2=2) experiments |eave the receiver
unchanged (compared to phase=1) and either increment the phase of the pulse (or pulse
sandwich) just prior to therelevant evolution, or decrement the phase of the pulsefollowing
evolution by 90 degrees (or for multiple-quantum experiments, by 90/n).

Experiment Setup

Setup is necessary in 3D experiments to position transmitters and decoupler, adjust pulse
widths, etc. Just as the setup of 2D experiments can often be assisted by performing “first
increment” experiments(i.e., al1D experiment that representsthefirst increment of the 2D),
so0 3D experiments can be assisted not only by 1D setup experiments, but also by “first
plane” 2D experiments (not available on GEMINI 2000 systems). To perform a2D
experiment in the swl dimension, set ni 2=1 and phase2=1, withni greater than 1
and phase=1, 2 (or phase=3 for TPPI experiments). This combination of parameters
will perform a“normal” 2D experiment, incrementing d2, and the data can be processed
with thewf t 2da command (or its variants).

The“third dimension” 2D experiment is performed by setting ni =1 and phase=1,with
ni 2 greater than 1andphase2=1, 2 (or phase2=3, asdesired). Theseparameterswill
produce a 2D experiment in which d3 isincremented, resulting in a spectral width sw2.
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Thewf t 2d command must be given the special argument ni 2 to process this data
correctly, for example, wft2d(' ni 2',1,0,0, 0,0, 0, -1, 0) . You cannot use the
wft 2da(' ni 2') becausethewf t 2da macro does not support this argument.

Notice that when you process a“first plane” 2D experiment, the axes are always labeled f;
and f, because thisis considered to be a 2D experiment, and hence the axis |abeling
corresponds to conventions used in 2D NMR.

When you are finished setting up the 3D experiment, reset ni , ni 2, phase, and phase2
to their desired values. Check the value of the parameter ar r ay and make sure that
array=' phase, phase2' andnot' phase2, phase' ,whichwill acquiredatainthe
incorrect order. To ensurethe correct order, alwaysenter phase beforephase?2, or simply
enter arr ay=' phase, phase2'.

Data Processing

Just like processing 2D NMR, the proper processing of 3D NMR requires coefficients to
select various components of the data to be combined to form the final data set. There are
actually up to 40 coefficients required that are explained in more detail in the VNMR
Command and Parameter Reference. In normal operation, the coefficients will be
transparent to you, just asthe 2D coefficients are. The set 3dpr oc command can create
a 3D coefficient file for processing 3D FID data under certain conditions.

Thef t 3d command determines from the values of phase and phase2 what the
expected coefficients are, based on whether ahypercomplex (“ States-Haberkorn™) or TPPI
experiment has been performed in a particular dimension. This assumes that the pulse
seguence has been written to perform “standard” phase cycling as described above. If your
data are reflected along a particular dimension, it is possible (or probable) that different
coefficientsarerequired for data processing. Inthiscase, the ft 3d(' nocoef') formis
used to allow you to specify you own coefficients (which are found in atext file named
coef inthe 3D experiment directory, unlikeinf t 2d, where they are given as arguments
to the command). By default, f t 3d callsthe make3dcoef macro to create a coefficient
fileusing thef 1coef andf 2coef string parameter values.

The format for the 3D coefficient file is an extension of that used for 2D coefficients. The
coefficient file contains four rows of eight coefficients used to construct the t,
hypercomplex interferograms and a final row of eight coefficients used to construct the t;
interferogram. The actual values of the coefficients depends on the order in which the
States-Haberkorn components of the 3D FID data set were collected. This order dependsin
turn on the values of the parameters phase, phase2, and ar r ay.

If TPPI phase cycling is used to collect data along one or both of the indirectly detected
dimensions, instead of four datasetsper (ni ,ni 2) increment, thereareonly two or onedata
sets, respectively, per (ni ,ni 2) increment. If there are only two data sets per (ni ,ni 2)
increment, the coef file contains four rows of four coefficients that are used to construct
the t, hypercomplex interferograms, and afinal row of eight coefficients that are used to
construct the t; interferogram. If there is one data set per (ni ,ni 2) increment, the coef
file contains four rows of two coefficients that are used to construct the t, hypercomplex
interferograms and a final row of eight coefficients that are used to construct the t;
interferograms.

Phasing a 3D data set is best accomplished using 2D transforms. In general, the
recommended method in writing 3D pulse sequencesis to attempt to minimize frequency-
dependent phase shiftsinf, and f,. Even so, there are generally small phase shiftsthat must
be dealt with. The following steps are suggested:

1. Set prode=' ful | toalow full phasinginboth dimensionsafter a2D transform.
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2. Adjustrp and! p onalD spectrum (thefirst increment of the 3D), just as you
would for 2D (e.g., by typing wft (1) ).

3. Enterwft2d('ni',1,1,0,0,0,0,0,0,0,0,0,0,0,-1,0,0,0) to
adjust f1 phasing (there are 11 consecutive zeros in the middle of this argument).

4. You now have an ff53 2D spectrum (with incorrectly labeled axes). Set
trace='f1'toadjust thef, phase, thensett race="f 2" totrimthef; phasing.
You can now adjustr p1 and | p1 (aswell asr p and | p).

5. Enterwft2d('ni2',1,1,0,0,0,0,0,0,0,0,0,-1,0,0,0,0,0) to
adjust f, phasing (note that this argument has nine consecutive zeros in the middle
and five zeros at the end).

6. Younow haveanf,f32D spectrum. Set t race="'f 1' toadjustthef,phasing (r p2
and| p2),thenset trace='f2' totrimthefsphasingif necessary.

Oneadditional point on phasing. Some pul se sequences are written to result in a180° phase
shift across the spectrum. Remember that in VNMR, the “origin” for phasing is defined as
the right edge of the spectrum; however, in “real” terms, the actual origin of phasing (i.e.,
the zero-frequency point) isat the center of the spectrum. Thus, if you expect acertainl p1
or | p2 value, such as—-180°, you should simultaneously useavalue of r p1 or r p2 equa
to—Il p1/ 2 or -l p2/ 2 (e.g., 90°).

If you want to adjust the weighting functions for the 3D transform by using the wt i
command and examine interferograms, you can do so along either thet, or t, axes. Usethe
same commands given above to adjust the phasing (the commands with the long series of
zeros), but usewf t 1d instead of wf t 2d.

For thefinal transformation, the specdc3d parameter controlsthe dimensionsinwhich a
spectral drift correctionis performed onthe data. A three-letter valueof ' ynn' givesdrift
correction along f3 (thefirst letter) but not along f4 (the second | etter) or f, (the third letter);
thisvalue is probably a good starting point for your efforts.

Theprode parameter isignored by the 3D transformation; no phasing is possible after the
3D transform.

The 3D transformation process needs to be followed by the process of extracting the 2D
planes from the full 3D data set. This can be done separately, with the get pl ane
command, but most often is combined with thef t 3d command. In general, and especially
for heteronuclear experiments, the ff5 and f,f3 planes are the most interesting. The f4f,
planeis not only generally less useful, but also is considerably slower to extract from the
data. The recommended command to use for 3D transformation, therefore, is

ft3d(' f1f 3", f2f 3" ), which performsthe 3D transform and extracts the two
interesting planes in one step.

Solvent suppression works on tz FIDs of 3D spectrajust like in the 1D and 2D cases.

Following thetransform, set pl ane="'f 1f 3' or' f 2f 3' andthenusethedpr oj macro
to display the projection of the dataon that plane, or dpl ane( n) todisplay thenth plane.
Ther eset f 3 macro will reset parameters after a partial 3D Fourier transform.

3.15 4D NMR Acquisition

132

Theaddpar (' 4d' ) macro createsthe parameters ni 3, sw3, d4, and phase3 that can
be used to acquire a4D data set (the macro par 4d functions the same as
addpar (' 4d")).
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3.15 4D NMR Acquisition

Theparameter ni 3 isthenumber of t, increments, sw3 isthe spectral width along thethird
indirectly detected dimension, d4 is the incremented delay, and phase3 isthe phase
selection for 4D acquisition. Processing and display in 4D is currently not availablein
VNMR.

Table 31 summarizes 4D acquisition commands and parameters.

Table 31. 4D NMR Acquisition Commands and Parameters

Commands

addpar(‘'4d") Add 4D parameters to the current experiment

par 4d Create 4D acquisition parameters

Parameters

d4 {number,in sec} Incremented delay for 3rd indirectly detected dimension
ni 3 {number} Number of t, incrementsin 4D acquisition

phase3 {number} Phase selection for 4D acquisition

swW3 { number,in Hz} Spectral width along the 3rd indirectly detected dimension
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chapter 4. Multidimensional and Advanced
Experiments

Sectionsin this chapter:
» 4.1 "Absolute-Value COSY, RELAY-COSY, Double RELAY-COSY,” page 136
» 4.2"COSY—Correlated Spectroscopy,” page 139
» 4.3"“COSYPS—Phase-Sensitive COSY,” page 139
* 4.4"DQCOSY—Double-Quantum Filtered COSY,” page 141
» 45"HET2DJ—Heteronuclear 2D-J,” page 143
» 4.6 “HETCOR—Heteronuclear Chemical Shift Correlation,” page 145
» 4.7 "HETCORPS—ADbsolute-Value and Phase-Sensitive HETCOR,” page 147
* 4.8"“HOM2DJ—Homonuclear Jresolved 2D,” page 148
» 4.9"“INADEQUATE—Double-Quantum Transfer Experiment,” page 150
e 4.10“MQCOSY—Multiple-Quantum Filtered COSY,” page 151
* 4.11 “NOESY—Nuclear Overhauser Effect Spectroscopy,” page 153
e 4.12 “ROESY—Rotating Frame Overhauser Effect Spectroscopy,” page 156
* 4.13“TNCOSYPS—COSY PS with Water Suppression,” page 158
* 4.14“TNDQCOSY—DQCOSY with Water Suppression,” page 158
e 4.15“TNMQCOSY—MQCOSY with Water Suppression,” page 159
* 416 “TNNOESY—NOESY with Water Suppression,” page 159
e 4.17“TNROESY—ROESY with Water Suppression,” page 160
e 4.18“TNTOCSY—TOCSY with Water Suppression,” page 161
* 4.19“TOCSY—Total Correlation Spectroscopy,” page 162
* 4.20“TROESY—Transverse ROESY,” page 164:
e 421"HCCHTOCSY Pulse Sequence,” page 164
e 4.22"HMQCTOCSY Pulse Sequence,” page 166
e 4.23"HMQC-TOCSY 3D Pulse Sequence,” page 166
e 4.24"HSQC-TOCSY 3D Pulse Sequence,” page 167

In these experiments, each pul se sequence has a macro, usualy with the same name as the
pulse sequence, that sets up the parameters for the experiment and then displays
information on the experiment. The macro retrieves parameterssuch aspwO0, t pwr , dnf ,
etc. from a central location like/ vnnr / pr obe or $vnnr user / pr obe. Other specific
parameters, such asm x for NOESY, comefrom/ vnnr/ parl i b.

It isimportant that these parameters be correct. Thefirst time the macro for an experiment
isentered (e.g., by typing noesy), the system retrieves the default parameters and values.
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To change any of these values (e.g., the default m x timeinnoesy is0.2 seconds and you
want the default to be 0.5 seconds), make the appropriate change in the displayed
parameters, and then save the modified parameters either in your user’'spar | i b or inthe
system/ vnnr / parl i b. Noticethat becausefilesin thedirectory / vnnr / parl i b are
availableto all users, only the system administrator vnnr 1 has permission to savethefiles
in this directory.

To view complete listings of each pulse sequence, print out or look at the contents of the
filesinthedirectory / vnnr / psgl i b onyour system disk. You can also enter e dps to
view agraphical representation.

The 2D pulse sequences HMQC (Heteronuclear Multiple-Quantum Coherence) and
HMQCR (HMQC in Reverse Configuration) are described in Chapter 5, “Indirect
Detection Experiments,” of this manual.

4.1 Absolute-Value COSY, RELAY-COSY, Double RELAY-
COSsY

136

Ther el ayh macro setsup parametersfor absolute-value COSY, single RELAY-COSY, or
double RELAY-COSY pulse sequences. Figure 25 is a diagram of the absolute-value
COSY sequence, and Figure 26 is adiagram of RELAY-COSY, single and double.

pw pl
(v1) (v2) (oph)
at
Tx di d2 + tau tau N\N
| I
A ' B " c
Figure 25. Absolute-Value COSY Pulse Sequence
pw plL 2*pw pw
(v1) (v2) (v2) (v5) at
di d2
. tau/2 tau/2
(relay)
| |
A ! B I c

Figure26. RELAY- COSY Pulse Sequences
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4.1 Absolute-Value COSY, RELAY-COSY, Double RELAY-COSY

Applicability

These sequences are available on all systems.

Parameters

r el ay isthe number of relays to be performed:
if r el ay=0, anormal absolute value COSY is performed.
if rel ay=1, aRELAY-COSY is performed.
if r el ay=2, adouble-RELAY-COSY is performed.

pwisa90° pulse.

plisa90° pulseifrel ay isnot equal to 0; if r el ay isequal to O, diagonal peaks can be
deemphasized by using pulses greater than 90° when doing P-type peak selection or by
using pulses less than 90° when doing N-type peak selection.

d1 isadelay setto 1to 3timesT;.

d2 isthe evolution time (t; period).

at isthe acquisition time (t, period).

swisthe spectral width (swl=sw).

v1,v2, andv5 arepulse phases. oph denotes the phase of the receiver.

ni isthe number of t; increments (set so that swl/ ni equals 6 by default). If speedis
essential, ni can be decreased.

t au isthe propagation time for long-range COSY (r el ay=0) and for relayed COSY
(r el ay greater than 0).

Technique

The COSY experiment, as implemented on YNTINOVA, MERCURY-VX, MERCURY,
UNITYplus, GEMINI 2000, and UNITY systems, can be run several different ways. The
experiment macro called isr el ayh. If the parameter r el ay is set to O (the default), a
normal COSY is performed.

The standard setup usestwo 90° pulsesand isthetraditional way to run COSY experiments.
The second pulse can be changed to a 45° pulse to decrease the size of the diagonal. This
technique is called “COSY-45." Besides decreasing the diagonal, COSY-45 emphasizes
active coupling partners relative to passive couplings so if sufficient digital resolutionis
present, the crosspeaks may show an interesting multiplet structure. To emphasize long-
range couplings, increase the setting of the parameter t au to 0.2 seconds.

To set up and acquire:
1. Set up by acquiring a 1D proton experiment in expn, wheren is 1, 2, 3, etc.

2. Narrow the 'H spectral window to leave approximately 1 ppm on either side of the
peaks of interest by using two cursors and entering novesw,

Reacquire the IH with the new spectral window.
4. Phasethe 'H spectra

Move the FID to another experiment (e.g., to move the FID from expl to exp2,
enternf (1, 2)).
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8.

Enter r el ayh to modify the parameters for the RELAY H experiment. The
r el ayh macro calculates appropriate weighting functions.

Turn the spinner off.

Enter au to acquire data.

To Fourier transform:

1

2.

Enter wf t 2d. This performs weighted Fourier transformsin both dimensions and
displays the data as a contour map.

Adjust the threshold and vertical scale.

To interactively adjust weighting during processing:

1
2.
3.

10.

11.

12.

13.

Enter wf t ( 1) to Fourier transform the first increment of data.
Enter wt i to start interactive weighting.

Absolute-value dataisusually processed using sinebell weighting. Thisisthe default
weighting function calculated by the macro setting up the experiment. Adjust the
sinebell so that data decays to zero before the end of the window. Adjusting the
weighting function on the first increment of data sets the weighting function in the
2D time dimension t,.

Enter wf t 1d to Fourier transform the t, dimension. A contour map of f,,t; is
displayed, showing the individual interferograms.

Click on the trace button and choose a trace through one of the horizontal
interferograms.

Enter wt i to bring up interactive weighting of the interferogram. Adjust the
weighting function the same as before.

Enter wf t 2d to complete the Fourier transformation.
Enter f ol dt to symmetrize the data.

You can adjust the vertical scale and threshold to provide a better display in which
the cross peaks and diagonal are more easily seen. Adjust the vertical scale by
changing the value of the parameter vs (e.g., vs=12).

If the vertical scaleisvery high, you can decrease it by typing vs=vs/ 10 (or a
similar divisor) to drop the vertical scale by that amount. Adjust the threshold by
using the mouse to adjust the sliding color scale beside the 2D contour plot.

Enter dcon to display a non-interactive color intensity map, or enter dconi to
permit interaction.

Enter dpcon( 12, 1. 3) to seewhat your datawill look like if plotted with 12
contours spaced 1.3 levels apart. If you wish, try other argumentsfor dpcon to see
how other values of contours and levelswill look when plotted.

Enter pl cosy(8, 1. 5) toplot the COSY or RELAY H data with eight contours
spaced 1.5 levels apart. Try other valuesif you want. The macro pl cosy actually
takes three arguments: the number of contours, the spacing of levels, and the
experiment number that containsthe 1D data. If thereisno third argument, pl cosy
assumesthat the 1D dataisin experiment 1. Therefore, pl cosy( 8, 1. 5) plotsthe
contour, retrieves the 1D data, and plotsit above the contour.

Enter dconi to make an expansion of the dataand redisplay the contour map if itis
not present. Expand around the upfield region by using the left mouse button to
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4.2 COSY—-Correlated Spectroscopy

determine the lower |eft corner and the right mouse button to determine the upper
right corner, then click the expand button.

14. Click on the expand button.

15. Enter pl cosy to plot this expanded region. Note that the appropriate 1D region is
plotted on the top and to the side of the 2D plot.

Potential Problems

The COSY experiment is very forgiving and usually works (to a greater or lesser extent)
with adlightly incorrect 90° pulse width. The most common reason for failure of the
experiment is that the value for p1 isincorrect. Make sure that the 90° pulseis correct
before beginning the experiment. Remember that pw; the second pulse, may be set to 45°
to deemphasize the diagonal and provide afilter for passive couplings.

A second problem that can arise are artifacts caused by pulsing too rapidly. If you
symmetrize the spectrum with f ol dt (normal in COSY), these should be minimized.

4.2 COSY—Correlated Spectroscopy

The cosy macro converts a parameter set to a COSY experiment.

Applicability
COSY isavailable on all systems.

Parameters
For information on COSY parameters, refer to page 136.

Technique

To set up, acquire, and process, use the technique given in “Absolute-Vaue COSY,
RELAY-COSY, Double RELAY-COSY,” page 136.

4.3 COSYPS—Phase-Sensitive COSY

The cosyps macro sets up aphase-sensitive COSY pulse sequence. Figure 27 isa
diagram of the COSY PS sequence.

Applicability
COSYPSisavalableon all systems.

Parameters
pwisa90° pulse.

plis90° if phase isnot equa to O; if phase equalsO, pulses greater than 90° de-
emphasize diagonal peaks for P-type peak selection.
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pw pl
(v1) (v2) (oph)

at

Tx di dz W

Figure27. COSY PS Pulse Sequence

d1 issetto equal 1 to 3 timesthe value of Tj.

d2 isthe evolution time (t; period).

at isthe acquisition time (t, period).

swis spectral width (usually swl=sw; except for phase=3).

ni isthe number of t; increments (by default swl/ ni =12); it may be decreased if speed
isessential.

ss isthe number of complete executions of the pulse sequence not accompanied by data
collection prior to the acquisition of thereal data: if ss ispositive, ss steady-state pulses
are applied on thefirst increment only; if ss is negative, —ss transients are applied at the
start of each increment.

pr esat isdecoupler presaturation period using a decoupler power specified by dhp or
dpwr . pr esat does not depend on dmbut does depend on dnmand is activated as a part
of d1if pr esat isgreater than 0. pr esat isavailable on MERCURY-VX and MERCURY
systemswith GLIDE (uppercase pulse sequencesonly). pr esat isnot active on GEMINI
2000 systems.

phase=1, 2 (suggested value) for phase-sensitive data. phase=0 for 2D datain an av
display (P-type peaks). phase=1, 2 for 2D hypercomplex data (States-Haberkorn
method). phase=3 for 2D TPPI data. For phase=3, remember that Swl=2* sw

nt ismultiple of 8 (minimum, phase=0) or multiple of 4 (minimum, phase=1, 2 or 3).

Notice that for all TPPI experiments, the resulting spectrum appears doubled. Just display
and phase one-half of the data.

Phase Cycling

v1 isthe phase for first pulse.
v 2 isthe phase for second pulse.
oph isthe phase for the receiver.

vl =X XYy -yy -y x —x
V2 =X XY Yy yx X
oph = X =X y =y y -y X —X

These phases are for phase=1. For phase=2, add 90° tovl. For phase=3, add
90+ (i x —1)°tov1, wherei x isthe increment counter. For phase=0, the subcycle of
P-type peak selection ismixed into v2.
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4.4 DQCOSY—Double-Quantum Filtered COSY

Technique

To set up and acquire data, use the technique givenin “ Absolute-Value COSY, RELAY -
COSY, Double RELAY-COSY,” page 136.

To process the data, enter wf t (2) to display thefirst increment with phase=2 int;,
phaseit to be pure absorptive, thenadd 90° tor p. Set r p1=90 and | p1=0 initialy. If the
f, phasing is not satisfactory, adjust r p1 and | p1 so that the diagonal peaks are pure
absorptive and then add 90° tor p1.

References

Bodenhausen, G; Freeman, R.; Niedermeyer, R.; Turner, D. L. J. Magn. Reson. 1977, 26,
133-164.

Bachmann, P; Aue, W. P; Muller, L; Erngt, R. R. J. Magn. Reson. 1977, 28, 29-39.

4.4 DQCOSY—Double-Quantum Filtered COSY

The dgcosy macro sets up parameters for the DQCOSY pulse sequence. Figure 28 isa
diagram of the sequence.

pw pw pw
(v1) (v2) (v3) (oph)
at
di d2
TX [ L Ajw
| |
A ' B | c

Figure28. DQCOSY Pulse Sequence

Applicability
DQCOSY isavailable on all systems.

Parameters

pwisa90° pulse on the observed nucleus.

d1 isarelaxation delay (1 to 3 times the value of t;).

d2 isthe evolution time (t; period).

at isthe acquisition time (t, period).

swisthe spectral width (usually swl=sw, except for phase=3).
ni isthe number of t; increments (set so that swl/ ni =12).

phase=0 for 2D datainanav display (P-typepeaks); phase=1, 2 for 2D hypercomplex
data (States-Haberkorn method); phase=3 for 2D TPPI data.
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sspul =" y' activatesahomaospoil-90-homospoil sequence that precedesdl; thisisused
to achieve aless oscillatory steady-state for 2D experiments where the recycletime is
shorter than t;. sspul isnot active on MERCURY-VX, MERCURY, and GEMINI 2000
systems.

ss isthe number of complete executions of the pulse sequence not accompanied by data
collection prior to the acquisition of thereal data: if ss ispositive, ss steady-state pulses
are applied on thefirst increment only; if ss is negative, —ss transients are applied at the
start of each increment.

pr esat isdecoupler presaturation period using a decoupler power specified by dhp or
dpwr . pr esat doesnot depend on dm but does depend on dnm and is activated as a part
of d1 if pr esat isgreater than 0. pr esat isavailable on MERCURY-VX and MERCURY
systemswith GLIDE (uppercase pulse sequencesonly). pr esat isnot active on GEMINI
2000 systems.

nt isamultiple of 8 (phase=0) (minimum) or multiple of 4 (phase=1, 2, or 3)
(minimum).

Phase Cycling

v1 isthe phase for first pw pulse.
v2 isthe phase for second pw pulse.
v 3 isthe phase for third pw pulse.
oph isthe phase for receiver.

vi= X X X X Yy Yy y Yy X X X X Yy Yy yy
X =X =X =X =Y =Y =Y 2y XX X X =Y Y Y Y

V2 = X X X X Y Y Yy Yy =X -X-X-=X-=-Y -y -y -y

v3 = X Yy X -y Yy X -y X

oph= X -y =X Yy Yy X -y =X =X Yy X =y =y =X Yy X
=X Yy X -y -y -X Yy X X-=-y-X Yy Yy X-y =X

These phases are for phase=1. For phase=2, add 90° tov 1. For phase=3, add
90* (i x —1)°tovl, wherei x istheincrement counter. For phase=0, the subcycle of
p-type peak selection is added in after the basic four-step cycle of v3.

Technique

To set up and acquire data, use the technique given in “ Absolute-Value COSY, RELAY -
COSY, Double RELAY-COSY,” page 136.

No phasing should be necessary for processing. For full processing, use menus or enter
wf t 2da. For processing, proceed as follows:

1. Enterwft (1) toFourier transform the first increment of data. There should be no
signalsin the first increment of a DQCOSY.

2. Enterwti tostartinteractiveweighting. Datafrom DQCOSY isphase-sensitiveand
usually processed using Gaussian weighting, which is the default weighting
function. Adjust the Gaussian weighting so that the data decays to zero before the
end of the window. Adjusting the weighting function on the first increment of the
data sets the weighting function in the 2D time dimension t,.

3. Enter wf t 1da to Fourier transform the t, dimension and display a contour map of
f5,t1 showing individual interferograms. Click on the trace button and choose atrace
through one of the interferograms. Enter wt i to bring up interactive weighting of
the interferogram. Adjust the weighting function as before.
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4.5 HET2DJ—Heteronuclear 2D-J

4. Enter wf t 2da to complete the Fourier transformation.

5. Display and plot using the procedures described in “ Absolute-Vaue COSY,
RELAY-COSY, Double RELAY-COSY,” page 136.

Potential Problems

The DQCOSY experiment is much more sensitive to artifacts than the COSY experiment.
DQCOSY experiments are not symmetrized so t; noiseis amuch greater problem. To
minimizet, noise, make sure that the 90° pulseis correct before beginning the experiment.
Another problem that can ariseisthe presence of artifacts dueto pulsing too rapidly. Make
sureyou set d1 to at least 1 to 3 timesthe T, value of the protonsin the sample. Run the
sample nonspinning and use homospoil pulses (homospoil is not available on GEMINI
2000 systems).

References
Piatini U.; Sorenson, O. W.; Erngt, R. R. J. Am. Chem. Soc. 1982, 104, 6800—-6801.
Rance, M. et a Biochem. Biophys. Res. Comm. 1983, 117, 479-485.

45 HET2DJ—Heteronuclear 2D-J

Thehet 2dj macro sets up parameters for the HET2DJ experiment. Absolute-value (av)
mode isrequired. The experiment can be performed either in agated or a non-gated mode.
Figure 29 is a diagram of the sequence.

pw pl
(v1) (v2) at
X d1 d2/2 d2/2 : (\M
In
/ (gated)
14 or
1y 2*pp -
(pulsed)
Figure29. HET2DJ Pulse Sequence
Applicability

HET2DJis available on al systems.

Parameters
pwis the observe 90° pulse (X nucleus).

pp isthe proton 90° pulse width supplied from decoupler.
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p1 isthe observe 180° pulse (if p1=0, 2* pwis used).

t pwr isthe power level for observe pulses (systems with linear amplifiers).
ppl vl isthe power level for proton pulses (systems with linear amplifiers).
swil should cover the maximum multiplet pattern.

dnme' ynyy' for decoupler gating during the evolution period. dm=' ynny' for no
decoupler gating during the evolution period (proton flip experiment).

dm=' wew (WALTZ) or dnmre' f cf ' (no WALTZ).

nt isamultiple of 2 (minimum) or amultiple of 16 (maximum and recommended). Note
that 1ispossible.

If decoupler gating is used during the evolution period, the actual Jvalueistwice the
measured J (J act = 2*J n'eas).

Technique

1. A good sampleto try the first timeis 30% menthol in CDCl5. This sampleis
concentrated enough that good data can be obtained in a short period of time.

Enter j exp2 tojoin experiment 2 (this can also be done from the Workspace menu).
Set up a carbon experiment by clicking the C13,CDCI3 button in the setup menu.

Acquire a13C spectrum.

o > WD

Enter mp( 2, 3) j exp3 to move the parameters from experiment 2 to experiment
3 and join experiment 3.

Enter het 2dj to set up the HET2DJ experiment.
Enter go to acquire the data.

Enter wf t 2d to Fourier transform.

© © N o

After transformation, the datais tilted along a 45° angle. To rotate the data, enter
rotate(45.0).

10. Enter f ol dj to symmetrize the data.

11. Display the datathe same asdescribed in “ COSY —Correlated Spectroscopy,” page
139.

12. Enter pcon( 8, 1. 5) page to plot the datawith 8 contours spaced 1.5 levels
apart. If you wish, try other values for the arguments to see various plots.

The pcon command actually takes three arguments: positive or negative, the
number of contours, and the spacing of levels. Positive or negative refersto the
ability to plot exclusively positive or negative contours. The default is to plot both
positive and negative contours. Since the HET2DJ data has no negative contours,
this option can be ignored.

Potential Problems

The most common reason for failure of the HET2DJ experiment is that the values for pp
and pw are incorrect. Make sure that the 90° pul se on the decoupler, pp and the 90° pulse
on 13C, pw are correct before beginning the experiment.
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4.6 HETCOR—Heteronuclear Chemical Shift Correlation

Another possible problem is the presence of artifacts due to pulsing too rapidly. This
experiment is carbon detected. Make sure you set d1 to avalue that permits sufficient
relaxation, the T, value of the protonated carbons.

References
Bodenhausen, G;; Freeman, R.; Turner, D. J. Magn. Reson. 1977, 27, 511.
Freeman, R.; Keeler, J. J. Magn. Reson. 1981, 43, 484-487.

4.6 HETCOR—Heteronuclear Chemical Shift Correlation

Thehet cor <( exp_nunber ) > macro setsup parametersfor HETCOR pul se sequence,
where the optional argument exp_numnber isthe number of the experiment, from 1
through 9, in which a proton spectrum of the sample already exists, (e.g., het cor ( 2)
specifies experiment 2).

het cor includes a presaturation option, composite 180° pulses, and simultaneous pulses
on transmitter and decoupler rf channels. Figure 30 is adiagram of HETCOR set for
decoupled multiplets (hnul t ="' n").

2.0*pw
pw pw  3.0*pw pw
d1i d2/2.0 d2/2.0 N\/V
TX I
pp pp 2.0*pp pp pp
Dec ——— U
| |
A ! B '
Figure 30. HETCOR Pulse Sequence
Applicability

HETCOR isavailable on all systems.

Parameters

nt should be amultiple of 4.

d1 is1to 2 times the proton Tq recommended; it must not equal O.
j 1xh isan average one-bond X-H coupling constant.

j nxh isanaverage 2 or 3-bond coupling constant; set it only if long-range correlations are
wanted (hnul t ="' y' only in this case).

hrmul t =" y' for H-H multiplets; hrul t =' n' for decoupled multiplets.

pp isa90° pulse on protons.
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pwisa90° pulse on observe nucleus.

ppl vl isthe power level for the proton pulse on the decoupler channel (systemswith a
linear amplifier on the decoupler rf channel).

t pwr isthe power level for the heteronuclear pulse on the observe channel (systems with
alinear amplifier on the observe rf channel).

swil should equal the spectral width sw used to obtain proton spectrum.
dof should equal the value of t of used to obtain proton spectrum.

presat ='y' givespresaturation pulsetrain; pr eset =' n' for no presaturation
pr esat isavailable on MERCURY-VX and MERCURY systems with GLIDE (uppercase
pulse sequences only). pr esat isnot active on GEMINI 2000 systems.

rfl1,rfpl, wpl,spl should be set to the corresponding 1D parameters from the 1H
spectrum.

swl and dof should be set before typing ga.

Technique

The experiment can be run two different ways: (1) the standard setup optimizes for one-
bond proton-carbon couplings, or (2) setting j nxh to the average two- or three-bond
coupling constant emphasizes three-bond (and two- or four-bond) couplings.

1. A good sampleto try the first timeis 30% menthol in CDCl5. This sampleis
concentrated enough that good data can be obtained in a short period of time.

2. If notin experiment 1 already, join experiment 1 by entering j expl or by using
menu buttons.

3. Setupaproton in CDClzexperiment by clicking the H1,CDCI3 button in the Setup
menu. If you are using the 30% menthol sample, set pw=1, gai n=0, nt =1;
otherwise, acquire the spectrum with the standard parameters.

4. Narrow the spectral window toinclude only the peaks of interest by placing acursors
approximately 1 ppm upfield and 1 ppm downfield of the region containing the
peaks of interest and entering novesw

5. Enter ga to acquire the spectrum with the new window and phase the data. This
spectrum serves as a reference spectrum for the proton section of the HETCOR.

6. Enterj exp?2 tojoin experiment 2 and set up a carbon experiment by clicking the
C13,CDCI3 button in the Setup menu. Acquire a spectrum. If your are using the
menthol or asimilar sample, the sampleis concentrated enough that one scan should
be sufficient to see a carbon spectrum with good signal to noise.

7. Placeacursor upfield and a cursor downfield of the carbon signals. Narrow the
spectral window by entering novesw. Set nt =16 and reacquire the carbon
spectrum. Phase the spectrum. This spectrum will be used as the reference for the
13¢ dimension of the HETCOR.

8. Enter np( 2, 3) j exp3 to move the 13C parameters from experiment 2 to
experiment 3 and join experiment 3.

9. Enter het cor to set up the HETCOR experiment and show atime estimate for
performing the experiment.

10. If you are using a concentrated sample such as the menthol sample, you can modify
the default parameters to produce acceptable datain a much shorter time: set
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nt =16, ni =64,np=1024,f n=1024,f n2=256,andd1=1. Thenentert i ne to
check the experiment time. These parameter values should reduce the time to 20
minutes yet provide data with sufficient resolution to assign the spectrum.

11. Enter go to acquire the data.

12. Enter wf t 2d to Fourier transform the data. Adjust vertical scale and threshold
according to the procedures outlined in “ Absolute-Value COSY, RELAY-COSY,
Double RELAY-COSY,” page 136.

13. Enter pl hxcor (8, 1. 5) toplot HETCOR datawith 8 contours spaced 1.5 levels
apart.

If you wish, try other valuesto create different plots. pl hxcor can have up to four
arguments: number of contours, spacing of levels, experiment number for the proton
data, and experiment number for the carbon data. If the third or fourth argument is
omitted, pl hxcor assumesthat the proton 1D dataisin experiment 1 and that the
carbon 1D dataisin experiment 2. Therefore, pl hxcor plotsthe contour, retrieves
the 1D data, and plotsthem above the contour. pl hxcor aso plotsexpansionswith
the appropriate 1D plots on the side.

Potential Problems

The most common reason for failure is that the values for pp and pw are incorrect. Make
surethat the 90° pulse on the decoupler, pp and the 90° pulse on 3¢, pware correct before
beginning the experiment.

Since both DEPT and HETCOR rely on polarization transfer between proton and carbon, a
simple method to troubleshoot aHETCOR isto run DEPT on the sample. If the DEPT does
not work, HETCOR probably will not work either. Once the DEPT has been properly
calibrated and is working, the same values of pw90, pp (and ppl vl if the parameter
exists) should be used for the HETCOR.

Another possible problem is the presence of artifacts from pulsing too rapidly. Because of
the nature of the experiment, the critical T,S are the proton T;s (usually 1 to 10 seconds),
not the relaxation times of the carbons (which may be much longer). Make sure you set d1
to at least the time of T of the protonsin the sample. A common type of artifact is an extra
peak exactly between the correl ations of two non-magnetically equivalent protons attached
to the same carbon.

References

Bax, A.; Morris, G A. J. Magn. Reson. 1981, 42, 501.
Bax, A. J. Magn. Reson. 1983, 53, 51.

Rutar, V. J. Magn. Reson. 1984, 58, 306.

Wilde, J.; Bolton, P. J. Magn. Reson. 1984, 59, 343—-346.

4.7 HETCORPS—ADbsolute-Value and Phase-Sensitive
HETCOR

Thehet cor ps macro sets up parameters for a HETCORPS (Heteronuclear Chemical-
Shift Correlation, Absolute Value and Phase Sensitive) pul se sequence.
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Applicability
HETCORPS s not available on MERCURY-VX, MERCURY, or GEMINI 2000 systems.

Parameters
pwisa90° pulse on the observe nucleus.

t pwr istransmitter power level; only for systemswith alinear amplifier on the transmitter
channel.

pp isaproton 90° pulse on the decoupler channel.

ppl vl isdecoupler power level; only for systemswith alinear amplifier on the decoupler
channel; otherwise, the decoupler is turned to full-power for pulses on systems that have
bilevel decoupling capability.

dhp isdecoupler power level during acquisition.
dpwr isdecoupler power level during acquisition for systems with linear amplifiers.

hrmul t =' n" removes non-geminal proton-proton couplingsin F1; hnul t =" y*
preserves all proton-proton couplingsin F1.

chonl y="y"' gives CH only spectrum.

oddeven='y"' gives CH and CH; positive and CH, negative; oddeven='n" givesall
positive. oddeven isirrelevant in av (phase=0) spectrum or if chonl y="y" .

j 1xh isaone-bond heteronuclear coupling constant.
phase=1, 2 gives hypercomplex; phase=0 gives absolute value.

nt =1 isthe minimum for hypercomplex; nt =2 isthe minimum for absolute value. nt set
to amultiple of 2 isrecommended for hypercomplex; nt =4 is recommended for absolute
value.

Recommendations

HETCORPS cannot and should not be used for long-range correlation. For long-range
correlation, usel r het cor . c.

If 13C parameters (after phase correcting a3C spectrum) are moved to set up HETCORPS,
there should be no need to phase correct either F1 or F2.

Use gaussian windows.

4.8 HOM2DJ—Homonuclear J-resolved 2D

148

ThehonmRdj macro sets up parameters for aHOM 2DJ pul se sequence. Absolute-value
mode isrequired. Figure 31 is a diagram of the sequence.

Applicability
HOM2DJis available on al systems.

VNMR 6.1C User Guide: Liquids NMR 01-999161-00 C1002



4.8 HOM2DJ—Homonuclear J-resolved 2D

pw pl
(v1) (v2)
at

d1 d2/2 d2/2 W

Figure 31. HOM2DJ Pulse Sequence

Parameters

pwisa90° observe pulse.

pl isal80° observe pulse.

nt isamultiple of 2 (minimum) to a multiple of 16 (maximum and recommended).

d1 isset for 1 to 3 times T4 (maximum); default is 1.0 seconds.

swl should cover maximum multiplet pattern; the default is 50 Hz.

Technique

HOM2DJisone of the earliest and simplest 2D experiments. Rarely used today, it has been
mostly replaced by phase-sensitive COSY experiments such as DQCOSY.

1

A good sampleto try at first is a 5% heptanone sample in CDCl3. Thissampleis
concentrated enough that good data can be obtained in a short time. If not there
already, join experiment 1 by entering j expl. Set up aprotonin CDCl3 by using
the H1,CDCI3 button in the Setup menu. Acquire a spectrum.

Narrow the spectral window to include only the peaks of interest by placing acursors
about 1 ppm upfield and 1 ppm downfield of the region containing the menthol
peaksand entering movesw. If apeak ispresent from residual CHClI 3, do not include
this peak because the peak will fold in but the filters will remove most of the peak.
This greatly decreases the amount of spectrum that is just noise and provides better
digital resolution in the spectrum and decreased experiment time.

Enter ga to acquire the spectrum with the new window and phase the data.

Enter mp( 1, 2) j exp2 to move the parameters from experiment 1 to experiment
2 and join experiment 2.

Enter hon2dj to set up the HOM2DJ experiment and display an estimate of the
time required to perform the experiment.

You can modify the default parametersto produce acceptable datain amuch shorter
period of time. If you are using the heptanone sample, set nt =8, ni =64, np=512,
fn=128,f n2=512, and d1=1. This provides an experiment time of 12.5 minutes
yet gives sufficient resolution to assign the spectrum.

Enter go to acquire the data.
Enter wf t 2d to Fourier transform the data.

If you wish to interactively process the data, the data is in absolute-value mode and
interactive processing is the same as for COSY (see page 136).
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10. After transformation, thedataistilted along an angleof 45°. Enterr ot at e(45. 0)
to rotate the data.

11. Enter f ol dj to symmetrize the data.

12. Display the data contours in the manner described in “ Absolute-Value COSY,
RELAY-COSY, Double RELAY-COSY,” page 136.

13. Plot the data using the procedure described in “HET2DJ—Heteronuclear 2D-J,”
page 143.

Potential Problems

The HOM 2D J experiment isvery forgiving and usually works (to agreater or |esser extent)
with slightly incorrect pwand p1 values. The most common reason for failure of the
experiment is that the values for pware incorrect. Make sure that the 90° pulseis correct
before beginning the experiment.

A major problem, inherent to the experiment, is that HOM2DJ results in phase twisted
lineshapes that can make interpretation difficult in crowded regions and causes artifacts
(which show up as extra peaks) due to strong coupling.

References
W. Aue, J. Karhan, and R. Ernst, J. Chem. Phys. 64:4226 (1976).
K. Nagayama, O, Backmann, K. Wuthrich, and R. Ernst, J. Magn. Reson. 31:133 (1978).

4.9 INADEQUATE—Double-Quantum Transfer Experiment

150

Thei nadgt macro sets up parameters for an INADEQUATE (Incredible Natural
Abundance Double-Quantum Transfer Experiment) pulse sequence. Figure 32 shows a
diagram of the sequence.

pw 2*pw pw pw
(v1) (v2) (v9) (v3) (oph)

at
di tau tau d2 {\[\/\/

Figure 32. INADEQUATE Pulse Sequence

Applicability
INADEQUATE isavailable on all systems except GEMINI 2000.

Parameters

pwisa90° pulse on observed nucleus (e.g., carbons) at power equal tot pwr .
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t au isset to 1/(4* J=¢).

j cc isthe average scalar coupling constant between the two heteronuclei (usually one-
bond constants).

ss isthe number of complete executions of the pulse sequence not accompanied by data
collection prior to the acquisition of thereal data: if ss ispositive, ss steady-state pulses
are applied on thefirst increment only; if ss is negative, —ss transients are applied at the
start of each increment.

dnf setsthe modulation frequency for WALTZ-16 broadband decoupling of protons at
power equal to dhp or dpwr throughout the pul se sequence.

nt isamultipleof 8 (minimum: phase=0) , amultiple of 128 (maximum: phase=0) , a
multiple of 4 (minimum: phase=1, 2 or phase=3), or amultiple of 64 (maximum:
phase=1, 2 or phase=3).

dm issetto'y' .
dmmissetto’ w .
hsissetto' yn'.
hst issetto 0.01.

phase=0 for 2D absolute-value data, phase=1, 2 for 2D hypercomplex data (States-
Haberkorn method), or phase=3 for 2D TPPI data. phase=1, 2 isthe suggested value.
For phase=3, remember that swl must be set to twice the desired value.

Technique
Set up the sequence from an existing 13C spectra.

If data was acquired with phase=0, process with wf t 2d, but if data was acquired with
phase=1, 2 or phase=3, processwith wf t 2da. If phase-sensitive data without f;
quadrature are desired, set phase=1 and process with wf t 2da.

This experiment must be performed non-spinning and with VT regulation. To obtain
reasonable results within 24 hours, aone-transient 13C spectrum should present asignal-to-
noiseratio of at least 25:1 (1.5 sec. recycle time, 24 hours total acquisition time, 128 total
increments). For 1D spectra, set phase=1 for maximum sensitivity.

4.10 MQCOSY—Multiple-Quantum Filtered COSY

Themgcosy<(| evel ) > macro sets up parameters for aMQCOSY pul se sequence,
where the optional argument | evel isthe desired quantum level of filtration (e.g.,
ngcosy( 3) ). Figure 33 isadiagram of the sequence.

Applicability
MQCOSY isavailable on al systems except MERCURY-VX, MERCURY, and GEMINI 2000.

Parameters
pwisthe 90° pulse on the observed nucleus.

d1 isthe relaxation delay (1 to 3 times the value of t;).
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pw pw pw
(v1) (v2) (v3) (oph)

at

di d2

A ! B ! C
Figure 33. MQCOSY Pulse Sequence

swisthe spectral width (usually swl=sw, except for phase=3).
gl vl isthe quantum level of filtering desired in the experiment.

phase=1, 2 for 2D hypercomplex data (States-Haberkorn method) or phase=3: 2D
TPPI data. phase=1, 2 issuggested. Note: For phase=3, remember that swl=2* sw
(for homonuclear experiments) or that swl must be set to twice the desired value (for
heteronuclear experiments).

sspul ="' y' activates ahomospoil-90-homospoil sequence that precedesd1l; thisisused
to achieve aless oscillatory steady-state for 2D experiments where the recycletime is
shorter than t;.

ss isthe number of complete executions of the pulse sequence not accompanied by data
collection prior to the acquisition of thereal data: if ss ispositive, ss steady-state pulses
are applied on thefirst increment only; if ss is negative, —ss transients are applied at the
start of each increment.

pr esat isdecoupler presaturation period using a decoupler power specified by dhp or
dpwr . pr esat does not depend on dmbut does depend on dnmand is activated as a part
of d1 if pr esat isgreater than O.

nt isamultiple of gl vl (minimum) or amultiple of 2* ql vl (recommended).

Technique

Set up the MQCOSY in the same manner that you set up DQCOSY. Set the parameter
gl vl tothe desired multiple-quantum level.

To process, enter wf t 2da or use the menu buttons to perform full processing.

To interactively process, use the technique given in “ DQCOSY —Double-Quantum
Filtered COSY,” page 141.

References
Piantini, U.; Sorenson, O.; Ernst, R. J. Am. Chem. Soc. 1982, 104, 6800—-6801.
Rance, M. et a. Biochem. Biophys. Res. Comm. 1983, 117, 479-485.
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4.11 NOESY—Nuclear Overhauser Effect Spectroscopy

The noesy macro sets up parameters for aNOESY Laboratory Frame Overhauser or 2D
Exchange pul se sequence. It can be performed in either a phase-sensitive or absolute-value
mode. Either TPPI or the hypercomplex method can be used to achieve f1 quadraturein a
phase-sensitive presentation. No attempt is made to suppress J-cross peaks. Figure 34 isa
diagram of the sequence.

pw pw pw
(v2) (v1) (v3) (oph)
at
d1 d2 mix
| | I
A ! B c D

Figure 34. NOESY Pulse Sequence

Applicability
NOESY isavailable on all systems.

Parameters

pwisa90° pulse on the observed nucleus (power =t pwr ).

d1 istherelaxation delay (1 to 3 timesthe value of Tq).

d2 isthe evolution time (t1 period).

at isthe acquisition time (to period).

swisthe spectral width (swl=sw usually, except for phase=3).

ni isthe number of t1 increments (set up by default so that swl/ ni =12).
mi x isthe mixing time for magnetization exchange.

phase=1, 2 isthe suggested value; use phase=0 for P-type peak selection for av
display; phase=1, 2 for 2D hypercomplex data (States-Haberkorn method); phase=3
for 2D TPPI data.

sspul ="' y' activates a homospoil-90-homospoil sequence that precedes d1; this
achieves aless oscillatory steady-state for 2D experiments where recycle timeis shorter
than T1, sspul has no effect on MERCURY-VX, MERCURY, and GEMINI 2000 systems.

ss isthe number of complete executions of the pulse sequence not accompanied by data
collection prior to the acquisition of thereal data: if ss ispositive, ss steady-state pulses
are applied on thefirst increment only; if ss is negative, —ss transients are applied at the
start of each increment.

pr esat isdecoupler presaturation period using a decoupler power specified by dhp or
dpwr . pr esat does not depend on dmbut does depend on dnmand is activated as a part
of d1if pr esat isgreater than 0. pr esat isavailable on MERCURY-VX and MERCURY
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systemswith GLIDE (uppercase pulse sequencesonly). pr esat isnot active on GEMINI
2000 systems.

dme' nnnn' isno decoupler presaturation (unless pr esat >0);
dnme' nynn' : decoupler presaturation during evolution period;
dnme' nnyn' : decoupler presaturation during mixing period;
dme' nnny' : homonuclear decoupling during t2;

dnme' nyyn' isrecommended when solvent saturation is needed.

nt isamultiple of 8 (minimum) for phase=1, 2 or phase=3; nt isamultiple of 16
(minimum) for phase=0.

Phase Cycling

v1 isthe phase for the second pw pulse.
v2 isthe phase for the first pw pulse.

v 3 isthe phase for the third pw pulse.
oph isthe phase for receiver.

Vi = X X X X X X X X Yy Yy Yy y y y yy
X -X =X =X =X =X =X =X =Y -y -y -y -y -y -y -y
V2 = X -X X -X X -X X -X Y-y Y-y Y-y y-y
v3 = X X Yy Y -X-X -y -y Yy Yy -X-X -y -y X X
oph = X -X y -y -X X-y Yy Yy -y -X X-y Yy X-X
X X -y Yy X-X Yy -y-y Yy X-X y-y-X X

These phases are for phase=1. For phase=2, add 90° tov 1. For phase=3, add
90* (i x —1)°tov1,wherei x istheincrement counter. For phase=0, the P-type selection
subcycle is added in after the first eight steps in the phase cycle.

For phase=3, remember that swl equals 2* sw (for homonuclear experiments) or that
swl must be set to twice the desired value (for heteronuclear experiments).

If m x isarrayed, then phase=3 isnecessary in order to be able to process the datawith
thewf t 2dac macro.

Technique

Because NOESY isa phase-sensitive 2D experiment, NOESY spectra may need to be
phased before good results are obtained.

1. A good sampleto try the first time would be a 5% sucrose samplein D,0. This
sample is concentrated enough that good data can be obtained in arelatively short
time. If not there already, join experiment 1 by entering j expl or by using menu
buttons. Set up aproton in D,O by clicking on the following buttons from the Main
Menu: Setup > Nucleus, Solvent > H1 > D20. Acquire a spectrum.

2. Narrow the spectral window toinclude only the peaks of interest by placing acursors
about 1 ppm upfield and 1 ppm downfield of the region containing the peaks and
enter nrovesw This greatly decreases the amount of spectrum that is just noise and
provides better digital resolution in the spectrum and decreased experiment time.
Generally you want to obtain better digital resolution in phase-sensitive experiments
than in absol ute-val ue experiments.

3. Enter go to acquire the spectrum with the new window and phase the data. This
spectrum will serve as a reference spectrum for the NOESY.

4. Entermp( 1, 4) j exp4 to move the parameters from experiment 1 to experiment
4 and join experiment 4.
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5. Enter noesy to set up the NOESY experiment and display an estimate of the time
required to perform the experiment.

6. If youarerunning the sucrose sample, set nt =16, ni =128, np=1024,f n=1024,
fn2=1024, and d1=2. The experiment takes about three hours.

7. Enter go to acquire the data.

8. Enterwft (1) to Fourier transform the first increment of data. The spectrum
appears inverted, but thisis normal. When the spectra are Fourier transformed, the
diagonal is below the plane of the 2D, and NOE crosspeaks due to positive NOEs
appear positive, and crosspeaks due to negative NOEs are negative. Phase the
spectrum, leaving it properly phased but inverted. This sets the phase for the f,
dimension of the 2D.

9. Enterwti tostartinteractiveweighting. NOESY dataisphase-sensitiveand usually
processed using Gaussian weighting, the default weighting function calculated by
the setup macro. Adjust the Gaussian weighting so that data decays to zero before
the end of thewindow. Adjusting the weighting function on thefirst increment of the
data sets the weighting function in the 2D time dimension to.

10. Enter wf t 1da to Fourier transform the t, dimension. A contour map of f,,t; is
displayed, showing individual interferograms. Click on trace and choose a trace
through one of the interferograms. Enter wt i to bring up interactive weighting of
the interferogram. Adjust the weighting function as before.

11. Enter wf t 2da to complete the Fourier transformation.

12. Thef, dimension may now need phasing. To phase f4, click on trace and select a
trace at the top (upfield) section of the 2D. Enter ds to display the trace, and phase
normally using the parameter r p.

13. Enterdconi toredisplay the contour map with anew r p. Click on trace again, and
select atrace at the bottom (downfield) section of the 2D. Enter ds and click on
phase. Move the cursor upfield and click. Do not adjust the phase at this point.
Clicking at this point setsr p and retainsther p value obtained previously. Move
downfield and click. Adjust phase normally. Thisadjusts| p. Enter dconi to
redisplay the properly phased 2D.

14. Enter pl cosy to plot the data. The pl cosy macro is general and plotsall
homonuclear correlated data.

Potential Problems

Unlike the COSY experiment, obtaining good NOESY spectra requires proper values of
90° pulse width and a consideration of delay times. Make sure that the 90° pulseis correct
before beginning the experiment. If 90° pulse isincorrect, many “COSY type” (i.e.
antiphase cross-peaks) appear, complicating the analysis. In small molecules, some
“COSY-type” cross-peaks may be unavoidable even when everything is carefully
calibrated. Fortunately these can be easily distinguished because of their antiphase nature,
i.e., the cross-peaks have both positive and negative components but true NOE peaks are
pure absorptive.

Another possible problem is the presence of artifacts due to pulsing too rapidly. Make sure
you set d1 to at least 1 to 3 times the T, of the protons in the sample. The NOESY
experiment must be interpreted more carefully than the COSY experiment because cross-
pulses arise from COSY interaction as well as dipolar interaction.
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Reference
States, D. J.; Haberkorn, R. A.; Ruben, D. J. J. Magn. Reson. 1982, 48, 286-292.

4.12 ROESY—Rotating Frame Overhauser Effect
Spectroscopy

156

Ther oesy<(rati 0) > macro sets up parameters for aROESY pulse sequence, where
the optional argument r at i o isthe desired value of the parameter r at i o used in the
sequence (r at i o isnot used in the ROESY sequence provided with MERCURY-VX and
MERCURY). Either time-shared or a continuous-wave spin lock can be used. Compensation
for off-resonance effects is performed. Figure 35 shows the sequence.

pl pl pl
1 2
(v1) @ w2 (oph)
(v2) at
d1i d2 spin-lock N\/V
| |
A [ B [ C

Figure35. ROESY Pulse Sequence

Applicability

ROESY isavailable on all systems except GEMINI 2000 systems; however, the ROESY
pul se sequence on MERCURY-VX and MERCURY systems are dightly different from other
systems. MERCURY-VX and MERCURY use a simple CW spinlock, and there are only two
parameters that determine the spinlock: sl pwr isthe power for the CW spinlock and mi x
isthetime. sspul andr ati o do not exist in the MERCURY-VX and MERCURY parameter
sets. pr esat isavailable on MERCURY-VX and MERCURY systemswith GLIDE (uppercase
pulse sequences only).

Parameters

rati oisusedto adjust the effective spin-lock field strength provided by the transmitter
during the spin-lock period. Asr at i o isincreased, the effective spin-lock field strength
isdecreased. If r at i 0 is set too short, TOCSY peaks begin to appear regardless of the
valuefor pw Ifr at i o issettoolong, the protonsare not spinlocked in the rotating frame
and therefore do not exchange magnetization viacrossrelaxation in the rotating frame. The
parameter r at i o should beincreased until the protons of interest begin to show sufficient
amplitude and phase stability.

m x (the mixing time) isthe length of the spin-lock, which can be a continuous wave
(ratio=0)orpulsed(rati oisnot0). If pulsed, aseriesof pulsesof lengthpwand delays
of lengthr at i o* pware applied to form the spin-lock period. The effective spin-lock field
strength (B(spinlock)) can be calculated by the relation B (spin-lock) = (x/(360* pw)/
(rati o+ 1), wherexistheflip angle of the pwpulse.
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Note that to achieve resonance offset compensation, this sequence employs two hard 90°
pulses on both sides of the spin-lock. If resonance offset compensation is not desired, set

roconp="y".
pl isa90° pulse on the observed nucleus (power ispll vl ).

pwisan x° (default is 30°) pulse on the observed nucleus (power ist pwr ); note that pw
andr at i o are used to define the B4 field for the spin-lock. A typical valueof rati o is
10 for a 30° pw pulse.

d1 istherelaxation delay (1 to 3 times the value of Tq).

d2 isthe evolution time (t; period).

at isthe acquisition time (t, period).

swisthe spectral width (swl=swusually, except for phase=3).

ni isthe number of t; increments (set up so that swl/ ni equals 12).

phase=1, 2 (suggested value), phase=1, 2 for 2D hypercomplex data (States-
Haberkorn method), or phase=3 for 2D TPPI data.

sspul ="' y' activates ahomospoil-90-homospoil sequence that precedesd1l; thisisused
to achieve aless oscillatory steady-state for 2D experiments where the recycletime is
shorter than t;.

ss isthe number of complete executions of the pulse sequence not accompanied by data
collection prior to the acquisition of thereal data: if ss ispositive, ss steady-state pulses
are applied on thefirst increment only; if ss is negative, —ss transients are applied at the
start of each increment.

pr esat isdecoupler presaturation period using a decoupler power specified by dhp or
dpwr . pr esat does not depend on dmbut does depend on dnmand is activated as a part
of d1 if pr esat isgreater than O.

nt isthe multiple of 4 (phase=1, 2 or phase=3) (minimum).

Phase Cycling

v1 isthe phase for pw pulse.
v 2 isthe phase for the spin lock.
oph isthe phase for receiver.

vi = y -y -x X
V2 = X X Yy Yy =X =X =y -y
oph = y -y —x x

These phases are for phase=1. For phase=2, add 90° tov1. For phase=3, add
90* (i x- 1)°tov1, wherei x isthe increment counter.

For phase=3, remember that swl equals 2* sw (for homonuclear experiments) or that
swl must be set to twice the desired value (for heteronuclear experiments).

Technique

To set up and acquire, use the technique given in “NOESY—Nuclear Overhauser Effect
Spectroscopy,” page 153.

To process for normal phase=1, 2, use the technique (except spectra are not inverted)
given in “NOESY—Nuclear Overhauser Effect Spectroscopy,” page 153. If ni x is
arrayed, phase=3 is necessary to be able to process the data with thewf t 2dac macro.
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Reference
Kesdler, et al. J. Am. Chem. Soc. 1987, January.

4.13 TNCOSYPS—COSYPS with Water Suppression

Thet ncosyps macro sets up parameters for homonuclear correlation (phase-sensitive
version) that uses transmitter solvent saturation.

Applicability

TNCOSY P requires a system with alinear amplifier on the observe channel and a T/R
switch. Itisnot avail able on MERCURY-VX, MERCURY, and GEMINI 2000 systems. See page
139 for adiscussion of COSY PS.

Parameters

sat node determines when the saturation happens. sat nmode should be set analogously
todm (e.g., sat node='yyn' or sat node='ynn').

sat pwr isthe power level during saturation period(s).

sat dl y isthelength of presaturation period (saturation may also occur in d2 as
determined by sat node).

sspul ='y' selectsfortrim(x)-trinmy) sequence at start of pulse sequence
(recommended)

4.14 TNDQCOSY—DQCOSY with Water Suppression

158

Thet ndqcosy macro sets up parameters for aDQCOSY experiment with transmitter
solvent saturation only. The experiment assumesan on-resonance solvent (t of isat solvent
position).

Applicability

DQCOSY requires a system with alinear amplifier on the observe channel and a T/R
switch. Itisnot avail able on MERCURY-VX, MERCURY, and GEMINI 2000 systems. See page
141 for adiscussion of DQCOSY.

Parameters

sat node determines when the saturation happens. sat node should be set analogously
todm(eg., sat nrode=" yyn' or sat nrode="'ynn').

sat pwr isthe power level during saturation period(s).

sat dl y isthelength of presaturation period (saturation may also occur in d2 as
determined by sat node).

sspul ='y' selectsfortrim(x)-trimy) sequence at start of pulse sequence
(recommended)
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4.15 TNMQCOSY—MQCOSY with Water Suppression

Thet nngcosy macro sets up parameters for a multiple-quantum filtered COSY
experiment with transmitter saturation.

Applicability

TNMQCOSY uses the hardware digital phaseshifter for the transmitter with direct
synthesisrf. It uses the software small-angle phaseshifter for the transmitter with old-style
rf. It isnot available on MERCURY-VX, MERCURY, and GEMINI 2000 systems. See page 151
for adiscussion of MQCOSY.

Parameters
pwisa90° excitation pulse (at power level t pwr ).

phase=1, 2 for hypercomplex phase-sensitive experiment or phase=3 for TPPI phase-
sensitive experiment. If phase=3, remember that swl must be set to twice the desired
value.

sat node=" ynn' saturates during relaxation delay.
sat dl y isthe saturation time.
sat pwr isthe saturation power.

sspul
sspul

"y' selectsfortrim(x)-trimy) sequenceat start of pulse sequence;
'n' selectsanorma MQCOSY experiment.

Note: Earlier versions included the following sequence at the beginning of the pulse
sequence: homospoil - 90° pulse - homospoil. This was used to eliminate both the DQ-like
artifacts in the 2D spectrum and the oscillatory nature of the steady-state. Thisinclusion
was selected if sspul =" y' .

ss isthe number of complete executions of the pulse sequence not accompanied by data
collection prior to the acquisition of thereal data: if ss ispositive, ss steady-state pulses
are applied on thefirst increment only; if ss is negative, —ss transients are applied at the
start of each increment.

gl vl selectsthe quantum order for filtering (2, 3, etc.).

nt minimum isamultiple of 2* gl vl ; nt maximum isamultiple of 8* gl vl .

References
Piantini, U.; Sorenson, O. W.; Erngt, R. R. J. Am. Chem. Soc. 1982, 104, 6800—6801.
Rance, M.; et al. BBRC, 1983, 117, 479-485.

4.16 TNNOESY—NOESY with Water Suppression

Thet nnoesy macro sets up parameters for a 2D cross-relaxation experiment with
transmitter saturation. It assumes an on-resonance solvent (t of isat solvent position)
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Applicability

TNNOESY requires a system with alinear amplifier on the observe channel and a T/R
switch. Itisnot avail able on MERCURY-VX, MERCURY, and GEMINI 2000 systems. See page
153 for adiscussion of NOESY.

Parameters

sat node determines when the saturation happens. sat node should be set analogously
todm(eg., sat node=' yyyn' or sat nrode='ynyn').

sat pwr isthe power level during saturation period(s).

sat dl y isthelength of presaturation period (saturation may also occur in d2 and mix as
determined by sat node).

sspul ="' y' selectsfor trim(x)-trinm(y) sequence at start of pulse sequence.

4.17 TNROESY—ROESY with Water Suppression

160

Thet nr oesy macro sets up parameters for a rotating frame NOE experiment. Observe
transmitter should be set at solvent position. Saturation, spin lock, and pulses all use the
observe transmitter.

Applicability

TNROESY is not available on MERCURY-VX, MERCURY, and GEMINI 2000 systems. See
page 156 for adiscussion of ROESY.

Parameters
p1 isthe 90° pulse on protons (power level at pl1l vl ).

pwisasmall (30°) pulse on protons (active only if r at i o is greater than 0).
If pw=0, pwissettopl/ 3.

pll vl isthe power level for the pl pulse.
t pwr isthe power level for the spin lock pulse(s).
A cwlockisusedif rati o iszero.

phase=1, 2 givesf; quadrature by the hypercomplex method (uses f; axial peak
displacement). phase=3 gives f; quadrature by the TPPI method.

m x isthe mixing time.
sspul ='y' selectsfortrim(x)-trinm(y) sequenceat start of pulse sequence.

roconmp='n' setsno resonance offset compensation
roconmp="y' setsresonance offset compensation (recommended).

sat node isthe saturation mode. Use analogously to dm for example,
sat node=' nnn' ,sat node='ynn',or sat node='yyn' (recommended).

sat dl y isthelength of saturation during relaxation delay.

sat pwr isthe power level for solvent saturation.
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nt minimum isamultiple of 2; nt maximum is multiple of 8 (recommended)

d2corr isanempirical correction, in us, of d2 (dependent on effective field of spin lock,
i.e,t pw andr ati o).t canbedetermined fromthel p1 and swl valuesfrom aproperly
phased spectrum by d2cor r =(1 p1*1e6)/ ( 360* swl) . Notethat thed2cor r seems
to be dependent on swl; however, it isindependent of swl since changesin swl resultin
corresponding changesin | p1 so that their ratio is constant.

Technique
The following procedure findsd2cor r sothat | plisO, giving better baselinesin f4:

1. RunaTNROESY experiment with d2cor r set either at 0 or at a value found
previously. (nt and ni can be smaller, and the spectrum can be transformed early
todo step 2.)

2. Phasetheresulting spectruminf,. Determinel p1 and calculated2cor r from the
relationshipd2corr=(1 p1*1e6)/ (360*swl).

3. Addthisvauetothevaueof d2corr usedinstep 1.
4. Rerunthe experiment. | p1 should be closeto zero.
5. Notethisvaluefor any future experiment with the samevalueof t pwr andr at i o.

Use of any method to make | p1=0 will result in adc offset of F, slices. This should be
removed by dc2d(' f 1' ) after the 2D transform. Enough noise should be left on the
edges (in F;) to permit this dc correction.

4.18 TNTOCSY—TOCSY with Water Suppression

Thet nt ocsy macro sets up parameters for total correlation spectroscopy (also known as
HOHAHA) using transmitter presaturation. It features“clean” TOCSY with optional
windowing and MLEV 16 + 60° spin lock. Thetransmitter must be positioned at the solvent
frequency.

Applicability

TNTOCSY requiresa T/R switch, and linear amplifiers and computer-controlled
attenuators on the observe channel. It is not available on MERCURY-VX, MERCURY, and
GEMINI 2000 systems. See page 162 for a discussion of TOCSY.

Parameters

pwisa90° pulse during m ev periods, at power level t pwr.
pl isa90° excitation pulse, at power pl1l vI .

wi ndowisaclean-TOCSY window, in ps.

sat dl y isthelength of presaturation.

sat node="yn' forpresat control during relaxationdelay only, sat node="'yy" for
pr esat control during both the “relaxation delay” and d2.

phase=1, 2 for hypercomplex phase-sensitive f; quadrature, or phase=3 for TPPI
phase-sensitive f; quadrature.
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sspu
sspu

| ='y' givesthetrim(x)-trimy) sequence at beginning of d1 delay;
| ="' n' givesthenormal d1 delay.

t ri misaspinlock trim pulse time (0.002 recommended).

m x isthe mixing time (can be arrayed).

nt minimum isamultiple of 2, nt maximum is amultiple of 8 (recommended).

References
Bax, A.; Davis, D. G. J. Magn. Reson. 1985, 65, 355.
Levitt, M.; Freeman, R.; Frenkiel, T. J. Magn. Reson. 1982, 47, 328.

4.19 TOCSY—Total Correlation Spectroscopy

162

Thet ocsy macro sets up parameters for the TOCSY pulse sequence. Figure 36 isa
diagram of this sequence. TOCSY is also known as the Homonuclear Hartmann-Hahn
experiment (HOHAHA).

pl pw
(v1) (v13) (v2) (oph)
trim sl at
| |
A B C

Figure36. TOCSY Pulse Sequence

Applicability

TOCSY requires systems having linear amplifierswith computer-controlled attenuators on
the observe transmitter channel. It is not available on the GEMINI 2000.

Parameters
p1 isthe 90° pulse on the observed nucleus (at power equals pll vl )

pwisthe 90° pulse on the observed nucleus (at power equalst pwr ); notethatt pwr isused
to define the B4 field for both thetrim (t r i m) pulses and the MLEV-16 spin lock. The By
fieldatt pwr should be on the order of 15 ppm (in Hz).

t ri misthe trim pulse time (CW transmitter irradiation).

sl isMLEV-16 spinlock. m x isthe duration of the spin lock, recommended mixing time
is30to 80 ms. i x can be arrayed.

d1 isarelaxation delay (1 to 3 times the value of t;).

phase=1, 2 (suggested value) for 2D hypercomplex data (States-Haberkorn method);
phase=3 for 2D TPPI data. For phase=3, remember that swl=2* sw (for homonuclear
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experiments) or that swl must be set to twice the desired value (for heteronuclear
experiments).

sspul =" y' activatesahomospoil-90-homospoil sequencethat precedesdl; Thisisused
to achieve aless oscillatory steady-state for 2D experiments where the recycletime is
shorter than t;.

ss isthe number of complete executions of the pulse sequence not accompanied by data
collection prior to the acquisition of thereal data: if ss ispositive, ss steady-state pulses
are applied on thefirst increment only; if ss is negative, —ss transients are applied at the
start of each increment.

pr esat isdecoupler presaturation period using a decoupler power specified by dhp or
dpwr . pr esat does not depend on dmbut does depend on dnmand is activated as a part
of d1 if pr esat isgreater than 0. pr esat isavailable on MERCURY-VX and MERCURY
systems with GLIDE (uppercase pulse sequences only).

nt isamultiple of 4 (minimum, phase=1, 2 or phase=3).

Phase Cycling

v1 isthe phasefor p1l pulse
v13isthephasefort ri mpulses

v2 isthe master phase for the MLEV-17 spin lock
oph isaphase for receiver

vi = vy -y -x X
vi3 = x X y y
V2 = Yy Yy -X-X -y -y X X

oph = y -y -x X y -y -x X

These phases are for phase=1. For phase=2, add 90° tov 1. For phase=3, add
90* (i x=1)°tov1, wherei x istheincrement counter.

Technique

To set up and acquire, use the technique given in “NOESY—Nuclear Overhauser Effect
Spectroscopy,” page 153. Set mi x to 0.060.

To process simple TOCSY, use the technique (except spectrain the first increment are not
inverted) given in “NOESY—Nuclear Overhauser Effect Spectroscopy,” page 153.

For aseriesof TOCSY experimentsacquired inaninterleaved fashion, each with adifferent
mixing time, process the datawith thewf t 2dac(mul t 1, mul t 2, ...) command. Up to
eight interleaved experiments can be processed, which meansthat mi x can be given up to
eight different values. Note that if m x isarrayed, phase=3 is necessary in order to be
able to process the data with thewf t 2dac macro.

References
Levitt, M.; Freeman, R.; Frenkiel, T. J. Magn. Reson. 1982, 47, 328.
Bax, A.; Davis, D. J. Magn. Reson.1985, 65, 355.

Related Macros

The following macro are used with TOCSY (with multiple mixing times):
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e ftldac andft 2dac combine 2D FID matrices within the 2D Fourier transform
framework.

 wit 1dac and wf t 2dac also combine 2D FID matrices within the 2D Fourier
transform framework but with weighting added.

Refer to description of these macrosin the VNMR Command and Parameter Reference for
further information, including the arguments used with each macro.

4.20 TROESY—Transverse ROESY

Thet r oesy macro sets up parameters for the TROESY pul se sequence, a transverse
cross-relation experiment in arotating frame.

Applicability
TROESY is not available on MERCURY-VX, MERCURY, or GEMINI 2000 systems.

Parameters

TROESY usestypica ROESY parameters. Notethat r at i 0 isnot a parameter.
Set sl pwr to the spinlock desired region.

sl pwisthe 90° pulsewidth at sl pwr.

Reference
Shaka, et. al. J. Am. Chem. Soc. 1992, 114, 3157.

4.21 HCCHTOCSY Pulse Sequence

Thehccht ocsy macro sets up parameters for the HCCHTOCSY pul se sequence, used
for sidechain assignmentsin fully 13C-enriched biopolymer.

Applicability
Not supplied with MERCURY-VX, MERCURY, and GEMINI 2000 systems.

Parameters

coshape isthe decoupler pattern for CO decoupling.

f hf dwt 1 isaflag to indicate half dwell start in t;.

f hf dwt 2 isaflag to indicate half dwell start in t,.

t of issetin center of proton spectrum or on H,O frequency if in H,O.
dof issetin center of the 13C aliphatic region.

sat f r q isthe presaturation frequency.

pwca isthe 90° pulse width for the 13¢C nucleus.
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pweo isthe 90° pulse width for the 13C carbony! decoupling.
sat pwr isthe low-level 1H transmitter power for pr esat .
pwecal vl isthe power level for 13C pulses.

pwcol vl isthe power level for C=0 decoupling pulse.

j chiscoupling for C-C (set to 40 Hz).

ncyc isthe number of cyclesthrough thedi psi loop.

t ri misthetrim pulse length, in seconds.

di psi pwr isthe power level for 13C spin lock.

pl isthe 90° pulse width for di psi .

cycl eti ne isaninformational parameter (do not enter).

Technique

Optional 13C decoupling of carbonyl carbons during t2 uses a 180° pulse done through a
shaped SLP (phase-ramped) pulse. The 13C transmitter is normally in aliphatic region (do
not try for both aliphatic and aromatic hccht ocsy because the bandwidth istoo large for
good spinlock). The pulseis of length pwco at power pweol vl and of namecoshape.

1. Determine the length, nature and power for this 180 in an on-resonance calibration
experiment.

2. Preparethispulse by preparing a“template” pulsethat has 5 times as many stepsas
width, in ps.

3. Convolute thisto prepare the SLP pulse. For example, if pwecol vl is38,asinc
pulse does a 180° pulsein 250 us when on-resonance; therefore, for the most
accuracy you would need asi nc. RF file of 250*5 stepsfrom shapel i b.

For rectangular pulses, you can run makehar d( nunber _st eps) todothis. For
complex shapes, you can generate it out of pul set ool or by a separate program.

If the sinc pulse has the name si nc1250. RF, and the distance from the B¢
transmitter is, say, 15000 Hz, enter

convol ute(' sincl1250',"' col180_1250us_+15000', 250, 15000)

to prepare the new shape. This gives you a shape that is used by
decshaped_pul se todoa180 onthecarbonyl region whendof ispositionedin
the aliphatic region. Use pul set ool to verify that your shapeis correct.

Itisnot necessary to do carbonyl decoupling. The only visible effect is CC splitting
in f, for aphacarbons. Setting pwco=0 is not desirable.

4. Setdne' nny' todo 13C decoupling during acquisition. Onedi psi - 3 cycleis
217. 33*p1.

For example, if p1 is36 us, asingledi psi cycleis7.8 ms.
5. Setphase=1, 2 and phase2=1, 2 for hypercomplex in t; and t,.

Typical acquisition times are 28 msfor t;, 10 msfor t,, and 47 msfor tz, with 128
complex points for t;, 32 complex for t,, and 512 real for ts.
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4.22 HMQCTOCSY Pulse Sequence

Thehngct ocsy macro sets up parameters for HMQCTOCSY pulse sequence, with an
option to null or invert the direct responses.

Applicability
Not supplied with MERCURY-VX, MERCURY, and GEMINI 2000 systems.

Parameters

p1 isthe 90° pulse during the clean-TOCSY period.

pll vl isthe power level for pulsepl.

wi ndowisthe off-time for clean-TOCSY. If p1=25, wi hdow=50 (in us) istypical.
pwisthe IH 90° pulse during the pulse sequence outside of the m ev period.

t pwr isthe power level for pw.

m x andt r i mare the isotropic mixing period, 0.020 and 0.002 are typical values.

mul t controls the direct responses:
mul t =0 givesanorma HMQCTOCSY (direct and relayed in-phase).
mul t =1 nullsthe direct responses. dn=' nnnn' isbest for this.
mul t =2 invertsthe direct responses.

Technique

Remember to enter dps to check things before entering go.

4.23 HMQC-TOCSY 3D Pulse Sequence

166

Thehngct ocsy macro sets up parameters for HMQC-TOCSY 3D pulse sequence with
presaturation option, written in hypercomplex phase-sensitive mode only. Figure 37 isa
diagram of the sequence.

status A B |C-|---D----|-E-
1H : 90-1/23- 180 -1/2J-t2-spinlock-Acq (t3)
X 90-t1/2- -t1/2-90 -BB- -BB
phtable : t1 t2 t6 t6 t3 t4 or t5

Figure37. HMQC-TOCSY 3D Pulse Sequence

Applicability
Not supplied with MERCURY-VX, MERCURY, and GEMINI 2000 systems.

Parameters
d2 isfirst evolution time.

d3 is second evolution time.
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4.24 HSQC-TOCSY 3D Pulse Sequence

m x isthe TOCSY mixing time.

pwx| vl isthe power level for X pulses.
pwx isa90° X pulse.

j 1xh isaX-H coupling constant.

dpwr isthe power level for X decoupling.
t pwr isthe power level for H pulses.
pwisa90° H hard pulse.

sl pwr isthe power level for spinlock.

sl pwisa90° H pulse for mlev17.

t ri misatrim pulse preceding mlev17.

phase=1, 2 gives hypercomplex (t1) acquisition; ni isnumber of t1 increments.
phase2=1, 2 gives hypercomplex (t2) acquisition; ni 2 is number of t2 increments

satfl g="y" ispresaturation during sat dl y.

sat f r q isthe presaturation frequency.

sat dl y isthe saturation time during the relaxation period.

sat pwr isthe saturation power for all periods of presaturation with the transmitter.
wdwf ct r ismultiplication “window” factor of sl pw

nul | f1 gisTANGO nul | fI g flag for protons not attached to X.

hmgcf | g=' n' turns off HMQC part of the sequence.

Technique
For F1x F3,usewft2d(1,0,0,0,0,0, -1, 0) (i.e,wft 2da).

For F2x F3,usewft2d(1,0,0,0,0,0,-1,0) ifhnmgcfl g='n' (i.e, wft2da)or
wft2d(1,0,0,0,0,0,1,0) ifhngcfl g="y'.

For 3D processing: create 3D coefficients using make3dcoef macro:
flcoef=1 0 0 0 0 0 -1 0" andf2coef="1 00000 10'.

HSQC-TOCSY 3D Pulse Sequence

The hsqgct oxy SE macro sets up parametersfor HSQC-TOCSY 3D pul se sequence with
many features: HSQC and TOCSY are each “ sensitivity enhanced” asper Ranceet. a. The
sequence features adipsi or mlev-17 spinlock option (di psi f | g flag). F1 dimension can
be band sel ected with shaped pulse. (Use of shaped pulse introduces a small phase error
aong F1.r pl and | p1 values can be obtained by examining first np x ni plane) The
seguence has a gradient to kill unwanted signals during H-X INEPT. Water presaturation
can be on- or off- resonance.

Applicability
Not supplied with MERCURY-VX, MERCURY, and GEMINI 2000 systems.
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Parameters
phase=1, 2, 3, 4 and phase2=1, 2, 3, 4.
dm=' nnyny' (on during t2 and t3).

f2coef=1 001100-101-1200-1-10" and
flcoef=1 001100-101-100-1-10".

f 1coef andf 2coef are processing parameters used by the make3dcoef macro.
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Sectionsin this chapter:
» 5.1 “Requirements for Indirect Detection Experiments,” this page
* 5.2"“TheBasic HMQC Experiment,” page 175
» 5.3 "“Phase-Sensitive Aspects of the Sequence,” page 179
» 5.4 "Cancellation Efficiency,” page 179
» 5.5“Pros and Cons of Decoupling,” page 180
» 5.6 “Specifications Testing,” page 181
» 5.7"Using the HMQC and HMQCR Sequences,” page 182
» 5.8 “Recabling Single-Broadband Systems,” page 183
» 5.9 “Recabling Dual-Broadband Systems,” page 183
» 5.10"“Filtersfor Indirect Detection,” page 184
e 5.11 “Tuning the Probe in the Reverse Mode,” page 184
» 5.12“Controlling Transmitter Power in the Reverse Mode,” page 185
» 5.13"Indirect Detection Calibration,” page 185
» 5.14“Typica Experimental Protocol for HMQC Experiments,” page 192
+ 5.15“Differences for °N Indirect Detection,” page 197
* 5.16 “HSQC Experiment,” page 197

This chapter describes indirect detection experiments, also known as heteronuclear
multiple-quantum coherence (HMQC) experiments. Indirect detection experiments show
correlations between heteronuclei while detecting high-sensitivity protons. HMQC differs
from the more traditional heteronuclear correlation techniques that detect the low-
sensitivity heteronucleus (for example, Bcor 15N).

5.1 Requirements for Indirect Detection Experiments

Indirect detection experiments have three basic requirements:
» A probe with a proton channel and an X-nucleus channel.

« Anrf (radio-frequency) system capable of generating pulseson 1H and X and possibly
decoupling X while observing 1H.

» One or more pulse sequences that perform the relevant experiments.

Each of these requirements is described in more detail in the following sections.
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Probes

The most commonly used probes for indirect detection experiments are the “indirect
detection” probes, such asthe Varian Indirectsnmr™ probe and triple-resonance probes,
such as the Varian Triplesnmr™ probe. Indirect detection probes have alH coil and an X-
nucleus coil with the 1H coil positioned closer to the sample for the highest possible
sensitivity of the observed nucleus.

Normal “broadband” probessimilarly haveaH coil and an X-nucleus coil and can be used
for indirect detection. But broadband probes have significantly lower proton sensitivity
(about half that of indirect detection probes) and so are not optimum for indirect detection
experiments. Nevertheless, broadband probes usually provide some sensitivity
improvement over direct detection heteronuclear correlation experiments. Four-nucleus
and “ Switchable” probes also have a 1H coil and an X-nucleus coil, with the X coil closer
to the sample, and can satisfy the needs for indirect detection experiments.

Probe typesare not discussed further in this chapter. See the manual Getting Sarted and the
probe installation manual for tuning instructions. When connecting cables to the probe,
ignore words like “observe” and “decouple” and think of 1H (for observe) and X (for
decouple) for connections.

RF System

Therf (radio frequency) part of a spectrometer has at least four relevant aspectsto indirect
detection that exist in various combinations on the various systems:

» Generation of rf for the transmitter and receiver
* Amplifiers

» Filters

» Routing of rf signals

RF Generation

Thefirst aspect is the most basic—generation of rf for the transmitter and the receiver
(specifically the local oscillator or L.O. frequency). Most high-field systems, and afew
specially-configured lower-field systems, are “ dual-broadband” systems. Because both of
the rf channelsin the system are broadband, performing an indirect detection experiment
involves setting the transmitter nucleus parameter to proton and the decoupler nucleus to
the appropriate X-nucleus; the rf is generated correctly.

The remaining systems, including virtually all 200-, 300-, and 400-MHz systems, are
“single-broadband” systems, in which the “observe” channel is broadband but the
“decoupler” channel can generate only 1H frequencies. These systems, therefore, must
operate in a“reverse” configuration, in which the observe channel (controlled by the
transmitter nucleus parameter) generates the X-nucleus decoupling frequency, while the
decoupler channel (controlled by the decoupler nucleus frequency) generates the 14
frequency. Insofar asgenerating the transmitter frequencies, this processis straightforward,
but to allow the decoupler channel to be used as the reference frequency for detection (that
is, to be the observe channel), the L.O. frequency must first be generated from the
“decoupler” board and then properly connected to the receiver section of the spectrometer.
Single-broadband systems may involve changing the cabling, which is discussed later in
this manual.
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Amplifiers

Amplifiers represent the second aspect of rf relevant to indirect detection. There are two
configurations: systems with linear amplifiers and systems with class C amplifiers. All
UNITYINOVA, MERCURY-VX, MERCURY, UNITYplus, UNITY, broadband GEMINI 2000,

V XR-500, and late-model VXR-S systems have linear amplifiers. Such amplifiers have
computer-controlled output and can sustain power levels appropriate for X-nucleus
decoupling indefinitely (MERCURY-VX, MERCURY, and GEMINI 2000 broadband systems
cannot do presaturation but can do X-nucleus decoupling).

Systemswithout linear amplifiers have class C amplifierswith power output that cannot be
switched rapidly under computer control. Class C amplifiers preclude experiments (such as
presaturation) that require power level switching during the sequence. Furthermore, on
systemswith class C amplifiers, the X-nucleus amplifier cannot be left on for long periods
of time at the power levels appropriate for X-nucleus decoupling. If X-nucleus decoupling
during acquisition is not desired, these systems pose no problem. If X-nucleus decoupling
is desired, however, alimiting acquisition time of 50 to 100 msis required unless some
hardware is modified.

GARP modulation isavailable on YWTINOVA and UNITYplus systems and should be used
for X decoupling.

When WALTZ decoupling is used, the maximum power level for decoupling isthe level
that provides an rf field strength (in Hz) comparable to half the range of expected X shifts.
The normal spread of protonated carbonsis 150 ppm, which is 15 kHz on a 400-MHz
system, and, consequently, a 13C 90° pulse of 25 ps (corresponding to an rf field strength
of 8 kHz) is adequate. The somewhat long proton pulses on broadband and switchable
probes does not seem to present a problem because indirect detection experiments demand
no more proton pulse power than DEPT or HETCOR.

Filters

Filtersarethethird aspect of rf that isrelevant toindirect detection experiments. Filtersmay
be needed on the transmitter, receiver, decoupler, and lock channels. Filters are part of the
probe kit shipped with each indirect detection probe that Varian sells.

RF Signal Routing

Therouting of rf signalsisthe fourth and final relevant aspect of rf. Here the major
difference between systems arises from the “switchable relays’ in the magnet leg. The
relays are designed to allow the user to switch between 1H observation and X-nucleus
observation when using anormal switchable probe. Most systems are equipped with these
relays, but some are not, and cable routing differs between these two configurations. An
additional difference arises on systems with linear amplifiers (mostly YNTYINOVA,
UNITYplus, and UNITY systems) that also have arelay intended for switching the L.O.
between two sources (the “ observe” and “ decouple” dots). The control signal for thisrelay
iswired on al UNTYINOVA, UNITYplus, and UNITY systems, while the rf cabling to the
relay isinstalled on most, if not al, systems that have afactory-installed L.O. SELECT
switch.

All UNTYINOVA and UNITYplus spectrometers and all single-broadband UNITY
spectrometers produced after October 1990 have a configuration that allows full computer-
controlled switching between direct and indirect detection. These systems have arelay in
the magnet leg that accomplishes the relevant rf signal routing and computer-controlled
L.O. selection, instead of the L.O. SELECT switch described above. These systems are
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easily identified because most of the connectorsin the magnet leg, including those attached
to therelay, are N-type connectors.

MERCURY-VX, MERCURY, and GEMINI 2000 broadband systems have relays to enable full
computer-controlled switching between direct and indirect detection. The GEMINI 2000
1H/13C system does not do indirect detection.

Thereisa*“catch” with this configuration—the filters used for indirect detection tend to
degrade specifications approximately 10% in terms of longer pulse widths and lower
signal/noise. The user thus faces a classic trade-off of performance (manually insert filters
only when needed but achieve better specs) versus convenience (leave filtersin place
continuously and achieve worse specs). The convenience factor, of course, is nonexistent
if the instrument does anything other than 13C and 1H, because one cannot |eave the 13C
bandpass filter in place on the X line while doing 31P, 15N, or anything else. All standard
specifications are given with the indirect detection filters not in place.

Pulse Sequences

There are three different data systems that users of UN'T'INOVA, MERCURY-VX, MERCURY,
UNITYplus, UNITY, GEMINI 2000, Gemini, VXR, and XL spectrometers can have on
their spectrometer systems—the Sun-based data system used with the UNTYINOVA,
MERCURY-VX, MERCURY, UNITYplus, UNITY, GEMINI 2000, and VX R-S (the Sun-based
VXR, originally named the VX R-5000 data system), the data system used with VV X R-4000
and Gemini spectrometers, and the V77-200-based data system used with XL
spectrometers. This chapter covers only the Sun-based data system.

Combining the Sun-based data system with the two different rf generation types discussed
previously (single- and dual-broadband) gives two fundamentally different system
configurations and hence two sets of pul se sequences:

» For Sun-based dual-broadband systems, the standard system pul se sequence library
contains the macros hngc and hnycr for setting up parameters for the HMQC and
HMQCR pul se sequences, respectively. An option in hngc selects another pulse
sequence of interest, HMBC (Heteronuclear Multiple-Bond Coherence, thelong-range
sequence). Another version of HMQC, which uses decoupler 2 for the X nucleus, is
also available. A compiled version of each of these sequencesisin the library and
ready to use; documentation on using these sequencesis contained in the pulse
sequence listings produced by running the macros.

» The HMQC pulse sequence can be used on single-broadband YNTYINOVA,
MERCURY-VX, MERCURY, GEMINI 2000, and UNITYplus. Beginning with VNMR
version 5.1 (5.2F for GEMINI 2000), channels 1 and 2 are automatically swapped, if
tn="H1" anddn="X with channel 2 used for observe. On UNITY and VXR-S
single-broadband systems, only HMQCR can be used.

¢ On the YNTYINOVA, MERCURY-VX, MERCURY, GEMINI 2000, and UNITYplus, the
sequence S2PUL pulses the decoupler channel in the “reverse” configuration if
tn="Hl' anddn=" X', for testing and calibration purposes. Onthe UNITY and
VXR-S, the pulse sequence S2PULR and its corresponding macro s2pul r are
provided for this purpose.

HMQC Pulse Sequence

Thehmgc<(i sot ope) > macro sets up parametersfor aHMQC (heteronuclear multiple-
guantum coherence) pulse sequence. The optional i sot ope argument is the isotope
number of the heteronucleus of interest, for example, hmge (1) for H (thedefaultis 1?’C).
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Figure 38 isadiagram of this sequence. Thefirst 2* pwx pulse onthe X heteronucleusisa
composite 180 consisting of 90(v9) — 180(v1) —90(v9).

pw 2*pw pw pw 2*pw
(v1) (v1) (v2) (v1) ‘ (v4) (oph)

d1 D D null D | d2/2 d2/2; D

2*|5wx p\;vx pr
(vO,v1,v9) (v3) (v5)

I
S L=

Figure 38. HMQC Pulse Sequence with nul | <>0 and mbond=" n'

Parameters

pwisa90° pulse on the observed nucleus (protons) at power equal tot pwr .
pwx isa90° pulse on the heteronucleus at power equal to pwx| vl .

dpwr isthe decoupler power level for broadband X-decouphng.

dnf setsthe modulation frequency (4*yB,) at decoupler power (dpwr ).

drmmis decoupler modulation mode. For YNTYINOVA, MERCURY-VX, MERCURY, and
UNITYplus, dm¥' ccg' isrecommended; otherwise, setdnmto' ccw or' ccp' .

dm=' nny' activates heteronuclear broadband decoupling (recommended) during
acquisition. Note that dmcan be set to either* nnn' or' nny' , and that the duty cyclefor
the decoupler should be less than 20%.

j isthe average scalar coupling constant between the protons and the heteronucleus
(usually one-bond constants). j is 140 for 13C or 90 for 1°N. Thetime A, shown in Figure
38, iscalculated as 1/ 2j .

nul | isaWEFT-like delay used to improve the suppression of the protons connected to
2c (and not to 13C) that have been inverted by the preceding BIRD pulse. Try anul |
value of 0.3 for 3C, 1.0 for 1N, and 0 for macromolecules. To optimize, set ss=—8 and
array nul | withnt =1 and phase=1. Thisselectsthevalueof nul | that best minimizes
the sample’ssignals (typically 0.2t0 0.7 seconds). If nul | issetto 0, theBIRD element is
omitted from the pulse sequence.

at isthe acquisition time (t, period).
ni isthe number of t; increments (set up with default values for either Bcor 15N).

ss isthe number of complete executions of the pulse sequence not accompanied by data
collection prior to the acquisition of thereal data: if ss ispositive, ss steady-state pulses
are applied on thefirst increment only; if ss is negative, —ss transients are applied at the
start of each increment.

nt isamultiple of 4 (minimum) or multiple of 8 (recommended).

phase=1, 2 (2D hypercomplex datawith hypercomplex-TPPI method) or phase=3 2D
TPPI data). phase=1, 2 is suggested. For phase=3, remember that hngc setsswl to
twice the desired value for heteronuclear experiments.
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satfl g="yn' givespresaturation during sat dl y,andsat f1 g=' yy' gives
presaturation during sat dl y and nul | (not on MERCURY-VX, MERCURY, and
GEMINI 2000).

sat f r g=x isthe presaturation frequency (using the transmitter), sat dl y isthelength of
saturation time during the relaxation period (immediately after d1), sat pw isthe power
level for presaturation using the transmitter (not on MERCURY-VX, MERCURY, and
GEMINI 2000).

hs='yn"' givesahomospoail pulse at beginning of d1 (length=hst ). hs='yy' givesa
homospail pulse at beginning of both d1 and nul | . For GEMINI 2000, homospoil is not
supported and hs must be' nn' .

t aunb isafixed delay associated with the multiple-bond HMQC experiment
(t aunmb=0. 055 isrecommended).

nmbond="'n" isanorma HMQC experiment. nbond="y" isamultiple-bond HMQC
experiment (HMBC).

TorunHMBC (mbond="y" ): (1) set nul | =0, otherwise, only protonsthat are both long-
range and short-range (one-bond) coupled to a given heteronucleus (13C, for example) will
not be suppressed, (2) setdm=' nnn' , (3) sett aunb, and (4) run the single-bond (HMQC)
and multiple-bond (HMBC) experimentswith phase=1, 2 or phase=3.

Phase Cycling
The phase cycling is the following:

v1,v2,v3,v4,v5,v9 are phasesfor pulses. oph isthe phase for receiver.

vi = X X y Yy
V2 = -X -X -y -y
v3 = X -X Yy -y
vd = X X Yy Y Yy Yy -X-X
vb = X X y y X X Yy Yy
v9 = y y -X -X
oph = X -x y -y

These phases are for phase=1. For phase=2, add 90° to v3. For phase=3, add
90* (i x - 1)° tov3, wherei x istheincrement counter.

Technique

The usual setup isto placea H bandpass filter between the observe port on the probe and
the 1H/1%F preamplifier, and to place a 250-MHz lowpass L C filter and either a 3¢
bandpass or al>N bandpass filter in the decoupler line just before the probe connection.

The experiment should be performed non-spinning and with VT regulation.

HMQCR Pulse Sequence

Thehngcr macro sets up aHMQCR (heteronuclear multiple-quantum coherence in
reverse configuration) pulse sequence. This sequence is normally used in systems with a
H only decoupler, without automatic channel reversing. For best results, perform the
HMQCR experiment non-spinning. Figure 39 is a diagram of the sequence.
Parameters

j isthe X-H spin coupling constant.

VNMR 6.1C User Guide: Liquids NMR 01-999161-00 C1002



5.2 The Basic HMQC Experiment

2*pwx
pwx pwx PwWX pwx

dl roft D |_H_|_|_‘ D null D D
S —

d2/2+rofl d2/2

2*pw pw pw 2*pw

CTLTLNT

Al B I c

Figure 39. HMQCR Pulse Sequence

nul | isnulling time for protons not attached to X (if 0, nulling section of sequenceis
omitted).

dn and dof set 1H (observe) frequency.

pwisa90° pulsefor protons.

tnandt of set X nucleus frequency.

pwx isa90° pulsefor X nucleus at power level pwx| vi .

dne' nny' gives software WALTZ-4 decoupling of X during acquisition; dm=' nnn'
gives coupled spectrum.

pwxwisa90° pulse for X nucleus decoupling at power level dpwr.
nt =8 for best results; multiple of 2 is minimum.

ss isthe number of steady-state transients. If ssless than 0, then —ss transients are
performed before each increment (recommended for calibration/setup experiments, not for
2D).

phase=1, 2 for hypercomplex; phase=3 for TPPI.

5.2 The Basic HMQC Experiment

The essence of the HM QC experiment isthe cancell ation or elimination of the signalsfrom
protons attached to 12C, leaving only signals from protons attached to 13C, contributing to
a13C-1H chemical shift correlation spectrum. There are three basic, independent
mechanisms to generate this discrimination: the spin-echo difference experiment, BIRD
(Bilinear Rotation Decoupling) nulling, and presaturation.

Spin-Echo Difference Experiment

The heart of the HMQC sequence can be reduced to a heteronuclear spin-echo difference
experiment that looks like Figure 40.
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90% 180s oph = x,—x

1, D

90%,-x 900

D =1/(2JxH) H “
X

Figure 40. Heteronuclear Spin-Echo Difference Experiment

In Figure 41, a, b, and c represent the protons attached to carbons, where a are the protons
attached to up—13C, b are protons attached to ¢, andcare protons attached to down-13C.
Assume that we are at the resonance frequency of the protons attached to the 12Cs. Inthe
rotating form, the following steps (shown in Figure 41) occur:

» C
v A=1/(2) 180° (*H)
j bc NG b >
ke a
1

A =1(2)) gb c

90°,90°_,(*3C)

¥ |c ka
b 4a ba
r|a .
-
90°,90°, (13C)
3 o b A =1/(2) “ac

a2t

4b Sb

Figure4l. HMQC Pulse Sequence, Showing Movement of Attached Protons

1. Thefirst proton 90° pulse places all protons along they axis.

2. After atimeA = 1/(2J), theb protons are still along they axis, but the a protons are
along the —x axis and the ¢ protons are along the +x axis.
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3. Next, the 180°y proton pulse places the b protons along the —y axis but does not
affect the a and ¢ protons.

4. The next pulse has the following effect:

a  The90°y90°_y carbon pulseis effectively anull pulse. All rotational
directions are maintai ned.

b. The90°490°y (= 180°) carbon pulse reverses the 13C, which makesthe a
protons attach to the down-13C and the ¢ protons attach to the up-1°C,
essentially reversing their rotational direction.

5. After another period A = 1/(2J), the following occurs:

a. Thea, b, and c protons are refocused along the —y axis.
b. Theb protonsare till along the—y axis, and the a and ¢ protons are refocused
along the +y axis.

Subtracting the signal resulting from step 5b and 5a, by changing the receiver phase oph,
results in cancellation of the b protons, while the signal for the a and ¢ protons doubles.

To create a 2D experiment with information about heteronuclear chemical shifts, we
introduce an evolution timet; that occurs between the two X-nucleus 90° pulses, as shown
in Figure 42.

900 180 oph = x,—x

90 -x 90

» o

Figure42. Evolution Time Added Between X-Nucleus Pulses

In this 2D experiment, which is now a full HMQC experiment, protons attached to 12C
show no different behavior and are still cancelled after two scans. For the 13C nuclei,
however, whether they experience a 180° pulse, a 0° pulse, or something in between,
depends on the time between the two 90° pul sesand their rate of precession during that time
(i.e., their chemical shift). Therefore, this experiment produces a modulation of the
intensity of the 13C-bound protons, and the Fourier transform of that modulation yieldsthe
chemical shift of the 13C bound to that proton.

Inthisway we detect 13C chemical shiftswith theintensity of protons, and simultaneously
we obtain a correlation of the 13C and 1H chemical shifts. Appropriate variations of the
experiment produce long-range coupling information.

BIRD Nulling

The second (optional) type of cancellation that can occur during an HMQC sequence isthe
so-called BIRD (Bilinear Rotation Decoupling) pulse nulling effect (Summers, Marzilli,

and Bax, JACS, 1986, 108, 4285 ). A particular sequence of the BIRD pulse, three pulses
on the 1H channel and one on the X channel, inverts the z-magnetization of protons bound
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to 12C and leaves the z-magnetization of protons bound to 13C unaffected. The full
sequenceisillustrated in Figure 43, where A=1/2Jx 4.

_9009 180 9099_ 900<)>( 180x X oph = x,—x
t
&y D D t p ¥ 2 D
18000y 900cx,-x 900k
X H H
BIRD Pulse

Figure43. HMQC with BIRD Pulse Nulling Effects

After the BIRD pulse, avariable waiting period (t in Figure 43) isinserted, allowing the
12¢-bound protonsto relax back to equilibrium. If t is adjusted so that the 12C-bound
protons are approximately at a null, then when the remainder of the pulse sequence (the
normal HMQC sequence) is executed, cancellation of the 12C-bound protons is enhanced
(since those protons had very little magnetization at the start of the HMQC sequence).
Obviously, not all protons will have the same relaxation time, so the choice of T must be a
compromise; generally, unlessonly one proton isinvolved, the additional suppression from
the BIRD nulling will be afactor of two to five.

For systems that exhibit a negative NOE, such as macromolecules, cross-relaxation
between the inverted protons on 12C and the noninverted protons on 13C will decrease the
intensity of the desired proton signal. The extent of this decrease can vary between 0% and
100%. For this reason, omission of the BIRD part of the sequence is advised for
macromol ecul es.

BIRD pulse nulling is aso not possible when long-range indirect detection experiments
(Heteronuclear Multiple-Bond Coherence, or HMBC) are performed. In this case, protons
that have long-range couplings to 13C are directly bonded to 12C (99% of them, anyway)
so that BIRD pulse nulling would lose al intensity in the protons of interest.

Transmitter Presaturation for High-Dynamic Range Signals

When high-dynamic range situations, such as observing signalsin H,O, are involved,
HMQC phase cycling and/or BIRD pulse nulling may be insufficient to produce
cancellation of the large proton signals. For this reason a third mechanism, presaturation,
may be necessary. Since one channel of the instrument is set to an X-nucleus like 13C or
15N, this presaturation must be accomplished with the other channel; that is, the same
channel that will be applying observe pulses to the protons. During one or two different
periods of the sequence (during the initial delay and during the t delay), achange in power
level and possibly frequency may be appropriate in order to perform the presaturation.

In the pulse sequences discussed in this chapter, presaturation is only supported on
UNITYINOVA and UNITYplus systems running VNMR 5.1 or later, and on dual-broadband
UNITY and VXR-S systems (presaturation is not supported on fixed-frequency decoupler
UNITY, VXR-S, MERCURY-VX, MERCURY, or GEMINI 2000 systems). With appropriate
pul se sequence modification, single-broadband systems with linear amplifiers could
perform these experiments.
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5.3 Phase-Sensitive Aspects of the Sequence

The parameter phase, asin other phase-sensitive 2D experiments, controls the f; phase
detection. For 1D setup experimentsor a2D experiment without quadrature detectioninf,
use phase=1. For anormal 2D experiment using the States-Haberkorn-Ruben
(hypercomplex) method, usephase=1, 2. To acquiredatawith TPPI, usephase=3, and
make sure swl is twice the expected range.

The original HMQC experiments, including the experiments found in earlier software
distributions from Varian (VNMR versions 2.2, 2.3, 3.1, and 3.2), were quite subject to
axid artifacts (at f1=0) when performed using the hypercomplex method. TPPI is
preferable because the axial artifactsare shifted to the edge of the spectral region of interest
(instead of falling in the center of the region of interest).

A newer technique was invented (Marion, D.; Ikura, M.; Tschudin,R.; Bax, A. J. Magn.
Reson. 1989, 85, 393) involving only achange of phase cycling that shiftsthe axial artifacts
in a hypercomplex experiment to the edge of the spectrum, giving the hypercomplex
version the benefit of TPPI with none of the disadvantages. We have termed thistechnique,
which isapplicableto al 2D experiments, the name FAD, for “F1 Axial Displacement.” It
isalso referred to as “ States- TPPI.” The hngc and hrger macrosin VNMR version 4.1
and later include FAD. Onceimplemented, use of the technique istotally transparent—just
perform a standard hypercomplex experiment with phase=1, 2.

5.4 Cancellation Efficiency

Because indirect detection experiments involve cancellation of non-13C-bound protons
that are two orders of magnitude more intense (assuming unlabeled compounds),
cancellation efficiency is critical. Cancellation efficiency, in turn, depends on the
fundamental stability of the system rf and the reproducibility of anything el sethat can affect
the signal. While stability is fixed by the instrumentation, you can control a number of
operating conditions that can influence the quality of any cancellation experiment (NOE
difference experiments are another good example). Some of these conditions are discussed
here, roughly in order of importance:

* Run experiments non-spinning. Thisis amust.

» Usethe highest lock power at which the lock is stable (be sure to shim with a non-
saturating level, however) and keep the lock gain as low as possible, sufficient only to
be sure that you don’t lose lock during the experiment.

« UseaH band-pass filter in the lock line. Interference between X -nucleus decoupling
or even X-nucleus pulses can affect the lock and cause field instabilities, limiting the
ability to perform cancellation experiments (if you don’t have such afilter and want to
prove thisto yourself, try a short-term experiment in the unlocked mode).

» Use VT regulation, even at room temperature. Large changes in temperature of the
environment can affect the VT gas stream. The frequency of peaksin the spectrum and
of thelock resonance (which affectsall peaks) istemperature-sensitive to some degree.
Shimming may also change if the probe temperature varies, which can affect the
lineshape.

» Besurethe systemisin thermal equilibrium. If you are performing experiments with
X-nucleus decoupling, you are applying large amounts of power to the system, which
isamost certain to change the temperature of the probe, the sample, or both, even
when you are performing VT regulation. The best way to ensure thermal equilibrium
isto set up a“dummy” experiment with identical conditions (in terms of duty cycle)
to your actual experiment, but which runs for perhaps several minutes (easily
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accomplished by setting ni to asmall number). Now, if you queue your real experiment
to follow the dummy one, the sample and probe are properly equilibrated.

» Besurethe systemisin an NMR steady-state by using steady-state pul ses.

» Usealarge value of nt . Cancellation improves with larger nt , so the relevant
cancellation isthat which occurs at nt comparable to what you will be using in an
indirect detection experiment (16 to 1024). Do not expect perfect results with nt =2.

» Minimize floor vibration. Where this cannot be fixed by spectrometer placement, an
antivibration system should be installed.

» Useamoderate flow of body air through the probe to eliminate “rattling” from
turbulent flow.

» Uselengthened pulses (attenuated rf) if you have arise time or phase glitch problem.

Before beginning an HMQC experiment, you should assess the quality of your
reproducibility by performing some simple difference experiments. The standard S2PUL
pulse sequence is a good one to use for this purpose. The first pulse of S2PUL, controlled
by p1,isheld at aconstant phase, while the receiver variesin phase. Thus, after four scans
with p1 set to the 90° value, pw=0, no signal should be seen. This can be compared to four
scanswith pw set to the 90° value, p1=0, which produces afull signal. Taking the ratio of
these two spectra gives a concrete measurement of your cancellation efficiency, while
repeating the null spectrum anumber of times gives ameasure of the reproducibility of the
cancellation. Use this test to assess the value of the various steps and modifications
described above, or of other differences (for example, the relative cancellation efficiency
of experiments with and without X-nucleus decoupling).

Because rf stability is an issue and rf generation on single-broadband systems differs
between observe and decoupler channels, on systems prior to the UNITYplus you should
repeat the same experiment using S2PUL R to pul se the decoupler channel (on
MERCURY-VX, MERCURY, and GEMINI 2000 running VNMR 5.2F or later, and on
UNITYINOVA and UNITYplus running VNMR 5.1 or later, use S2PUL witht n=" H1' and
dn=Xinstead of botht n anddn setto' H1' ). Whilethe overall cancellation ratio depends
on all factors (vibration, lock channel, etc.), theratio of the cancellation achieved givesyou
ameasure of the relative performance of your decoupler channel in comparison to the
observe channel.

5.5 Pros and Cons of Decoupling

180

It may seem that decoupling of X during acquisition is always better. The advantages are
clear—the spectrumisless crowded, with only half asmany peaks, and each peak hastwice
the sensitivity. Thisis, however, asimplistic view.

The disadvantage of X-nucleus decoupling stems from the need to use large (up to 8 kHz)
decoupling fields. This high power can cause significant heating, particularly in lossy
samples. Asaconsequence of sample heating, experiments with X-nucleus decoupling are
generaly limited to relatively short acquisition times, which in turn may produce less
resolution in fo as well as less sensitivity for molecules with long T2 Furthermore, the
heating that does occur frequently produces worse cancellation efficiency. And finally, to
prevent the buildup of heat in the sample, the duty cycle of the experiment may need to be
limited to 10 to 20%, again possibly reducing sensitivity. For all these reasons, experiments
performed without X-nucleus decoupling are perfectly reasonable, and may well be
preferable.

If X-nucleus decoupling is desired, it isimportant to avoid sample heating. This form of
sample heating can be non-uniform within the sample and can cause microconvection,
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producing poor cancellation. Keep the acquisition time short and the overall duty cycleless
than 20%. To lower the decoupler power to tolerable levels, it may be necessary to add a
fixed 6-dB attenuator to the X-nucleus channel on systemsin which that power isnot under
computer control; this can have the unavoidable consequence of lengthening the pulse
widths of the X-nucleus pulses.

Dual-broadband and GEMINI 2000 broadband systems have no problem performing
modul ated decoupling, because the decoupling is being performed by the normal
spectrometer decoupling channel. On single-channel broadband UNITY and VXR-S
systems, however, the decoupling is being performed by the normal observe channel, and
the standard modulation (WALTZ, for example) is not present.

In the sequences described here, broadband decoupling is achieved by using the acquisition
computer to provide WALTZ-4 modulation of the X-nucleus channel through explicit
software control. This requires hardware looping capability and explicit acquisition, which
UNITY and VXR'-S systems support. It also imposes some limitation on spectral widths
and pulse widths, since the WALTZ-4 sequence (whose length is 6* pw90) must fit in
between successive data point samplings (which occur at timeintervals of 1/ sw)).

GARP modulation is available on Y TYINOVA, MERCURY-VX, MERCURY, and UNITYplus
systems and should be used for X decoupling.

5.6 Specifications Testing

Before performing any calibrations or specifications testing, connect the cables to the
system asif it were a standard broadband probe, and tune both 1H and X-nucleus channels
of the probe just as you would a broadband probe, using tuning procedures described in the
indirect detection probe section of the probe installation manual. Now using the standard
samples and standard tests (see the acceptance tests procedures manual for the system),
measure the pulse width, lineshape, linewidth, spinning sidebands, and 1H signal/noise.

Note: All specificationson Varianindirect detection probesare guaranteed inthe* normal”
(i.e., direct observation) configuration. Changes in cabling, filters, and signa
routing for indirect detection experiments may affect performance.

Before proceeding for the first time to indirect detection experiments on single-channel
broadband systems, one basic test isimportant: verify that thelocal oscillator (L.O.) signal
from the decoupl er board isboth enabled and of sufficient amplitude and quality to produce
an acceptable NMR signal. The steps below show how to do so:

1. Measurethe S/N of the system using any sample (the standard S/N test sampleis
useful but certainly not required).

2. Uses2?pul witht n=" H1' anddn=X(Xcanbe' C13' ) toswitchtothe“reverse’
mode, changing the cabling if necessary (described later in this chapter) for
UNTYINOVA and UNITYplus running VNMR 5.1 or later, and on MERCURY-VX,
MERCURY, and GEMINI 2000 running VNMR 5.2F or later. Use S2PULR on single
broadband UNITY and VXR-S.

3. Recalibrate the 90° pulse width, and check the setting of the gai n parameter to
ensure that you arefilling the ADC with the signal (using ddf f (1) to digitally
examine the FID).

4. Measurethe S/N again in the reverse configuration. The measured value should be
approximately the same as in the normal mode. Values in the range of +15% from
the“normal” value seemtypical. If the S/N drops more than 15%, the L.O. signal on
the decoupler board probably needs to be adjusted.
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5.7 Using the HMQC and HMQCR Sequences

Figure 44 shows again a diagram of the basic HMQC sequence. The parameters that

correspond to this diagram depend on which sequenceis used—HMQC or HMQCR. Table

32 lists the associated parameters.

900, 18000y 9002y 9005, 18000y oph=x,—x
L, D D H t H D Y2 Y2 D
18000y 900‘5(,-x 900&
X
Figure 44. Basic HMQC Pulse Sequence
Table 32. Parameters for HMQC and HMQCR Pulse Sequences
Parameter HMQC HMQCR
IH 90° pulse pw pw
14 180° pulse derived from pw derived from pw
H amplifier power (if appropriate) t pwr dpwr
IH frequency tn, tof dn, dof
1H spectral width sw sw
X 90° pulse pwx pwWx
X 90° pulse for WALTZ decoupling 1/ (4¥dnf) pWXwW
X 180° pulse derived from pwx derived from pwx
X amplifier power for pulses (if appropriate) pwx| vl pwx| vl
X amp power for decoupling (if appropriate) dpwr t pwr
X frequency dn, dof tn, tof
X spectral width swl swl
A delay 1/(2j) [if j=0, D=0] 1/(2j)
t delay for BIRD nulling (if nul | =0, entire nul | nul |
BIRD sequence is skipped)
Coupled experiment dm=' nnn' dme' nnn'
X decoupling during acquisition drme' nny' dne' nny'
Setup experiments phase=1 phase=1
Hypercomplex experiment phase=1, 2 phase=1, 2
TPPI phase=3 phase=3
Minimum nt possible 2 2
Presaturation and/or multiple-bond correlation  see text not applicable
Axis parameter for proper ppm on both axes pd dp

182

VNMR 6.1C User Guide: Liquids NMR

01-999161-00 C1002



5.8 Recabling Single-Broadband Systems

5.8 Recabling Single-Broadband Systems

On systems with computer-controlled switching between normal and reverse modes
(described above), the spectrometer switches automatically to reverse mode when you use
either HMQCR or S2PULR sequences. If you have such a system, ignore any further
recabling instructions in this chapter.

MERCURY-VX, MERCURY, and GEMINI 2000 have automatic switching. If you have a
MERCURY-VX, MERCURY, and GEMINI 2000 broadband system, skip to “Filtersfor Indirect
Detection,” page 184.

To manually switch single-broadband systems to areverse configuration, perform the
following steps:

1. ToggletheL.O.SELECT switch that enablesthelocal oscillator (L.O.) gate on the
decoupler channel of the instrument. This switch isinstalled as follows:

 Aspart of the Indirect Detection Modification Kit 00-990841-00 (see Magnetic
Moments Vol. IV, No. 2, p. 16)

* By service personnel using Varian Service Bulletin MP880002
e Customer-installed using Magnetic Moments Val. 111, No. 4, p. 7
* Factory-installed

2. Unplug the L.O. cable from the transmitter board (J2X5 on UNTINOVA or
UNITYplus, J3402 on other systems) and plug it instead into the L.O. connector of
the decoupler board (J2X5 on YNTYINOVA or UNITYplus, J3302 otherwise).

3. Reconnecting the cables carrying the transmitter and decoupler signals depends on
the system configuration. You may need to try more than one variation to find the
correct method for your system; this can be done by either using the HMQCR pulse
sequence itself or by using an oscilloscope:

 Spectrometers shipped after October, 1990, with “N-type” connectors, should
reguire no recabling.

 The following method should work on earlier UNITY spectrometers:
Disconnect the decoupler cable from the Bird wattmeter inside the magnet leg,
and connect it directly to the X-decouple input to the probe (viathe appropriate
filter).

 Thefollowing method has been found applicable on some systems: Reversethe
observe and decoupler inputs to the probe; that is, take the cables (and
associated filters) normally connected to the 1H/OBS/DEC BNC jack and the
NORMAL jack on theinside of the magnet leg and reverse them.

5.9 Recabling Dual-Broadband Systems

Because dual-broadband systems are operated in the “normal” mode, thereislittle
recabling necessary (with the exception of filter placement; seethe next section). Both lock
and 1H observe signals follow their normal pathway.

The X channel, however, does have to be recabled. Under conventional (direct observation
of the X-nucleus) circumstances, the X channel of the probe will be connected to the
NORMAL jack on theinside of the magnet leg; for indirect detection, the X channel of the
probe must be connected to the (now mislabeled) 1H/OBS/DEC jack. (The above
information applies to 500-MHz and 600-MHz system only; dual-broadband systems at
other frequencies require different cabling).
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5.10 Filters for Indirect Detection

A number of filters are necessary for optimum performance of indirect detection
experiments, regardless of whether asingle- or dual-broadband system is used.

In the lock channel line, install a2H band-pass filter. When the filter is added, expect the
lock phaseto change. Thisfilter can beleftinthesystem at all times; it will, however, cause
asmall (about 3 dB) lossin lock sensitivity.

Route the cabl e attached to the probe connector marked {x} decouple through an X-nucleus
band-pass filter. Route the cable attached to the 1H OBSERVE spigot through a 1H high-
pass filter; route it through a2H band reject filter aswell (not supplied) if 2 kHz lock birds
are seen (5 kHz on MERCURY-VX, MERCURY, and GEMINI 2000).

Table 33 lists part numbers for the filters supplied with YWNTYINOVA, MERCURY-VX,
MERCURY, UNITYplus, GEMINI 2000, and UNITY indirect detection probes. If you are
performing indirect detection experiments on other probes (Varian broadband or switchable
probes, or probes purchased from other vendors), you may need to purchase these filters
separately.

Table 33. System Bandpass Filters for Indirect Detection Probes.

Filter =~ 300-MHz System 400-MHz System 500-MHz System 600-MHz System  750-MHz System

15N BE30.4-7.6-9BB BEA40-10-9BB BE53-15-8BB BE61-10-8BB BE77-15-4BB

2H BE46-4.5-6BB BE61-10-8BB BE77-3.8-8BB  BE92-9-6BB BE115-11-6BB
13c BE75-15-8BB BE109-22-8BB  BE135-35-8BB BE151-40-8BB = BE188-20-7BB
3lp BE135-35-8BB  BE151-40-8BB  BE175-60-8BB  BE240-100-8BB BES301-46-8BB

5.11 Tuning the Probe in the Reverse Mode

The probe can easily be tuned once the recabling described above is performed. On
MERCURY-VX, MERCURY, and GEMINI 2000, use a separate experiment with the standard
parameters to tune the probe (see the NMR Probes Installation manual for further
information).

Tune the H Channel

1. Make sure the spectrometer is transmitting the proton frequency by entering
tn='"H1' su.

2. Connect the cable that comes from the 1H channel of the probe to the TUNE
connector on the preamplifier or magnet leg.

3. Tuneasdescribed in the probeinstallation manual . After tuning, put the cables back
the way they were.

Tune the X Channel
1. Enter the nuclei for the X channel (e.g., to use 13C, enter t n=" 13C su).

2. Connect the cable that comes from the X channel of the probe to the TUNE
connector on the preamplifier or magnet leg.
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3. Reconnect the cables containing the transmitter and decoupler signals as described
in step 3 on page 183.

4. Tuneasdescribed in probeinstallation manual. After tuning, put the cables back the
way they were.

5.12 Controlling Transmitter Power in the Reverse Mode

5.13

On a Sun-based system, you will generally find that the parameter dpwr islimited to a
value of 49 to prevent excessive decoupling power. When dpwr is used to control the 1H
transmitter power, asit isin the S2PULR and HMQCR sequences, thiswill be insufficient
power. To remove this limitation, you can use the conf i g program to reset the Upper
Limit of the coarse attenuator for the decoupler.

Indirect Detection Calibration

On both single- and dual-broadband systems, calibrations are not the same after cabled for
indirect detection asin “normal” mode, and so it is necessary to calibrate the system after
recabling. The first system calibration should be done with the standard sample (Part No.
00-968120-96), which contains 1% 13CH3! (aswell asanumber of other species). This
sample also enables running a quick HMQC spectrum to verify overall operation of the
system.

Note: Throughout the following instructions, refer to Table 32 to see which parameters
control the features in your configuration.

1. Thefirsttimeyou perform thisexperiment, cablethe system for normal 13C observe,
and obtain anormal 13C spectrum in the usual way. The 13C signal from 13CH3l is
extremely far upfield (22.3 ppm), so depending on your standard parameters you
will probably need to either increase your spectral width or move your transmitter
offset upfield (to small or more negative numbers) to prevent foldover of the signal.
A typical result isillustrated in Figure 45 in which the peak at 22 ppm isthe 13CHg|
signal. Note that the decoupler should be on. Increase scans for low field systems
(for example, 16 for 300 MHz).

Onceyou haveidentified the signal 22 ppm (it should be easily visiblewith asingle
pulse—thisisa50% enriched samplel), position the cursor near the line and typenl
nmovet of . The software will change the transmitter offset t of sothat itison-
resonance for this 13C resonance. Make arecord of thisvalue of t of for future use.
Now, if needed, re-cable the system to the indirect detection configuration.

2. Obtain anormal 1H spectrum. On the YNTYINOVA, MERCURY-VX, MERCURY,
GEMINI 2000, UNITYplus, and dual-broadband UNITY and VXR-S systems, use
S2PUL witht pwr set to the desired value (it will also be activein HMQC), t n set
to' H1' , and dn to the appropriate X nucleus. On single-broadband UNITY and
V XR-S systems, use S2PUL R to pul se the decoupl er, positioning the spectrum with
dn and dof the sameasin theindirect detection experiment (and also set t n to the
proper X-nucleus at thistime). S2PUL R pulses the decoupler at a power level
controlled by the parameter dpwr .

If you observe a proton spectrum, you have confirmed that you have properly re-
cabled the 1H channel. Using the novesw command, narrow the spectral width to
the region containing the full proton spectrum, as seen below (note that if you are
operating in the reverse mode with S2PUL R, the commands noveswand
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Figure 45. Normal 13C Spectrum of 13CHj

novet of arenot appropriate, sincethey change the value of t of rather than dof .
Either recal cul ate the proper values “by hand,” or use a series of commands like
r 1=t of t of =dof noveswdof =t of t of =r 1).

The large three-line pattern (approximately 1:1:1) in the spectrum, illustrated in
Figure 46, (centered at 2.2 ppm) represents unenriched CH3l (the central line) and

Figure46. Normal *H Spectrum of 3CHgl

the enriched 13CH3l (the outer two lines). The peaks centered at 1.5 ppm in the
spectrum are a 13C enriched impurity peaks, and the peaks near 3.7 ppm are
trimethyl phosphite, which is also present in the sample (for 3P indirect detection
experiments). Now calibrate the proton pulse width pwin the usual way.

3. Enter hnge or hngcr (as appropriate) to set up the HMQC experiment.
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Before you proceed any further, make sure the spinner is off by setting spi n=0 or
by using theacqi window. Listen for the spinner air to turn off and check in the
acquisition status window that the spinner is off and actually shows 0 Hz.

4. Verify that the proton amplifier power (if appropriate) and pw are what you
established in step 2. If you have alinear amplifier on your X channel, set its pulse
power level with pwx| v . Set the position of the 13C channel to the on-resonance
position measured in step 1. Enter phase=1 ni =1 nt =1 dn&' nnn' nul | =0
ss=0j =151 spi n=0 ai pwx=0, 15 wexp="wft dssh' au.

Two spectra are collected. In the first, no X-nucleus pulses are used (pwx=0), so a
normal spectrum should appear (inverted); in the second, X-nucleus pul sesare used,
and if the value of pwx is correct, the 13C satellites of the 13CH3l should appear
right side up, as seen in Figure 47. If the two spectra are identical, you have either

HMQC nt=1 pwx=0,90 degrees

Without X-Nucleus Pulses With X-Nucleus Pulses

Figure47. HMQC Without and With X-Nucleus Pulses

entered avalue for pwx that is exactly 360° (unlikely but you can easily find out),
you have not cabled the X channel correctly, or dof might be set wrong.

Note two occurrences in this experiment:

* Because the pul se sequence involves spin echoes whose timing may not be
perfectly adjusted, it may not be possible to perfectly phase the first spectrum;
the spectrum on the left in Figure 47 is typical. If the spectrum phases poorly,
recheck the proton 90° pulse width.

 Because the pul se sequence is very much optimized for a particular coupling
constant, the 13C satellites of the upfieldimpurity, which haveacoupling of 128
Hz, exhibit astrange phasein the spectrum obtained with a90° pwx pulse on the
right. Thisisaconsequence of the sequence and you should not attempt to phase
this spectrum “properly;” since you will be unable to do so.

5. Assuming you see a difference between the two spectrain step 4, perform an array
of values for pwx and select the one for which the 13C satellite signals are
maximized (make sure to set d1 sufficiently long for this experiment, say, 10
seconds). In the spectrashown in Figure 48, the series on the | eft represents a broad
array of pwx valuesfrom0to 52 usin steps of 4 us. Such a series can be used to get
the “big picture” when you have no idea of the proper value of pwx.
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188

Coarse Fine

T ,

Figure48. Calibration of pwx, Coarse and Fine

Note that unlike a standard pulse calibration, the “null points’ in this calibration are
not the points of interest. The signal starts out inverted at 0°, becomes maximally
upright at 90°, inverts at 180°, etc. In the series on the right, pwx has been varied
from 12 to 16 usin steps of 0.5 psto more properly select the 90° value. Note also
that this calibration will be severely impacted if the X-nucleus transmitter is not
placed on-resonance during the experiment, even though the nucleus you are
observing is IH. Note that the view isset to ai (absolute intensity) so that peak
heights can be compared.

You canalso calibrate pwx withthepwxcal macroand sequence (not supplied with
the MERCURY-VX, MERCURY, and GEMINI 2000). Refer to section 21.5 “ Calibrating
13C (or X) Decoupler Pulse Width with PWXCAL” in the manual System
Administration for the procedure.

For systems without linear amplifiers, skip to step 7.

For systemswith linear amplifiers, the following is optional: Increase the power of
theamplifier (using pwx| vl ) by 1 or 2 unitsand repeat step 5. pwx should decrease
as you increase the X-nucleus pul se power. When pwx no longer decreases, the
probe is arcing; decrease the power by 3 units to be safe and do not go above this
value. Proceed to step 7.

Check cancellation. Set nt =4 d1=10 ss=1 and array pwx with the 0° and 90°
pulse widths. The two spectrathat result should show no signal in the first case and
13¢ satellites only in the second case. If the cancellation is worse when the X-
nucleus pulses are present, asin Figure 49, thisis an almost certain indication of a
lock interference problem. The spectrum in Figure 49 was performed without a 2H
band-pass filter on the lock channel. Compare it to the spectrum in Figure 50, a
repeat of the same experiment with a 2H band-pass filter.

When you repeat this experiment on a“real” (i.e., natural abundance) sample, the
difference between these two spectrawill give you confidence that what you are
observing are indeed 13C satellites and not residual uncanceled signals.

Choose either step a or b—on systems other than single-broadband UNITY and
VXR-S, perform step a and skip step b below. On single-broadband UNITY and
VXR-S systems, skip step aand perform step b.
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HMQC 4-Pulse Cancellation

e ~A e _'\_"f"JL“_“"l“-‘

Without X-Nucleus Pulses With X-Nucleus Pulses

Figure49. HMQC 4-Pulse Cancellation without H Bandpass Filter

HMQC 4-Pulse Cancellation

s o e, e e L_'-J L’\._—L_-

Without X-Nucleus Pulses With X-Nucleus Pulses

Figure50. HMQC 4-Pulse Cancellation with H Bandpass Filter

After this step, the carbon parameters need to be calibrated.

a.  Systems other than single-broadband UNITY and VXR-S— Modify the
parameters to perform two single-frequency, off-resonance decoupled
experimentsin order to calibrateyBo. Setaxi s=" h' dpwr =43 dm=' nny'
dmm=' ¢’ at =0. 256 | b=2. Enter an array of dof values that are +4000
Hz from the on-resonance position. h2cal returnsyHo=xxxhz, pw90 at that
power, and coelesc frequency. Set dmf=1/90 or 4*yH,.

Obtain two spectra and measure the residual coupling between the two lines.
To do this, enter ds( 1) , place two cursors on the two outer lines, and enter
r 1=del t a. Thiswill savethefirst splitting in the variabler 1. Now enter

ds( 2), placetwo cursorson thetwo outer lines, and enter r 2=del t a. Now
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enter h2cal (r 1, r2, 151) (151 isthefull coupling constant), and the
computer will display the value of yB» (to obtain a printed copy, enter
printonh2cal (r1,r2,151) printoff).

Increase or decrease dpwr by 1 or 2 units and repeat step 2. The highest
possible value of dpwr that you will be able to use for WALTZ or GARP
modul ated decoupling may be limited by the maximum decoupler
modulation frequency, dnf . For 13C indirect detection, this will be a
reasonable power level if you wish to decouple the full 13C spectrum.

If you wish to decouple only part of the 13C spectrum, you should decrease
vB2 accordingly; the lower the amount of decoupler power used, the less
sample heating and convection that will occur, and the better will be your
cancellation in indirect detection experiments. The greater the decoupling
power used, themorecritical it isto establish atemperature steady-statein the
experiment and to keep the duty cycle low (see discussion above in the
section “Cancellation Efficiency”).

b. Sngle-broadband UNITY and VXR-S systems — Now that you are convinced
you are seeing 13C satellites, check your decoupling. Set pwx to the 90°
value, pwxwto the samevalueandt pwr =pwx| vl dm=' nnn' , ' nny'
at =0. 256 | b=2 au. These two spectra should now both contain 13C
satellite signals, in the first case coupled, and in the second case 13C-
decoupled, as seen in Figure 51.

Without 13C Decoupling with 13C Decoupling

Figure51. HMQC Without and With 13C Decoupling

Note that these two spectramay not have precisely the same phase, dueto the
nature of the pulse sequence; thisis of no consequence. Further note that the
peaks in the decoupled spectrum, even after optimizing the decoupling, will
generaly only be approximately the same size or dightly larger than the
coupled spectrum, although you might have expected a peak twice as large.
13¢ decoupling requires the ability to spread the decoupling power over a
very wide range, and even with modern decoupling techniques such as
WALTZ, thisistypically accompanied by aline broadening in the decoupled
spectrum compared to the coupled spectrum.
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Once you have verified decoupling is functional by comparing these two
spectra, set dn=' nny' and array pwxwto find the value that gives optimum
decoupling. This value should be close to pwx but may be afew
microseconds longer.

We started with the X-nucleus power the same for pulses (pwx| vl ) and
decoupler (t pwr ). It may be desirable to use less power for decoupling (see
“Cancellation Efficiency,” page 179). If you wish to do so, you should
decreaset pwr . For every 3units(3dB) t pwr isdecreased, pwxwhby should
be increased by about afactor of /2 (1.414), or by afactor of 2 for a6 dB
decreaseint pwr. A constraint is placed on the length of pwxw by the fact
that 6* pwxw must be lessthan 1/ sw.

9. You have now determined proper valuesfor anumber of parameters. A good ideais
to save the parameters in one of the following ways:

* Enter the parameters into the appropriate probe calibration file.

» Join another experiment and recall the standard parameters by entering
rtp('/vnnr/parlib/hmcl3") orrtp('/vnnr/parlib/
hrmger ') . Enter the correct values for the various parameters and save the
parameter set by using svp to save the parametersin afile of the same name.
Now these parameters will be reestablished when you use macros to set up
future experiments.

10. Perform asimple 2D experiment on the enriched sample. Starting with the
experiment in which you have been performing all the calibrations, set ni =128
nt =4 phase=1, 2. Move the 13C transmitter position 17 ppm downfield (to high
frequency) from the on-resonance position for the 13CHz3l by entering
dof =dof +17d (for hnyc) or t of =t of +17p (for hnycr ). Set the 13C spectral
width swl to 50 ppm by entering sw1=50d (for hngc) or swl=50p (for hngcr).
To acquire acoupled 2D spectrum, set dim=" nnn' ; to obtain adecoupled spectrum,
setdme' nny' .

Now acquire the data by entering go. Following acquisition, set f n=2* np
fn1=512 gf =. 5*at and gf 1=. 5* ni / swl and processwithwf t 2da; the
result should look something like Figure 52.

F2 ]
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Figure52. Coupled HMQC Spectrum of 13CH3I
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11. When processing the data, one of the trickiest aspects of this experiment is phasing
inthef, direction (phasing in f, is accomplished simply by performing a 1D
transform on the first increment with wf t ( 1) and phasing the spectrum, paying
attention only to the 13C satellite peaks). In F1, the combination of the usually large
spectral width and the pulse in the center of the evolution time produces large
negative valuesfor | p1.

Reasonably good starting points for the F1 phase can be cal culated according to the
following formulas:

| pl= —swl x 360° x (2*rof 1+2* pw+4* pwx/ p (for hmger)
| p1= —swl x 360°x (4*pwx/p) (for hngc)
rpl= -l pl/2

5.14 Typical Experimental Protocol for HMQC Experiments

To run HMQC experiments on a“normal” sample, you use a procedure similar to that
described above for the standard (enriched) sample. The following instructions mostly
emphasize the small differencesin operation. Wheretheinstructions are cryptic, refer back
to the instructions in the previous section for detail.

A good “normal” sample to use for your first natural abundance sampleis the Varian 1H
App Test sample (Part No. 00-968120-93), which is 1% 3-heptanone in CDCl 3.

Throughout the following instructions, refer to Table 32 to understand which parameters
control the features in your configuration.

1. Insert the sample and, after shimming, leave the spinner off. If you are going to run
the experiment at a controlled temperature, enter t enp=x su to start the
temperature regulation process.

2. Set upto obtain anormal carbon spectrum and narrow the spectral width to the
appropriate region. In some cases, the 13C spectrum will be too weak to observein
areasonable amount of time. To set the parameters controlling the 13C frequency
and spectral width if thisisthe case, you can take two approaches. First, if you have
done similar experiments in the past on similar samples, just use the same
parameters. Alternatively, if you use the standard command
setup(' C13',' CDCl 3') (or whatever solvent is appropriate), the spectrum
obtained should be properly referenced. Now even if you can’t see the peaksin the
spectrum, you can apply the appropriate knowledge of the expected chemical shift
range to place two cursors where you think the edges of that range will be, and use
the novesw command to narrow the spectral width.

3. Obtain aproton spectrum using the same cabling you will use for indirect detection
(and s2pul r if appropriate) and narrow the spectral width (remember, when using
s2pul r youmovedof and nott of ). Check the calibration of the pulse width by
entering pw=4* pw ga. Look only at the signals near the center of the spectrum and
seeif they produce anull signal. If they are negative, enter pw=pw+0. 8 ga; if they
are positive, enter pw=pw-0. 8 ga; repeat until agood null is found, then enter
pw=pw 4.

4. Switch to the HMQC experiment, and set the relevant parameters based on the
results of steps2 and 3.

5. Enterphase=1ni =1dn¥' nnn' nul | =0 ai wexp="wft dssh'.Setj toan
appropriate value (normally 140 for C-H), and set nt  to 4 or more transients,
depending on the concentration of the sample (signal to noise needsto be sufficient
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to allow you to seethe 13C satellites). Now set pwx to an array of 0 and 90° and enter
au to acquire two spectra. Proceed only if the two spectra are sufficiently different
to give you confidence that the second spectrum is showing you satellite peaks only
and not just residual uncanceled intensity of the protons attached to 12C.

If you are convinced that you are correctly connected but not happy with the quality
of the spectraachieved at this step, skip ahead to step 8 and optimize the nul |
parameter, then return here to check and optimize pwx. In either case, thisisagood
time to go over the checklist in the section “ Cancellation Efficiency,” page 179,
making sure you have done everything possible to optimize cancellation.

The spectrum in Figure 53 shows the result of this experiment on a sample of 1%
3-heptanone at 300 MHz, using nt =64 nul | =2. 0 and d1=2.

ety ppoap Wby

Figure53. Verifying Cancellation with pwx=0, 90

6. Now runan array of pwx around your expected 90° value, picking the onethat gives
you the largest satellite signals.

7. 1f you will be decoupling during acquisition, set pwx to its 90° value and enter an
array of dnm=' nnn' , ' nny' . These two experiments should show coupled and
decoupled spectra, respectively.

8. Now, if appropriate, optimize the parameter nul | . Set nt =1 ss=4 and enter an
array of nul | valueswith at least one very short value (e.g., 0.001) and one very
long value (e.g., 2.0). Becausethis experiment depends on the rel axation times of the
spinsinvolved, you'll also want to set at and d1 to the same valuesyou'll be using
in the 2D experiment. Now run the array and select the value of nul | for which
either most of the peaks, or the biggest peaks, or the peaks you are most interested
in (the criterion is up to you), are approximately zero; remember, no one value of
nul I will be correct for al peaks. Figure 54 shows this experiment run on asample
of 28 mg of gramicidin, with nul | arrayed over the range of values: 0.001,
0.05,0.1,0.2,0.3,0.4,0.5, and 2.0; examination of the spectra shows clearly how
different values of nul | might be chosen.

9. |If presaturation isdesired (hngc only, and not on MERCURY-VX, MERCURY, and
GEMINI 2000), you can set it up in the following manner. We will need to observe
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Null Array (nt=1) 0.001, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 2.0

mwﬁrﬁid@ﬂl

Figure54. Optimizing the BIRD Nulling Time

the +<C-bound protons, so set nt =1 dn+' nnn' , and set nul | =0 to omit the
nulling period (for now at least).

a. Enter ga and a proton spectrum will be observed.

b. MovetheFID to adifferent experiment, join the different experiment, and re-
transform the data (e.g., nf (1, 2) j exp2wft).

C. Setthecursor on apeak that isto be removed by presaturation, and enter nl
novet of . Note the value of t of selected and then copy this value back to
your original experiment into the parameter sat f r q (e.g.,j expl
sat f r g=x).

d. Nowsetsatfl g='yn' andsat dl y equal to atime significant compared
with Tq of the peaks (e.g., sat dl y=1).

e. Array sat pw to find the minimum value for which the peak will be
removed (e.g., sat pwr =10, 7, 4, 1 au). When thisis determined, if you
wish to use presaturation, set sat f | g=' yy' ,resetnul | , and set sat pwr
to the value determined. If you do not wish to use presaturation, set
satflg="nn".

10. Set up the 2D experiment. Set ni between 128 and 256, phase=1, 2,andnt to
an appropriate number (comparable to what you were using in step 5).

11. Phasinginf,isaccomplished by performing a 1D transform on the first increment
with wf t (1) and phasing the spectrum, paying attention only to the 13C satellite
peaks. In 4, the combination of the usually large spectral width and the pulsein the
center of the evolution time produces large negative valuesfor | p1.

Reasonably good starting points for the f; phase can be cal culated according to the
following formulas:
I p1l= —swl x360° x ((2xrof 1) +(2 x pw) +( 4 x pwx/ ©t) (for hmgcr)
| pl= —swl x360°x ( (4 x pwx) / =) (for hngc)
rp = —-lpl/2
Table 34 liststypical parametersfor aquick 2D experiment on the 1% 3-heptanone sample
on UNITY and VXR-S systems. Expect to see artifacts in these spectra. The residual
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uncanceled signals from protons attached to 12C show up as stripes parallel to the f, axis
at the frequency of each 1H peak. This artifacts will be larger for peaks with long T4, such
as solvent peaks (e.g., residual protons on adeuterated solvent) or methyl groups. In Figure
55 they are seen at 2.4 ppm, 1.0 ppm, and 0.9 ppm.

Table 34. Parameter Values for HMQCR on Natural Abundance Sample

Parameter 300 MHz 400 MHz
Proton spectral width 1000 1000
Carbon spectral width 4000 4000
Number of transients (nt ) 16 16
t of -5732.9 —7060.7
dof -598.6 -1761.1
Number of increments (ni ) 32 32
Mode Hypercomplex Hypercomplex
(phase=1, 2) (phase=1, 2)
di 2.0 2.0
nul | 20 20
at 0.256 0.256
of 0.128 0.128
of1 0.008 0.008
Solvent CDCl3 CDCl3
j 130 130
I p1 -125.2 -125.2
rpl 62.6 62.6
F2
(GTels )
0
1' - - -— TR -l
: ~ - - -
: - -
1. =
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Figure55. Coupled HMQC Spectrum of 3-Heptanone
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Axial pesk artifacts, which are common, will show up either at f;=0 (the center of the
spectruminfy) or, asin Figure 55, at the edges of the spectruminf, (if FAD isused), again
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at f, frequencies corresponding to each 1H peak and possibly through the entire spectrum.
Another common artifact seen in Figure 55 isthe “0,0” artifact in the exact center of the
spectrum. Some peaks in the 1H spectrum, of course, will not appear in the HMQC
spectrum, because they represent protons that are not bound to 13C (e.g., protons from
water or NH groups). Thisis not the case with 3-heptanone, however.

If you are unfamiliar with HM QC spectra, you may be surprised to see multiplet structures.
You should realize that during the detection period we are detecting anormal (i.e., with 1H-
1H couplings) proton spectrum, albeit a spectrum of only those protons attached to 13C.
Thus, in Figure 56, we see that the proton attached to the carbon at 37.2 ppm is a quartet
(it's adjacent to a CH3 group), while the proton attached to the carbon at 43.4 ppmisa
triplet (it's adjacent to a CH» group). Inthe "H spectrum itself, these two groups of protons
are heavily overlapped (see Figure 57).

F2
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] —
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= =
—_—
2.3
2.4]
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26] —— —
_—— T
prem—
2.A
T T T T
44 43 42 41 40 39 38 37 36
F1 (ppm)

Figure56. Expansion of Coupled 3-Heptanone HMQC Showing Multiplets

Figure57. Decoupled HMQC Spectrum of 3-Heptanone
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5.15 Differences for 1°N Indirect Detection

Calibrations and operationsfor 1°N proceed largely along the lines outlined above for 13C.
Inthe standard sample, 2% 1°N-benzamide (Part No. 00-968120-97), the 15N satellitelines
arepartially obscured by other resonancesin the conventional 1D spectrum, and so the 15N
pulse width calibration must be done using multi-transient HMQC experiments as
described in “Typical Experimental Protocol for HMQC Experiments,” page 192. Be sure
to use a J appropriate for NH couplings (90 Hz) in this case.

A step that can often be done in 15N work of peptidesis to make sure that the yBs is
sufficient to decouple the relatively narrow range of 15N chemical shifts expected in such
samples but no more. This minimizes heating effects and improves cancellation. Typical
acquisition times (at ) are 0.075 to 0.1 seconds.

5.16 HSQC Experiment

The hsqc macro sets up parameters for the HSQC pul se sequence, a heteronucl ear
Overbodenhousen experiment using REV INEPT.

Applicability
Not supplied with MERCURY-VX, MERCURY, and GEMINI 2000 systems.

Parameters

"y' selectsfor trim(x)-trim(y) sequence at the start of the pulse sequence;
'n' selectsanormal experiment.

sspu
sspu

sat node='yn' gives presaturation during relaxation period (sat dl y) with the
transmitter; sat node="' nn' gives no presaturation during relaxation period (sat dl y);
sat node=' ny' gives presaturation during only the null period.

sat f r q setsthe presaturation frequency.

sat dl y setsthe saturation time during the relaxation period.

sat pwr setsthe saturation power for al periods of presaturation with xmitr.
hs='yn"' setsahomospoil pulse (hst ) during the d1 relaxation delay.

nul | isthe delay associated with the BIRD nulling.

t pwr isthe power level for 1H transmitter pul ses.

pwisa90° transmitter pulse length for protons (the observed nucleus).
pwx| vl isthe power level for X decoupler pulses.

pwx isa90° decoupler pulse length for X.

j xh isaone-bond heteronuclear coupling constant to X (in Hz).

phase=1, 2 for hypercomplex experiment with F1 quadrature (complex F1-FT).
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chapter 6. Data Analysis

Sectionsin this chapter:
e 6.1"Spin Simulation,” this page
* 6.2 “Deconvolution,” page 205
» 6.3 “Reference Deconvolution,” page 208
* 6.4 “Addition and Subtraction of Data,” page 211
* 6.5 “Regression Analysis,” page 216
e 6.6 “Chemical Shift Analysis,” page 221

6.1 Spin Simulation

VNMR software includes an iterative spin simulation program based on the FORTRAN
program LAME, aso known as LAOCOON with magnetic equivalence added. LAME
calculates the theoretical spectrum for spin-1/2 nuclei, given the chemical shifts and the
coupling constants.

Up to eight closely coupled, non-equivalent spins (ABCDEFGH) can be handled.
Equivalent spins can be treated by magnetic equival ence factoring to extend the simulation
to systems such as A3B2CD3. The X-approximation can be used to handle different types
of nuclei. Nuclel are treated as different typesif there is at | east one spare letter in the
alphabet between their groups (e.g., ABD and ABX are both systems using the X-
approximation.) Frequencies, intensities, energy levels and transitions can be listed, and
simulated spectra can be displayed and plotted.

Parameters can be adjusted by iteration to approach a given experimental spectrum. For
iterative runs, one or several parameters can be kept constant. |n addition, one or several
parameters can be set equal to each other and held equal during the course of the iteration.

To acquaint yourself with the spin simulation software, we suggest you work through the
next section, “ Spin Simulation Step-by-Step.” Note how the regression menus simplify the
procedure. A number of specialized commands and parameters are also available. Table 35
lists these commands and parameters.

For more information about the spin simulation algorithms, refer to the following:

» Bothner-by, A.A. and Castellano, S., J. Chem. Phys., 41, 3863 (1964).

» Emdley, Feeney, and Sutcliffe, eds. 1966. Progressin Nuclear Magnetic Resonance
Foectroscopy, Vol.1, Chap. 3. Oxford: Pergamon Press.

» Stanley, R.M.; Marquardt, D.W.; and Ferguson, R.C., J. Chem. Phys., 41, 2087 (1964).

01-999161-00 C1002 VNMR 6.1C User Guide: Liquids NMR 199



Chapter 6. Data Analysis

Table 35. Spin Simulation Commands and Parameters

Commands

assi gn* Assign transitions to experimenta lines

cla Clear al line assignments

dga Display group of spin simulation parameters
dl a<('long")> Display spin simulation parameters arrays

dl al ong Long display of spin simulation parameter arrays
dl I * Display listed line frequencies and intensities
dsp<(file)> Display calculated spectrum
initialize_iterate Set iterate string to contain relevant parameters
spinll<("mark')> Set up adlfreq array

spi ns<(options)> Perform spin simulation calculation
spsm(spi n_system Enter spin system

undospi ns Restore spin system as before last iterative run

* dl | <(' pos' <, noise_mult>)><:1ines>

Parameters

cl a {array of real values} Calculated transition number

cl anmp {array of real values} Calculated transition amplitude

cl freq{rea values} Calculated transition frequency

cl i ndex {array of real values} Index of experimental frequency of atransition
i terat e {string of parameters} Parameters to be iterated

ni ter {1to 9999} Number of iterations

sl freq {real values} Measured line frequencies

sl w{0.01 to 1e6} Spin simulation linewidth

smaxf {—1e10to 110} Maximum frequency of any transition
sm nf {-1e10to 110} Minimum frequency of any transition
st h {0to 1.00} Minimum intensity threshold

svs {0to 110} Spin simulation vertical scale

assi gn<(' mark')>, assign(transistion_nunber,|ine_nunber)

Spin Simulation Step-by-Step

The simplest way to get acquainted with the spin simulation software isto work through a
step-by-step example. The following example is complete with comments to help you
understand what you are doing at each step.

1

Click on Main Menu > File > Set Directory > Parent.

The text window displays alist of directories (entries with a backslash as the last
character in the name) and files (if any). The status window (near the top of the
screen) displays the pathname of the current directory.

Click on Parent as many times as necessary until the status window displays the
message: Di rect ory now "/".

Click the mouse on the directory entry vnnr / in the text window until it turnsto
inverse video. Then click on the Change button.

The text window displaysthe list of subdirectories and files (if any) invnnr .

Click themouse onthedirectory entry f i dl i b/ inthetext window until it turnsto
inverse video. Then click on the Change button.

The text window displaysthe list of subdirectories and files (if any) infi dl i b.

Click the mouse on the directory f i d1d. fi d/ until it turnsto inverse video.
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6.

10.
11.

6.1 Spin Simulation

Click on Return > Load > Process > Transfor m.

The graphics windows displays a spectrum and the opening menu from the
interactive spectrum display program (ds) appears.

Click on Next > Dscale.
A scaleis displayed under the spectrum.

Click the left mouse button near 3.5 ppm and the right mouse button near 3.2. Then
click on Expand.

The six-line pattern shown will be simulated as an AX2Y system.

Clickon Th.

A horizontal line for the threshold appears.

Use the left mouse button to move the threshold line bel ow the tops of the peaks.

Enterdl | .
The text window displays aline listing, which will be used later.

With a spectrum now set up, you are ready to use the spin simulation menusto display a
simulated spectrum.

1

Click on Main Menu > Analyze > Simulation.

You are now in the Spin Simulation Main Menu.

Click on Spin System > other > other > AX2Y.

This picks the spin system and initializes its parameters.

Click on Set Params.

The spectrum reappears.

Click the left button in the center of the six-line pattern and enter A=cr .
This sets the chemical shift of spin A to the position of the cursor.

Click the left button on the center of the left-most line, the right button in the center
of the second left-most line, and enter JAY=del t a.

This setsthe JAY coupling constant to match the difference frequency.

Click the right button on the center of the third line, and enter JAX=del t a. Then
click on Return.

Click on Show Params.

This confirms your entry of the spin system parameters.

Click on Simulate.
After a brief moment, the simulated spectrum will appear.

If you want to continue with iterative spin-simulation, take the following steps:

1

3.

Enteri ter at e?.

The status window displaysi t er at e=' A, JAX, JAY', which confirms that the
i t erat e parameter was automatically set.

Click on assign > auto assign.

Theassi gn macro is executed, which assignsthe linesfromthedlI | listing to the
lines from the previous simulation.

Click oniterate.
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This performs an iterative optimization and displays the resulting spectrum.

4. Clickonlist.

Thelisting contains the values of the A, JAX, and JAY parametersthat give the best
iterated fit to the experimental spectrum.

Spin Simulation Menus

Almost the entire spin simulation analysisis available through six menus:
e Spin Simulation Main Menu

Spin SQSteml Show F'aramsl Set Paramsl Simulatel Originall Nex‘t.l

» Spin Simulation First Menu

AB| ABC| A2B| ABCD| |A2BC| A3B| other| return

» Spin Simulation Second Definition Menu

ABCDE | |A2BCD| A3BC| A2B2C| A3B2| A3B2C| other| return

 Spin Simulation Third Definition Menu

Ax| Axy| Axz2| axvz| Ax2Y| Ax3| other| return|

» Spin Simulation Secondary Menu

listl par‘amsl assignl displagl iterate| obserwve r‘eturnl mainl

» Spin Simulation Line Assignment Menu

EI use 1l| use Fitspecl auto assignl iteratel returnl mainl

The Spin Simulation Main menu is the opening menu. Each of the other menusis entered
through buttons on this menu or submenus of this menu. To open the Spin Simulation Main
menu, click on Main Menu > Analyze > Simulation.

Entering a Spin System

Thecommandspsn{ spi n_syst em enablescreating aspin system asan a phanumeric
string of upper-case letters, and creates and initializes appropriate parameters to describe
the various chemical shiftsand coupling constants. Chemical shiftsare storedin parameters
A through Z, and the coupling constants are stored in the parameters starting with JAB and
ending with JY Z. Different nucleus types are handled by using letters starting with A for
thefirst type, X for the second, and M for the third.

Spin Simulation Parameters

Spin simulation commonly uses the following global parameters:

» claandcl f r eq together make up atable consisting of line numbers assigned by the
spin simulation program and the corresponding frequency of ameasured line when the
intensity of the line is above a threshold value set by the parameter t h.
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» cl anp storesthetransition amplitude of calculated transitions when they are above a
threshold set by parameter st h.

e cl i ndex isanindex of experimental frequency of atransition.
» sl freqisalist of measured line frequencies.

e sm nf and smaxf arethe minimum and maximum frequency limits for calculation
of the final simulated spectrum. These should be set before the calculation is
performed. If the Set Params buttonis used, sm nf isinitialized to sp, and s maxf
isinitialized to sp+wp.

st h isthe minimum intensity threshold above which transitions are listed and
included in the ssimulated spectrum. A typical valueis 0.05.

» svs isthemaximum intensity of calculated transitions.

The command dga displays the file of simulation parameters.

Performing a Spin Simulation

The command spi ns performs aspin simulation, using the current spin system
parameters. The following variations are available:

e spins('calculate', energy') putsanenergy level tablein the output file.

 spins('calculate', transitions') putsasecond table of transitions
ordered by transition number in the output file.

 spins('iterate') runsinan iterative modeto match experimental and
calculated lines.

e spins('iterate' iteration') listsparametersafter eachiterationinthe
output file.

The output fileisspi ns. | i st inthe current experiment. Thisfile alwaysincludesthe
calculated transitions ordered by frequency.

Using the current table of transitions and intensities, dsp<(fi | e) > calculatesthe
simulated spectrum (using the current value of parameter sl wfor the linewidth) and
displaysthe spectrum. dsp can only be used after the spi ns program has been run. When
dsp has afilename as an argument, the spectral information is taken from that file. After
the display appears, it may be modified and plotted like any other 1D spectrum.

lterative Mode

Thefollowing commands are used to set up filesfor the“iterative” mode of spin simulation
in which the cal culated spectrum approximates an experimental spectrum.

 spins('iterate') peformsthesimulationin the iterative mode.

e initialize iterate seectsadefault vaueforthe parameteri t er at e that
will cause al parametersto beiterated. i t er at e isastring parameter that contains a
list of parameters (separated by commas) to be iterated during iterative spin
simulations. Typical valueis' AB,JAB' . If the Set Params buttonisused,i t er at e
isinitialized to a string containing parameters appropriate to the current spin system.
The parameter ni t er isthe maximum number of iterations that will be used by an
iterative simulation. If the Set Params button isused, ni t er isinitialized to 20.

» cl a clearsthefile of line assignments used for iteration (matching simulated spectra
to actual data). dl a displaysthisfile.
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« dl al ong storestheline assignmentsin thefilespi ni . | a of the current
experiment. This command is most useful in more complex problems where the text
window istoo small for thedl a display. dl al ong displays the filein the text
window.

e spinll copiesthelist of frequencies from thelast linelisting by nl | or dl |
(contained in the parameter | | f r q) into the simulation line frequency parameter
sl freq.spinl | asoclearsthe previous line assignments and runs dl a.

e spinll('mark’) placestheline positionsinthefilemar k1d. out into the
parameter sl f r eq. Thisisuseful if you want to manually assign the lines.

e assi gn without an argument assigns the nearest calculated transitions to the lines
fromadl | ornl | listingafter spi nl | hasplacedtheminsl f r eq. For positive
linesonly,use dl | (* pos’ ). All linesmay not be assigned and transitions must be
greater than st h, which should be 0.05 or greater to prevent assignment of extremely
small lines. assi gn can aso be run by clicking on the auto assign button.

e assign(' mark’) isthesameasassign except that thefile mar k1d. out isused
instead of thedl | listing. Use the cursor and the mark button to place the linesto be
assignedinthemar k1d. out file. Thisfileisclearedby mar k(‘ reset’ ). Usenl
to move the cursor to the center of aselected line.

» assign(t#,|#) assignsasingle calculated transition number (t #) toalinefroma
dl I listing (theindex is | #). assi gn(t#, 0) removesthe calculated transition
assignment.

» undospi ns restores a spin system asit was before the last iterative run. Chemical
shifts, coupling constants, and transition assignments are returned to those existing
immediately before an iterative spin simulation.

The experimental line listing for assi gn should be made from the part of the spectrum
whoselimitsaresmni nf and smaxf . If afrequency insl f r eq hasalready been assigned
aline number, a new entry will be made with the same frequency. If the line assignments
produced by assi gn needs to be modified, refer to the description of the spi ns
command in the VNMR Command and Parameter Reference for details.

The Spin Simulation Line Assignment menu is especially useful for iterative spin
simulation. However, individual assignments are made using the assi gn command as
previously described.

Spin Simulation Files

Thespi ns. | i st fileisan output table made by the spin simulation program. Thisfile
can be displayed by clicking on the list button. The following files can exist in the current
experiment but, except for thefile spi ni . | a, are not normally of interest when spin
simulation isrun from VNMR:

* spi ni . | aisthecurrent transition assignments for an iterative spin simulation
(produced by the dl al ong command).

* spi ni . savel aisthetransition assignmentsfor iterative spin simulationin aformat
readable by the macro undospi ns.

e spi ni . out par arethevalues of the chemical shiftsand coupling constants after an
iterative spin simulation.

e spini.indata isthelineassignment input for the UNIX-level program spi ns
(deleted by spi ns after iterations are completed).

e spini.inpar isa listof parameters whose values are to be determined by
spins('iterate').
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e spins.inpar isa listof initial settings of anumber of spin simulation parameters.

» spi ns. out dat a isafileof frequencies, amplitudes, and transition numbersfrom a
spin simulation. It isused in calculating the displayed spectrum.

» spi ns. st at containsconstantsrelated to iteration (deleted by thespi ns program).

6.2 Deconvolution

The VNMR software allows the deconvol ution of observed spectrainto individual
Lorentzian and/or Gaussian lines. Up to 2048 data points from an expansion of an
experimental spectrum can be deconvoluted at onetime, and up to 25 lines can befit to this
section of the observed spectrum. For each line, the line shape can be defined to be
Lorentzian, Gaussian, or a combination of both.

The following parameters are available for each line:
» Frequency (in Hz) of line
* Intensity of line
» Linewidth (in Hz) at half-height of line
» Gaussian fraction of line: 0.0 (completely Lorentzian) to 1.0 (completely Gaussian)

All parameters can be fit at the same time, or selected parameters can be removed from the
fit. In addition, alinear baseline correction is always added to the fit to avoid large errors
produced by base line offsets.

Deconvol ution accomplishes much of itswork by means of text files, which arewritteninto
the user’s current experiment directory:

» fitspec.inpar containsthe starting parameters (frequency, intensity, linewidth,
and Gaussian fraction) for a subsequent fitting operation.

« fitspec.indat a containsthe point-by-point intensity of the spectrumin the
region of interest (the region that is displayed when the fitting is begun).

» fitspec. out par containsthefina parameters(frequency, intensity, linewidth, and
Gaussian fraction) after afit has been done.

* mar kld. out containstheresult of amar k operation during a spectral display. By
using the Use Mark button, this file may be used as an aternativeto thelast linelist in
setting up initial guesses for afitting operation.

For best results, use the following settings:
e Usef n atleast 2*np if not larger for adequate digitalization of the line shapes.

» For complex problems, use the macro usenar k (see the description below) to set the
best possible initial guesses.

Deconvolution Step-by-Step
1. Retrieveasample1D FID by enteringrt (' /vnnr/fidlib/fidld' ).

2. Enter f n=65000.

For proper digitalization of the line shape, you should almost always use a larger
Fourier transform size than “normal” when the spectrum isto be deconvol uted.

3. Transformthe FID by entering wf t .
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4. Using standard spectral manipulation operations, expand the two-line pattern near
8.0 ppm until it fillsthe center third of the display, with baseline on both sides. Enter
ai (or click on buttonsto select theai mode) to select the absol ute intensity mode,
which is always required for deconvolutions, simulations, etc. Set a threshold that
lists exactly two lines, then enter dl | .

5. Click on Main Menu > Analyze > Deconvolution.
The Deconvolution Menu is displayed.

6. ClickonUseLinelList.

Thisproducesalinelist and afile containing the starting point for the deconvol ution.
Thisbutton automatically measuresthe linewidth of thetallest line on the screen and
uses that as the starting linewidth for the calculation.

7. Click on Fit.

The analysisis performed. This particular exampleis a6 parameter fit (2
frequencies, 2 intensities, and 2 linewidths). When the analysis is done, the
calculated spectrum is displayed in the graphics window, and the numerical results
appear in the text window (click on Flip as necessary to alternate between the two).
The numerical output should be similar to this:

Nurmber of data points: 404

Fi nal chi square: 318046. 844
Total nunber of iterations: 19

Successful iterations: 19

Digital resolution 0. 365 Hz/ poi nt

| TERATI ON HAS CONVERGED
Par anet ers:

line frequency intensity integral |inew dth gaussian fraction
1 3176.780 125.293 423.948  2.154 0. 000*
2 3168. 700 135.451 421.147  1.979 0. 000*

8. Click onPlot.

The original spectrum, the calculated spectrum, and each of the component linesis
plotted automatically, along with the numerical results of the calculation. At theend
of this operation, the original spectrum replaces the calculated one.

9. Click on Show Fit to return to viewing the calculated spectrum. Click on Add/Sub
to view the origina spectrum simultaneously with the cal culated one. Select sub
from the menu to view the difference between the two.

Performing Deconvolution
Table 36 lists the commands and parameters associated with deconvolution.

The parameter sl wisthe starting default linewidth for deconvolution calculations. This
linewidth is set automatically when deconvolution is operated using the menu mode and is
bypassed if the usemar k macro has been used in conjunction with two cursor input.
Typical valuefor sl wis 1.

Thecommandf i t spec performs spectrum deconvolution by fitting experimental datato
Lorentzian and/or Gaussian line shapes. f i t spec uses asa starting point datain afile
fitspec.inpar,which must be prepared prior to performing the calculation. Thisfile
contains the frequency, intensity, linewidth, and (optionally) the Gaussian fraction of the
line shape. Any number followed by an asterisk (*) isheld fixed during the calculation; all
other parameters are varied to obtain the best fit.

fitspec createsafilefit spec. i ndat a, whichisatext representation of the spectral
data (that part of the spectrum between sp and sp+wp). After the calculation is finished,
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Table 36. Deconvolution Commands and Parameters

Commands

dsp<(file)> Display calculated spectrum
fitspec<(< usell'><, ><'setfreq >)> Perform spectrum deconvolution (VNMR)
fitspec Perform spectrum deconvolution (UNIX)
mar k* Determine intensity of spectrum at a point
plfit Plot deconvolution analysis

set gauss(fraction), Set a Gaussian fraction for line shape

set gauss(fraction*)

showf i t Display numerical results of deconvolution
usenar k Use mark as deconvolution starting point

*

Parameter
sl w{0.01 to 1e6} Spin simulation linewidth

mar k<(f 1l _position)><:intensity>,

mar k<(| eft _edge, regi on_wi dth)><:intensity,integral >

mar k<(f1 position,f2_position)><:intensity>

mark<(f1l start,fl_end, f2_start,f2_end)><:intensity,integral,cl, c2>
mar k<('trace', <options>)><:intensity,integral,cl,c2>,

mar k(' reset')

the results of thefit are contained in afilef i t spec. out par, with aformat identical to
fitspec.inpar. Alllinesare set to have alinewidth of sl w, and afixed Gaussian
fraction of 0. (Refer to the VNMR Command and Parameter Reference for information
about keyword options available withf i t spec.)

The set gauss macro modifies the output of the last deconvolution
(fitspec. out par) and makesit theinput for a subsequent analysis
(fitspec.inpar), after first modifying the Gaussian fraction:

» Toalow thisfraction to vary, use the format set gauss(fracti on) where
fract i onisthe Gaussian fraction of the line shape, anumber naturally limited from
0to 1, for example, set gauss( 0. 4) .

» Tofix thefraction, usetheformat set gauss(fracti on*),suffixthefracti on
value (defined the same as above) with an asterisk and enclose the value in single
quotes, for example, set gauss(' 1. 0*').

In some casesit will not be possibleto produce alinelist that is a suitable starting point for
adeconvolution. In this case, or in any case, the results of using the Mark button during a
previous spectral display (ds program) may be used to provide astarting point. If the mark
has been madewith asingle cursor, theinformationinthefilemar k1d. out containsonly
afrequency and intensity, and the starting linewidth istaken from the parameter s| w. If the
mark is made with two cursors, placed symmetrically about the center of each line at the
half-height point, mar k1d. out will containtwo frequencies, an intensity and anintegral.
In this case, the starting frequency is taken as the average of the two cursor positions; the
starting linewidth is taken as their difference.

Display and Plotting

After adeconvolution, the results are written into afilef i t spec. out par inan
abbreviated format. The macro showf i t converts these data to an output format more
suitable for examination and printing.

Thecommanddsp(' fitspec. out par') displaysthetheoretical spectrum described
by the parameters produced by a deconvolution calculation. The macropl fi t producesa
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complete output plot of a deconvolution analysis, plotting the observed spectrum, the full
calculated spectrum, each individual component, as well as the numerical results of the
analysis. It can be invoked with the Plot button in the Deconvolution menu.

Deconvolution Menu

All actions necessary for deconvolution are accessible from the Deconvolution Menu.

Use Line List| Use Mark| Fit| Results| Show Fit| Plot| Add/Sub|

This menu is opened by clicking on Main Menu > Analyze > Deconvolution. The
Deconvolution Menu can also be opened by the command menu( ' fit spec').

6.3 Reference Deconvolution

Thef i ddl e program performs reference deconvolution, using a reference signal with
known characteristics to correct instrumental errorsin experimental 1D or 2D spectra. The
main command to start the program can take multiple string and numeric arguments:
fiddle(option<, file><,option<,file>><,start><,finish><,increnent>)

opt i on can be the following keywords:

"alternate' Alternate reference phase + / — (for phase sensitive gradient 2D data).

' aut ophase’ Automatically adjust phase.

" di spl aycf' Stop at the display of the correction function.

'fittedbaseline' Use cubic spline baseline correction defined by the choice of integral
regions.

"invert' Invert the corrected difference spectrum/spectra.

' noaph' Do not automatically adjust zero order phase of the reference region.

' nodc' Do not use dc correction of the reference region.

"nohi |l bert' Do not use Hilbert transform algorithm; use the extrapol ated
dispersion mode reference signal unless' noext r ap' isalso used
as an option.

"normal i se' Keep the corrected spectrum integrals equal to that of the first
spectrum.

'readcf"’ Read the correction function fromf i | e; theargument f i | e must
immediately follow ' r eadcf ' .

"satellites' Usethe satellitesdefined inf i | e intheideal referenceregion; fi l e
shouldbein/vnnr/satellites.

' stopl' Stop at the display of the experimental reference FID.

'stop2' Stop at the display of the correction function.

'stop3 Stop at the display of the corrected FID.

' st op4' Stop at the display of thefirst corrected FID.

' ver bose' Show information about processing in the main window.

"writecf' Write the correction functiontof i | e; theargument f i | e must

immediately follow ' wri tecf'.

‘'witefid' Write out the corrected FID tof i | e; if 'f i | e does not begin with/
it is assumed to be in the current working directory.

Table 37 list other commands for 1D and 2D variations of thef i ddl e program.
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Table 37. Reference Deconvolution Commands

Commands

fiddle* Perform reference deconvolution

fiddl ed* Perform reference deconvol ution subtracting alternate FIDs

fiddl eu* Perform reference deconvol ution subtracting successive FIDs from first
fiddl e2d* Perform 2D reference deconvolution

fiddl e2D* Perform 2D reference deconvolution

fi ddl e2dd* Perform 2D reference deconvolution subtracting alternate FIDs

fi ddl e2Dd* Perform 2D reference deconvolution subtracting alternate FIDs

* (option<, file><,option<,file>><,start><,finish><,increnent>)

Reference Deconvolution of 1D Spectra

Only spectrathat contain awell-resolved reference signal dominated by asingle
component (i.e. not asimple multiplet) are suitable for reference deconvolution.

1

Fourier transform theraw FID withf t , preferably having zero filled (i.e. set f n >=
2*np). (If there are sinc wiggles, usewf t with gf =at *0.6.)

Set the reference line to the chosen signal usingther | command, and then use two
cursors on either side of the line to define aregion of spectrum that includes all of
the reference signal plusalittle clear baseline but no other signals. This reference
region will be used to define the instrumental line shape.

Decide what line shape you would like to convert theinstrumental line shapeto, and
set the wei ghting parameters accordingly. Thus, if youwant a1l-Hz wide L orentzian,
set| b to 1 and all other weighting parametersto’ n' .

Bear in mind the signal-to-noise ratio penalty for resolution enhancement: if the
experimental lineis 2 Hz wide and you set | b=0, you get an infinitely sharp line
with infinitely poor signal-to-noise. For most purposes, a sensible strategy isto set
| b to minus the expected natural linewidth, and choose gf to give reasonable S/N;
this strategy should convert the instrumental line shape to Gaussian. Where the
signals of interest are broader than those of the reference, resolution enhancement
can easily be obtained by making | b more negative.

Enter thef i ddl e command to carry out the reference deconvolution and display
the corrected spectrum. The integral should remain unchanged, so any resolution
enhancement will result in an increase in the amplitude of both signal and noise.

To save the corrected data, use the option’ wri t ef i d* when doing the reference
deconvolution. For example, to storethefilecor r ect edf i d. f i d inthecurrent
working directory, enter f i ddl e(' writefid',' correctedfid').

Theoptions' witecf' <, file>and'readcf' <, fil e>respectively write
and read the correction function. Therefore, when you perform reference
deconvolutionononeFID usingf i ddl e withthe' wri t ecf' optionandthenuse
fiddl ewith' readcf' to processanother FID, the first correction function
corrects the second FID. Reference deconvolution can be useful for heteronuclear
lineshape correction (provided that the spectral widths for the two nuclei arein the
ratio of the respective magnetogyric ratios) or for correcting spectrain which a
reference signal has been suppressed (e.g., you could correct an INADEQUATE
spectrum for lineshape errors by using acorrection function derived from the normal
carbon spectrum).
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To correct a series of spectrain an arrayed or 2D experiment, use numeric arguments, as
withft: fiddl e(1) correctsspectrum 1, fi ddl e( 2, 3) spectra2 and 3, etc.

Many reference signals have satellites. Like the familiar one-bond 13C satellites, for
example, TMS has singlet satellite signal's from coupling to 2°Si and quartet satellites
(normally unresolved) from three-bond coupling to 13C. For most purposes, 13C satellites
are small enough to be ignored, but where high accuracy is required or there are stronger
(e.g. 2Si) satellites, satellite signal's can be included in the specified form of the ideal
reference signal by invokingthe' satel | it es' option.

The/ vnnr/satel | ites directory containsthe file TMS with details of the TMS
satellite signals. Thecommand fi ddl e(' satel lites',' TMS' ) dlowsfor the
satellite signals when deconvoluting using TM S as areference.

Theformat for satellitefilesisthat each linein thefile consists of three real numbersin the
following order:

» Separation of the satellite line from the parent signal, in Hz (0.5 JXH in the absence of
homonuclear coupling).

 Intensity relative to the parent signal (natural abundance divided by the number of
satellite lines [usually 2]).

* |sotope shift to high field, in ppm.

For example, the line
3.3 0.023 0. 001

would correspond to apair of satellite signalsfrom aspin-1/2 isotope with an abundance of
4.6%, a coupling to the observed nucleus of 6.6 Hz, and an isotope shift to high field of
0.001 ppm.

Multiple linesin the satellite file account for multiple satellite signals on the parent peak.

To perform corrected-difference spectroscopy, use the commandf i ddl ed to producethe
corrected difference between successive spectra, which divides ar r aydi min half. The
difference spectrum iswritten into the second element of the pair. Because the main aim of
reference deconvol ution hereisto optimize the purity of the difference spectrum, the target
line shape would normally be chosen to give the best possible S/N; this method corresponds
to choosing a target line shape approximately twice the width of the raw experimental
signals of interest. The command f i ddI eu produces corrected differences between
successive FIDs and the first FID.

Reference Deconvolution of 2D Spectra

Thecommandsf i ddl e2d,fi ddl e2D,fi ddl e2dd,andf i ddl e2Dd functioninjust
the same way asthe parent f i ddl e program. Because the principal objectivein 2D
reference deconvolutionisusually the reduction of t1-noise, idea line shape parametersare
normally chosen for optimum S/N ratio rather than resolution enhancement.

To perform 2D reference deconvolution;
1. Choosef n (preferably withf n>=2*np) and f n1.

2. Enterft totransformtheraw data(asmentioned earlier, if thereissignificant signal
left at the end of at , it might be necessary to usewf t with gf set).

3. Display thefirstincrement withds( 1) , adjust the phase of the reference signal, and
user | to select the reference signal.

Inearlier versionsof f i ddl e, it was necessary to create a parameter, phi nc, to
anticipate the changesin the reference signal phase with increasing evolution time.
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The current algorithm automatically adjusts the phase (unless you select the

' noaph' option). Deconvolution will set the reference signal phase as a function
of t 1 to placethe reference signal at frequency r f p1 inf 1. Therefore, remember
tosetrfl 1 andrf pl beforeusing fi ddl e2Dor thef 1 frequencies might
unexpectedly change.

4. Define the reference region with the two cursors, and then enter the command
fiddl e2D("witefid ,<file>) (orfiddl e2Dd if a2D difference
spectrum is required, as with corrected HMBC). The' wri t ef i d' optionis
essential, becausef i ddl e2D alone does not store the corrected time-domain data.
If phase-sensitive gradient-enhanced 2D dataisto be processed, alternate FIDs will
have opposite phase modulations (i.e., the experimental array will alternate N-type
and P-type pathways); in such acase, usethe' al t er nat e' option.

After deconvolution is complete, the corrected 2D FID data can be read into an experiment
and processed as normal (although if f i ddl e2Dd has been used, ar r aydi mno longer
matches the arrays set and it might be necessary to set the argumentsto wf t 2d explicitly
rather than using wf t 2da).
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6.4 Addition and Subtraction of Data

The process of addition and subtraction of dataisimplemented using experiment 5 (exp5)
asthe add/subtract buffer file (overwriting any datathat may have existed in exp5). Tools
available for working with the add/subtract experiment include:

» Add/Subtract menu.
» Noninteractive commands.
* Interactive add/subtract program.

Table 38 lists the commands and parameters used with the add/subtract experiment.
Add/Subtract Menu

The Add/Subtract menu in the main menu system provides choices that activate command
for clearing the add/subtract experiment (cl r add command), activating an interactive
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Table 38. Add/Subtract Experiment Commands and Parameters

Commands

add* Add current FID to add/subtract experiment

addi Start interactive add/subtract mode

cl radd Clear add/subtract experiment

jexpl, ..., jexp9999 Join existing experiment

sel ect * Select a spectrum or 2D plane without displaying it
setval ue* Set value of aparameter in atree

spadd* Add current spectrum to add/subtract experiment
spnin Take minimum of two spectrain add/subtract experiment
spsub* Subtract current spectrum from add/subtract experiment
sub* Subtract current FID from add/subtract experiment

* add<(multiplier<,'new >)> add('new ), add('trace',index)
sel ect<('next'|' prev'|selection)><:index>,
select<(< f1f3"|'f2f3"|'f1f2'><,'proj'><,'next'|'prev'|plane>)><:i>
set val ue( paranet er, val ue<, i ndex><, tree>)
spadd<(nul tiplier<,shift>)> spadd('new ), spadd('trace',index)
spsub<(nul tiplier<,shift>)> spsub('new ), spsub('trace',index)
sub<(multiplier<,'new >)> sub('new ), sub('trace',index)

Parameters

ar r aydi m{number} Dimension of experiment

I sfid{'n',—fn/2toni or fn/2} Number of complex points to left-shift np FID
phfi d {'n',=360 to 360, in deg} Zero-order phasing constant for np FID

spectral add/subtract mode (addi ), performing noninteractive spectral addition (spadd)
and subtraction (spsub), and taking the minimum of two spectra(spm n):

Clearl Interactive I’Iodel Add Spectruml Subtractl I’Iinimuml

Typical entry into thismenuisby clicking on Main Menu > Analyze > Add/Sub. The menu
can also be opened by entering the command nmenu(' addsub' ) . The commands
activated by the buttons are described in more detail in the next section.

Noninteractive Add/Subtract

The buffer used as for the add/subtract experiment (exp5) isfirst cleared using cl r add,
then different FIDs or spectraare added to or subtracted from the accumulating total by the
commands add, sub, spadd, and spsub.

Adding and Subtracting FIDs

The add and sub commands add and subtract the last displayed or selected FID to and
from the contents of the add/subtract experiment, respectively. An optional argument
allowsthe FID to first be multiplied by a multiplier (the default is 1.0). The parameters
| sfi dandphfid can be used to shift or phase rotate the selected FID beforeit is
combined with the data in the add/subtract experiment.

A multi-FID add/subtract experiment with FIDs 1 and 2 can be created with the add or
sub command using the' new keyword asfollows:

1. Create the add/subtract experiment with asingle FID by entering the following
commands from some experiment:
clradd select(1l) add
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2.  Maketheadd/subtract experiment contain an array of two FIDs corresponding to the
origina FIDs 1 and 2 by entering:
sel ect(2) add('new)
If you had entered sel ect (2) add instep 2, asingle FID that is the sum of the
origina FIDs 1 and 2 would have been made instead of an array.

Thear r aydi mparameter may need to be updated after constructing a multi-FID add/
subtract experiment. To do this, join exp5 by entering j exp5 and then enter
setval ue(' arraydi m , nun¥l Ds, ' processed')

where nunFI| Ds isthe number of FIDsin that experiment. (e.g., if 12 FIDs were put into
exp5, enter setval ue(' arraydim, 12, "' processed')).

Individual FIDsin a multi-FID add/subtract experiment can be added to and subtracted
from. Theadd and sub commandswithout a' t r ace' keyword adds or subtracts from
thefirst FID in the add/subtract experiment. Addingthe' t r ace' keyword followed by a
required index number selects another FID to be the target of the add/subtract.

For example, sel ect (4) add('trace', 6) takesthefourth FID from the current
experiment and adds it to the sixth FID in the add/subtract experiment.

When using the' t race' keyword, that FID must already exist in the add/subtract
experiment by using an appropriate number of add(' new ) or sub(' new )
commands.

Adding and Subtracting Spectra

Noninteractive spectral addition and subtraction uses the spadd and spsub commands.
The last displayed or selected spectrum is added to (spadd) or subtracted from (spsub)
the current contents of the add/subtract experiment.

Each spectrum can be optionally multiplied and shifted usingthemul t i pl i er and

shi ft arguments, respectively. For example, entering spadd( 0. 75, 10) multipliesthe
spectrum by 0.75 and shiftsthe spectrum by 10 to theleft. A positivevalueof shi f t shifts
the spectrum being added or subtracted to higher frequency, or to the left. A negative value
of shi f t shiftsthe spectrum being added or subtracted to lower frequency, or to theright.
To shift a spectrum without multiplying it, use a multiplier of 1.0.

A multi-element add/subtract experiment can be created with the spadd or spsub
command. Using the keyword ' new creates a new spectrum in the add/subtract
experiment, for example:

1. Create the add/subtract experiment with a single spectrumin it by entering
cl radd sel ect (1) spadd from some experiment.

2. Entersel ect (2) spadd(' new ) tomake the add/subtract experiment contain
an array of two spectra corresponding to the original spectra 1 and 2, respectively.

If youinstead entered sel ect (2) spadd, asingle spectrum that isthe sum of the
original spectra 1 and 2 would have been made instead of an array.

Individual spectrain amulti-element add/subtract experiment can subsequently be added
to and subtracted from. The spadd and spsub command withouta' t race' keyword
adds to or subtracts from the first spectrum in the add/subtract experiment. Adding the
"trace' keyword followed by arequired index number selects another spectrum to be
thetarget of the add/subtract. For example, sel ect (4) spadd(' trace', 6) takesthe
fourth spectrum from the current experiment and adds it to the sixth spectrum in the add/
subtract experiment.
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When using the' t race' argument, the indexed spectrum must already exist in the add/
subtract experiment by using an appropriate number of spadd(' new ) or

spsub(' new ) commands. The results can be examined by joining experiment 5

(j exp5) and using the normal spectral display (e.g., ds) and plotting commands.

Interactive Add/Subtract

Interactive add/subtract provides a convenient way to manipulate two different spectra. A
“spectrum” may be a 1D spectrum, atrace from a 2D spectrum, or even a spin simulated
spectrum. Both horizontal displacement and vertical scale of the two spectrato be added or
subtracted are under interactive control. If the spectra can be phased, they can be phased
independently. The result can be manipulated using any of the standard software (e.g., the
command pl ), including further interactive add/subtract with another data set.

Interactive add/subtract is a multi-step process using the command addi . The same as
noninteractive add/subtract, interactive add/subtract uses exp5 as an add/subtract buffer
file, so no important data should be present in that experiment when you begin the process.

To Start Interactive Add/Subtract

Interactive add/subtract starts exactly the same as noninteractive add/subtract:
1. Enter cl r add to clear the buffer.
2. Enter spadd to add in the current spectrum as the starting point.

3. Enter addi to start the interactive add/subtract program. The addi program can
also be opened by clicking on the Interactive M ode button in the Add/Subtract Menu
or by clicking on the Add/Sub button in the Deconvolution Menu.

Upon opening theaddi program, asecond spectrum is selected and the interactive process
is started.

Spectrum 1, the spectrum selected by the spadd command, appears in the center of the
display. Spectrum 2, the spectrum which was active when addi wastyped, appears on the
bottom. The sum or difference of these spectra appears on top of the screen; when addi is
first entered, this spectrumisthe sum (1 + 2) by default. The Interactive Add/Subtract menu
(described in the next section) also appears.

Displayed at the bottom of the screen is the name of the currently active spectrum (the
interactive one). Also displayed thereis the current result mode (add, sub, or min).

Interactive Add/Subtract Menu

The Interactive Add/Subtract Menu has the following buttons (the labels on some buttons
change depending on what mode you arein):

Box I Selectl Full | sp wpl Subl Savel Returnl

Each button functions as follows:

Box The first button is labeled Box or Cursor. When Box appears, you
are in the cursor mode, and clicking on this button changes you to
the box mode with two cursors.

Cursor When Cursor appears, you are in the box mode, and clicking on this
button changes you to the cursor mode with one cursor.
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Select Selects whether the current, add/sub, or result spectrum is active.

Expand Thethird button islabeled Expand or Full, depending on whether
you arein thebox or cursor mode. When Expand appears, you are
in the box mode, and clicking on this button expands the area
between the cursors.

Full When Full appears, you arein the cursor mode, and clicking on
this button displays the full area.

spwp Adjusts the start and width of the active spectrum.

sub The fifth button is labeled sub, min, or add. When sub appears,

clicking on the button makesthe result spectrum to be the difference
between the current and the add/sub spectra.

min When min appears, clicking on the button makesthe result spectrum
to be aminimum intensity of either the current or the add/sub
spectra.

add When add appears, clicking the button makes the result spectrum to
be a sum of the current and the add/sub spectra.

save Saves the result spectrum in the add/sub experiment and returnsto
the last menu.

return Returns to the last menu without saving the result.

This menu is not user-programmabl e.

To Manipulate Spectra

Manipulation of the spectrais performed using the mouse:

« Left button positions the cursor or pair of cursors. If the sp wp button is selected, the
left mouse button adjusts the start of the display.

 Center button changes the vertical scale of the spectrum so that it goes through the
current mouse position. If the mouse is positioned at the left edge of the spectrum, the
horizontal position of the spectrum is adjusted.

 Right button positions the second cursor relative to the first cursor. If the sp wp button
is selected, the right mouse button adjusts the width of the display.

The important points to understand are few. The Select button is used to toggle between
different modes of control. When the [abel at the bottom of the screen reads“act i ve:
current,” al of the parameters (except wp) control spectrum 2, and spectrum 2 can be
phased, scaled, or shifted relative to spectrum 1.

After clicking on the Select button, the label at the bottom of the screenreads“act i ve:
addsub,” and al of the parameters except wp control spectrum 1.

Clicking on Select again togglesthelabel toread “act i ve:resul t,” so now parameter
changes affect only the sum or difference spectrum. Note that wp always controls all
spectra, since differential expansions of the two spectra are not supported. Note also that
the colors of the label's change to match the colors of the different spectra.

The sum/difference spectrum displayed on the screen while addi isactiveisstrictly a
temporary display. Once all manipulations have been performed, and assuming the sum/
difference is something you wish to perform further operations with (such as plotting), it
must be saved into the add/subtract buffer (exp5) by clicking on the save button. At this
point spectrum 1, which was in the add/subtract buffer, will be overwritten by the sum or
difference spectrum, and addi will cease operation.
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In most cases, you enterj exp5 ds todisplay the difference spectrum on the screen, ready
for further manipulation (expansion, line listing, etc.) and plotting. If you wish to continue
with the add/subtract process by adding in athird spectrum, display that spectrumin the
usual way and enter addi again.

6.5 Regression Analysis

The process of establishing correlations between two or more variablesis called regression
analysisor correlation analysis. The established regression or correlation can then be used
to predict one variable in terms of the others. Often, paired data indicate that a regression
may have a certain functional form, but we do not want to make assumptions about any
underlying probability distributions of the data.

Thistype of problem is often handled by the least squares curve-fitting method. Specific
exampl es of thiswere used for the analysis of T1 and To NMR dataand for the analysis of
kinetics data. Also available within VNMR are tools for fitting arbitrary data to selected
functional forms.

Theregression processin VNMR takesaset of datapairsfromthefiler egr essi on. i np
and attemptsto fit a curve to the set. The implemented curves are first, second, and third
order polynomials and an exponential in the form:

y = al * exp(-x/tau) + a3

There are further possibilities as the original data may be displayed against a choice of
linear, squared, or logarithmic scales.

Regression Commands and Menus

Table 39 lists the commands associated with regression analysis.

Table 39. Regression Commands

Commands
anal yze* Generalized curvefitting in regression mode
aut oscal e Resume autoscaling after limits set by scalelimits
expfit* Make least-squares fit to exp. or poly. curve (UNIX)
expl <(<options,>linel,...>)> Display exponential or polynomial curves
pexpl <(<options,>linel,...>)> Plot exponential or polynomial curves
pol yO Display mean of datain regression.inp file
ri nput Input data for regression analysis
scal elimts* Set limits for scales in regression
* anal yze('expfit', xarray<, option, option,...>)
expfit options <anal yze >anal yze.li st
scalelimts(x_start,x_end,y_start,y_end)

To remove the need to determine the correct arguments for the commands involved,
especialy expl and anal yze, regression can be performed almost completely through
the following menus.

Regression 1 menu:

x—linearl x—squarel x—logl dp—linear| dp—quad dp—expl Nextl EI
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Regression 2 menu:

g—linearl g—squarel g—logl dp—linearl dp—quadl dp—expl Nextl EI

Regression 3 menu:

dp—linearl dp—quadl dp—cubicl dp—expl plot.l dp out.putl Ret.urnl

These menus are accessible by selecting Analyze in the Main Menu, and then selecting
Regrs from the Analyze Menu.

The actions of the buttons 1 through 6 on each menu are described bel ow. The next button
in the Regression 1 selects the Regression 2 menu, the next button in the Regression 2
selects the Regression 3 menu, selects the next regression menu. The Return button in the
Regression 3 menu returns to the Regression 1 menu.

Regression Analysis Step-by-Step

1. Write and savethetext filer egr essi on. i np that contains the data pairs you
wish to analyze. The next section describes the format of thisfile. Create it by one
of the following methods:

» Usethemacrori nput . Thisprogram displays a series of prompts requesting
theaxislabel titlesand the datapairs. When youfinish, r i nput createsthefile
regr essi on. i np inthecorrect format. r i nput does not alow you to edit
the data; correct errors using atext editor after you complete the program.

» Useatext editor suchasvi ortextedit.
» CreateaMAGICAL Il macro for this purpose.

2. Enter thecommand expl (' regressi on') . Alternatively, select any one of the
buttons x-linear, y-linear, x-square, y-square, x-log, and y-log. Each of the buttons
also scales for displays and plots either the x or y axis as labeled on the button. In
the case of multiple data sets in the input file, data sets may be selected with the
commandexpl (' regressionl' ,line# line#. ..).

Theexpl command usesthevaluesinthe regressi on. i np filetodisplay a
graph of the data points. It also createsthefiles anal yze. i np (needed by
anal yze toruntheanalysis) and expl . out (display information for expl ).

You might also want to usethe pol y0 macro to calculate and display (as horizontal
lines) the mean of thedatain thefile r egr essi on. i np.

3. Runtheanal yze(' expfit', 'regression',option,'list")
command, whereopt i onis' pol y1',' pol y2', ' poly3',or ' exp',and
then enter expl to seetheresults asagraph. Alternatively, click on one of the
buttonsdp-linear, dp-quad, dp-cubic, or dp-exp. These buttonsinclude displaying
theresults using expl .
anal yze('expfit', ' regression',option,'list') calsthe UNIX
programexpf i t ,which createsthefilesanal yze. out (usedbyexpl todisplay
theresults) and anal yze. | i st (atable of results). Thetype of fitting is
determined by anal yze option or button you provide:

Fitting analyze option Button
linear " pol yl' dp-linear
quadratic ' pol y2' dp-quad
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Fitting analyze option Button

cubic ' pol y3' dp-cubic
exponential curve 'exp dp-exp

The menu system allows immediate display of the regression results and selection
of another type of regression if resultsare not satisfactory. Figure 58 showsquadratic
fittings for the data given in the example of ther egr essi on. i np fileinthe next
section.

218

Figure58. Display of Regression Fittings (expl Program)

To plot theanalysis, select the plot button in the Regression 3 menu or enter pexpl
page. To plot selected lines, enter pexpl (i ndex#, i ndex#, ...).

Because expl and pexpl set the scale automatically to show all points (if
possible), you may want to enter thescal el i mi t s macro to set limits for the
scales. Entering scal el i mi t s with no argument starts an interactive processin
which you are prompted for the four scale limits. You can also enter the limits for
the x-axisand y-axis asarguments: scal el i mi t s(x_start, x_fini sh,
y_start,y finish).Thelimitsareretained aslong asanexpl display is
retained. To return to automatic scaling by expl , enter aut oscal e.

To show the results of the analysisin the text window, select the dp output button
from the Regression 3 menu or enter cat (cur exp+' / anal yze.list’).

Contents of “analyze.out” File

The datainput fileisanal yze. out , except for regression when the input fileis
regression. i np. Thefileexpl . out savescertain display and plot parameters.

Values can be 2048 points maximum from a data set, 2048 points maximum from all sets
displayed/plotted, 8 data sets maximum displayed, and 128 data sets maximum are read.

Thefollowing isan example of anal yze. out . Numbers [, [, etc. identify linesin the
example and are not part of the actua file:

O exp 7 regression

0 D1 CCL
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O 1 5 linear |inear
O Exponential Data Anal ysis
time
anmp
0 NEXT 5
O 1 -248.962 22.8025 226.157
0 2 4
3 9
4 16
5 25
6 36

The following is a description of the numbered parts of thisfile:

L] The keyword exp isfollowed by a number for a curve type from Table 40.

Table 40. Curve Types.

Type  Function Functional Form

0 Tl/T2 (a0 — a2)*exp(-t/al) + a2

1 Increasing kinetics a0*exp(-t/al) + a2

2 Decreasing kinetics —a0*exp(-t/al) + a2 + a0

3 Diffusion a0*exp(-D1*uu) + a2*exp(—al* D1*uu) where
uu= CO+ C1*t+C2*t2

4 None No theoretical curve (use' | i nk')

5 Linear a0 + al*t

6 Quadratic a0+ al*t + a2*t2

7 Exponential a0 * exp(-t/al) + a2

8 Contact time (a3 <(a3 —a0)*exp(—t/al)) *exp(-t/a2) + a0

9 Cubic a0 + al*t + a2*t2 + a3*t3

The keyword r egr essi on, if present, indicates regression output

L] Floating point constants D1, C0, C1, and C2, if present, are used only with the diffusion
function (curve type 3).

L] Aninteger for the number of data sets (curves), followed by an integer for the number
of data point pairsin the set. For regression, the words are scale types for the x and y axes:
| i near,square,andl og.

L] Titleline. UseNo Ti t | e when atitleis not desired. Two additional text lines for the x
and y axis titles are present in output from regression.

L] The keyword NEXT identifiesthe start of adata set, and the integersthat follow give the
number of data point pairsin the data set.

[l Thefirstinteger specifiesthe number (usually 1) of the data point symbol used for the
data set. The next three integers are the coefficients a0, al, and a2 (see Table 40) and must
all be present, even for functionsthat do not use al three (e.g., first-order polynomial). If a
particular number is not appropriate, put any number there. a3 must be also be present for
cubic and contact time functions (curve types 7 and 8).

L] Datapoint pairsin the set.
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Next isan example of r egr essi on. i np filefor generalized curvefitting:
O tine

0 amp

0 0 0

0 NEXT

0 2.000000 4.000000

3. 000000 9.000000

4.000000 16.000000
5. 000000 25.000000
6. 000000 36.000000

Description of this example:
[l Linewithtext for x-axis label displayed by expl (' regression').

[l Linewithtextfory-axislabel (linemust not betoolong, usually lessthan 20 characters).
The first non-blank character must not be a digit.

] Line containing an integer for the number of data sets followed by another integer for
the number of pairs per data set. Both values are O if the number of pairsis variable.

] A line beginning with the keyword NEXT isinserted at the start of each data set when
the number of pairs per peak isvariable.

] The data pairs, listed one pair to aline.

Thefina example usesthe' fi |l e' argument totheexpl command:

U exp 4

O 1 5

O time

ogd1 0 0 O

O 2 4
3 9
4 16
5 25
6 36

Description of this example:

] Keyword exp followed by curve type number.

[J Number of data sets, followed by number of data point pairs.
U Title.

[] Data point symbol number, followed by three coefficients.

] Datapoint pairs in the set.

Contents of “regression.inp” File

The datainput text filer egr essi on. i np containsalisting of axis labels and data
pairs.The data file can contain up to 128 data sets. Data sets are selected by expl indexes
(up to 6, depending upon length of data sets) with a default to the beginning data sets. The
analysisislimited to 1024 data points, with the first part of larger data sets selected.

Thefollowing isan example of ar egr essi on. i np file that shows the format used.
Numbers [1, L1, etc. identify linesin the example and are not part of the actual file:

O time

O tenp

0 0 0
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O NEXT

6.6 Chemical Shift Analysis

0 0. 000000 5. 000000
9. 000000

1. 000000

2.000000

3. 000000

4.000000

5. 000000
O NEXT

12
20
33
42

. 000000
. 000000
. 000000
. 000000

0 0. 000000 20. 000000

1. 000000
2.000000
3. 000000
4.000000
5. 000000

Description of thisf

22
27
29
37
45

. 000000
. 000000
. 000000
. 000000
. 000000

ile:

[] X-axislabel for display by expl (' r egr essi on' ) . Thelabel isoptional. If used, the
first non-blank character in the label must not be a digit.

[ Y-axislabel for display by expl (' regr essi on' ). Thelabel isoptional. If used, it
must be less than about 20 characters and the first non-blank character in the label must not

be adigit.

L] If the number of pairs per data set is fixed, this line contains an integer for the number
of data sets, followed by another integer for the number of data pairs per data set. If the
number of pairs per dataset isvariable (asin this example), both integers are set equal to 0.

] If the number of pairs per data set is variable, aline with the word NEXT isinserted at
the start of each data set.

] Datapairs, oneto aline, are listed for each data set, in this order:
first pair of first set
second pair of first set
third pair of first set

first pair of second set
second pair of second set

6.6 Chemical Shift Analysis

Chemical shifts can be analyzed using the commands pcss and do_pcss listed in Table
41. Whenyou usepcss and do_pcss, thelist of chemical shiftsthat is created is saved
inthefilepcss. out par.

Table 41. Chemical Shift Analysis Commands

Commands
do_pcss

pcss

Calculate proton chemical shifts spectrum
Calculate and show proton chemical shifts spectrum
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chapter 7. Pulse Analysis

Sectionsin this chapter:
e 7.1"Pulse Shape Analysis,” this page
e 7.2"Pandora’s Box,” page 228

7.1 Pulse Shape Analysis

Thepul set ool program isdesigned to display and examine shaped rf pulses. The
standard pulse template file format is the same as for shaped pulsesin/ vnnr /

shapel i b. Datapointsarelistedasphase anpl i t ude ti ne- count ,wherephase
isindegrees, anpl i t ude isavaluebetween 0 and 1023, and t i me- count isaninteger
which describes the relative time duration of the step. The program is started by entering
the command pul set ool inaUNIX window. Table 42 summarizes the command and
parameters associated with pulse shape analysis.

Table 42. Pulse Shape Analysis Commands and Parameters

Command

pul set ool <-shape fil epath> RF pulseshapeanadysis(UNIX)
Parameters

phi Amount of rotation about the Z-axis
t heta Declination relative to XY-plane

Theanpl i t ude and phase aredisplayed in the small windows at the top of the display,
along with the effective frequency of the pul se, the quadrature components of the pulse, and
its Fourier transform. You can select the contents of any of the smaller windows for display
in the large graphics window in the center of the screen.

Between the small windows at the top of the display and the large central, graphicswindow
isthe control panel, hometo anumber of buttonsthat perform variousoperationsor activate
the routines described below.

Below the main graphics window is apanel that contains miscellaneous information about
the current pulse and display status. The directory file name, pulse name, vertical scale, and
vertical reference fields display current information that can be altered by the user.

The Steps, Fourier size, Power factor, and Integral fields are advisory only, and may not be
entered or changed by the user. Power factor is calculated when apulseisloaded, and isthe
mean sguare amplitude of the pulse. A square pulse has a power factor of 1. Theintegral of
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the pulseis an attempt to cal culate the tip-angle per unit time and B field strength. This
number is strictly valid only for pulses that are modulated in amplitude only and can be
used to determine the B field required to obtain, for example, a 90° tip with asinc pulse.
To do this, divide the desired tip angle (in revolutions) by the product of the integral value
and the pulse length (in milliseconds). The result is the required B, field strength, in kHz.

The directory system may be viewed, and pulse files selected for |oading through the use
of the Files button.

Simulation of the actual response to a pulse, based on Bloch equation calculations, is
available by selecting the Simulation button.

A number of standard pulses can be created, with attributes tailored through the Create
utility. The data currently displayed in the main graphics window can be saved with the
Save button.

Directory and File Operations

In selecting files, both the working directory and the pulse template file name can be
specified by direct entry into the Directory and Pulse name fields found in the panel at the
bottom of the display (use the Delete key to erase characters, if necessary, and typein the
desired name, followed by Return to indicate completion). When the Pulse namefield is
selected, pressing Return causes the named file to be loaded and displayed.

Alternatively, the Files button causes a popup window to be displayed, listing the contents
of the current directory. A trailing dlash “/” following a member of the list indicates a
subdirectory, and an asterisk “*” an executable file. The Load, Chdir, and Edit buttons
operate on an item selected from this listing with the left mouse button:

The Load button causesthe selected file to beread, and displayed in the graphics windows.
If thefile does not correspond to the proper format for pul setemplatefiles, an error message
is displayed. Comment lines beginning with the pound character “#" are ignored.
Descriptive information about the pulse is displayed in the bottom panel—the name of the
file, the number of stepsin the pulse, the Fourier size required to do the FFT of the pulse,
and a“power factor” calculated for the pulse. The power factor isbased on the mean square
amplitude of the pulse.

The Chdir button changes to and then lists the selected directory.
The Parent button changes to and then lists the parent of the current directory.

The Save button located in the main control panel can be used to save data currently
displayed in the main graphics window to afile. When this button is selected, a second
button labeled Done appears, along with atype-in field that holds the name of thefile that
will be created. First, enter an appropriate name, then select the Save button once again to
write the file. Once you have entered the Save mode, you can repeat this as many times as
you like— display a different attribute in the main window, enter a new file name, and
select Save. To exit from this mode, select Done.

The Print button located in the main control panel can create afile that can be used to print
the main graphics window on a PostScript printer. When this button is selected, a second

button labeled Done appears, along with atype-in field that holds the name of thefile that
will be created. Selecting the Print button with a appropriate file name in the type-in field
writes the file. The file can subsequently be sent to a PostScript printer with the UNIX | p
command.
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Attribute Selection

Thesix small graphicswindows at the top of thetool initially display the different attributes
of the current pulse:

e Amplitude

* Phase

« Effective off-resonance frequency

» Red and imaginary quadrature components
 Fourier transform

Any of these six windows can be displayed in the large graphics window by clicking inthe
appropriate small window with either the left or middle mouse buttons:

» The left mouse button causes the large window to be cleared before drawing and sets
the clear mode to on.

» The middle mouse button turns off the clear mode and displays the selected attribute,
overlaying any current display in the large graphics window.

Repeated selection of the small Fourier transform window will result in the large window
cycling through the magnitude of the Fourier transform, the real component, and the
imaginary component.

Scale and Reference

The vertical scale can be adjusted either by clicking the middle button inside the boundary
of the large graphics window or by manually entering avaluein the Vertical scalefield of
the bottom panel, ending by pressing Return. Using the middle mouse button causes the
scale to be adjusted interactively so that the active curve passes through the mouse arrow.
Note that no rescaling occursif the y-val ue specified with the middle button does not have
the same sign as the actual attribute value at that point on the x-axis. A negative val ue can,
however, be entered as a vertical scaleif so desired.

Thevertical reference controlsthevertical position of the active curve on thelarge graphics
window, representing the offset from zero measured in y-axisunits. A positive value moves
the curve up, and a negative value moves it down. Like the vertical scale, the vertical
reference can be adjusted in one of two ways—a value may be entered manually into the
Vertical reference field in the bottom panel, or the middle mouse button can be used
interactively anywhere in the large graphics window, while simultaneously holding down
the Control key. In the second case, the vertical reference is set so that the curve passes
through the mouse arrow.

The vertical scale and reference are reset whenever an attribute is selected from any of the
small graphicswindows. If things get out of hand, use this by resel ecting the current small
window with the left mouse button.

Cursors

Interactiveleft, right, and horizontal cursorsare available, and display areadout of position
at the bottom of the large window when active. The left cursor is activated by clicking the
left mouse button inside the large window. When the | eft cursor is present, the right cursor
can be activated by clicking the right mouse button anywhere to the right of the left cursor.
At thispoint, the right mouse button control s the position of the right cursor independently,
while the left mouse button moves both cursors in tandem.
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When both cursors are active, the control panel button normally marked Full will read
Expand, and can be used to display an expanded view of the region sel ected between the
two cursors. (Note that the clear mode will always be set to on after an Expand or Full
operation.) The left and right cursors are turned off by clicking the appropriate mouse
button in the large window while simultaneously pressing the Control key.

The horizontal cursor isactivated with the Thresh button located in the control panel. When
this cursor is active, it is controlled interactively with the middle mouse button. The
interactive scale and reference functions normally controlled with the middle mouse are not
available when the horizontal cursor is present. Select the Scale button in the control panel
to turn off the horizontal cursor and reactivate the scale and reference functions (vertical
scale and reference can be adjusted even with the horizontal cursor active by direct entry in
the appropriate fields in the bottom panel).

Simulation Overview

The simulation routine simulates the effects of an rf pulse by use of the classical model of
nuclear spin evolution described by the Bloch equations. T, and T, relaxation effects are
ignored, in which case the evol ution of amagneti zation vector in the presence of an applied
rf magnetic field can be evaluated by multiplication with a 3 by 3 rotation matrix. The
simulation consists of repeated multiplication by such a matrix, whose elements are
determined at each step by the values of amplitude and phase found in the pul se template
file, and by user input values of initial magnetization, B4 field strength, pulse length, and
resonance offset. The simulation is performed over one of three possible independent
variables— resonance offset, B field strength, or time, and is determined by the Sweep
cycle in the small button panel.

Simulation Parameters

Select the Simulation button in the control panel to activate the Bloch Simulation
subwindow. Thiswindow consists of a panel containing all required parameters (the pulse
length is taken from the value in the bottom panel of the main window) and asmall button
panel at the bottom of the window. To change the value of any parameter, select it with the
left mouse button, then del ete the appropriate characters and enter the desired value from
the keyboard. Parameters are updated each time the Go button is sel ected or when the Steps
button is selected with Index equal to zero.

Thefirst three parametersin the left hand column describe the starting values for the
magnetization components Mx, My, and Mz, whose vector sum must be less than or equal
to1.

The next three fields change to reflect the state of the Sweep cycle, which can be toggled
between B4, Freg, and Time. When Freq is selected, thefirst of thesefieldswill read By,
the value of B at the maximum pulse amplitude. The second and third fields determine the
lower and upper off-resonance frequency boundaries. When the Sweep cycleis set to B4,
these three fields are reversed so that the first determines a constant off-resonance
frequency and the remaining two determine the lower and upper boundaries of the
maximum B, amplitude. Selecting Time will yield adisplay of the magnetization as a
function of progression through the pulse, at the frequency and B1 field strength specified
by the parameter values displayed. In thislast case, the number of stepsin the simulation
istaken from the number of pointsin the pulse template and may not be altered externaly.
To get finer resolution in the simulation, use a pulse template with a greater number of

steps.
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Thelnitialize cycle determinesif the magnetization isreinitialized to the values of Mx, My,
and Mz, or if the simulation usesthe values at each point that were the result of the previous
simulation. Inthisway, the effect of aseries of pulses can be eval uated by loading the pulse
and performing the simulation with Initialize set to Yes, then loading the next pul se, setting
Initialize to No, and selecting Go. Any number of pulses can be concatenated in this
fashion. This feature works only for Frequency and B, sweep, but not Time.

When Time sweep is selected, the results can also be displayed in the form of a projected
three-dimensional coordinate system, showing the path of the magnetization over the
course of the pulse. Thisdisplay is obtained by selecting the 3D button after first selecting
the Go button. When the 3D display is active, the left mouse button controls the viewing
angle from within the canvas region delineated by the blue corner markers. This viewing
angleisdescribed by the two parametersphi (theamount of rotation about the Z-axis) and
t het a (the declination relative to the XY-plane). A “family” of trgectories can be
displayed by first selecting any of the small canvases with the middle mouse button, then
selecting the 3D button. Changing either the B, field strength or the resonance offset
followed by the Go button will result in display of the result without clearing the display.
To reactivate the automatic clearing feature, select any of the small canvases with the left
mouse button. To see the 3D display drawn in real-time, enter a nonzero integer valuein
the Time field. The appropriate value depends on the number of steps in the pulse and the
type of computer you have. Try avalue like 100 for a SPARCstation.

The last parameter in this column determines the number of points at which the simulation
will be performed along the y-axis. A larger number will give more detail in the result, but
will require proportionally more time to complete.

The Index parameter isacounter that updatesthe status of the simulation, and cannot be set
externally. The value displayed is the number of stepsin the pulse template that have been
compl eted.

The Step Inc parameter is used by the Step button, described in the section, “Performing a
Simulation,” to control the number of intermediate steps to be cal culated.

Performing a Simulation

When you have adjusted the parametersto your liking, you will probably want to select the
Go button. This does simulation calculations and then displays the resultsin the first five
small graphics windows, replacing (but not destroying!) the pulse information that was
displayed there. The Fourier transform information remains unaffected, so that
comparisons can be made between this and the exact simulation results.

All of thedisplay functions described el sewhere are active aswell, with the simul ation data.
Additionally, the original pulse datais still present in the background and can be swapped
into view with the Display cycle found in the main control panel.

The Step button offers the ability to view the course of the magnetization at intermediate
stagesthrough the pulse. When thisfunctionis selected, the next StepsInc steps of the pulse
are simulated, starting at the current value of Index. The intermediate result is then
displayed in the normal fashion.

During a Go simulation, asmall panel containing a Cancel button will pop into view. Use
thisto stop the simulation if necessary (there may be some delay between selecting the
button and the end of the process; it won't do any good to click on Cancel more than once).
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Creating a Pulse

The pulse creation routine currently offers the following pul se types:

Square Hermite 90 Tan swept inversion
Sinc Hermite 180 Sin/cos 90
Gaussian Hyperbolic secant inversion

A file containing the pul setemplate for any of these pul ses can be created from scratch with
this utility. Alternatively, pulses can be created for examination only, using the display
capabilities of pul set ool . Each pulseis generated with user-definable parameters
appropriate for the pulse in question.

When the Create button is selected, a menu of pulse types appears. Hold the right mouse
button down on the Create button, sel ect one of the pulsesin the resulting menu, and rel ease
the mouse button. If you decide you don't like any of the possibilities, move the mouse
arrow out of the menu area and release the button. When a pulse type is selected, a small
window appears with a brief description of the characteristics of the pulse and a set of
changeabl e attributes whose values you may alter if so desired. The number of stepsin the
pulseis limited to powers of 2 and can be set by clicking the left mouse button, or by
holding the right mouse button down and selecting the desired value from the resulting
menu. All other attributes, which vary depending on the pulse type, can be altered from
their default values by first selecting the appropriate field with the left mouse button,
deleting with the Delete key, and typing in the desired value (pressing Return is not
required).

At thispoint, you may select one of the three buttons at the bottom of the window: Preview,
Execute, or Done:

» Preview usesthe attributes as they appear on the screen to create a pulse that isloaded
internally into pul set ool . All pul set ool features can then be used to examine
and evaluate the new pulse. Any previous pulse information is del eted.

» Execute uses the attributes as they appear on the screen to create apulse, which is
written to a standard UNIX file. The name of thefileistaken from the file namefield
inthe Create window and written into the current directory, listed in the Directory field
inthe bottom panel. If afile of the same name already exists, you are asked to confirm
your request. If, for any reason, the program is unable to write to the named file, an
error message appears. Thisis generally symptomatic of not having write permission
in the current directory.

Currently, thereisno convenient way for auser to add new pulsetypesto those listed above.
Suggestions for those pulse types that should be included in the future are welcomed.
However, any user-created shaped pulse may be examined using the Files button.

7.2 Pandora’s Box

228

Pandora’'s Box (Pbox) software creates shape pattern files for experimentsinvolving
shaped rf pulses, composite pulses, decoupling and mixing patterns, adiabatic rf sweep
waveforms, and pulsed field gradient shapes. Thegoal of Pbox isto simplify generation and
use of different waveformsin NMR experimentsto alevel wherethe user does not need to
be an expert in selective excitation. Pbox makes the use of complex waveforms as ssmple
as using ordinary rectangular pulses. Indeed, not only does Pbox provide all the necessary
parameters (pulse width, power, dnf , dr es, etc.) when the shapefiles are created, but this
information can be extracted at any timefrom Pbox shapefiles by macros or directly within
pulse sequences. More than 160 different shapes are avail able from the Pbox library.
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Getting Started

The simplest mode of operation is from Pbox menus:
1. Enter ds todisplay aspectrum.
2. Click on Pbox.

The Pbox menu system appears:

Wavelib| 90| 180| Homo-dec| Het—dec| Mixing| Grad| Quit|

These buttons have the following actions:

Wavelib Selectsthewavel i b directory and providesfile system utility for
selection of shapes.

20 Prompts for cursors to be placed around the signals to be excited and
displays the Pbox menu for the definition of 90° excitation pulse
shapes.

180 Prompts for cursors to be placed around the signals to be excited and
displays the Pbox menu for definition of 180° inversion/refocusing
pulse shapes.

Homo-dec  Prompts for cursors to be placed around the signals to be
homodecoupled and displays the Pbox menu for definition of
decoupling waveforms.

Het-dec Displays the Pbox menu for the definition of decoupling waveforms.
By default, it assumes *H decoupling over 10 ppm

Mixing Displays the Pbox menu for the definition of mixing waveforms. By
default, it assumes bandwidth of 10 ppm (*H).

Grad Displays the Pbox menu for the definition of gradient shapes.

Quit Exits Pbox and displays the 1D Interactive Display menu.

The following steps are typical for creating an excitation pulse:
1. Click on Pbox > 90.
2. Select an excitation band using cursors.
3. Click one-Burpl > Close > Name > Close.

For help in understanding Pbox menus, click on the Help button.

Calibrating the RF Field

To obtain the pulse calibration numbersin the Pbox output, provide the rf field calibration
datar ef _pwr andref pw90 intheinput. If menus are used for the first timein the
current experiment, Pbox prompts you to provide the necessary information. Therefore,
before waveform creation, make sure the rf field has been calibrated and you know the
length of the 90° pulse at a given power level.

If the spectrometer amplifiers are linear, which is standard on Varian NMR spectrometer
systems, it does not matter at what power level therf field isbeing calibrated. However, for
maximum accuracy, do the calibration closeto thefield used in the experiment. An estimate
of the rf field is obtained by providing approximate calibration dataand using cal asan
output file name. No waveform is created in this case, and only the calibration results
appear in the output.
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Creating Waveforms from Macros

Pbox macros provide useful toolsfor customizing NMR experiments. The simplest way to
create a shape is using the pxshape macro. For example, a single band excitation pulse
using the E-BURP-1 shape, covering 400 Hz, and shifted off-resonance by —880 Hz from
the carrier frequency (middle of the spectrum) can be created and stored intheal pha. RF
fileasfollows:

pxshape(' eburpl 400.0 -880', "' al pha. RF'")

The following steps are necessary to create multiply-selective pulses. If the spectrum of
interest is on the screen, use the cursors.

1. Enter opx(' hadamar d. RF' ) to openthe Pbox. i np fileand write the file
header.

Select an excitation band using cursors.

Enter sel ex(' rsnob').

Select the second excitation band using cursors.
Enter sel ex(' rsnob').

Repeat steps 2 to 5 as many times as needed.

N o o & 0w

Enter cpx to closethe Pbox. i np file.
8. Enter dshape to display the last created shape.

If an experimental spectrum is not available, the following slightly different set of macros
are used:

1. Enteropx(' myshape') to open Pbox and provide afile name.

2. Entersetwave(' sech 400.0 -880.0") toselect first band at -880 Hz.

3. Entersetwave(' sech 400.0 1240.0') to select second band at 1240 Hz.
4. Entercpx(ref _pwd0, ref pw) toclose Pbox.

5. Enter dshape to display the shapefile.

The pbox_pwand pbox_pwr macros are used to load the parameters of the last created
shape file into the current experiment:

pbox_pw: sel pw
pbox_pw : sel pwr

Alternatively, the calibration datais directly retrieved from the shape file provided as an
argument to the pbox_dnf and pbox_dr es macros:

pbox_dnf (' ccdec. DEC ) : dnf
pbox_dres(' ccdec. DEC ): dres

where ccdec. DEC isthe name of the decoupling shapefile.

The excitation profile of shaped pulses is conveniently verified using the Pbox Bloch
simulator:

1. Enter opx to open Pbox.
Enter set wave(' i burp2 400.0 -880') tosdect first band at —-880 Hz.
Enterset wave(' i burp2 400. 0 1240. 0') toselect second band at 1240 Hz.

Enter pbox_r st to reset par-s and write comments.

o > WD

Enter pboxpar (' nane' , ' test. DEC ) to define the output file name.
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6. Enter pboxpar (' bsim,'y') toactivate the Bloch simulator.
7. Enter cpx to close Pbox.

8. Enter dshape to display the shapefile.

9. Enterdprofile('z') todisplay inversion (Mx) profile.

In the vast mgjority of cases, you don’t have to tell Pbox whether you are creating a 90°
excitation pulse or 180° inversion pulse, or even whether an .RF, .DEC, or .GRD type of
waveform is needed, because thisinformation is stored with the corresponding wavefilein
thewavel i b directory. Pbox can be forced to change the waveform type by you ssmply
providing the required extension to the output shape file name. Wave files are modified, if
necessary, by copyingitintoyour wavel i b and editing thetext file asrequired. See* Pbox
Macro Reference,” page 241, for amore complete description of macros.

Creating Waveforms from UNIX

It is sometimes more convenient to create waveforms from the UNIX shell:
> Pbox

The name of the output shape file is passed as the first argument:
> Pbox filenane

Theinput data are typically stored in the Pbox. i np fileinyour vnnr sys/ shapel i b
directory and are modified using standard text editors. Alternatively, most of the necessary
data can be provided as arguments to the Pbox command. For example,

> Pbox nyfile -w 'eburpl 480 -1200" -p 40 -1 104

generates an E-BURP-1 excitation pulse covering 480-Hz-wide band and shifted —-1200 Hz
off-resonance using for calibration 104 uslong pw90 at 40 dB power level and stored in
nyfi | e. RF. Note that the name of the output shape file is always passed as the first
argument.

Several other optionsare accepted by Pbox; for example, - b activatesthe Bloch ssmulator,
- ¢ calibrates the waveform without creating a shape file, and - o prints out the available
options. (see “Phox UNIX Commands,” page 258, for further information).

Pbox File System

All the information about the waveform to be created (e.g. calibration data, output file
name, excitation band definition) is stored in the Pbox. i np text (ASCII) filein the user
directory vnnr sys/ shapel i b. Thisfileis generated whenever Pbox menus or macros
are used. You can also create it by using one of the standard text editors.

Any shape file can consist of one or several shaped pulses that are combined into asingle
waveform. Each excitation band is defined by awave definition string (a string of wave
variables enclosed between delimiters { and} ). The number of wave definition stringsin a
single Pbox. i np fileisunlimited. In order to simplify the input file format, the wave
variables are entered without namesin a strongly predefined order:

sh bw(/pw) ofs st ph fla trev d1 d2 dO wap php

The following list describes each of the variables.

sh Shape name as stored inwavel i b
bw(/ pw) Bandwidth in Hz, or pulsewidth in sec, or both
of s Offset from transmitter offset or carrier in Hz
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st

ph
fla
trev
di
d2
do

wr ap
php

Spin status (0 for Mz or 1 for Mxy)
Phase or phase cycle

Flip angle

Timereversa flag

Prepulse delay

Postpulse delay

Delay before the pulse
Wraparound parameter

Phase pivot

The order of parameters has been chosen such that the importance of parametersis
decreasing and rarely used parameters can be omitted or defaulted by assigning avalue of
n (not used). The following examples are valid wave definition strings.

{gsneeze}

{G3 800}

g-SNEEZE pulse applied on resonance, the pulse length will
beinternally defaulted to 5 ms.

G3 pulse covering bandwidth of 800 Hz and applied on-
resonance.

{sech 400/ 0.05 -1200} 50 mslong hyperbolic secant pulse covering 400Hz and

shifted off-resonance by —1200 Hz.

{WURST2 2k/5m 12k n t5} 5mslong WURST-2 decoupling pulse covering 2 kHz and

shifted off-resonance by 12 kHz usest5 phase cycle.

{eburpl 450 0.0 n 180} Two E-BURP-1 pulses mixed in a single waveform, both
{eburpl 450 820 1 0.0} covering 450 Hz wide band. Thefirst pulseis applied on-

resonance with a phase of 180°. The second pulseis shifted
to 820 Hz of -resonance, has zero phase and isade-excitation
pulse (status 1). By default such apulseistime reversed.

A set of Pbox parameters can be used to define the waveform to be generated. The syntax
of the Pbox. i np fileisstraightforward, par anet er =val ue, for instance, name=
nyshape. RF, or smply nane=myshape. The following list describes Pbox
parameters and their default values (see “Pbox VNMR Parameters,” page 236, for more

details):

name=Pbox
type=r

dres=9.0
st eps=200

maxi ncr =30
attn=
sfrg=0

r ef of s=0
sucyc=d

reps=2

st epsi ze=n
wr ap=0
header =y
bsi men

T1l=n

Shape file name, the extension is optional .
Shapetype, r - RF, d - DEC, g - GRD.
Asin VNMR, degrees. The default valueis stored inwavefi | e.

Minimum number of steps (< 64k). The default valueis stored in a
wavefile.

Max phase incr, degrees (<<180)

Attenuation, i (interna), e (externa) or d (nearest dB step)
Spectrometer frequency, MHz

Reference offset, Hz (/ppm)

Super Cycle, d (default), n (no), nameasinwavel i b/
super cycl es. Thedefault valueisstored inwavefi | e.

Amount of reports (0-4)

Size of asingle step (ms)

Wraparound parameter (0-1)

Shape header, y (yes) n (no) i (imaging)

Bloch simulation, y (yes), n (no), a(add), s (subtract), 200 (timein
Sec)
Relaxation time T1 (sec)
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Zero padding; number of zero steps at the beginning of awaveform

T2=n Relaxation time T2 (sec)
dcyc=1 Duty cycle (0 - 1).
sw=0 Spectral width (Hz)
padl

pad2

pt ype=sel ecti ve

Zero padding; number of zero steps at the end of awaveform
pulse type (for imaging only).

The number and order of input parameters is optional and not important.

You can redefine the internally defaulted Pbox parameters by entering the default values

inthe. Pbox_gl obal s file.

Parameters describing software and hardware limitations are also pre-defined internally
and can beredefined by theuser inthe. Pbox_gl obal s filethat isstored in user’shome
directory. The following list describes global parameters and their default values.

shdi r =$HOVE/ vnnr sys/ shapel i b/
wvdi r=/vnnr/wavelib
maxst =65500
def np=100

m npw=0. 2

m npwg=2. 0
drm n=1.0
maxanp=1024. 0
maxgr =32767. 0
anres=1.0
phres=0.1

t nres=0. 05
dres=9.0
maxpw =63

m npwr =- 16
maxi tr=5
maxdev=2. 0
cnpr =y

m nst ps=64
pw=0. 005
pwg=0. 001

Default shape directory

Default wave directory

Maximum number of stepsin waveform
Default number of steps

Minimum step length, in pus
Minimum gradient step length, in pus
Minimumdr es

Maximum amplitude

Maximum gradient amplitude
Amplitude resolution

Phase resolution, in degrees

Time resolution, in us

Default dr es

Maximum power level, in dB
Minimum power level, in dB
Maximum number of iterations
maximum deviation, in percent
Waveform compression

Minimum stepsin Bloch simulation
Default .RF and .DEC pulse length, in sec
Default .GRD pulse length, in sec

The parameters of individual shapes—Gaussian, E-BURP-1, or hyperbolic secant pulse,
etc.—are stored in thewavel i b directory, which has several subdirectories, such as
excitation, inversion, refocusing. Every individual shape is defined by a set of parameters

that can be grouped in several categories.

Wave definition parameters are the following:

anf Amplitude modulation function
f nf Frequency modulation function
prf Phase modulation function

su Default supercycle

fla Default flip angle on resonance
pwbw Pulsewidth to bandwidth product
pwohl Pulsewidth to B1max product
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pwsw
adb
of s
dres
dash
wf

st
dutyc
cl

c2

c3

st eps

Pulsewidth to sweepwidth product
Adiabaticity on resonance

Offset of excitation bandwidth
Default tipangle resolution, in degrees
Dash variable

Window function

Default status

Duty cycle

Constant

Constant

Constant

Default number of steps

Wave truncation parameters are the following:

mn

max
left

ri ght
crpl x
wr ap
trev
srev
stretch
dcfl ag

Minimum truncation threshold (0 to 1)

Maximum truncation threshold (0 to 1)

Truncation from left (O to 1)

Truncation from right (O to 1)

Flag, retain real (1), imag (1) or complex(0) part of wave
Wraparound factor (0 to 1)

Timereversal flag (yes=1,no=0)

Frequency sweep reversal flag (0 to 1)

Stretching factor (>= 0)

dc correction, y/n

Additional parameters are usually data matrices, such as Fourier coefficients or square
wave parameters e.g. length, phase, amplitude, etc. These matrices are listed without
parameter names. The size of the data matrix given is defined by:

col s
r ows

Number of columns
Number of rows

Pbox incorporates the following amplitude modulation (AM) functions:

sq
sga
gs
|l z
sch
ht a
tra
sc
csp

sed
ap

ata
exa
tna

Square (constant amplitude)

Square wave amplitude modulation (used for “composite” pulses)
Gaussian

Lorentzian

sech (hyperbolic secant)

tanh (hyperbolic tangent)

Triangular amplitude (ramp)

Sinc function

Cosine power

WURST (wideband uniform rate smooth truncation)
Seduce-1, mixture of sech and sin

Quadrupolar

Amplitude mod for CA atan frequency sweep pulse
Exponential amplitude

Tangential amplitude
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Fourier Series
Inverse Fourier Transform

Pbox incorporates the following frequency modulation (FM) functions:

I's
tns
ht
lzs
ca
cas
cs
cs2
ccs
sqw
fsw
fslg

Linear sweep (chirp)

Tangential sweep (tan)

Hyperbolic tangent sweep (tanh)

Constant adiabaticity Lorentzian sweep

Constant adiabaticity (CA) sweep (frequency modulated frame)
Constant adiabaticity sweep (phase modul ated frame)
Cosine/ sine pulse frequency sweep

CA cosine square frequency sweep

CA cosine frequency sweep

Squarewave phase modulation

Frequency switch (step function)

Frequency switched as per Lee-Goldburg

Pbox Equation Evaluator

Pbox equation evaluator enables you to write your own expressions for amplitude,
frequency, or phase modulation functions. The syntax for such equationsis based on the
“C” programming language. An example of a user-defined shapeis provided in the
wavel i b/ usr directory.

Reserved Shape Names

There are several shape namesthat are reserved for internal use and do not appear in

wavel i b.
NULL
RDC, rdc
a-N

A null shapeis used to generate shapes with zero amplitude. Such shapes are
useful for waveform generator tests and can be convenient in conjunction with
creating complex waveforms that include delays.

Radiation damping compensation shape is afictitious shape that is used to
compensate other shapes for radiation damping. It has three active parameters:

pw bwentry is used to define the radiation damping rate (in Hz) or time constant
(in seconds)

of s entry is used to define the frequency of the radiation damping source, e.g.
water signa

st entry isused to define the position of the radiation damping source (0 for Mz,
1 for Mxy, etc.).

If the RDC shape is defined, it is active during the whole waveform.

Internal phase cycle that alternates the phase of awaveform between —N and N,
where N denotes the phase value. For example, a-45 is atwo-step phase cycle
with phase alternating between +45° and —45°. It can be used in conjunction with
other phase cycles, for instance in nested phase cycles.
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R-N r-N

Internal phase cycle that alternates the phase of awaveform between O and N,
where N denotes the phase value. For example A-180 is a two-step phase cycle
with phase alternating between 0° and 180°. It can be used in conjunction with
other phase cycles, for instance, in nested phase cycles.

Internal repetitive phase cycle that simply repeats the waveform N times. For
example, r-4 repeats the same waveform four times. It can be used in conjunction
with other phase cycles, for instance, in nested phase cycles.

Pbox VNMR Parameters
Thefollowing list describes Pbox VNMR parameters.

namne

type

dres
st eps

maxi ncr

Name and extension of the output shapefile. If the extensionisnot given, the shape
typeis set according to thet ype parameter. The default nameisinternally set as
Pbox. This can be changed inthe. Pbox_gl obal s file.

Shape type. Allowed valuesarer (.RF type), d (.DEC) or g (.GRD). If the shape
type is not defined and the shapefile is given without an extension, the shape file
type is determined from the wave file according to the following criteria:

e typeissettor if pwbw> 0.0.

« typeissettodifdres >0.0.

e typeissettog otherwise.

Correspondsto dr es parameter in VMNR. Active only with .DEC files.

Definesthe required number of stepsin thewaveform. The default number of steps
is stored with each individual shape in the corresponding wave file. This number
can be overridden by Pbox if it is smaller than theinternally calculated minimum
number of steps, which isnecessary to maintain the functionality of the waveform.
This number is defined according to the following criteria:
e By the minimum number of steps necessary for adequate representation of
the waveform (asin wavefile).
« If thewaveform is shifted off-resonance, by the Nyquist condition (see
maxi ncr).
Maximum phase increment. By default, set to 30°. This number is active only if
the waveform is shifted off-resonance or the shape itself is frequency modulated
(e.g., adiabatic sweeps). In order to satisfy the Nyquist condition, maxi ncr
should not exceed 180°, otherwise the waveform gets folded back. In fact, the
degradation of performance and interference with sidebands can be observed even
with amaxi ncr of greater than 90°. Therefore, amaxi ncr of lessthan 90° is
recommended.
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attn Fine attenuation mode, which uses the following allowed values:

i (Internal), default.Fine attenuation is implemented by internally
rescaling the waveform within the amplitude range set by maxanp
(0to 1023).

e (External) Fine attenuation isimplemented by externally rescaling the
waveform using linear modulators. The internal amplitude is set to
maxanp (1023.0) and therequired fine attenuator setting isproducedin
the output.

d Attenuate to the nearest dB step by changing the pulse width, which will
affect the excitation bandwidth typically within 5%, which istolerable
in most applications. The internal amplitude is set to maxanp (1023.0)

45 Internally attenuate to a given (4.5 kHz) B1 field strength by adjusting
the pulse length.

4.5e Externally attenuate to agiven (4.5 kHz) B1 field strength by adjusting
the pulse length.

45| Internally attenuate, keeping course power level at a given (45 dB)
power level.

45E Externally attenuate (with fine power), keeping course power level at a
given (45 dB) power level.

45d Attenuate to a given (45 dB) power level by changing the pulse width.
Theinternal amplitude is set to maxanp (1023.0).

sfrq Spectrometer frequency in MHz.

refofs Reference offset, usually 0.0. Can be specified if the excitation bands are shifted
by or referenced to some frequency. Units: Hz, kHz, or ppm (if sf r q is defined).

sucyc Super cycle. Allowed values are n (no), d (default) or any name of a super cycle

stored inthewavel i b/ super cycl es directory. By default, it isinternally set
to d. Super cycles can be nested by separating the names with a comma, for
example, t5,m4 represents 5 step TPG super cycle nested in four step MLEV-4

super cycle.

reps Defineslevel of reporting. Allowed values are 0-4: O=silent, 1=single line,
2=minimum, 3=medium, 4=maximum. The default is 2.

st epsi ze Thelength of asingle step in awaveform. The default units are us. Note that
st epsi ze disablesthe maxi ncr parameter.

bscor Initiates correction for Bloch-Siegert effect in multiple band excitation, inversion

or refocusing pulses. Allowed values arey (yes) or n (no, default). Active only if
the number of bandsis two or more. Reduces the rf interference effects (see M.
Steffen, L.M.K. Vanderseypen and | .L.Chuang, Abstracts of the 41st ENC, p. 268,
Asilomar 2000).

wrap Wraparound parameter. It allows wrapping around the waveform. The alowed
values are between 0 and 1.0.

header Shapefile header. Allowed values arey (yes, default), n (no shapefile header) and
i (imaging). Information required for imaging systems is stored in the shape file
header.

bsim Bloch simulator. Performs Bloch simulation for the given waveform at the moment

of waveform generation. Allowed valuesarey (yes), n (no, default), a (add to the
previous simulation), s (subtract from the previous simulation) and any positive
integer limiting the simulation time in seconds. The default maximum length of
simulation isinternally set to 60 seconds and can be redefined in

the. Pbox_gl obal s file. Note, that Bloch simulator can also be externally
activated, e.g., from menus or using thedpr of i | e macro.

Tl Longitudinal relaxation time, T1 in seconds. Can berequired by some waveforms
(e.g. SLURP pulses). Optional for the Bloch simulation.
T2 Transversa relaxation time T2, in seconds. Can be required by some waveforms

(e.g. SLURP pulses). Optional for the Bloch simulation.
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dcyc

SW

ref _pwoo

ref _pw

ptype
padl

padl

Duty cycle. Usualy required for homonuclear decoupling applications. Only
values between 0.0 and 1.0 are active. Outside these boundariesdcyc isreset to
1.0 (default).

Spectral width. Required for Bloch simulation. Also recommended for H-H
homo-decoupling applications. If given, the step size of waveform is set equal to
the dwell time (1/sw). sw helps to make sure that excitation sidebands are kept
outside the spectral window.

Reference 90° pulse width (in pus) at r ef _pwr . Required for caibration of
waveforms. If set to 0.0, the maximum B1 field intensity (in kHz) is reported
instead of the power setting.

Reference power level (in dB steps). Seer ef _pw90.
Pulse type. Only necessary with imaging header. By default, settosel ecti ve.

Zero padding at the beginning of shapef i | e. Adds a specified number of steps
of zero amplitude to the beginning of a shape file (gate is closed).

Zero padding at the end of shapef i | e. Adds a specified number of steps of
zero amplitude to the end of a shapefile (gate is closed).

Wave String Variables

A reminder isgiven in Pbox. i np files generated by menus and macros because these
parameters appear without names. The wave string variables are listed asthey appear inthe

reminder.

sh
bw/ pw

of s

st

Shape nameasinwavel i b.

Bandwidth and/or pulsewidth. For most waveforms, only one of the two
parametersis required. Pbox distinguishes between bw (in Hz), which is always
greater than 1.0, and pw/(in sec), whichisalwayslessthan 1.0. Itisup to you which
of the two parametersto provide for input, because they are mutually related via
the pw* bw product, which is stored with each individual shapeinwavel i b.
Some waveforms (e.g., adiabatic sweep pulses) can require both bwand pw: In
such cases, both variables can be provided inasingle string using the“/” separator.
For example, { WURST2 200.0/0.05} denotes a 50-mslong WURST-2 pulse
covering 200 -Hz-wide band. Alternatively, units can be used for clarity, e.g.,
{WURST2 0.2k/50m} . If the sf r q parameter is defined, bandwidth can also be
specified in ppm, e.g., { WURST 20p/5m}.

Offset of the center of the excitation band in Hz with respect to the carrier
frequency (middle of the spectrum). Notethat if thesf r q spectrometer frequency,
(in MHz) isdefined, of s can also be specified in ppm. In order to specify of S in
terms of absolute frequency, the reference offset r ef of s (i.e., chemical shift
value of carrier frequency) must be defined. For instance, { WURST2 20p/5m
170p} sfrg=225. 0 ref of s=55p.

Spin status. Defines whether the waveform is used for excitation (st =0),
refocusing (st =0. 5) or de-excitation (st =1), which, inturn, defineswhether the
wave starts with phase defined by ph (st =1), the ph occursin the middle of the
pulse (st =0. 5), or the pulse ends with phase ph (status 0). In addition, the
waveforms are time reversed if statusis 1, as required for proper de-excitation.
Undesired timereversal can beundone usingthet r ev parameter. Furthermore, if
severa waves of different width are generated, they are bound to the beginning
(st =1), middle (st =0. 5), or end (st =0) of thewaveform. The spin status of the
first wave is also used by Bloch simulator as the starting magnetization.
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ph Phasein degrees or phase cycle (super cycle). Usually phaseisexternally setinthe
pulse program and this parameter is not required. You can also apply any
phasecycle (super cycle) fromwavel i b/ super cycl es. The difference
between this phase cycle and the sucyc parameter isthat phase cycling iscarried
out before waveform mixing and is therefore independent of other Super cycles,
whereassucyc is applied to the final (mixed) waveform. In thisway, severa
wavesof different width can beindependently phase cycled and use different super

cycles.

fla Flip angle, in degrees. Usudly, f | a is defined in the wave file and there are very
few applications where intermediate flip angles are required.

trev Timereversal flag (seest ). Allowed values arey (yes) and n (no, default).

di Prepulse delay, in seconds. Normally not required. If defined, it disables the
internal wave shifting according to the spin status.

d2 Postpulse delay, in seconds. Normally not required. If defined, it disables the
internal wave shifting according to the spin status.

do Pre-d1 delay, in seconds. Essentially repeats d1. It is used only for convenience,

e.g., if internal duty cycleis defined in shape parametersinwavel i b. If setto
'a', thewave is appended to the previous wave.

wrap Wraparound parameter. Can take values between 0 and 1.0.

php Phase pivot. It determines the point in the shaped pulse when phase takes the
value set by theph (phase) parameter. The php parameter takes val ues between 0
(beginning of the pulse) and 1 (end of the pulse). By default, if st =0, then php is
settophp = 1.If st =1, then php=0.

Creating Waveforms Using Menus

A set of menusis provided for convenience of pulse shaping from the VNMR window:

Pbox Pbox180 Pbox180a Pbox180b
Pbox180r Pbox90 Pbox90a Pbox90b
PboxDec PboxDec2 PboxGrad PboxHoDec
PboxHoDeca PboxLib PboxMix PboxOpt
PboxOpt2 PboxSol PboxWva PboxWvb

To enter Pbox menus, do the following steps:
1. Enter ds inthe VNMR input window.
2. Click on Pbox.

For example, to create asimpl e excitation pulse, such asan E-BURP-1 shaped pulse, dothe
following steps:

1. Click on Pbox > 90.
2. Select an excitation region using cursors
3. Click one-Burpl > Close > Name > Close.

The Name button is optional and can be omitted. The shapefiles are stored under a default
name (usually Pbox.RF).

To create a multiply-selective pulse, do the following steps:
1. Click on Pbox > 90.

2. Select an excitation region using cursors.
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Click on e-Snab.

Select the next region using cursors.

Click on e-Snab.

Repeat steps 4 and 5 as many times as required.

N o o & w

Click on Close > Close.

To create 4-ply selective excitation pulses for phase encoding (e.g., in experiments using
the Hadamard transform), use the following sequence:

1. Click on Pbox > 90.

Click on Options > Phase > Return.
Select an excitation region using cursors
Click on e-Burpl.

Repeat steps 1 through 4 as required.

© o M W DN

Click on Close > Name > Close.
To create inversion and refocusing pulses:
1. Click Pbox > 180.
2. Select aninversion band using cursors.
3. Click oniBurp2 > Close > Bloch, enter y, and click on Close.

In the last example, a Bloch simulation is activated and the inversion profile is displayed
on top of the spectrum. A relaxation-sensitive simulation on a refocusing pulse can be
carried out by using the following menus:

1. Click on Pbox > 180 > Refoc.
2. Select arefocusing band using cursors.
3. ClickonreBurp > Close>T1> T2 > Bloch, enter y, and click on Close.

If the spectrum isnot available, asisfrequently the case with homo-decoupling inindirectly
detected experiments, the bandwidth and offset can be manually entered, using the Options
button. For example, off-resonance SEDUCE-1 decoupling centered on carbonyls can be
created as follows:

1. Click on Pbox > Homo-dec > Options > Offset > Bandwidth > Return
2. Click on Seducel > Close > Name > Close.

For homodecoupling in the directly detected dimension, it is necessary to specify the
decoupler duty cycle. For adiabatic decoupling, the J-coupling must also be specified:

1. Click on Pbox > Homo-dec > Adiabatic (set J= 10 Hz for H-H decoupling).
2. Select decoupling band using cursors.
3. Click on WURST-2 > Close > Dutycyc > Name > Close.

Heteronuclear decoupling and mixing sequences usually do not need to be shifted off-
resonance and the menu sequence can be very simple:

1. Click on Pbox.
2. Click on Mixing > bw (Hz) > DIPSI-3 > Name > Close.
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A default supercycling is usually assigned to all waveformsin the directorieswavel i b/
decoupl i ng andwavel i b/ m xi ng. However, the supercycle can be changed or
assigned to other (nondecoupling) shapes either by using the Phase button in the Options
menu or using the Sucyc button in the Close menu. It is necessary to click the Sucyc button
several timesin order to create a nested supercycle:

1. Click on Pbox > Het-dec > bw (Hz) > WALTZ16 > Name.
2. Click on Sucyc, enter t 5, click on Sucyc, enter m4, and click on Close.

It is even simpler to create shaped gradients:
» Click on Pbox > Grad > h-Sine.

The Other button in different menus or the Wavelib button provide accessto all wavel i b
items. The Wavelib sequence of menusis dightly different from the usual menus. For
example, amultiply selective adiabatic inversion pulse using sech (hyperbolic secant)
shapeis created as follows:

1. Click on Pbox > Wavelib > (select inversion/) Ch Dir > (select sech).
Click on Set Shape.

Select inversion region using cursors.

Click on Set Wave.

o > WD

Repeat step 4 as required.
6. Click on Close> Name > Close.
Information about various shapes is al so accessed through the Wavelib menu:
1. Click on Pbox > Wavelib.
2. Select decoupling/ and click on Ch Dir.
3. Select MPF7 andclick oni?
4. Repeat step 3 as required.

Pbox Macro Reference

Although most of needs for generating selective pulses can be satisfied by using Pbox
menus, a set of macrosis provided for those who prefer macros over menus. The following
table lists the macros in the order of decreasing importance. For additional information on
Pbox macros, refer to the manual VNMR Command and Parameter Reference.

opx Opens Pbox, writesthe Pbox. i np file header, and resets parametersr 1-
r7andnl-n3.
sel ex Defines the excitation band from the position of cursorsin the graphics

window and reports them to the user. It also set s r 1 to excitation
bandwidth and r 2 to offset. sel ex usesthe pbox_bwand put wave
macros.

cpx Callsthe Pbox command, which generates the specified waveform as
defined by the Pbox. i np file. cpx aso checksif parametersr ef _pwr
andr ef _pwo0 exist inthe current experiment and putstheir valuesinto the
Pbox. i np file. If the parametersdo not exist, c px createsthem and asksthe
user for parameter magnitudes.

setwave Sets up asingle excitation band in the Pbox. i np file. An unlimited
number of waves can be combined by reapplying set wave.
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put wave
pxshape

pboxpar
pboxget

pbox_pw

pbox_pwr

pbox_pw f

pbox_dnf

pbox_dres

pbox_name

dshape

pshape

dshapef

dshapei

dprofile

pprofile

pph
pbox_bw

pbox_bws

Sets up asingle excitation band in the Pbox. i np file. An unlimited
number of waves can be combined by reapplying put wave.

Plotsreal (X) and imaginary (Y) components of ashaped pulse. Any type of
waveform (.RF, .DEC or .GRD) can be plotted.

Adds a parameter definition to the Pbox. i np file.

Extracts calibration data from the file shapef i | e. ext generated by
Pbox or, if thefile name is not provided, from the pbox. cal file

containing parameters of the last created Pbox shape file. Note that the
parameter is not changed by thismacro if itwassetto' n' (not used)!

Extracts pulse length from thefileshapef i | e. RF generated by Pbox or,
if thefilenameisnot provided, from pbox. cal filecontaining parameters
of the last created Pbox shapefile.

Extracts the power lever from thefile shapef i | e. ext generated by
Pbox or, if thefile name is not provided, from the pbox. cal file
containing parameters of the last created Pbox shape file. Note that the
parameter will not be changed by this macro if previously setto' n' (not
used).

Extractsthe fine power lever fromthefileshapefi | e. ext generated by
Pbox or, if thefile name is not provided, from the pbox. cal file
containing parameters of the last created Pbox shape file. Note that the
parameter will not be changed by thismacro if it was previously setto' n'
(not used).

Extractsthednf valuefromthefileshapefi | e. DEC created by Pbox
or, if thefile name is not provided, from the pbox. cal file containing
parameters of the last created Pbox shapefile.

Extractsthe dr es value from thefilemshapef i | e. DEC created by
Pbox or, if thefile name is not provided, from the pbox. cal file
containing parameters of the last created Pbox shapefile.

Extracts name of the |ast shape file generated by Pbox and stored in the
pbox. cal file. Note, that the file name extension is not stored explicitly
and is not provided by this macro.

Displaysreal (X) and imaginary (Y) components of a shaped pulse. Any
type of waveform (.RF, .DEC or .GRD) can be displayed.

Plotsreal (X) and imaginary (Y) components of ashaped pulse. Any type of
waveform (.RF, .DEC or .GRD) can be plotted.

Displaysthereal (X) and imaginary (Y) components of |ast generated
shaped pulse, stored in pbox. fi d file.

Interactively displaysthereal (X) and imaginary (Y) components of last
generated shaped pulse, stored in pbox. fi d file

Displaysthe X, Y, and Z excitation (inversion) profile for a pulse shape
generated by the Pbox software.

Plotsthe X, Y, and Z excitation (inversion) profile for a pulse shape that has
been generated with the Pbox software. If ashape nameis not provided, the
last smulation data stored in shapel i b/ Pbox. si mare plotted.

Prints out the shape file header (i.e., al lines starting with #).

Defines the excitation band from the position of cursorsin the graphics
window and reports them to the user. It also setsr 1 to excitation bandwidth
and r 2 to offset. This macro is used mainly in Pbox menus and macros.

Defines the excitation band from the position of cursorsin the graphics
window and reports them to the user. It also setsr 1 to excitation bandwidth
and r 2 to offset. Note, theleft cursor should be placed on the left side of the
excitation band and the right cursor on resonance of the solvent signal. This
macro is mainly used in Pbox menus and macros.
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pbox_r st Resetsr 1=0,r 2=0,r 3=0,r 4=0,n2="'n',n3="", and adds some
standard comment linestothe Pbox. i np file. Thismacroisusedin menus
and other Pbox macros.

pbox_files This macro is used only in conjunction with Pbox file menus.

Pbox PSG Statements

Pulse programscan besignificantly simplified using aset of Pbox PSG statements. Because
the calibration parameters are stored in the shape file header in a predefined form, they can
bedirectly retrieved from the Pbox shapefile within the pulse program. Storage reducesthe
number of statements in the pulse program and also the number of created and displayed
parameters in the current experiment, especially in the case of complex multidimensional
pul se sequences. Because parameterslike dr es, dnf , and sel pware normally not
changed, there is no need to create and display them.

The Pbox psg statementsare provided asPbox_psg. hi ncl ude file, whichisnormally
stored inthe/ vnnt / psg directory. Compare the two DPFGSE pulse programsin
Listing 1 and Listing 2.

Note that power, fine power, and pulse length of shaped pulses are internally adjusted by
the pbox_pul se statement making pulse program code compact and easy to read. Fine
power is set only if the external attenuation mode (at t n=e in Pbox. i np) was used to
generate the shape file. Although, you can still have accessto all experimental parameters
viatheget val statements, in the majority of applications, these parameters do not need
to be changed. For example, because of the high tolerance of adiabatic pulsesto
B1-inhomogeneity, possibleincorrect calibration of thispulseisnot aconcern, and theonly
parameter requiring adjustment in the previous example is power level for homonuclear
decoupling.

Pbox PSG statements can also be used to generate the shaped gradient:
pbox_grad(pattern, anp, gofl, gof?2)

where gof 1 and gof 2 are (recovery) delays. The gradient pulse width is retrieved from
the .GRD file shape header (defaulted to 1 ms by Pbox).

Shaped gradients for spectrometers with no PFG waveform generators is another feature
availablewiththePbox_psg. h i ncl ude file, and the syntax isamost the same (except
loops is substituted by number of steps, np):

shapedgr adi ent (pattern, width, anp, channel, np, wait);
Theshapedgr adi ent macrointhe/ vnnr/ psg/ macr os. h file needsto be

redefined to implement shaped gradients on spectrometers with no gradient WFG as
follows:

#defi ne

shapedgr adi ent (pul sefil e, pul sew dt h, ganpO, whi ch, | oops, \
wait 4 me) shaped_gradient ((int)(loops), \
(doubl e) (ganmp0), (doubl e) (pul sew dt h), whi ch)

Standard Pbox PSG Statements

Declares shape parameters in VNMR pulse program

Description:  Declares shape parameters in VNMR pulse program. The shape structure

contains a set experimental parameters required to implement a shaped pul se or
decoupling in apul se sequence. The shape structure hasthe following members
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Listing 1. Text of DPFGSE Pulse Program, Version A

/* dpfgse.c - version A */

#i ncl ude <standard. h>

#i ncl ude <Pbox_psg. h> /* Pbox psg-functions included */
static int phl[2] {0, 2};

static int ph2[8] {0,0,2,2,1,1,3, 3}

pul sesequence()

{

double gzlvl1l = getval ("gzlvl1"),

gzlvl 2 = getval ("gzlvl2");
/* Declare & retrieve shape paraneters */
shape grdpat = get Gshape("grdpat"), /* .GRD shape */
pwpat = get Rshape(" pwpat"), /* .RF shape */
decseq = get Dshape(" decseq"); /* .DEC shape */

char Hdecf | g[ MAXSTR] ;

getstr (' Hdecflg', Hdecflg);
decseq. pwr = getval (' decpw'); /* optional */
settable(tl, 2, phl);
settable(t2, 8, ph2);
/* Pul se sequence starts here */

status(A);
del ay(d1l);

status(B);
obspower (t pw);
rgpul se(pw, t2, rofl, rof2); /* hard ninety */
pbox_grad(grdpat, gzlvl1l, 0.0, d2); /* Pbox shaped gradient */
pbox_pul se(pwpat, t1, rofl, rof2); /* Pbox selective 180 pul se */
pbox_grad(grdpat, gzlvl1, 0.0, d2); /* Pbox shaped gradient */

pbox_grad(grdpat, gzlvl2, 0.0, d2);
pbox_pul se(pwpat, t1, rofl, rof2);
pbox_grad(grdpat, gzlvl2, 0.0, d2);

status(QO);
setreceiver(t2);
if (Hdecflg[0] == '"y') /* Pbox honob-decoupling */
honodec(decseq) ;
}
—narne, pw, pw , pw f . dnf, and dr es. In .GRD and .RF type waveforms,
thednf and dr es parameters are not active and their valuesinternally are set
to zero.
Examples. shape grdpat, pwpat, decpat;
get Rshape Retrieves shape parameters from .RF shape file header

Syntax: get Rshape(" par nanme");

Description:  Retrieves shape name, pulse length, power and fine power from a .RF type
shape file header provided that parameter par name existsin the current
experiment. Note that shape parameters can be altered if necessary.
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/* dpfgse.c - version B */
#i ncl ude <standard. h>

static int phl[2

}s

] =1{0,2
static int ph2[8] =1{0,0,1,1,2,2,3,3};

pul sesequence()

{

double  sel pw = getval ("sel pw"),
sel pw = getval ("sel pw'),
gtl = getval ("gt1l"),
gzlvl1l = getval ("gzlvl1"),
gt2 = getval ("gt2"),

gzl vl 2 = getval ("gzlvl2"),
gof1 = 0.05*d2,
gof2 = 0.95*d2,
dutyc = getval ("dutyc"),

decpw = getval ("decpw"),
decres = getval ("decres"),
decdnf = getval ("decdnf"),
dpl s90 = 1.0/ decdnf,
decdel = dutyc/sw,
acqdel = (1.0-dutyc)/sw,

char decf| g[ MAXSTR], decseq[ MAXSTR] ;

getstr("pwpat", pwpat);
getstr("decflg", decflg);
getstr("decseq", decseq);
getstr("satnode", decseq);
satpw = getval ("satpw");
satdly = getval ("satdly");

if ((dutyc > 0.2) && (decpwr > 49.0))

printf("decpw too high! Aborting...\n");
abort(1);

}

if( satpwr > 10.0)

{
printf("satpw too high! Aborting...\n");
abort(1);

}

settable(tl, 8, rec);
settable(t2, 2, phb);

status(A);
if (satnpbde[0] == "y'")
{
obspower ( sat pwr ) ;
rgpul se(satdly, zero, rofl, rof2);
del ay(dl-satdly);
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Listing 2. Text of DPFGSE Pulse Program, Version B (continued)

}
el se
{
del ay(dl);
}
status(B);

obspower (t pw) ;
rgpul se(pw, t1, rofl, rof2); /* hard 90 */
obspower (sel pw);

del ay(gof1);
rgradient('z',gzlvll);
del ay(gt1l);
rgradient('z',0.0);
del ay(gof 2);

shaped_pul se(pwpat, selpw, t2, rofl, rof2);
del ay(gof 1);

rgradient('z',gzlvll);

del ay(gt1l);

rgradient('z',0.0);

del ay(gof 2);

del ay( PONER_DELAY) ;
del ay(gof 1);
rgradient('z',gzlvl2);
del ay(gt2);
rgradient('z',0.0);
del ay(gof 2);

shaped_pul se(pwpat, selpw, t2, rofl, rof2);
del ay(gof 1);

rgradient('z',gzlvl2);

del ay(gt2);

rgradient('z',0.0);

del ay(gof 2);

status(Q);
setreceiver(tl);
if (decflg[0] == "y')/* honp-decoupling */
{

del ay(alfa + 1/(1.3*fb) - PRG START_DELAY - PRG STOP_DELAY);
t xphase(zero);
obsprgon(decseq, dpls90, decres);
initval (np/2.0, v14);
starthardl oop(vl4);
acquire(2.0, acqdel); /* explicit acquisition */
rcvrof f(); xmtron();
del ay(decdel ); xnmtroff(); rcvron();
endhar dl oop();
obsprgoff();
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Examples:

get Dshape

Syntax:

Description:

Examples:

get Gshape

Syntax:

Description:

Examples:

get Rsh

Syntax:

Description:

Examples:

get Dsh

Syntax:

Description:

Examples:

get Gsh

Syntax:

Description:

Examples:

pbox_pul se

Syntax:
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(shape) pwpat =get Rshape(" pwpat ") ;
pwpat . pwr =get val ("sel pw");

/* optional */
Retrieves shape parameters from .DEC shape file header)
get Dshape(" par nane") ;

Retrieves shape name, pulse length, dr es, dnf , power and fine power from a
.DEC type shape file header provided that parameter par nane existsin the
current experiment. Note that shape parameters can be altered if necessary.

(shape) decpat =get Dshape( " decpat ") ;
decpat . dnf =get val (dnf 2) ; /* optional */

Retrieves shape parameters from .GRD shape file header
get Rshape(" par nanme") ;

Retrieves shape name and pulse length from a.GRD type shape file header
provided that parameter par name existsin the current experiment. Note that
shape parameters can be altered if necessary.

(shape) grdpat =get Gshape("grdpat");
grdpat. pw =get val ("gt 1"); /* optional */

Retrieves shape parameters directly from .RF shape file header
get Rsh("shnane");

Retrieves pulse length, power and fine power directly from the shnane. RF
shape file header.

(shape) fbshape=get Rsh("H2GCsi nc");
(shape) fbshape=get Rsh(pwpat);

Retrieves shape parameters directly from .DEC shape file header
get Dsh("shnane"); getDsh(dseq);

Retrieves pulse length, dr es, dnf , power and fine power directly from
shnane. DEC shape file header.

(shape) decpat =get Dsh(" COdec");
(shape) decseq=get Dsh(dseq);

Retrieves shape parameters from .GRD shape file header
get Gsh("shnane");

Retrieves shape pulse length directly from the shapenane. GRD shapefile
header.

(shape) grdpat =get Gsh("waterg");

Sets pulse width and fine power, performs a shaped pulse
pbox_pul se(shpat, v1, rof 1, rof 2);

shape shpat ;
codei nt v1, /* phase */
double rofl, rof2;
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Description:  Sets pulse length, power and fine power (if used) and performs a shaped pulse
on the transmitter channel. Note, that power is not automatically reset to the
previous magnitude.

Examples. pbox_pul se(H2Gshape, v9, rof 1, rof 1) ;
pbox_pul se(get Rshape(" pwpat "), oph, rof1,rof2);
pbox_pul se(get Rsh( pwpat), zero, rof 1, rof1);

pbox_decpul se Sets power, performs a shaped pulse on first decoupler

Syntax: pbox_decpul se(decsh, v1, rof 1, rof 2);
shape decsh;
codei nt vi; /* phase */
doubl e rof1, rof2;

Description:  Setspower, fine power (if used), and pul se duration and performsashaped pulse
on thefirst decoupler channel. Note, that power is not automatically reset to the
previous magnitude.

Examples. pbox_decpul se(decsh, v5,rof1,rof1);

pbox_dec2pul se Sets power, performs a shaped pulse on second decoupler

Syntax: pbox_dec2pul se(dec2pat, vl, rof1,rof2);
shape dec2pat ;
codei nt vi; /* phase */
double rofl, rof2;

Description:  Sets power, fine power (if used), and pulse length. Performs a shaped pulse on
the second decoupler channel. Note, that power is not automatically reset to the
previous magnitude.

Examples. pbox_dec2pul se(dec2sh, zero, rof 1, rof 2) ;

pbox_dec3pul se Sets power, performs a shaped pulse on third decoupler

Syntax: pbox_dec3pul se(dec3pat, vi, rof1,rof 2);
shape dec3pat ;
codei nt vi; [ *phase*/
double rof1, rof?2;
Description:  Sets power, fine power (if used), and pulse length. Performs a shaped pulse on

the third decoupler channel. Note, that power is not automatically reset to the
previous magnitude.

Examples. pbox_dec3pul se(dec3sh, v2,rof 1, rof 2);

pbox_si npul se Sets power, performs simultaneous shaped pulse
Applicability: Not applicable on MERCURY.

Syntax: pbox_si mpul se(shpat, decpat, vi, vj, rof 1, rof 2)
shape shpat, decpat;
codeint vi, vj; /* phases */
double rof1, rof?2;

Description:  Setspower and performs asimultaneous shaped pulse on the transmitter and the
first decoupler channels. The pulse lengths and power levels areinternally set
within the Pbox statement. Note, that both transmitter and decoupler power
levels are not automatically reset to the previous magnitude.
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pbox_si npul se(shpat, decpat, zero, v4, rofl, rof2);

pbox_si nBpul seSets power, performs a simultaneous shaped pulse

Syntax:

Description:

Examples:

pbox_si nBpul se( pwpat , decpat, dec2pat, vi, vj, vk, \
rof 1, rof 2);

shape pwpat , decpat, dec2pat ;
codei nt vi,vj, vk; /* phases */
doubl e rofl,rof2;

Sets power and performs a simultaneous shaped pulse on the transmitter, the
first and the second decoupler channels. The pulse lengths and power levelsare
internally set, within the Pbox statements. Note, that both transmitter and
decoupler power levels are not automatically reset to the previous magnitudes.

pbox_si nBpul se( pwpat , decpat , dec2pat, zero, v5,t hree, \
rof 1, rof 2);

pbox_si mipul seSets power, performs a simultaneous shaped pulse

Syntax:

Description:

Examples:

pbox_xmtron
Applicability:
Syntax:

Description:

Examples:

pbox_xmt r of f
Applicability:
Syntax:

Description:

pbox_decon
Applicability:
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pbox_si mipul se( pwpat , decpat , dec2pat, dec3pat, \
Vi, Vvj,vk,vn,rof1,rof2);

shape pwpat , decpat , dec2pat , dec3pat
codei nt vi,vj, vk, vn; /* phases */
doubl e rof 1, rof 2;

Sets power and performs asimultaneous shaped pul se on four RF channels. The
pulse lengths and power levels are internally set, within the Pbox statements.
Note, that both transmitter and decoupler power levels are not automatically
reset to the previous magnitudes.

pbox_si mipul se(shpat, decpat, dec2pat, dec3pat,
\zero,two,v2,v9, rofl,rof2);

Sets power, dmf, and dres, initiates a programmable rf irradiation
Not applicable on MERCURY.

pbox_xnt ron(m xpat) ;
shape m xpat;

Sets power, dnf , and dr es and initiates a programmable rf irradiation viathe
observe transmitter channel. The gating of the observe transmitter (xmtron) is
automatically executed within the pbox_xnt r on statement.

pbox_xmnt ron(mi xpat);
pbox_xmtron(get Dshape("decpat"));

Terminates a programmable rf irradiation
Not applicable on MERCURY.
pbox_xmt r of f ();

Terminates a programmable rf irradiation via the observe transmitter channel.
Note that the power level is not automatically reset to its previous magnitude.

Sets power, dnf and dr es, initiates a programmable rf irradiation
Not applicable on MERCURY.
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Syntax:

Description:

Examples:

pbox_decof f

Applicability:
Syntax:

Description:

pbox_dec2on
Synt ax:

Description:

Examples:

pbox_dec2of f

Syntax:

Description:

pbox_dec3on

Syntax:

Description:

Examples:

pbox_dec3of f

Syntax:

Description:
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pbox_decon(decsh);
shape decsh

Sets power, dnf , and dr es and initiates a programmable rf irradiation viathe
first decoupler channel. The gating of the first decoupler [decon() ] is
internally executed within the pbox_decon statement.

pbox_decon(decsh);
pbox_decon( get Dshape("dseq"));
pbox_decon(get Dsh(dseq));

Terminates a programmable rf irradiation
Not applicable on MERCURY.
pbox_decof f ();

Terminates a programmable rf irradiation via the first decoupler channel. Note
that the power level is not automatically reset to the previous value.

Sets power, dmf and dres, initiates programmable rf irradiation

pbox_dec2on(dec2sh);
shape dec2sh;

Sets power, dmf and dres and initiates a programmable rf irradiation viathe
second decoupler channel. Gating of the second decoupler [dec2on() ] is
internally executed within the pbox_dec2on statement.

pbox_dec2on(dec2sh);
pbox_dec2on( get Dshape("dseq2"));
pbox_dec2on(get Dsh(dseq2));

Terminates a programmable rf irradiation
pbox_dec2off();

Terminates a programmable rf irradiation via the second decoupler channel.
Note that the power level is not automatically reset to the previous value.

Sets power, dmf, and dres, initiates a programmable rf irradiation

pbox_dec3on(dec3sh);
shape dec3sh;

Sets power, dnf , and dr es, and initiates a programmablerf irradiation viathe
third decoupler channel. Gating of the third decoupler [dec3on() ] is
internally executed within the pbox_dec3on statement.

pbox_dec3on(dec3sh);
pbox_dec3on( get Dshape("dseq3"));
pbox_dec3on(get Dsh("WALTZ16"));

Terminates a programmable rf irradiation
pbox_dec3off();

Terminates a programmable rf irradiation viathe third decoupler channel. Note
that the power level is not automatically reset to the previous value.
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pbox_spi nl ock Sets power and phase, executes a programmable spin lock
Applicability: Not applicable on MERCURY.

Syntax: pbox_spi nl ock(m xshape, m xti ne, m xphase) ;
shape m xshape;
doubl e m xtime;
codei nt m xphase;

Description:  Sets power, fine power, dnf , dr es, calculates the required number of loops
and executes a programmable spin lock viathe observe transmitter channel.

Examples. pbox_spi nl ock (m xsh, m x, zero) ;
pbox_spi nl ock(get Dshape("m xpat"), m x, zer o) ;
pbox_spi nl ock(get Dsh(m xpat), m x, v2);

pbox_decspi nl ock Sets power and phase, executes a programmable spin lock
Applicability: Not applicable on MERCURY.
Syntax: pbox_decspi nl ock( ni xshape, m xti me, m xphase) ;

shape m xshape;
doubl e m xtime;
codei nt m xphase;

Description:  Sets power, fine power, dnf , dr es, calculates the required number of loops
and executes a programmable spin lock viathe first decoupler channel.

Examples. pbox_decspi nl ock(m xsh, m x, zero) ;
pbox_decspi nl ock( get Dshape("m xpat"), m X, zero) ;
pbox_decspi nl ock(get Dsh(di psi 2), m x, v2);

pbox_dec2spi nl ock Sets power and phase, executes a programmable spin lock

Syntax: pbox_dec2spi nl ock( m xshape, m xti ne, m xphase);
shape m xshape;
doubl e m xtime;
codei nt m xphase;

Description:  Sets power, fine power, dnf , dr es, calculates the required number of loops
and executes a programmable spin lock via the second decoupler channel.

Examples. pbox_dec2spi nl ock(m xsh, m x, zero) ;
pbox_dec2spi nl ock( get Dshape("m xpat"), m X, zero) ;
pbox_dec2spi nl ock(get Dsh(m xpat), m x, v2);

pbox_dec3spi nl ock Sets power and phase, executes a programmable spin lock

Syntax: pbox_dec3spi nl ock( m xshape, m xti nme, m xphase) ;
shape m xshape;
doubl e m xtime;
codei nt m xphase;

Description:  Sets power, fine power, dnf , dr es, calculates the required number of loops
and executes a programmable spin lock viathe third decoupler channel.
Examples. pbox_dec3spi nl ock(m xsh, m x, zero) ;
pbox_dec3spi nl ock( get Dshape("m xpat "), m x, zero) ;
pbox_dec3spi nl ock(get Dsh(m xpat), m x, v2);
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pbox_grad

Applicability:

Syntax:

Description:

pbox_xgr ad

Applicability:

Syntax:

Description:

pbox_ygrad

Applicability:

Syntax:

Description:

pbox_zgrad

Applicability:

Syntax:

Description:

Sets gradient length and performs shaped z gradient pulse

Systems with no WFG on PFG module (see page 243). On MERCURY,
installation is not required.

pbox_grad(grdpat, gzl vl, gof 1, gof 2) ;
shape grdpat;
doubl e gzl vl,
Sets the gradient length and performs ashaped ' z' gradient pulse. Unlike the
standard shapedgr adi ent statement, the gradient is turned off

automatically. gof 1 and gof 2 are pregradient and postgradient (recovery)
delays.

gof1, gof2;

Sets the gradient length and performs shaped x gradient pulse

Systems with no WFG on PFG module (see page 243). Not applicable on
MERCURY.

pbox_xgrad(grdpat, gw, gxl vl , gof 1, gof 2);

shape gr dpat

doubl e gxlvl, gofl, gof2 gw

Performsashaped ' x' gradient pulse of length gw. Unlike the standard
shapedgr adi ent statement, the gradient is automatically turned off. gof 1
and gof 2 are pregradient and postgradient (recovery) delays.

Sets the gradient length and performs shaped y gradient pulse

Systems with no WFG on PFG module (see page 243). Not applicable on
MERCURY.

pbox_ygrad(grdpat, gw, gyl vl, gof 1, gof 2);

shape grdpat;

doubl e gyl vl, gofl, gof2, gw,

Performsashaped ' y' gradient pulse of length gw. Unlike the standard
shapedgr adi ent statement, the gradient is automatically turned off. gof 1
and gof 2 are pregradient and postgradient (recovery) delays.

Sets the grad length and performs a shaped z grad pulse

Systems with no WFG on PFG module (see page 243). On MERCURY,
installation is not required.

pbox_zgrad(grdpat, gw, gzl vl , gof 1, gof 2);

shape grdpat

doubl e gzl vl , gof 1, gof 2

Performsashaped' z' gradient pulse of length gw. Unlike the standard

shapedgr adi ent statement, the gradient is automatically turned off. gof 1
and gof 2 are pregradient and postgradient (recovery) delays.

Miscellaneous PSG Statements

honpdec

Applicability:

252
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Set power, dutyc, dmf, and dres, then executes irradiation
Not applicable on MERCURY.
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Syntax:
Description:

Examples:

pfg_pul se

Syntax:
Description:

Examples:

pr esat

Syntax:

Description:

Examples:

pre_sat

Syntax:

Description:

Examples:

setlimt

Syntax:

Description:

Examples:

7.2 Pandora’s Box

honodec(decseq)
shape decseq

Sets power, dnf , and dr es, and executes a programmable rf irradiation via
the observe transmitter during the acquisition in a time-shared mode.

honodec( Hdecsh) ;
honodec( get Dshape( " Hdecpat ")) ;
honodec(get Dsh("wur st 20"));

Perform arectangular z gradient pulse

pfg_pul se(gzl vl, gw, gof 1, gof 2) ;
doubl e gzlvl, gw, gofl, gof2

gwis gradient pulse width, gof 1 and gof 2 are pregradient and postgradient
(recovery) delays.

pfg pul se(gz2lvl,gt2,rof1,grec);

Performs along rf pulse (presaturtion)
presat ();

Performs along rf pulse (presaturtion) viathe observe transmitter. Uses the
standard pr esat parameterssat pwr, sat dl y,anddl. presat () is
executed only if sat dl y isgreater than 0.0 (sat f | g and sat f r q are not
active).

presat ();

Performs along rf pulse (presaturtion)
pre_sat();

Performs along rf pulse (presaturtion) viathe observe transmitter. It uses the
standard pr esat parameterssat node andsat f r g in additionto sat pwr,
satdly,andd1l.

pre_sat();

Sets a (safety) limit for the given parameter

setlimt(name, paraneter, limt);
char nanme[ MAXSTR] ;
doubl e paraneter, limt;

Setsa(safety) limit for the given parameter. The execution of the pulse program
isterminated if the parameter magnitude exceeds the given (safety) limit.

setlimt("dpw 2", dpw2, 49);

Pulse Shaping “On-Fly”

It is often convenient to create pulse shapes from within a pulse program (on-fly), i.e.
during acquisition (go), which enables you to keep the experiment setup very simple and
independent of spectrometer frequency. In“C,” pulse shaping isimplemented using the
syst em() statement. For example:

system("Pbox sh.RF -w\"esnob 20p 170p\" -attn e -refofs 55p

-sfrq 150.05 -ref_pw 51 -ref _pwd0 60.2");
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A more convenient and flexible approach is to construct the command line first and then
execute it usingthesyst enm() statement. This method enables you to retrieve the
necessary parameters from the experiment. The following example shows how to create
and use a wide-band adiabatic inversion pulse with the maximum efficiency:

char cnd[ MAXSTR] ;
doubl e pwxl vl, pwx;

if((getval ("arraydim') < 1.5) || (ix==1)) /* execute only once */

sprintf(cmd, "Pbox adl80.RF -w \"cawurst-10 % 1f/ % 6f\" -s
1.0 -0", 1.0/ pwx, 20.0*pwx);
systen{cnd) ;

decpower ( pwxl vl ) ;
decshaped_pul se("ad180", 20.0*pwx, zero, rofl, rofl);

Pbox_psg.h include Pulse Sequence Statements

For even more convenience and readability, the following pulse sequence statements are
provided inthe Pbox_psg. h i ncl ude file.

opx Initiates Pbox within pulse program
Syntax: opx(shnane) ;
char shnane[ MAXSTR] ;

Description: Initiates Pbox from within a pulse program. Similar to the opx macro, except
the Pbox. i np fileisnot created.

Examples. opx("water");

setwave Writes wave string into Pbox buffer

Syntax: setwave(wstr);
char wstr[ MAXSTR] ;

Description: Writes awave definition string into a Pbox buffer. Used for pul se shaping from
within a pulse program (on fly). Similar to the set wave macro, except the
Pbox. i np fileis not created.
Examples. setwave("eburpl 200.0 -1.2k");
setwave("esnob 20p 170p");

put wave Writes wave string into Pbox buffer

Syntax: putwave(sh, bw, of s, st, pha, fl a);
char sh[ MAXSTR] ;
doubl e bw, of s, st, pha, fl a;

Description: Writes awave definition string into a Pbox buffer. Used for pulse shaping from
within a pulse program (on fly). Similar to the put wave macro, except the
Pbox. i np fileis not created. Unlike the macro, afull set of argumentsis
required. Zero can be used to request a default value.

Examples: putwave("eburpl", 200. 0, -1200. 0, 1. 0, 90. 0, 0. 0);
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pboxpar

Syntax:

Description:

Examples:

pboxSpar

Syntax:

Description:

Examples:

pboxUpar

Syntax:

Description:

Examples:

cpx

Syntax:

Description:
Examples:

pbox_get

Syntax:

Description:

Examples:

01-999161-00 C1002
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Writes a Pbox parameter into Pbox buffer

pboxpar ( par name, parval);
char par nane[ MAXSTR] ;
doubl e parval;

WritesaPbox parameter into a Pbox buffer. Used for pul se shaping from within
apulse program (on fly). Note that par val isarea number.

pboxpar (" st epsi ze", 2. 0);

pboxpar ("sfrq",dfrq);

Writes a Pbox string parameter into Pbox buffer

pboxpar ( par nane, parval ) ;
char par nane[ MAXSTR] , par val [ MAXSTR] ;

Writes a character type Pbox parameter into a Pbox buffer. Used for pulse
shaping from within a pulse program (on fly). Note that par val isastring
variable.

pboxpar("attn","e"

pboxpar ("sucyc","t5, n4");

pboxpar ("ref of s","55p");

Writes a Pbox parameter with units into Pbox buffer

pboxpar ( par nane, parval , units);
char par name[ MAXSTR] , uni t S| MAXSTR] ;
doubl e parval;

Writes anumeric Pbox parameter with units into a Pbox buffer. Used for pulse
shaping from within a pulse program (on fly). Note that uni t s isastring
variable.

pboUxpar ("attn", 45,"d");
pboxUpar ("refofs", 55, "p");

Executes Pbox within pulse program

cpx(ref _pwao, ref _pw);
doubl e ref _pw,ref_ pwoo;

Executes Pbox from within a pulse program. Similar to the cpx macro.

cpx(ref_pwao, ref _pw);
cpx( conpH pwaO, t pwr) ;

Retrieves shape parameters within pulse program
pbox_get ();

Retrieves shape parameters from the pbox. cal file and setspbox_pw,
pbox_pw, pbox_pw f, pbox_dres and pbox_dnf from withinapulse
program. These parameters can then be assigned to appropriate variables.

pbox_get ();
sel pw=pbox_pw;
sel pwr =pbox_pwr;
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isarry

Syntax:

Description:
Examples:

FI RST_FI D

Description:

Examples:

pbox_shape

Syntax:

Description:
Parameters:

Examples:

pboxAshape

Syntax:

Description:
Parameters:

Checks whether given parameter is arrayed

i sarry(parnane);
char par nane[ MAXSTR] ;

Returns 1 if parameter is arrayed and zero otherwise.
isarry("sel pw");

Flag indicating the first FID in an arrayed experiment

Indicates the first experiment in an arrayed or multi-dimensional experiment.
Useful if aparticular pul se sequence statement needs be executed only once, at
the beginning of an arrayed experiment.

i f(FIRST_FID) opx("Pbox");

Generates a shape file and returns shape parameters

shape pbox_shape(shn, wn, pw bw, ofs, rf_pwo0 \
rf_pw);

char shn[ MAXSTR], wn[ MAXSTR] ;

doubl e pw _bw, ofs, rf_pwd0, rf_pw;

Generates a shape file from a given set of input parameters.
shn isthe shape file name.
wvn isthe wavelib waveform name.

pw_bwisthe pulse length in seconds or, alternatively, excitation bandwidth in
Hz.

of s isthe excitation offset from the carrier frequency, in Hz.
r f _pwo0 isthereference 90° pulse width, in ms.

If necessary, other parameters, such as number of steps or attenuation level,
must be predefined using the pboxpar () and related statements. This
function returns a shape structure containing all the necessary experimental
parameters. It isused for pulse shaping from within a pulse program (on fly).

of f C7=pbox_shape(" of f C7", "si nc90", 118*dfrq, 0. 0, pwC, \
pwc vl);
pwC7=of f C7. pw; rf7=0of f C7. pwrf

Generates a shape file and returns shape parameters

shape pboxAshape(shn, wn, bw, pws, ofs, rf_pwo0, \
rf_pw);

char shn[ MAXSTR], wn[ MAXSTR] ;

doubl e bw, pws, ofs, rf_pwd0, rf_pw;

Generates a (adiabatic) shape file from a given set of input parameters.
shn isthe shape file name.

wvn isthe wavelib waveform name.

bwis the excitation bandwidth in Hz.

pws isthe pulse length in seconds.

of s isthe excitation offset from the carrier frequency, in Hz.

r f _pwa0 isthereference 90° pulse width, in ms.
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Note that both pulse duration and excitation bandwidth must be provided, as
generally required for adiabatic waveforms. If necessary, other parameters, such
as number of steps or attenuation level, must be predefined using pboxpar ()
and related statements. Thisfunction returns a shape structure containing all the
necessary experimental parameters. It is used for pulse shaping from within a
pulse program (on fly).

st C80 = pbox_shape("st C80", "sech", 80*dfrq, 0. 001, 0.0, \
pwC, pwc vl ) ;
pwC80=st C80. pw; rfst=stC80. pwf;

shonfly.c Sequence

The following two examples show a simple shonfly.c sequence. You must check the
arraydi mandi x parametersto avoid excessive pulse shaping in arrayed experiments.

Version A

/* shonfly.c - version A, allows to array ofs */
#i ncl ude <standard. h>

#i ncl ude <Pbox_psg. h>

static doubl e sel pw=0.0, sel pw =0. 0;
static char sharr [ MAXSTR] ;

pul sesequence()

{
doubl e n=0. 0,

ofs = getval ("ofs"), /* frequency offset */
ref_pw = getval ("ref_pw"),
ref _pwl0 = getval ("ref_pwd0");

char repfl g[ MAXSTR] ;

getstr("pwpat", pwpat); /* Retrieve the variables */
getstr("repflg", repflg);

/* create a shaped pul se using Pbox macros only when needed */

if((getval (*arraydim) < 1.5) || (ix==1) || isarry("ofs"))
sprintf(sharr, "%_%d", pwpat, ix);
opx(sharr); /* open Pbox */
put wave(" gqsneeze", 200.0, ofs, n, n, n);
pboxpar (" st epsi ze", 10.0); /* stepsize in us */
if (repflg[A] =="'y') pbox_par("reps", "2");
el se pbox_par ("reps", "0"); /* silent node */
cpx(ref_pwo0o, ref_pw); /* close Pbox */
pbox_get (); /* retrieve shape data */
sel pw = pbox_pw; /* use Pbox power */
sel pw = pbox_pw, /* use Pbox pw */
}
/* THE PULSE PROGRAM STARTS HERE */
status(A);
obspower (sel pw);
del ay(dl);
status(B);
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shaped_pul se(sharr, sel pw, oph, rofl, rof2);
status(QO);
}

Version B

/* shonfly.c - version B, allows to array ofs */
#i ncl ude <standard. h>

#i ncl ude <Pbox_psg. h>

static char sharr [ MAXSTR] ;

pul sesequence()

{

double reps=0.0, /* silent node */
ofs = getval ("ofs"), /* frequency offset */
ref_pw = getval ("ref_pw"),
ref_pwo0 = getval ("ref_pwo0");

char repfl gl MAXSTR], cnd[ MAXSTR] ;

getstr("repflg", repflg); /* Retrieve the variables */
if (repflg[A] =="'y') reps = 2.0;

/* create a shaped pul se using Pbox macros only when needed */

if((getval ("arraydint') < 1.5) || (ix==1) || isarry("ofs"))
{
sprintf(sharr, "shtst_%d", ix);
sprintf(cnd, "Pbox % -w \"qgsneeze 200.0 % 2f\" -s 10",
sharr, ofs);
sprintf(cnd, "% -p %Of -1 %2f %O0Of", cnd, ref_pw,
ref _pwo0*1.0e6, -reps);
systen{cmd) ;
}

/* THE PULSE PROGRAM STARTS HERE */

status(A);
del ay(dl);
status(B);
pbox_pul se(get Rsh(sharr), oph, rofl, rof2);
status(QO);
}

Although version B islessreadable, it is clearly more compact and efficient.

Pbox UNIX Commands

The Pbox program is always executed when a shaped pulse is created. Any of the Pbox
parameters can be used as an argument followed by the parameter value. The arguments
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and shortcutslisted in Table 43 are available. Note that the output filenameis optional and
is awaysthe first argument.

Table 43. Pbox Commands and Parameters (continued)

Command Parameter

Pbox* -b tine

-C
-f file

-h wave

-i wave

-1 ref_pwo0
-0

-p ref_pw
-r file

-s stepsize

-t wave
-u userdir
-W wavestr
-V
- X
-val ue
Pxsi m
Pxfid
Pxspy
Examples:

Pbox -i eburp2

Pbox newshape -wc 'eburpl 450 -1280.0" -1

Pbox sel.RF -w 'eburpl 420 -800" 'eburpl 420 1200
Pbox -w 'eburpl 200 -1200'
Pbox tst.RF -w 'esnob 20p 170p' -sfrq 150.02 -refofs 55p -refpw 45 \

-ref _pwo0 54.2

Action

Activate Bloch simulator, opt =a (add), S (subtract), or timein
SEC.

Calibrate only, do not create a shapefile.

Set name of the output file.

Print wave file header.

Print wave file parameters.

Length (in us) of reference pw90 pul se.

List options.

Reference power level (dB).

Reshape Pbox pulse.

Define the length (in us) of asingle step in the waveform.
Print shape title from wavefile.

Set user home directory.

Set wave definition string.

Run in verbose mode. Also print Pbox version.

Prints all Pbox parameters.

Sets repsto value.

Used in Pbox menus and macros for simulation of excitation
profiles of shaped pul ses.

Used by dshape and dshapei toformat shapefileinto a
FID-format text file.

Converts dien shapes (.RF, .DEC and .GRD) into Pbox compatible
file format. Essentially converts atime-domain shape file into
(frequency-domain) Fourier coefficients, which can be used to
create awavefileinthewavel i b directory.

-attn e -pl 45 54.2 -b

01-999161-00 C1002
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chapter 8. Variable Temperature Operation

Sectionsin this chapter:
e 8.1“Startup,” this page
e 8.2 “Operating Procedures,” page 262
e 8.3 “Temperature-Related Command,” page 264
» 8.4 “Operating Recommendations,” page 265
e 85“VT Controller Safety Circuits,” page 266
e 8.6 “VT Interlock Parameters,” page 267

This chapter describes startup and operation of the optional variable temperature (V T) unit.
A VT unitisavailable for all Varian NMR spectrometers to vary the temperature of the
sample.Table 44 lists commands and parameters associated with VT operation.

Table 44. Variable Temperature Unit Operation Commands and Parameters

Command

acqnet er <(' host') > Open the Acgmeter window

dgs Display group shims, automation parameters
ga<(' nocheck')> Submit experiment to acquisition and FT result
go<(<'acqi ><, ' nocheck' ><, ' nosafe' >)> Submit experiment to acquisition
sethw('vt','reset') Reset VT controller (not on GEMINI 2000)
su Submit a setup experiment to acquisition

t enpcal (sol vent) <: t enper at ur e> Temperature calculation

Parameter

in{'n,w'y} Lock and spin interlock

pad* Preacquisition delay

t enp {150 to +2000, in deg. C} Sample temperature

tin{'nw.y?} Temperature interlock

vt ¢ {0to 50, indeg. C} Variable temperature cutoff point

vttype {2,0} Variable temperature controller type

vt wai t {number, in sec} Variable temperature wait time

* pad { 0 to 4095 (GEMINI 2000), 0 to 8190 (others), in seconds}

8.1 Startup

On systems equipped with the VT unit, the parameter t enp, set by the user, changes the
internal probe temperature. A thermocouple senses the temperature, which the

VT controller continuously displays on the front panel. The controller compares the user-
requested value with the current probe temperature and changes the heater current
accordingly. The VT controller then reports the temperature of the gas flow and status to
the spectrometer through a serial port at the rear of the console. The vt ¢ parameter (for
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“variable temperature cutoff”), also set by the user, determines the temperature bel ow
which the gasis cooled. The values of thet enp and vt ¢ parameters are shown in the
“SPECIAL” section of the parameter display called by the dgs macro.

Starting up the VT unit takes the following steps:

1

Refer to the installation manual to make sure that the hardware is installed and
connected properly, and that the VT controller is calibrated correctly.

If the system power has been off or the VT unit has been disconnected from the
probe, reset the VT controller by pressing the POWER switch to turn the unit off,
then pressing POWER again to turn it on. The VT controller also can be reset from
the Temperature Control window (see page 264) or by entering the VNMR
command sethw('vt' /'reset').

CAUTION: For VT and probe operation, use either dry nitrogen gas or air. A

3.

mixture of nitrogen gas and air can cause spikes in the baseline
adjacent the large peaks in the spectra. For temperatures above
100°C, the use of air as the VT gas is not recommended. Such use will
destructively oxidize the heater element and the thermocouple.

Use dry nitrogen gasif the requested temperature is over 100°C or below the dew
point or 0° C, whichever is higher. Otherwise, air may be used asthe VT gas. If the
reguested temperature is below —40°C, dry nitrogen gasisrecommended for cooling
the bearing, spinner, and decoupler. This prevents moisture condensation in the
probe and spinner housing.

The source of heating or cooling gasis not automatically selected. To use nitrogen,
you must attach anitrogen gas sourcetothe VT system. The sameistrue when using
air. The VT system only selects the routing of the gas flow.

Usethe flow control meter on the magnet leg to adjust the flow to about 10 LPM (as
shown on the flow gauge).

A sampl ethat can be handled at ambient temperature can now be placed in the probe,
NMR lock obtained, and field homogeneity adjusted. Samples that cannot be
handled at ambient temperature should wait until the system reaches the requested
temperature.

8.2 Operating Procedures

262

The following procedures are recommended:

1

(Highland VT units) The power switch islocated on the back panel. The heater on/
off switch islocated on the front panel.

(Oxford VT units) Although the VT unit should be left on at all times, it's agood
ideato check that the VT controller power is on (front panel button pressed in with
the light on).

If the VT controller is off and you cannot turn it on, run the conf i g program and
check that the VT Controller label is set to Present.
Enter the acquisition parameters for the experiment as usual.

Enter acqmet er to openthe Acgmeter display. Click inthedisplay and select VT
in the popup menu. To change the look of the display, select Properties from the
popup menu.
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4. Enter the desired temperature value(s) using thet enp parameter.

If thet enp parameter is an array, set the pad parameter for preacquisition delay
that allows sufficient time for the sample to equilibrate after atemperature change.
The system will then wait pad secondsin between each temperature before starting
data acquisition. Delays of several minutes are optimum because the sample will
take longer to equilibrate than it takesthe VT controller to stabilize the heating/
cooling gas at the set point.

6. Setthevt c parameter to atemperature near the ambient VT gas temperature
(normally vt ¢ is correct and need not be changed). Based upon the value of vt ¢
compared to the value of t enp, the system will route the VT gas flow for either
heating or cooling.

7. Start temperature control by entering asu, go, or ga command. These commands
act asfollows:

* If suisentered, thetemperature control and acquisition hardware controls
are set and the sample temperature changed to the desired temperature. The
experiment will not be started when the desired temperature is reached.
After waiting pad seconds, go or ga must beissued before data acquisition
will begin.

 |f ago or ga isentered, the same actions as su occur, except that after
reaching the desired temperature, the system waits pad secondsthen begins
the pulse sequence and data acquisition. The pad time delay will occur
every time the temperature is changed under program control.

CAUTION: Do not use aromatic, ketone (including acetone), and chlorinated
solvents in the coolant bucket. Such coolant media attack the
standard polystyrene bucket. Another type of container must be used
(not supplied by Varian).

After entering su, go, or ga, the selection of the VT gas routing occurs, and the

VT controller beginsto control the gas temperature in the probe at the requested value of
t enp. The temperature readout will begin to change and the VT indicator light will begin
flashing. At thistime, if the requested temperature is below ambient, add coolant liquid to
the coolant bucket.

CAUTION: Operating the system with the coolant bucket filled with liquid
nitrogen and with the value of t enp greater than the value of vt c
results in the condensation of liquid nitrogen inside the exchanger coil
tube. If the exchanger coil is then warmed above —210°C or if nitrogen
gas is passed through the coil (when t enp is less than vt c), very cold
liquid nitrogen is forced through the transfer line and into the probe.
This will cause asudden pressure surgein the transfer lines and probe
as the liquid nitrogen boils, and it can blow the flexible connector
apart. If the liquid nitrogen reaches the glass components of the probe
and sample tube, the glass will probably break. Instrument damage
can be avoided by following these precautions:

Do notimmerse the exchanger coil in liquid nitrogen when no nitrogen
gas is flowing through the coil.

Do not stop the VT nitrogen gas flow while the exchanger is immersed
in liquid nitrogen.
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Arrayed VT experiments that have atemperature range from above vtc
to below vtc should be set up starting at the lowest temperature and
ending at the highest temperature. When the experiment passes the
vtc crossover, remove the liquid nitrogen coolant.

To avoid water in the exchanger when the low temperature experiment
is complete, warm up the exchanger by removing it from the liquid
nitrogen and maintain a flow of dry nitrogen until room temperature is
reached.

When thetemperature reachesthe value requested by t enp (it may initially overshoot), the
VT indicator light stays on steadily. A sample that could not be handled at ambient
temperature can now be transferred into the probe. The VT readout is the temperature of
the cooling/heating gas and may be different from the true sample temperature. The exact
temperature of the sample is correctly determined by a calibration curve that must be
constructed for each probe, and must include flow rate and equilibration time. Refer to the
VT installation manual for the NMR calibration method.

CAUTION: Before running sealed samples at elevated temperatures, check the

samples in an oven at a temperature higher than the highest
temperature during the experiment. When heated, volatile materials in
asealed tube can build up high pressures. If the tube ruptures while in
the probe, the glass components and insert coil will probably be
destroyed. For the same reason, do not insert into the probe any
sealed sample of volatile material that must be kept cold to avoid
excessive pressure buildup. Be sure the probe has equilibrated to a
safe, cold temperature before inserting the sample.

8.3 Temperature-Related Command
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For systems equipped with the optional variable temperature controller, thet enp
command opens the Temperature Control window, shown in Figure 59.

The Temperature Control window can be used for the following purposes
 Turn off temperature control.
» Set temperature control on at a specified temperature in degrees C.

» Enable temperature control from within an experiment using thet enp parameter and
thesu, go, ga, or au commands and macros.

 Alternatively, turn off experiment control of the temperature and allow only the
Temperature Control window (and the command set hw) to set the temperature.

» Reset the temperature controller when the temperature cable is reconnected to a probe.

If the temperature is controlled only through the Temperature Control window, two actions
(to be taken after atemperature error) can be selected:

» Display awarning but continue acquisition.
» Stop acquisition and display a warning.
If experiment control of temperature is selected, the two previous selections appear faded

because they are inoperative, and the sel ection of the action to be taken after atemperature
error is provided by the parameter t i n.
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Figure59. Temperature Control Window

8.4 Operating Recommendations

The following recommendations should help achieve better VT performance.

The spectrometer system was designed and tested with aVT gas flow rate of about 10
LPM. Sizable deviation from this rate can result in significant inaccuracy in
temperature calibration and reduce the attainable temperature limits.

Initial cool-down of the exchanger and transfer tubing after the coolant is added
increases the initial time required to reach regulation (about 5 to 10 minutes for
—40°C with liquid nitrogen). Because thismay belonger thanthevt wai t parameter,
an su command is the best way to start up.

Below —40°, using dry nitrogen gas for the spinner and bearing air supply avoids
moi sture and frost buildup on the spinner housing and turbine. Should this happen, the
sample spinning can become erratic or stop altogether.

Every sample has some vertical temperature gradient. Minimize the gradient by not
filling the sample tube more than about 25 to 32 mm (1 to 1.25in.), by inserting a
vortex plug or glass wool plug in the tube just above the sample solution, and by
entering the liquid column to the probe coil center lines. The plug reduces refluxing of
the solvent in the upper portion of the tube. Any mass movement, such asrefluxing or
convection, can seriously degrade resolution and lock stability.

Above 100°C, use dry nitrogen gas to reduce heater and thermocouple oxidation.

High-power decoupling adds heat to the sample. The increase in temperature depends
on the dielectric of the solution and the power level. Under these conditions, the
temperature accuracy under VT control is significantly affected. If necessary, reduce
decoupler power and use a more efficient decoupling mode, such as WALTZ-16 or
GARP.

Overnight or long-term unattended VT operation at low temperaturesis hampered by
the fact that the usual coolant, liquid nitrogen, provides only about 1 to 2 hours of
operation on asinglefill of the coolant bucket. Some other coolant that |astslonger can
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be used if the operating temperature does not require the low temperature of liquid
nitrogen. A common alternative isamixture of dry ice and acetone. Another optionis
afluid such asisopropyl alcohol or ethylene glycol cooled indirectly by arefrigerating
device. Do not use aromatic, ketone, and chlorinated solvents (including acetone) in
the coolant bucket. Such coolant media attack the standard polystyrene bucket.

» The ability of the VT unit to achieve temperature stability is directly affected by the
stability of the room temperature. The VT unit compensates for about 80% of external
changes (leaving 20% uncompensated for). Thusif the temperature of the room
changes by 1°, the sample temperature will change by about 0.2°, which will not be
reflected in achange in the numerically displayed temperature. For best results, the
room temperature should be made as stable as possible. Any cycling of thetemperature
due to air conditioning or heating should be accomplished with the shortest possible
cycle time and the minimum possible temperature variation.

» High-stability and independence from room temperature can be achieved if the VT
controller is equipped with an optional cold junction (CJ) compensator. With the high-
stability feature, the VT controller is no longer compensated for room temperature
changes, but instead receives its reference from the cold junction devices mounted in
the magnet leg. Asthe CJ compensator reduces the room temperatureinfluences on the
system, the influences of the VT gas supply become more apparent. For optimum
performance of the CJ compensator, the flow and temperature of the VT gas supply
must be as stable as possible.

» A possiblesetupto help stabilizethe VT gassupply istorunthe VT gasthrough a heat-
exchanger coil in awater bath at aregulated temperature. For best results, use anice
bath to cool down the VT gasto between 5°C and 10°C, and keep the flow as stable as
possible for experiments below 40°C. Generally, for best performance of the VT
controller and heater in the probe, the VT gas supply temperature should be aminimum
of 10°C below the set temperature.

 For exact determination of sample temperature, atemperature calibration curve must
be made for each probe used. All data, such as gas flow, must be noted. Samples of
ethylene glycol are used for high-temperature calibration, and samples of methanol are
used for low-temperature calibration.

a. After bringing the sample to the desired temperature and allowing sufficient
time for equilibration, obtain a spectrum.
b. Display two cursors and align them on the two resonances in the spectrum.

c. If thesampleisethylene glycol, enter t enrpcal (' €' ) ; if the sampleis
methanol, enter t enpcal (' m ).

d. Thetemperatureis calculated and displayed based on the difference
frequency between the cursors.

8.5 VT Controller Safety Circuits
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The VT controller includes safety circuits to avoid damage to the heating element and
probe. The following error conditions produce an error codein acqst at us[ 2] :

» Open circuit in the thermocouple circuit.
» Open circuit, short circuit, or over-temperature at safety sensor.
* Short circuit or software/microprocessor failure at the output transistor.

Over-temperature at the safety sensor initially turns off the heater. If this method fails to
correct the condition within 5 seconds, either the gas flow has been interrupted or an output
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transistor failure has occurred, whereupon a protective relay operates, isolating the heater
from the control electronics. Failure of any of the sensorsalso resultsin thisrelay operating.

Once the protective relay has operated, the output will remain off. A power-down and
power-up cycle of the VT controller isrequired to release the relay.

The over-temperature circuit can be inadvertently tripped if the VT is started at a below
ambient temperature and the temperature is increased greater than 70°C. If the circuit is
tripped, reset it by turning the VT off and on, then change to the desired temperature in

50°C steps.

Excessive heat requirements that cause the current to remain near the maximum can also
trip the second circuit. Therefore, when using liquid nitrogen for cooling and when
operating from 0°C through +25°C, reduce the gasflow rateto between 8 and 9 LPM. Reset
will also occur if the VT cable is removed from the probe whilethe VT ison.

Refer to the VT installation manual for system failure analysis.

8.6 VT Interlock Parameters

Thet i n (temperature interlock) and vt wai t (VT wait time) parameters check VT
operation and stop the experiment if temperature regulation islost. Thet i n parameter
functions much the same asthe i n (lock and spin interlock) parameter:

o Iftin="y", theVT regulationlightismonitored during the course of the experiment,
and if it startsto flash (regulation lost), the current data acquisition is stopped. The
acquisition does not resume automatically if regulation is regained.

e Iftin="w ,theVT regulationlight ismonitored during the course of the experiment,
and if it startsto flash (regulation lost), awarning is generated but acquisition is not
stopped.

e Iftin='n',thetemperatureinterlock featureisturned off.

For bothti n="y'andti n="w , thelost regulation causeswer r processing to occur,
thus providing a user-sel ectable mechanism to respond to VT failure.

Theinterlock operation does not apply to the caseswhen VT regulation istemporarily lost
as aresult of aprogrammed temperature change in an experiment wheret enp isan array.
Alsoiftin="y',amaximum limit isimposed on the time that the system waits for
regulation to be established. Thislimit is determined by thevt wai t parameter and is
independent of the pad parameter. If regulation is not established after thevt wai t time
(normally set to 180 seconds), the system displays the message VT FAI LURE and does
not proceed with the experiment. If theregulation problemislater corrected, the experiment
can be resumed with the go and ga commands.

The VT gasflow hasno sensor or interlock. If gas flow stops, the heater is protected by an
internal temperature limit sensor that turns off the heater current before the element
overheats. Because aloss of gas flow will result in aloss of regulation, any experiment in
progressisstopped if ti n="y' . Only the sampleisleft unprotected if VT gas stops.

Althought i nandvt wai t arenot part of aparameter display group, each can be checked
and changed in value the same as other parameters (e.g., by enteringt i n? to check the
value or by enteringti n="y"' to set thevalue).

CAUTION: Do not run unattended a sealed sample of highly volatile materials that
must be kept cold to avoid excessive pressure buildup. The
undetected loss of VT gas or exchanger coolant could result in the
rupture of the sample tube and damage to the probe components.
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Sectionsin this chapter:
e 9.1 “Carousel Autosampler,” this page
e 9.2“SMS Autosampler,” page 280
* 9.3“NMS Autosampler,” page 285
* 9.4 "General Automation Tasks For All Sample Changers,” page 289
e 9.5“Changing Sample Changers or Serial Ports,” page 295
» 9.6 “Using Gradient Autoshimming with Automation,” page 295
* 9.7 “Automation Run Description,” page 295
e 9.8 “Customizing the Sample Entry Window,” page 300
* 9.9 “Automated Data Acquisition,” page 301
* 9.10 “Automated Data Processing,” page 308
e 9.11 “File Structures in an Automation Run,” page 308

See Chapter 10, “VAST Accessory Operation,” for coverage of the VAST sample changer.
This chapter is limited to the SMS, Carousel, NMS, and the ASM-100 sample changers.

The SM S autosampler, Carousel autosampler, NMS, and ASM-100 automatic sample
changers mechanically manage the process of removing and inserting samples from a
magnet as part of spectrometer operation. With a minor extension of “normal” operating
procedures, however, the sample changer can also be integrated into the process of
experiment queueing.

The VNMR software can handle as many as 9999 data sets simultaneously in separate
experiment files labeled ex p#, where # is the experiment number. Without a sample
changer, these experiment files can be used to queue up a series of NMR experiments (up
to nine) on the same sample. By adding a sampl e changer, these experiments can instead be
used for experiments on up to 100 different samples; the system identifies the sample by
location number (thel oc parameter) as one of the parametersin the experiment.

The sample changer is most useful in fully automatic, unattended operation, called
automation mode, or an automation run.

9.1 Carousel Autosampler

This section is organized as follows:
o “Configuring VNMR for the Carousel,” page 270
» “Checking Out the Carousel,” page 271
» “Mounting and Removing the Carousel,” page 273
e “Adjusting the Eject Air,” page 274
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» “Loading and Unloading Samples,” page 275
e “Running NMR on One Sample at aTime,” page 276
* “Running Automated NMR on Up to Nine Samples,” page 277
» “Inserting Samples Manually with the Carousel Attached,” page 278
e “Carousel Error Codes and Recovery,” page 279
A typical use scenario for the — Sensorarm
Carousel autosampler isas J
follows: Lock pin and
* Removethecarousel from optical sensor
thedriver (Figure60isan

illustration of the carousel
and driver).

» Load samplesand
turbines. Carousel—__

» Place|loaded carousel
onto the driver.

» Usetheent er program
to set up the automation
run.

+ Enter aut 0go to begin knob

. Carousel
the automation run.

If you have not used the
Carousel autosampler before
or if you want to reacquaint
yourself with it, follow the
stepsin the next three sections.

After you arefamiliar with the
carousel and have attached it
tothedriver, goto “Adjusting  Figure60. Carousel Autosampler Carousel and Driver
the Eject Air,” page 274.

Configuring VNMR for the Carousel

Before you can use the carousel, you must select the carousel in the VNMR configuration
window and edit theent er . conf file.

1. Loginasvnnr 1.
2. Enter confi g inthe VNMR input window.

3. Inthe VNMR Configuration window:
» Set Sample Changer to Carousel.

» Set SampleChanger Serial Port to Port A or Port B, depending on which port
is used to connect the sample changer.

* Click Exit and Save.
4. Using atext editor, such asvi, open thefile/ vnnr / asm ent er . conf.

Findthelineset | oc( max) at about line 22 in the file. Change the number, if
necessary, so that the line is the same as the following:
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set loc(max) 9
6. Savethe changes.

VNMR isnow configured to use the carousel.

Checking Out the Carousel

Inspecting the carousel before mounting it on the driver hel psyou understand how it works.

1.  With the sensor arm locked (See Figure 61 and Figure 62), look into the carousel
tubes. The sensor arm islocked when the arm is positioned between position 9 and
position 1 and when the arrow on the knurled knob is pointing to the left or right.
The pin of the knurled knob should bein the hole located between positions 9 and 1
on the upper white disk of the carousel (see Figure 62).

Locked position Run position

Knurled knob

9 G
All samples are The sample in position 9
held in place. can drop into the

magnet.
Figure61. Carousel with Sensor Arm in Locked and in Run Positions

Lock Pin Disengaged Lock Pin Engaged

Knurled knob

Pull out and Rotate 90°°

rotate 90° until it snaps

arrow up or down r into recess
\ arrow left or right

Figure62. Lock Pin on Sensor Arm Disengaged and Engaged
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Inlocked mode, the retaining disk appearsin al ninetubes, preventing samplesfrom
falling through the bottom. In“run mode,” theretaining disk leaves agap inthe tube
over the upper barrel, allowing the sample to drop into the magnet.

2. If the sensor arm islocked, disengage the lock pin by pulling out the knurled knob
and rotating it 90°. The arrow on the knurled knob now points up or down. See
Figure 62. Notice how the sensor arm is free to rotate.

3. Movethe sensor arm to the right, from between positions 9 and 1 to directly over
position 9. When the carousel is mounted to the driver, the arm only moves between
the run and locked positions, shown in Figure 61.

4. Look through the tubes.

Notice that the white retaining disk inside the carousel has a cutout that aligns with
the sensor arm. This cutout allows one sample to drop into the magnet, while the
other eight samples rest on the retaining disk.

5. Look at the bottom of the carousel. You see aconnector and agroove that fit into the
connector and alignment bar on the top of the driver, as shown in Figure 63. Notice
the orientation of the connector and the alignment groove and compare thisto the
driver connector and alignment bar.

Alignment

Electrical connector groove

and drive pin

Figure 63. Bottom View of Carousel, Showing Connector and Groove

6. Movethe sensor arm to between position 9 and position 1, and then engage the lock
pin by rotating it 90°° and allowing it to fall into the hole in the upper white disk.

7. Placethe empty carousel on the driver according to the instructions in the next
section, “Mounting and Removing the Carousel.”

After the empty carousel is mounted, it is ready to be used in walk-up mode, as described
in “Inserting Samples Manually with the Carousel Attached,” page 278.
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Mounting and Removing the Carousel

To Mount the Carousel

This procedure describes how to mount the carousel on the driver.

1

M ake sure the sensor arm on the carousel islocked in between positions9 and 1. The
groove in the bottom of the carousel (see Figure 63) should be 90° (perpendicular)
to position 9.

Make surethedriver has position 9 over the upper barrel. If not, usethe manual index
button to rotate the driver.

Align the numbers on the carousel to the numbers on the driver.

Push down on the carousel until it seats. This engages the electrical connector and
drive pin (see Figure 63).

At the console, turn on the gject air.

Disengagethelock pin by pulling out the knurled knob and rotating it 90°. The arrow
on the knurled knob will point up or down.

Move the sensor arm to theright, until it is over position 9. Thisisthe run position.
You will notice some resistance as you move the arm.

The carousel is now ready to use for NMR experiments.

To Remove the Carousel

This procedure describes how to remove the carousel from the driver. Position 9 must be
over the upper barrel before the carousel is removed.

CAUTION: samples could fall through and break if the carousel is not in the

locked mode. Before removing the carousel, rotate the carousel so
that position 1is over the upper barrel. The sensor arm must be in the
locked position, as shown in Figure 61, with the lock pin engaged and
the arrow on the knurled knob pointing to the left or right.

After an automated run is finished, turn on the gject air at the console.

Use the manual index button to rotate the carousel, until position 9 aligns with the
upper barrel.

Move the sensor arm to theleft, from run to lock mode (see Figure 61), until thearm
stops between position 9 and position 1.

In the lock position, all the samples rest on the retaining disk.

Engage the lock pin by pulling the knurled knob and turning it 90°. The lock pin fits
into the hole in the white upper disk of the carousel.

The locking pin keeps the sensor arm from moving out of the lock position.
Remove the carousel by pulling up on the carousel while holding down the driver,

rocking gently if necessary. The upper barrel may lift slightly. The sensor arm
provides a convenient, central gripping point.

01-999161-00 C1002 VNMR 6.1C User Guide: Liquids NMR 273



Chapter 9. Carousel, SMS, and NMS Automation

274

CAUTION: without the carousel mounted, the eject air pressure is too high and

samples may launch out of the magnet when ejected. The procedure
in “Inserting Samples Manually with the Carousel Attached,” page 278,
is recommended for nonautomated work. Otherwise, lower the eject
air pressure if you intend to use the magnet without the carousel.
Refer to the next section, “Adjusting the Eject Air.”

Adjusting the Eject Air

This procedure describes how to
adjust the gject air pressure so that
the sample and turbine float where
the optical sensor on the sensor arm
can see the sample. Figure 64 shows
the optical sensor and the correct
sample floating height. The empty
carousel should be mounted on the
driver as described in the procedure
for mounting the carousel on the
previous page.

Variation in supply air pressure can
cause failures. Adjust the gject air to
the lowest level expected from the
supply air during a 24-hour period
that maintains an acceptable turbine
float height for the sensor.

1. Make surethe air hoses for
body and VT air are attached

Turbine should cover
half of the hole.
- _[X

hd

sensor Optical sensor
detects turbine
through hole.

Figure 64. Optical Sensor and Proper Sample
Floating Height

to the probe and flow meters are set for about 11 cfm.

Some probes require more gject air than others. If the pressure required to gject the
sample and float the turbine adequately exceeds 65 psi, check for the guide hole at
the bottom of the probe.

If your probe has a guide hole in the bottom for a capacitor or inductor stick and if
your experiment does not require the stick, plug the guide hole with the provided
rubber stopper.

In VNMR, turn on the gject air by typing e and then pressing Return.

With the knurled knob disengaged (see Figure 62), move the sensor arm to the left
so that it clicks between positions 9 and 1 (see Figure 61).

Place a samplein position 9 of the carousel.
Move the sensor arm back in front of position 9.

L ook through the round holein the position 9 tube of the carousel.

The sample should be floating high enough for the optical sensor to see the turbine,
as shown in Figure 64. In other words, the turbine should cover at least half of the
inside of the round hole.

« If theturbineistoo low, turn up the gject air at the source pressure regulator. If
gect air is till insufficient, air may be leaking through a tuning capacitor or
inductor guide holein the bottom of the probe. Use the provided rubber stopper
to plug the hole.
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« If theturbineistoo high, turn down the gject air at the source pressure regul ator.

7. After the sampleisfloating at the correct height, insert the sasmple using VNMR by
typingi and pressing Return.

The sample should drop into the probe. If the sample drops too rapidly, adjust the
SLO-DROP air in the magnet leg.

8. Eject thesample again and recheck the height. Adjust the g ect air againif necessary.

The Carousel autosampler can now be used for automation. You may have to lower the
bearing air to compensate for the higher gject air. Proceed to the next section, which
describes how to load samples into the carousel.

Loading and Unloading Samples

The Carousel autosampler provides two methods for loading and unloading samples. The
only difference between the two procedures is whether the carousdl is left on the driver or
removed.

Do not mix turbine types within the carousel, and be sure that gject air is on before the
sensor arm is moved from the locked to the run position.

WARNING: Removing the carousel while reaching over a high-field magnet (such
as 400-, 500-, 600-, or 750-MHz) could cause injury if you to lose your
balance and fall. Take care when removing the carousel from a high-
field magnet.

To Load and Unload Samples with the Carousel Installed

This procedure describes loading and unloading samples from the carousel whileit is still
attached to the driver. If you want to remove the carousel before loading and unloading
samples, use the next procedure.

1. Enter e toturnon the gject air.

2. Movethe sensor arm to the left, until it stops between position 9 and position 1.
3.  Remove the sample from position 9. Then, remove the rest of the samples.
4

With the gject air still on, insert the samples into the carousel in any order. Be sure
to remember which samples are in which positions.

5. Movethe sensor arm back to the right, until it aligns with position 9.

The samplein position 9will float. Now isagood timeto check sample float height.
Adjust gject air if necessary, as described in “Adjusting the Eject Air,” page 274.

The Carousel autosampler can now be used for NMR.

To Remove the Carousel and Load Samples

This procedure describes removing the carousel then loading or unloading samples from
the carousdl.

1. Enter e in VNMR to turn on the gect air.

2. If position 9isnot already aligned over the upper barrel, use the manual index button
to index the carousel to position 9, or enter | oc=9 change in VNMR.
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10.

Move the sensor arm to the locked position and engage the lock pin as follows.
Carousel must be in the lock position when removed; otherwise, samples could fall
through the carousel and remounting the carousel would be extremely difficult.

a. Move sensor arm to the left, until it stops between position 9 and position 1.

b. Engagethe lock pin by rotating the knurled knob 90°, until the arrow points
left or right.

Remove the carousel by pulling up on the carousel while holding down the driver,
rocking gently if necessary. The upper barrel may lift slightly. The sensor arm
provides a convenient, central gripping point.

Place the carousel on atable.
Remove the samples from the carousel.
Load the new samples into the carousel.

Mount the carousel on the driver. Match the sampl e position numbers on the carousel
to the numbers on the driver. Press down on the carousel until it seats.

Enter e in VNMR to turn on the gject air.

Disengage the lock pin and move the sensor arm to the right, until it aligns with
position 9.

The samplein position 9 should float at the correct height. If not, adjust the gject air
asdescribed in “ Adjusting the Eject Air,” page 274.

The Carousel autosampler can now be used for NMR.

Running NMR on One Sample at a Time

You can run NMR on any individual sample in the carousel using thel oc parameter and
the change command.

1

Make sure the carousel isloaded with nine samples and isinstalled on the carousel
driver, as described in previous sections.

Enter e in VNMR to turn on the gect air.

Disengage the lock pin and then move the sensor arm to the right until it stopsin
front of position 9.

Check that the gject air pressureis sufficient to float the turbine/sample to the correct
height. If not, adjust the gject air as given in “ Adjusting the Eject Air,” page 274.

Using the manual index button, rotate the carousel through all positions. Check the
turbine/samplefloat height for each position. Stop when position 9 isover the upper
barrel.

Enter | oc=1 change to changeto position 1.
The carousel does the following:
» Themessageexpl: Experinent start ed appearsonthe Sun computer.
» The carousel rotates a half position (in this case between positions 9 and 1).
» The carousel rotatesto position 1 and inserts the sample.
» Themessageexpl: Set up conpl et e appears on the Sun computer.
Run the desired NMR experiment.

Enter | oc=2 change to change to position 2. Run an experiment if desired.

276 VNMR 6.1C User Guide: Liquids NMR 01-999161-00 C1002



9.1 Carousel Autosampler

Running Automated NMR on Up to Nine Samples

To run aseries of NMR experiments on some or all of the samplesin the carousel, load up
to nine samplesinto the carousel and usetheent er program to set up the automation run.

Begin the automation run with the samplein position 9 inserted into the magnet. When the
automation run begins, the Carousel gjects the sample from location 9, rotates to location
1, and inserts the sample from location 1.

After an automation run finishes, the last sample location run isleft in the magnet.
1. Prepare your samples and have alist of samples and experiments ready.
2. Load upto 9 samplesasdescribed in “Loading and Unloading Samples,” page 275.

3. If not already done, insert the sample from location 9.

When the automation run begins, the Carousel € ects the sample from location 9,
rotates to location 1, and inserts the sample from location 1.

4. Enter cd to change to your home directory.

Typeent er inthe VNMR input window.
You are prompted for adirectory namethat storesthe information set by theent er
program.

You can also use the command ent er (' abc' ) creates adirectory named abc.
Intheabc directory, thereisafile named abc, which contains experiment
information. Also in the directory isadirectory named abc. macdi r, which
contains GLIDE-related information for an automation run.

The Sample Entry Form window (see Figure 65) appears.

Sample Entry Form

Sample Number

BEEEEEREE
vrnrd

User identification

Solvent Selection
COC13 | D20 | Benzene | DMsO |

Acetone |Egc10hexane|TDlueme |Methan01

Experiment Selection

H1 |c1z | Fas [
P31 | HC | H-=CosY [
H-TOCSY | H-gHsaQC | H-gCOSY-gHSAC [
H-gCO0SY-HSRC—gHMEC | H-gC0SY-HSQC-gHMBC-HSACTOR Y| H-COSY-C-DEPT-HETCOR |
H-COSY-C-AFT | H-ToCSY-NOESY | H-ToCSY-ROESY [
H-TOCSY-HMEAC |

Textl

Customize Parameters | Add Entry Quit |

Number of samples submitted: O

Figure 65. Sample Entry Form Window for the Carousel Autosampler

6. Fill inthe Sample Entry Form window.

» Sample Number — select one or more sample locations on which to run
experiments.
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» User Identification — select the user.

 Solvent Selection — select the solvent for the chosen locations(s).

» Experiment Selection — select one or more experiments for the chosen
locations(s).

e Text —enter information about the experiment, if desired.

 To customize any of the experimental parameters, including spectral width,
number of scans, delays, and pulse angles, click the Customize Parameters
button.

Click on the item you want to customize. A new window opens and provides
appropriate parameters to change.

» When finished with this location (or locations), click Add Entry.
When you are done adding entries, click Exit and Save.

7. To start the automation run, enter aut 0go.

* Whenthe systemasksLocat i on of automation queue, enter the
directory name you used in step 5.

» When the system asks L ocation of automation data, accept the default or enter
anew directory name.

You can also enter aut ogo(' MySanpl es') or

aut ogo(' MySanpl es', ' Aut oRun_621").

The datais stored in the automation directory, with the usual automation-style file
names (as specified by aut onane if desired). The acquisition takes placein
background within VNMR, allowing the user complete freedom to process other
dataset in any desired experiment location.

8. If any error messages appear, refer to “ Carousel Error Codes and Recovery,” page
279 for an explanation.

9. To monitor the automation run, enter st at us to bring up the Status window. Refer
to “Monitoring an Automation Run,” page 291 for more details.

10. Return later to retrieve your results.

For each experiment, aplot is created and a FID file is saved in the automation
directory (e.g., Aut oRun_621).

The FID filesand thef i d extension are the data files collected during the
acquisition run. Normally, as datais collected, the FIDs are placed into the
automation directory with the name xxyy. fi d, where xx isthe sample location
number and yy is an “experiment number” on that particular sample (1 through n,
where n experiments have been run on the same sample).

Inserting Samples Manually with the Carousel Attached

Since the gject air is higher than normal, the carousel should remain attached to the driver,
even when empty. Therefore, the Carousel autosampler providesamode that alowsyou to
insert and g ect sampleswhen the carousel isnot being used for automation. In other words,
if you want to run one sample at atime, asin normal operation, you should do so with the
carousel in place.

This procedure describes how to insert and gject samples, one at atime, through the
carousel. The carousel must be on the magnet with no sample in position 9.

1. Enter e in VNMR to turn on gject air.
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2. Make sure no sampleisin position 9, and make sure position 9 is aligned over the
upper barrel.

3. Ifthesensor armisover position 9, moveit to theleft until it stops between position
9 and position 1, as shown in Figure 66. You will notice some resistance moving the
arm. Do not engage the locking pin.

Run position Locked position Run position

Position 9 is accessible
for loading or unloading
samples

Figure 66. Manually Loading and Unloading Samples Through Position 1

4. Place your sample and turbine in position 9.
With gject air still on, rotate the sensor arm back to position 1.
The sample can be inserted and g ected, asin normal, nonautomated operation.

6. Toremovethefloating samplefrom the magnet, rotate the sensor arm to theleft until
it stops between position 9 and position 1. Then lift the sample straight up and out.

Carousel Error Codes and Recovery

This section defines the error codes and suggests ways to recover from the errors. The
following messages are common to all Varian autosamplers. The accompanying
descriptions and remedies, however, refer to the Carousel autosampler.

Sample changer arm unable to move sideways during retrieve.
Index air istoo low. Check and adjust theindex air regulator to increasetheair pressure
to 38 psi.

Sample tray sizeis not consistent.
System is configured with wrong tray size. Open the CONFIG window and make sure
Sample Tray Sizeisset to 9.
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Invalid sample number during retrieve.

L ocation value too high for Carousel and t r aymax configuration incorrect. Only
positions 1 through 9 are valid for the Carousel. Open the CONFIG window and make
sure Sample Changer is set to Carousel (or Sample Tray Sizeis set to 9).

Sample out of range during automatic retrieve.
Sample tubeisfloating too low. Slightly increase the system gject air one of the
following ways:

* Increase the cooling air flow.

» Makesurethebody air and VT air hoses are connected to the probe and the flow
meters are set to 11 cfm.

* Increase supply air pressure.

* Plug the capacitor/inductor guide hole in the bottom of the probe with the
provided rubber stopper.

Robot arm failed to find home position during retrieve.

Carousdl isnot in an indexed position. Adjust the air adjust knob on the driver so that
the carousel rotates properly. The micro switch should insert fully into the recess on
the underside of the white disk of the driver.

« If the carousel rotated too far, turn the air adjust knob 1/16 of aturn at atimein
the clockwise direction. Test using the manual index button (press and hold the
manual index button and wait for motion).

« If the carousel does not rotate far enough, turn the air adjust knob 1/16 of aturn
in the counter-clockwise direction. Test using the manual index button (press
and hold the manual index button and wait for motion).

Air supply to sample changer failed during retrieve.
No tube or sample is detected. Verify that a sampleisin the magnet or carousel.

* If no sampleis present, do an gject and place a samplein the carousel. Then,
continue to the next sample.

« If asampleispresent, check the gject air and adjust if necessary, as described in
“Adjusting the Eject Air,” page 274.

* If the sample sticksin the lower part of the barrel, be sure the carousel isfully
seated on the driver.

9.2 SMS Autosampler

This section is organized as follows:
» “Configuring VNMR for the SMS Autosampler,” this page
» “Preparing Sample Tubes,” page 282
e “Running NMR on One Sample at a Time,” page 282
e “Running Automated NMR,” page 282
* “SMS Error Codes and Recovery,” page 284
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The SMS (Sample Management System)
autosampler accessory (illustrated in Figure 67) is
an electromechanical, robotic device designed to
automatically insert and retrieve samplesfrom the
bore of the magnet. The system is designed for
completely automatic, unattended operation and
can handle from 1 to 100 samples.

When installed, the robot is attached to atable
next to the magnet, where the robot is calibrated
and “taught” the magnet and sample rack
positions.

Two sample tray configurations are available:

e A 50-sample tray accommodates 5-mm and
10-mm sampl e tubes.

» Two 50-sample trays accommodate one
hundred 5-mm and 10-mm sample tubes.

Each sample position isindividually encoded so
that the computer can address a position either
randomly or sequentially. In addition, sample
locations are staggered to improve the
identification of each sample position. Sample zero is adefault position accessible by the
autosampler for various error recovery scenarios, including power failures.

Figure 67. SMS Autosampler

The autosampler and the acquisition system communicate through a standard RS-232C
seria link at 9600 baud. Time between sample changesis about 35 seconds for acomplete
cycle—retrieve the sampl e from the magnet, return it to the sample tray, locate and pick up
the next sample, and deliver it to the magnet.

Configuring VNMR for the SMS Autosampler
Before you can use the SMS, VNMR must be configured as follows:
1. Loginasvnnr 1, andenter confi g.
2. Inthe VNMR configuration window, make the following changes:

» Sample Changer to SM S 50 Sample or SM S 100 Sample.

» Sample Changer Serial Port to Port A or Port B, depending on which one of
the Sun seria portsis used for the sample changer.

» Click Exit and Save.

3. To get the 100 sample positions (for dual 50-sample trays) to appear in the Sample
Entry Form window, use atext editor, such asvi, to edit the file
/vnnr/asm enter. conf.

4. Findthelineset | oc(max) at about line 22 in the file. Change the number, if
necessary, so that the line is the same as the following:
set | oc(max) 100

5. Savethe changes.
VNMR is how configured to use the SM S autosampler.
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Preparing Sample Tubes

Every automation run starts with sample preparation. Tube lengths are constrained by the
geometry of the sample changer to be either 7 in. or 8in. tubes.

Do not attempt to uselonger (e.g., 9in.) tubes because thetop of such atube may comeinto
contact with the bottom of atube being held by the gripper arm.

Positioning the sample in the spinner and adjusting the height of the liquid in the tube are
both done the same way as in manual operation, but position and sample height are much
more critical in automated operation. The more preciseyour tube position and the moreyou
are careful to adjust each sample to exactly the same height, the fewer problems you will
have with automatic locking and shimming, and thelesstime you will haveto take for these
operations to occur.

If at all possible, fill tubes to a height of 50 mm (about 2 inches).

Running NMR on One Sample at a Time

You can run NMR on any individual sample in the sample tray using thel oc parameter
and the change command.

1. Prepare the samples you want to run and place them in the sample tray. It might be
helpful to write down the location of each sample.

2. Enter|l oc=# change, where# isthe location of the sample you want to run.
For example, to insert the sample at location 3, enter | oc=3 change.
The SM S does the following:
» Themessageexpl: Experi ment st art ed appearsonthe Sun computer.
» The SMS arm retrieves the sample from the specified location.

» Thegect air turns on, the SMSinserts the sample, and the sample insertsinto
the probe.

» Themessageexpl: Set up conpl et e appears on the Sun computer.
Run the desired NMR experiment.

4. Enterl oc=# change, where#isthelocation of the next sample you want to run.

The previous sample is removed from the magnet and returned to its location. The
next sampleisretrieved from the tray and inserted into the magnet.

Run an experiment if desired.

Running Automated NMR

To run a series of NMR experiments on some or all of the samplesin the sample tray(s),
load up to 50 samples for a single 50-sample tray, or up to 100 samples for dual 50-sample
trays, and use the ent er program to set up the automation run.

1. Prepare the samples you want to run and place them in the sample tray. It might be
helpful to write down the location of each sample.

2. Enter cd to change to your home directory.

3. Typeent er inthe VNMR input window.
You are prompted for a directory name to store the information set by ent er.
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You can alsoinvokethe commandent er (di r ect ory) tocreateadirectory. For
example, ent er (' abc' ) createsadirectory named abc. Inabc, afile named
abc contains experiment information. Also in the abc directory, the directory
abc. macdi r contains GLIDE-related information for an automation run.

The Sample Entry Form window (see Figure 68) appears.

Sample Entry Form

Sample MNumber
4 12 |3 |4 |5 |6 |7 |5 |9 |10 |11 |12 [13 |14 |45 [16 |17 |15 [19 |20 |
21 22 |23 |24 |25 |26 |27 |28 |29 |30 |31 |32 |33 |34 |35 |36 |37 |38 |38 |40 |
41 |42 |43 |44 |45 |46 |47 |45 [49 |50 |51 |52 |53 |54 |55 |56 |57 |58 |59 ]60 |
61 |62 |63 |84 |65 |66 |67 |65 89 |70 |71 |72 |73 74 |75 |76 |77 |75 |79 |80 |
&1 |2 |83 |84 |5 86 |87 |88 |89 90 |91 |92 [93 |94 |95 [96 |97 |98 [99 | 100
User identification
whmrdl
Solvent Selection
COC13 | =0 | Benzene | oMsO |
Acetone |Egc10hexane|TDluene |Methanol
Experiment Selection
H1 |ca3 |F19 |
P31 | HE | H-zcosY |
H-TOCSY | H-=HSQC | H-zCoSY-2HSAC |
H-gC05Y-H3QC-gHMBC | H-2CO0SY-HSQC-gHMEC-HSACT0XY| H-COSY-C-DEPT-HETCOR |
H-COSY-C-APT | H-TOCSY-NOESY | H-TOCSY-ROESY |
H-TOCSY-HMAC |
Textl
Customize Parameters | Add Entry | | Quit |
Humber of samples submitted: O

Figure 68. Sample Entry Form Window (100 samples) for the SMS Autosampler

4. Fill in the Sample Entry Form window.

» Sample Number — select one or more sample locations on which to run
experiments.

» User Identification — select the user.
 Solvent Selection — select the solvent for the chosen location(s).

» Experiment Selection — select one or more experiments for the chosen
location(s).

» Text —enter information about the experiment, if desired.

 To customize any of the experimental parameters, including spectral width,
number of scans, delays, and pulse angles, click the Customize Parameters
button.

Click on the item you want to customize. A new window opens and provides
appropriate parameters to change.

» When finished with thislocation (or locations), click Add Entry.
When you are done adding entries, click Exit and Save.

5. To start the automation run, enter aut ogo.
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» WhenthesystemasksLocati on of automation queue, enter the
directory name you used in step 3.

» When the system asks L ocation of automation data, accept the default or enter
anew directory name.

You can also enter aut ogo(' MySanpl es' ) or
aut ogo(' MySanpl es', ' Aut oRun_621").

The datais stored in the automation directory, with the usual automation-stylefile
names (as specified by aut onane if desired). The acquisition takes placein
background within VNMR, allowing the user compl ete freedom to process other
dataset in any desired experiment location.

6. If any error messages appear, refer to “SM S Error Codes and Recovery” for an
explanation.

7. Tomonitor the automation run, enter st at us to bring up the Status window. Refer
to “Monitoring an Automation Run,” page 291, for more details.
8. Return later to retrieve your results.

For each experiment, aplot is created and a FID file is saved in the automation
directory (e.g., Aut oRun621).

The FID filesthef i d extension and are the data files collected during the
acquisition run. Normally, as datais collected, the FIDs are placed into the
automation directory with the name xxyy. fi d, where xx isthe sample location
number and yy is an “experiment number” on that particular sample (1 through n,
where n experiments have been run on the same sample).

SMS Error Codes and Recovery

This section contains alist of the error messages returned by the spectrometer when there
isaproblem. Under each error message is an explanation and correction.

General Operation Errors

The following errors indicate a problem with the general operation of the autosampler.
e ERROR 96
SM S autosampler is plugged into the RS-232C but not turned on.
e ERROR 97
SM S autosampler is not plugged into the RS-232C connector.
e ERROR 98

If you receive ERROR 98 while executing | oc=x or LOC=X change command or
while attempting an automation run, reinitialize the System V' Controller by turning its
power off and then on. Wait for the beep to indicate that it is ready. Try the operation
from the console.

e ERROR 99
SM S autosampler is not responding to issued commands.

Sample Removal Errors

The following errors indicate a problem with removing samples from the sample tray.
+ ERROR 01 NO SAMPLE
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The gripper has been commanded to close with no sample because the fingers close
completely. Thismay beanormal indication, for example, when executing RO (retrieve
sample 0) to check the magnet for asample. If afault occurs, the sample switch may
need adjustment.

¢« ERROR 05 | NVALI D SAMPLE NUMBER
The sample number exceeds the positions available on the tray. This error message
appears if you attempt to load sample O.

¢« ERROR 07 GRI PPER ABORT
The gripper is compressed and unable to operate, usually because it has contacted
another surface.

« ERROR 13 | LLEGAL COMVAND (shutdown?)

Anillegal character has been received. Thisisanormal response to any command
except E (energize) or H (help) when in the shutdown mode.

Sample Loading Errors

If asampleremoval error occurs during sampleloading, the same error message will appear
on the monitor. However, the error number will be different; the error number will equal the
corresponding sample removal error number plus 20. For example, if agripper abort error
occurs during sample loading, error number 27 (7 + 20) will appear on the monitor.

9.3 NMS Autosampler

This section is organized as follows:
» “Configuring VNMR for the NM S Autosampler,” page 286
e “Running NMR on One Sample at a Time,” page 286
e “Running Automated NMR,” page 287

The Nano Multisampler (NMS) automates the steps required to position a4-mm rotor into
the bore of a magnet for NMR analysis. The rotor is spun at amagic angle of 54.7° in a
stator within the body of a Nano probe. The probe is subsequently lifted into the bottom
bore of an NMR magnet.

The NMSis comprised of the following main units:

» Probe elevator — Attachesto the shim coil flange at the bottom of the magnet, in place
of aprobe. This unit lifts the probe into the magnet bore and lowers the probe out of
the magnet bore.

 Probe flange — Fits onto the probe shield and then snaps into the elevator.

* NMSController — Sits on the floor near the magnet. The NM'S controller provides
seria (RS-232) communications between the NM S and the NMR host computer. The
NMS controller also provides signal and pneumatic connections to the probe elevator
and the carousel.
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286

e Carousel — Sitson the floor

aligned with the tilted probe.

The carousel holdsa48-sample [ A

rack and replacesthe samplein

the probe with a new one from Ui e |

the raCk. Lower Probe |
The probe elevator and NMS change sanple |
controller can be used together to ol
provide a semi-automated means of Enpty Frobe |
inserting a Nano probe into the
NMR magnet. The addition of the _
carousel provides an automated o
means for loading each of 48 rotors st | oo |
into a probe. :

Adjust Test Opens when

The NM Swindow, shownin Figure Insertion | Insertion Install button
69, provides general controls for Rack | Rack is clicked
installing and operating the NM S carausel | systen
sample changer. close |

. Figure 69. NMS Window
Before Using NMS

Before the NM S autosampler is used, the probe el evator must be attached to the shim coil
and the carousel must be properly positioned. No sample can be in the probe when you
begin using the NMS autosampler.

Configuring VNMR for the NMS Autosampler

Before you can use the NM S, make sure VNMR is configured as follows:
1. Loginasvnnr 1, enter config.
2. Inthe VNMR configuration window, make the following selections:

» Sample Changer to NMS.

e Sample Changer Serial Port to Port A or Port B, depending on which one of
the Sun seria portsis used for the sample changer.

» Click Exit and Save.

3. To get the proper number of sample positions to appear in the Sample Entry Form
window, use atext editor, such asvi, to edit thefile / vnnr/ asm ent er. conf .

Findthelineset | oc( max) at about line 22 in the file. Change the number, if
necessary, so that the line is the same as the following:
set |oc(max) 48

4. Savethe changes.
VNMR is nhow configured to use the NMS.

Running NMR on One Sample at a Time

You can run NMR on any individual sample in the sasmpletray using thel oc parameter
and the change command.
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Prepare the samples you want to run and place them in the sample tray. It might be
helpful to write down the location of each sample.

Enter | oc=# change, where# isthe location number of the sample you want to
run. For example, to insert the sample at location 3, you would enter
| oc=3 change.

The NMS does the following:
» Themessageexpl: Experi ment st art ed appearsonthe Sun computer.
» The probe elevator lowers the probe out of the magnet and tilts the probe.

 The suction cup arm on the carousel unit removes the sample from the probe
stator and returns it to the tray, the sample tray rotates to the desired location,
and the suction cup arm retrieves the desired sample and placesit into the probe
stator.

» Themessageexpl: Set up conpl et e appears on the Sun computer.
Run the desired NMR experiment.
Enter | oc=# change, where#isthelocation of the next sample you want to run.

The previous sample is removed from the magnet and returned to its location. The
next sampleisretrieved from the tray and inserted into the magnet.

Run an experiment if desired.

Running Automated NMR

To run aseries of NMR experiments on some or all of the samplesin the sampletray, load
up to 48 samples, and use the ent er program to set up the automation run.

1

Prepare the samples you want to run and place them in the sample tray. It might be
helpful to write down the location of each sample.

Enter cd to change to your home directory.

Typeent er inthe VNMR input window.
You are prompted for a directory name to store the information set by ent er.

You can alsoinvokethe commandent er (di r ect ory) tocreateadirectory. For
example, ent er (' abc' ) createsadirectory named abc. Inabc, afile named
abc contains experiment information. Also in the abc directory, the directory
abc. macdi r contains GLIDE-related information for an automation run.

The Sample Entry Form window (see Figure 70) appears.

Fill in the Sample Entry Form window.

» Sample Number — select one or more sample locations on which to run
experiments.

» User |dentification — select the user.
» Solvent Selection — select the solvent for the chosen locations(s).

» Experiment Selection — select one or more experiments for the chosen
locations(s).

» Text —enter information about the experiment, if desired.

» To customize any of the experimental parameters, including spectral width,

number of scans, delays, and pulse angles, click the Customize Parameters
button.
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Sample Entry Form

Sample Number

4 (23 |4 (5 (617 |8 (9 10]11]12]13] 14] 15[ 16 17] 15[ 15 20]
2122 23[ 24 25| 26| 27] 28] 23] 30] 31| 32] 73] 34] 35| 76/ 37| 38/ 39 0]
4] 42| 43| 44 45| 45] 47 43

m— User identification

Solvent Selection
COCL3 | D20 | Benzene | M0 |

Acetone |Cgclohexane|TDluene |Methanol

Experiment Selection

H1 |c13 |F19 [
P31 | HC | H-gCosY [
H-TOCSY | H-gHs0C | H-2C0SY-gHSOC [
H-gC0SY-HSEC-gHMBC | H-2C0S¥-HSQC—gHMBC-HSACTOX | H—COSY-C-DEFT-HETCOR |
H-COSY-C-APT | H-TOCSY-NOESY | H-TOCSY-ROESY [
H-TOCSY-HMEC |

Text |

Customize Parameters | Add Entry Quit |

Humber of samples submitted: O

Figure 70. Sample Entry Form Window for the NM S Autosampler

Click on the item you want to customize. A new window opens and provides
appropriate parameters to change.

» When finished with thislocation (or locations), click Add Entry.
When you are done adding entries, click Exit and Save.
5. To start the automation run, enter aut ogo.

» When the system asksLocat i on of aut onati on queue, enter the
directory name you used in step 3.

* WhenthesystemasksLocat i on of aut omati on dat a, accept the default
or enter anew directory name.

You can also enter aut ogo(' MySanpl es' ) or

aut ogo(' MySanpl es', ' Aut oRun_621").

The datais stored in the automation directory, with the usual automation-stylefile
names (as specified by aut onane if desired). The acquisition takes placein
background within VNMR, allowing the user compl ete freedom to process other
dataset in any desired experiment location.

6. If any error messages appear, refer to “ Carousel Error Codes and Recovery,” page
279, for an explanation.

7. Tomonitor the automation run, enter st at us to bring up the Status window. Refer
to “Monitoring an Automation Run,” page 291, for more details.

8. Return later to retrieve your results.

For each experiment, aplot is created and a FID file is saved in the automation
directory (e.g., Aut oRun_621).
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The FID filesand thef i d extension are the data files collected during the
acquisition run. Normally, as datais collected, the FIDs are placed into the
automation directory with the name xxyy. fi d, where xx isthe sample location
number and yy is an “experiment number” on that particular sample (1 through n,
where n experiments have been run on the same sample).

9.4 General Automation Tasks For All Sample Changers

The proceduresin this section (listed below) and general automation tasks that can apply
to all sample changers:

“Preparing and Initiating an Automation Run,” this page

“Setting Up an Automation Run for Multiple Users,” page 290
“Monitoring an Automation Run,” page 291

“Using Sample Changers in Continuous Walkup Mode,” page 293
“Adding Samples to an Automation Run in Progress,” page 294

Preparing and Initiating an Automation Run

1
2.

6.

Prepare your samples and have alist of samples and experiments ready.

Insert the samplesin the carousel or sampletray (an automation run should not bein
progress).

Enter cd to change to your home directory.

Typeent er inthe VNMR input window.
You are prompted for a directory name to store the information set by ent er.

You can alsoinvokethe commandent er (di r ect ory) tocreateadirectory. For
example, ent er (' abc' ) createsadirectory named abc. Inabc, afile named
abc contains experiment information. Also in the abc directory, the directory
abc. macdi r contains GLIDE-related information for an automation run.

The Sample Entry Form window appears (an example is shown in Figure 70).

Fill in the Sample Entry Form window:

» Sample Number — select one or more sample locations on which to run
experiments.

» User Identification — select the user.
 Solvent Selection — select the solvent for the chosen peak(s).

» Experiment Selection —select Autoscout, Autowettocsy, or both for the chosen
peaks.

» Text —enter information about the experiment, if desired.

e Customize Parameters— Click this button to customize any of the
experimental parameters, including spectral width, number of scans, delays, and
pulse angles.

Click on theitem you want to customize. A new window opens and provides
appropriate parameters to change.

» When finished with this peak (or peaks), click Add Entry.
Repeat step 5 for each sample.
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7. Click on the Exit and Save button when you are finished.

8. Enter aut ogo(' mydata',' nyauto') to start the automation run.

The command aut ogo(' nydat a' , ' nyaut o' ) creates anew automation
directory (called nyaut o) in the users home directory and submits the experiment
information contained in the mydat a directory to the new myaut o directory.

9. To monitor the automation run, enter st at us to bring up the Status window. Refer
to “Monitoring an Automation Run,” page 291, for more details.

10. Return later to retrieve your results.

For each experiment, aplot is created and a FID file is saved in the automation
directory (e.g., myaut o).

The FID filesand thef i d extension are the data files collected during the
acquisition run. Normally, as datais collected, the FIDs are placed into the
automation directory with the name xxyy. fi d, where xx isthe sample location
number and yy is an “experiment number” on that particular sample (1 through n,
where n experiments have been run on the same sample).

Setting Up an Automation Run for Multiple Users
Automation runs can be set up for multiple users.

The sample entry process might typically occur during the course of the day (assuming a
common case of open access operation during the day, and sample changer run at night).
One or more operators can usetheent er program to create afile of information about the
samples and experiments they wish to run.

All theinformation created by individual users must residein asingle file before the
automation run is started. To get thisfinal, single file, multiple users could do one of the
following:

» Enter information into asingle file consecutively.

» Enter information into different files simultaneously. The system operator must
eventually merge the various filesinto asingle file using atext editor.

Below are two examples of how this could be implemented.

Example of Using a Common File

1. Thesystem operator vnnr 1 creates an empty file in alocation where everyone can
accessit. A simpleway to create afileistologinasvnnr 1 and enter the command
touch/vnnr/sanpl es. Alsoenter chnod a+w /vnnr/ sanpl es togive
thefilewrite accessto all. Notify each user about the name of thefile and give them
atimeto useit.

2. Toaddinformation to the agreed upon text file, each user runsthe ent er program
by enteringent er (' / vnnr / sanpl es' ), clicking on the Add Entry and then
the Exit and Save buttons.

3. The sample changer operator supplies the name of the common file as the first
argument to aut ogo, as shown in step 8 of the procedure “ Preparing and Initiating
an Automation Run,” page 289.
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Example of Using UNIX Mail to Gather Files

1. Each user entersthe command ent er mydat a from the UNIX level, on any
computer on the network that has VNMR software on it.

2. Next, the user enters sample information as noted in step 5 in “Preparing and
Initiating an Automation Run,” page 289, and then mails a message to the sample
changer operator, like this:
mai | bill
Subj ect: sanpl e changer
ny sanple changer infois in file /honme/jimnydata

Press Control-D to end the message.

3. The sample changer operator enters the following command (on one line):
cat /export/home/jimsanples \
export/ hone/ geor ge/ sanpl es \
export/ hone/ expts > /export/home/vnnr1l/asm

Thiscommand combinesfilesfrom all usersand must betyped onasingleline. Note
that the order in which experimentsare entered into thisfilewill determinethe order
in which they are run.

4. Thesample changer operator, using aUNIX text editor such asvi , editsthefilejust
created, changing the sample location numbers to correspond to actual location
numbers as samples are entered into the tray (as an alternative, the operator might
preassign particular locations to certain users, and require them to have entered the
correct numbers themselvesin step 1).

5. The sample changer operator supplies the name of the common file as the first
argument to aut ogo, as shown in step 8 of the procedure “ Preparing and Initiating
an Automation Run,” page 289.

Monitoring an Automation Run

During an automation run, you can check to see if an experiment is queued, active, or
completed.
» To monitor an automation run, enter st at us inthe VNMR input window.
The Sample Status window appears, as shown in Figure 71.

At the top of the Sample Status window, a table summarizes how many samples are
gueued, how many are active, etc. The color coding in the table identifies the status of
each samplein the list below. For example, if the row in the table for queued samples
isblue, each entry in the list below displayed in blue indicates a queued sample.

» Toseedetailed information of aparticular entry, click on theentry to highlight it. The
detailed information appears in the Log information section of the Status window.

» Toretrieve the selected entry into the currently-joined experiment, click on Retrieve
Data. This button is active only if datais present in the selected entry.
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Table

Samples list

Sample

information

=] sample Status
\\\\\\\\ Samples: Cueued Active Complete Error Total

Carousel, SMS, and NMS Automation

2 0 3 0 g

USER: wnmrl A
SAMPLE#: 1
TEXT:

USER: tom
SAMPLE#: 5
TEXT:

USER:; dan
SAMPLE#: B
TEXT:

USEE:; wnmrl
SAMPLE#: 5
TEXT:

USER: dan
SAMFLE#: 15
TEXT:

USER: dan
SAMPLE#: 21
TEXT:

USER; wnmrl
SAMPLE#; 18
TEXT:

USEE:; wnmrl
SAMPLE#: 19
TEXT:

Log information

SAMFLE#: & N
USER: dan
MACRO: hil
SOLVEMT; cdcl3
TEXT:
USERDIR: susrZ4/dans/wvnmrsys
////// OATA: Ausr2d4/danststness tcl auto 0101
STATUS: Complete
Morn Jul 29 15:25:54 1996: Experiment started
Mon Jul 29 15:26:55 1996: Acguisition complete

=l

I Retrieve Data Find Entry | Guit |

Figure71. Sample Status Window (st at us Program)

» Tosort theentriesor find a particular ; ;

]|

entry in the Status window, click on = locate :

Find Entry. The locate window Sort entries 4 Chronologically

appears (see Figure 72). ~ by User

You can sort the list chronologically, ~ by Location
by user, by location, or by status. I « by Status
Additionally, if you click onthelabel

of one of the sort types, a pull-down Figure 72. Locate Window
menu is displayed so that you can (st at us Program)

further refinethe sort. For example, if
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you click on the by User label, alist of user names appears. Select the user you want
to put at the top of thelist, and automatically the entriesin the list change position
according to your selection.

Using Sample Changers in Continuous Walkup Mode

You can use asample changer throughout the day in a continuous walkup mode. Thismode
enables you to add samples to the queue throughout the day.

1. Prepare your sample and placeit in an available location in the carousel or in a
sample tray.

2. Enter wal kup inthe VNMR input window.
The Sample Entry Form window (see Figure 73) appears.

Sample Entry Form

41203 (405 6 [ |8 [5 | 10]1a]12]15] 14| 28] 26 27] a6 15[ 2
21 22] 23| 24| 25 25 27| 26| 29 0] 31 32| 33/ 4] 35| 36| 37 38] 39] 0]
41 2] 43] 44| 45| e 47] 45| 49| 50

vnmrq

User identificatian

Solvent Selection
COC13 | D20 | Benzene | MO |

Acetone |Egclohexane Toluene Methanol

Experiment Selection

Hi |c1z |F13 |
P31 |HC | H-gCosY |
H-TOCSY | H-gHsaC | H-gCO0sY-gHsAC |
H-gCOSY-HSQC—gHMBC | H-2C08Y—HSRC-gHMBC-HSQC TOXY| H-COSY¥-C-DEPT-HETCOR |
H-COSY-C-APT | H-TOCSY-NOESY | H-TOCSY-ROESY |
H-TOCSY-HMOC |

Textl

Customize Parameters | Add Sample Priority Sample Quit

Number of samples submitted: O

Figure 73. Sample Entry Form Window for Walkup Operation

3. Fill inthe Sample Entry Form window.

» Sample Number — select the location(s) to which you added samples. The
sample locations that are grayed out are already in the day’s queue.

» User Identification — select the user.
 Solvent Selection — select the solvent for the chosen location(s).

» Experiment Selection — select one or more experiments for the chosen
location(s).

» Text —enter information about the experiment, if desired.

 To customize any of the experimental parameters, including spectral width,
number of scans, delays, and pulse angles, click the Customize Parameters
button.

Click on the item you want to customize. A new window opens and provides
appropriate parameters to change.
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» When finished with thislocation (or locations), click Add Sampleor Priority
Sample.

Add Sample — appends your requested samples and experiment to the current
ent er Qfile.

Priority Sample— puts your requested samples and experiment at the head of
the ent er Qfile. You can configure this button to request a password.

Quit — exits the program without adding samplesto ent er Q.

Thewal kup macro creates anew daily automation directory named aut o_dd. nm yy,
where dd isthe current day of the month, nmis the month, and yy isthe year (e.g.,

aut o_01. 04. 99). The automation directory for each day is saved in the directory
specified by the global parameter gl obal aut o. If the parameter and/or directory do not
exist, thewal kup macro creates them.

An alternativeisto call thewal kup macro from a menu button. A prototype as mmenu
with the buttons Walkup, Status, and Return has been put in menul i b. The Status button
isuseful becauseit runsthe status program to monitor the status of an automation run and
it can retrieve datainto VNMR for viewing. The asmmenu can be made accessible from
the Main menu by removing the comment symbols on the lines near the bottom of the
menul i b/ mai n file.

The walkup macro also permits a fully continuous automation queue in which only the
sample being run and any queued locations are inaccessible (grayed out). To enable this
mode of operation, change the following linein thefile/ vnnr / asni aut 0. conf :

From —

set exList {expl/sanpleinfo | ocQ
To-

set exList {expl/sanpl einfo}

Adding Samples to an Automation Run in Progress

You can add samples or experiments to an automation run already in progress.

1

Prepare your sample and placeit in an available location in the carousel or in a
sample tray.

Typeent er inthe VNMR input window.

A Sample Entry Form window appears, similar to Figure 73.

Fill in the Sample Entry Form window.

» Sample Number — select the location(s) to which you added samples. The
sample locations that are grayed out are already in the day’s queue.

» User Identification — select the user.
 Solvent Selection — select the solvent for the chosen location(s).

» Experiment Selection — select one or more experiments for the chosen
location(s).

» Text —enter information about the experiment, if desired.
e Customize Parameters— Click on this button to customize any of the

experimental parameters, including spectral width, number of scans, delays, and

pulse angles. Click on the item you want to customize. A new window opens
and provides appropriate parameters to change.
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» When finished with thislocation (or locations), click Add Sampleor Priority
Sample.

Add Sample — appends your requested samples and experiment to the current
ent er Qfile.

Priority Sample— puts your requested samples and experiment at the head of
the ent er Qfile. You can configure this button to request a password.

* Quit —exits the program without adding samplesto ent er Q.

9.5 Changing Sample Changers or Serial Ports

To change to a different sample changer or to change to a different serial port, you must
stop and restart acqpr oc by entering su acqgpr oc twice:

>su acqproc

>su acqpr oc

9.6 Using Gradient Autoshimming with Automation

Gradient autoshimming requires the Automated Deuterium Gradient Shimming module to
be installed.

Before you can run gradient shimming in automation, you must set up gradient shimming
and map the shims with deuterium as described in the section on gradient autoshimming in
the section “ Deuterium Gradient Shimming,” page 383.

After the shims are mapped, set wshi m=' g' in the parameter sets to be used with the
automation run.

You might also wish to customize the macrosset | k and gmapz for gradient shimming
with different solvents. See “Example of Customizing a Macro,” page 304, for more
information.

9.7 Automation Run Description

Table 45 lists the commands and parameters related to automation run operation.

In an automation run, the user starts by using the ent er program to provide information
about the nature of up to 100 samples and the experiments to be performed on them.

After the information is entered and the automation run started, the user can run the

st at us program to find out which experiment have been completed, which arein
progress, and which are still in the queue. As part of an automation run, asingle directory
is created to handle the data collection. You can choose where the acquired data sets are to
be distributed.

Theent er program keepstrack of which locationsin the sampletray have been assigned,
which are not assigned, and allows entry of information about each samplein asimple
format. The ent er program can be considered the “tray manager.” The ent er program
requires the user to input information about the sample and the experimentsto berun on a
particular sample. If amethod is already defined for performing atypical experiment, the
name of the macro that describes that method (for example, h1 or hc) can be entered or
selected, and that experiment or experiments will be run.
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Table 45. Automation Mode Commands and Parameters

Commands
aa

aut o<(aut omati on_di r>

auto_au

aut ogo<(fil e<,autonmation_dir>)>
aut ogo<(file<,autonmation_dir>)>
aut osa
enter<(file<,<config_file>)>
enter <file> <config_file>

gil son

hal t

status<(directory<config_ dir>)>
status directory <config_dir>
wal kup

Parameter

auto {'y'/'n}

aut onane

gi | par {array of 4 integers}

I oc {0, 1totraymax}

savegl obal {array of parameter names}

Abort acquisition with error

Prepare for an automation run

Controlling macro for automation

Start automation run

Start automation run

Suspend current automation run

Enter sample information for automation run (VNMR)
Enter sample information for automation run (UNIX)
Open the Gilson Liquid Handler window

Abort acquisition with no error

Display status of sample changer (VNMR)

Display status of sample changer (UNIX)

Walkup automation

Automation mode active

Prefix for automation datafile

VAST sample changer values

Location of samplein tray

Save selected parameters from global tree

Sometimes, however, aparticular samplereguiresother conditionsfor dataacquisition; this
isnot aproblem becauseent er also allowsacompleteline of keyboard entry to describe
the experiment to be run; for example, set up(' H1' , ' dnso’' ) nt =4 pw=10 would
be alegitimate entry. You can customize the sel ection of what information is requested and
inwhat manner theinformation isrequested. Seethe manual VNMR User Programming for
details.

During the automation run, three files in the automation directory keep track of the status
of different experiments:

» ent er Qfile holds the entries for the experiments waiting to be submitted.
* psgQholdsthe experiment in the process of being submitted.
» doneQfile holds both active and completed experiments.

Thest at us window automatically displaysthe contents of these filesand enablesthe user
to closely examine individual files. Asthe automation run proceeds, the st at us program
updatesits display to reflect the current status of the run.

An automation run usesits own experiment files, exp 1 through exp4, which residein the
automation directory; thusthe“ automation” experimentsare separate and distinct from any
experimentsin the files of individual users. After datais accumulated, you can choose
where the collected datais stored. Data can be saved in the following locations:

* Inthe automation directory
* Insubdirectories of the automation directory
» Atany arbitrary directory

Basic Automation Run
An automation run involves three basic steps:
1. Enter information about the samples to be run during the sample changer run.
296
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Theent er program providesamechanism to define essential information about the
sample and the experiment to perform. Depending on the specific details of the
ent er program configuration, sample and experiment information might be
selected by pressing a button or typing in information.

The sample entry process might typically occur during the course of the day
(assuming a common case of open access operation during the day, and sample
changer run at night). One or more operators can use the ent er program to create
afile of information about the samples and experiments they wish to run.

If multipleusersareinvolved, the situation becomes slightly complicated because all
the information must in the end reside in asingle file. Either different users could
enter information into asinglefileconsecutively or they could enter information into
different files simultaneously, with the system operator required to then merge these
variousfilesinto asinglefile before the automation run is started. Since thefile that
iscreated isasimple text file, the latter task is easily accomplished with standard
UNIX toals.

2. Createadirectory for your “automation directory” to hold the various“ queues,” the
automation experiments, and perhaps the data collected during the run.

To do this, use the aut o program. This can be done before or after step 1, or even
automatically when the automation run is started.

3. Enter aut ogo to start the run.

The aut ogo command starts the automation run, submitting the first experiment
and holding subsequent experimentsin a queue, ready to be submitted one at atime
as the previous experiment terminates.

Note that the experiment queueing facility isnot used, and that only one experiment
istypically submitted at atime. This fact makesit easier to change the order of
experimentsin the queue once the automation run isin progress, to add experiments
to the queue, etc.

Sometimes at the start of an automation run, thereis asample already in the magnet. Often,
the system does not know the tray location to which that sample should be returned. The
result is that the sample is returned to position zero in the sample tray. Theset hw
command provides a convenient method of identifying the location the sample should be
returnedto (e.g., set hw(' | oc' , 22) causesthe sampleto be returned to location 22 in
the sample tray).

Automation Behind the Scenes

An automation run consists of two mainitems: afile containing information on the samples
to be run and a directory containing the data along with supporting automation files.
Samples are entered using the ent er program, which is specifically designed for
automatic sample entry. You should enter the proper information. Once the information is
entered, it issaved asa simpletext file named by you. If you examine thisfile, you will see
that the last item of each entry, St at us, is set to queued.

An automation run does not begin until the command aut ogo isissued. You can enter
aut ogo at the command line in VNMR to initiate automation (see the VNMR Command
and Parameter Reference for further details about aut 0go).

Several things happen when aut ogo isissued. First, adirectory is created to hold the
automation data. The directory path is contained in the VNMR global variable aut odi r .
Next, several subdirectories and files are created within this main data directory.
Automation creates anew set of experiments (expl to exp4) to temporarily hold the data
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during acquisition. The experiments reside in $aut odi r. Other critical files created are
ent er Q doneQ psgQ | ocQ andsanpl ei nf o.

To examine what the system is doing during an automation run, open a console window.
Thiswindow echoes each event as it happens. Experiments to be performed are copied by
aut ogo fromthefile created by theent er programtotheent er Qfile. Aseach sample
issubmitted for acquisition, theinformation about the sampleisremoved fromtheent er Q
fileand placed inthe sanpl ei nf o file. After submission, the information iswritten into
the doneQfile.

The ps gQfileholdsinformation generated by apul se sequence, e.g., S2PUL. psgQisused
by the automation system to start an acquisition.

Thel ocQfilecontains| oc valuesthat have been used during the automation run. Thisfile
iscreated by theaut o_au macro. During walkup operation, theent er program usesthe
| ocQfileto determine which sample locations are available for another user.

Thesanpl ei nf o file containsinformation on the sample currently being run. Thisfileis
accessed by the acquisition macrosto retrieve needed information. Thesanpl ei nf o file
is placed in the appropriate experiment directory. The doneQfile contains information
about both active and compl ete experiments.

Theent er Qfileisthe critical file for sample management. Once an automation run is
started, the only way to add more samples, delete samples, and so forth, isto directly
modify the ent er Qfile. ent er Qcan be updated manually according to the procedures
givenlater inthischapter. Whentheent er Qfilecontainsno entries, the system recognizes
that automation is complete.

While an Automation Run is in Progress

Automation mode is a separate mode of operation from the normal multiexperiment mode
and must be kept distinct from it. An automation run can only be initiated when all other
acquisitions are finished. Likewise, all data acquisition of an automation run must be
finished (or at least paused) before the system can be returned to the multiexperiment mode
of dataacquisition. You should realize that these statements apply only to acquisition. Data
processing is possible using any experiment. Data can be recalled, processed, and plotted
in the normal way. Because the automation run acts in effect as a separate user, you will
have no problems trying to plot at the same time as the automation run.

Also, by using the st at us command (see Figure 71), datathat is part of the automation
run and already finished (including 2D runsthat are still in progress but for which some of
the FIDs have already been acquired) can be recalled using the mouse and then processed
or reprocessed. Of course, any processing that has been specified to take place as part of the
automation run will occur at the appropriate time separately and concurrently with any
processing you may be doing.

Interacting with the acquisition itself during an automation run is more limited than in
multiexperiment mode. You cannot start an acquisition, but can abort the current acquisition
using the Abort Acquisition button or by issuing theaa command. Depending on what you
have used for thewer r parameter, it islikely that an abort of an acquisition in progress
terminates the acquisition with no processing whatsoever. Instead of entering aa, you can
enter hal t , in which case the normal end of experiment (Wexp) processing occurs.

Asthe automation run progresses, experiments are removed fromthe ent er Qfile, placed
thesanpl ei nf o file, and then placed into thedone Qfile asthey are active or completed.
All processing messages that occur during the automation run appear in the console
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window, and thus the progress of the automation run can be easily monitored by leaving the
console window open. The st at us command can be used to monitor this progression.

When an Automation Run is Finished

At the finish of an automation run, the system automatically returns to the “normal” mode
and normal data acquisition can be initiated with the go or au commands.

If you reach the end of the automation run and wish to continue the run with more samples,
usethe ent er program to enter new samples into a new sample file (or perhaps you
already did this while the automation run was in progress). Then enter aut or a.

The aut onane parameter controls the file names to be used and can use the value of
VNMR parameters as part of the file name. For a complete description of theaut onane
parameter, see the Command and Parameter Reference manual.

Parameters for Automation

Basic parameters for automation are recalled from the directory st dpar . This directory
can be owned by the user who started aut ogo or it canresidein the/ vnnr directory, in
which case the directory is not alterable by anyone other than vnnr 1.

st dpar should contain an entry for each nucleus. For example, the st dpar / H1. par
fileisretrieved by the macro h1 and used to run the proton NM R spectrum. To asignificant
extent, acquisition, processing, and plotting can be controlled by parameters preset in

st dpar . Some parametersin st dpar that directly affect functioning of automation (not
including general parameters such as pw) are listed in Table 46 with descriptions of values.

Certain global parameters are also important for the correct submission of additional
acquisitions. Thesavegl obal global parameter savesan array of these global parameter
names. Whenever ago, ga, or au is entered, the parameters listed in the array are copied
to the current experiment parameter tree, and an underscore is appended to the parameter
names (e.g., | oc becomes| oc_). Some of the global parameters saved arel oc,

| ockpower, | ockphase, | ockgai n, z0, | kof , gi | par, pkpi ck, and

par st yl e. Additional global parameter names can be added to thesavegl obal array.
Thesavegl obal parameter isalso saved assavegl obal _, eventhoughitisnot an
explicit member of the array.

Whenever any conditional processing occurs, the savegl obal _ list of parametersis
copied back into the global tree. By doing this, the processing macros have access to the
values used to initiate the acquisition. Whenever ago, ga, or au is executed, any
parameterslisted inthe experiment’'ssavegl obal _ parameter are deleted before the new
parameters from the global savegl obal parameter are copied.

Variable Temperature Control During Automation

Variable temperature operation during an automation run proceeds in a straightforward
way. The sequence of eventsisthe following:

1. Thecurrent sampleisremoved from the magnet by the sample changer.

2. Thenew temperatureis set and the temperature startsto change, at arate of no more
than 12 degrees per minute.

3. Whenthe new temperatureisreached, the system checksif thet i n parameter is set
to' y' . If so, the system waits for the temperature controller to achieve regulation.
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Table 46. Basic Parameters for Automation

Parameter Value Description
al ock 's' Autolock only on sampleinsert.
% Lock using parameters based on the solvent. Lock phase and lock gain
are not adjusted (quick lock mode).
"u' Do not lock (does not apply to MERCURY or GEMINI 2000).
'a' Autolock searches for lock resonance and adjusts parameters

| ockpower and | ockgai n.

wshim 's' Shim using shim method specified by the parameter et hod.
'g' Automatic shimming using gradient shimming is done only at beginning of
the first experiment, following the sample change. met hod isignored.
Thisvalueisavailable only in automation; it is not used with go, ga, or
au.
met hod 'z1z2' Shim gradients Z1 and Z2 with a criterion of medium to medium, total
time 60 seconds or less (default method).
gain 'n' System adjusts gain before acquisition.
spin 'n' System does not regulate spinning before acquisition.
20 System tries to adjust spin speed to 20 Hz before starting acquisition.
If speed does not regulateand i n="y"' , gjectsthe
sample and proceeds to the next sample. If i n="w , only awarning
message is added to the log file and acquisition continues with the
unregulated speed.
intnod 'off’ No integrals are plotted (typical for c13 parameter set).
"partial’ Integrals are plotted for each peak separately (typical for hl parameter
set). Ther egi on command determines integrals.
pltnod 'off' Suppress plotting. If an error occurs when processing (e.g., aph
failure), the processing macro sets pl t nod to off and no plotting
occurs.
"fixed Plot spectrum using st dpar parameters. This allows setting all

plotting-related parameterswhen st dpar issaved.

TheVNMR parameter vt wai t determineshow long the system waitsfor theVT to
regulate. The default is 300 seconds (5 minutes). If you are making alarge
temperature change, or havethe VT controller slow rate set to very slow, you might
need to change this default. If the VT does not regulate before this time and
tin="y'",thesystem will moveto the next sample.

4. The sample changer inserts the sample into the magnet.
If spinning is requested, the sample spin regulation system starts.

6. If apad delay isrequested, that delay occurs. This delay allows the sample
temperature to come to equilibrium.

7. The sequence then proceeds in the normal fashion, doing locking, shimming, and
receiver gain adjustment, as requested.

9.8 Customizing the Sample Entry Window

The choices displayed by theent er program can be customized. The users, solvents, and
experiments are specified in text filesin the/ vnnr / asmdirectory. Each text fileis
specified as pairs of lines of entries. The first line of each pair is the label that will be
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displayed in the Sample Entry Form window by the ent er program. The second lineis
what will bewritten into thetext file generated by theent er program when that particular
labeled item is selected.

Listing 3 shows the default contents of the exper i nent s text file. Thesol vent s file
and user fileare similarly constructed.

Listing 3. Contents of Default/ vnnr / asni exper i nent s File

H1

AuHexp

C13

AuCexp

F19

AuF

P31

AuP

HC

AuHexp(sol vent, > CARBON' )

H gCosy

AuHexp(sol vent, * gCOSY")

H TOCSY

AuHexp(sol vent, ~ TOCSY")

H gHSQC

AuHexp(sol vent, * gHSQC' )

H gCOSY- gHSQC

AuHexp(sol vent, " gCOSY", " gHSQC')

H gCOSY- HSQC- gHVBC

AuHexp(sol vent, ~gCOSY", " HSQC', " gHVBC)
H- gCOSY- HSQC- gHVBC- HSQCTOXY
AuHexp(sol vent, *gCOSY", " HSQC , “ gHVBC' , " HSQCTOXY")
H- COSY- C- DEPT- HETCOR

AuHexp(sol vent,” COSY", " CARBON', " DEPT", " HETCCOR')
H- COSY- G- APT

AuHexp(sol vent, > COSY", " CARBON', " APT")
H- TOCSY- NCESY

AuHexp(sol vent, > TOCSY", ~ NCESY")

H TOCSY- RCESY

AuHexp(sol vent, " TOCSY", " RCESY")

H- TOCSY- HMQC

AuHexp(sol vent,  TOCSY", " HMQC' )

9.9 Automated Data Acquisition

As previously stated, when entering information about the sample, experiments are most
easily begun by selecting the name of amacro fromtheent er program. Any user-created
macro, with associated arguments (if any), can also be selected by theent er program, so
that any particular experiment needed can be specifically programmed. A complete
description of automation macros appears in the VNMR Command and Parameter
Reference.

Intheent er program, these macros are typically used as a simple name and without any
of the optional arguments that may be used if the macro isused “by itself.” The solvent,
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which is required by each of these macros when run in the multi-experiment mode, is
automatically added by theent er program.

Note that multiple entriesin the ent er file may refer to the same sample. Thusit is not
necessary to use a“combined” experiment like hc to run a proton and carbon experiment
on aparticular sample. Instead, you can fill out one entry with h1 and then asecond for the
same sample with ¢13.

All of the standard single-experiment automation macros set the wexp parameter to

" procpl ot ' . All of the standard combined-experiment automation macros set thewexp
parameter to ' aut ol i st' . None of the standard automation macrosincludeacall toau
(thisis a change from earlier operation of these macros because they used to include the
call to au). Therefore, customization intheent er program is possible by entering the
standard macro followed by the changes (e.g., h1 nt =4 selects the standard h1
experiment but runs it with four transients).

During an automation run, the experiment information from the ent er Qfileisplaced in
expl and intheaut odi r directory. Theaut o_au macro isthen called. This macro
readsthe sanpl ei nf o fileand setsthesol vent and | oc parameters, fillsin the text,
and executes the command defined by MACRO. After that, aut o_au examinesthe value
of thewexp parameter. If wexp issetto' procpl ot' ,thenaut o_au callsau. If wexp
issetto’ aut ol i st',thenaut o_au inserts' aut o' asthefirst argument to

autol i st andcalsau(' wait"').If wexp isset to anything else, aut o_au does not
call au. Asaresult, any existing automation macroswith abuilt-in call toau will still work
aslong aswexp isnotsetto' procplot' or' autolist'.

When au is executed, the global parameterslisted inthesavegl obal parameter are
copied into the experiment parameter list. Each parameter name is appended with an
underscore (_). Whenever any conditional processing occurs (e.g., wexp), the previously
saved parameters are returned to the global tree. The conditional processing macros
therefore have access to the correct values of global parameters, such asl oc and the lock
parameters.

Optimizing Acquisition Macros

Acquisition in automation is usually initiated by macrossuchashl and c13. By
understanding the order of events in acquisition, automation can be optimized.

Themacrofirst retrievesthe appropriatest dpar file. Important parameters such aspwo0
andt pwr areretrieved from the pr obes file. The. def files determine default sw;, nt ,
etc. In addition, the parameters that directly affect automation (al ock, wshi m etc.)
should be set appropriately. These parameters are listed in Table 46 with explanations of
reasonablevalues. Oncethest dpar filehasbeenretrieved, themacrocalsset | k. After
caling set | k, acquisition begins.

Listing 4 is the text of the AuHexp macro.

Datais processed by the macro pr ocpl ot , whichiscaled by aut ol i st . The

pr ocpl ot macro processes and plots both 1D and 2D data. A full explanation of
procpl ot and associated macrosis provided in the VNMR Command and Parameter
Reference.

Customizing Macro Operation

Extensive opportunity exists for customizing the operation of existing macros—this
customization can a'ways occur on either the systemwidelevel (inthe/ vnnr directory) or
at the user level (in the user’s personal vnnr sys directory). The starting parameter sets
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Listing 4. Contents of AuHexp Macro

if ($# > 0) then $sol v=$1 el se $sol v=sol vent endi f

setup(' H1', $sol v)
Aut ocl rexp
wexp=""
Aut oset gpar
if (auto <> 'y') then
expl i st="PROTON , ' gl i dewexp'
el se
expl i st="PROTON setlk(solvent)
endi f

if ($# > 1) then
$ar g='
$x = 2
r epeat
format ($x, 0, 0): $arg
if typeof ('$ +$arg) then
Aut oAddEXP( ${ $x}, ' nodi al og' )

endi f
$x=$x+1
until $x > $#
endi f

macr 0=$0 pw(45) seqfil ="s2pul"’
nt=8 clear(2) di=1 wbs='' wnt=""
setsw( 14, - 2)

Aut onacr odi r (' make')

Aut oset wexp

dg

can bemodified to contain parameters of your choosing. And finally, the macrosthemselves
(h1,c13, setl k, etc.) can be modified. An obvious recommendation isto make such
changes at the single-user level first, and then determine their acceptability before making
the changes at the system-wide level.

Other possibilities for customizing include macros used during an automation run:
* hlp,c13p,f19p, and p31p for processing.
» hregi ons to select integral regionsin a proton spectrum.
» react for error processing.

» get sn togetasigna-to-noiseestimateandt est sn (whichusesthet est ct macro
and the sn parameter) for signal-to-noise checking.

» cl eanexp to remove old experiment files and directories.
» cpt np to copy experiment data into an experiment subfile.
» set | k for setting up automatic locking choices (see example in next section).

Table 47 lists commands and parameters related to customizing macro operation.

A number of commands (au, hal t , r esune, etc.) are important in constructing macros
for sample changer operation and are more or less uniqueto that modein that they arerarely
if ever used at other times. Note that j exp cannot be used in an automation macro. A
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Table 47. Commands and Parameters for Customizing Macro Operation

Commands

au* Submit experiment to acquisition and process data
auto_au Controlling macro for automation

cl3p Process 1D carbon spectra

cl eanexp<(filel<, file2,...>)> Removeold filesand directories from an experiment
cptnp<(file)> Copy experiment data into experiment subfile
f19 Process 1D fluorine spectra

fixup Adjust parameter values selected by setup macros
getsn:current _sn, predi cted_sn Get signa-to-noise estimate of a spectrum

hlp Process 1D proton spectra

hal t Abort acquisition with no error

hr egi ons Select integral regionsin proton spectrum

p31lp Process 1D phosphorus spectra
react<('wait')> Recover from error conditions during werr processing
resume Resume paused acquisition queue

set | k(sol vent) Set up lock parameters

testct Check ct for resuming signal-to-noise testing
testsn Test signal-to-noise of a spectrum

* au<(<' nocheck' ><,>< next'><,><'wait'>)>

Parameters

aut o {'y',n} Automation mode active

aut odi r {string} Automation directory absolute path

aut onane {string} Prefix for automation datafile

| ast | k {string} Last lock solvent used

sn {number} Signal-to-noiseratio

number of parameters are also important in constructing macros for sample changer
operation. These parameters arerarely if ever used at other times.

Example of Customizing a Macro

The macro set | k can be customized for each system to enhance autol ocking and
autoshimming. Because many of these enhancements are system specific, variouslinesin
set | k are commented out and the system macro is nonfunctional until modified by the
system administrator. As aresult, it is advisable to explicitly set the values for the z0,

| ockpower,andl ockgai n parametersasdiscussed initem 3 below. Listing 5 provides
an example of amodified set | k macro.

For each sample, set | k permits the system to perform the following adjustments:

1. Retrieve solvent-based shim sets. Starting from a shim set for each solvent has
proven useful on many automation systems. To retrieve a set of shims for each
solvent, remove the quotes around the following lineinset | k:
rts($1): se

Alternatively, separate shims for each solvent may not be necessary but specific
shimsfor only one or two solvents may be desirable. The following statements show
how to implement this scheme:
format ($1,' [ ower'): $sol v
if ($solv="d20")

then rts('d20")

el se rts('cdcl3")
endi f
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In this example, if the solvent isd20, then specific shimsfor d20o are called;
otherwise, cdcl 3 shimsare used as a starting point for al organic solvents.

2. Choose aspecific shim method based upon the T of theindividual solvents. Quotes
should be removed from the following linesinset | k:
if ($sol v="acetone')or($sol v='cd3od')or($sol v=' cd2cl 2')
t hen net hod='1 ongt 1
else if ($solv='c6d6')or($sol v='cdcl 3")
t hen met hod=' nmedt 1'
else if ($solv="dnso')or($sol v='d20')
then met hod='"shrtt1l
el se net hod='zal I’
endi f
endi f
endi f

3. Explicitly setz0,1 ockpower ,andgai n. Thisisauseful techniquetoimprovethe
autolock reliability. Thisis especially apparent for the first sample of an automation
run. If the lock power has been low, this first sample may not be run because of an
autolock failure.

To usethisfeature effectively, lock and shim on asample in each one of the solvents
that you will normally use. Record the values of z0, | ockpower , and gai n that
produce a stable lock.

Remove the quotes from the following linesin set | k and input the appropriate
valuesof z0, | ockpower, and gai n. Notice that the example bel ow shows some
of the entrieswith the z0 valuesinserted. The number representsthe value of z0 as
shown by thelock display inacqi . Replace the numberswith the appropriate values
for your system.
i f $sol v='cdcl 3'
then Z0=128 | ockpower =37 | ockgai n=41
else if $sol v='d20o'
t hen Z0=35l ockpower =37 | ockgai n=48
else if $sol v='acetone
then Z0=12 | ockpower =21 | ockgai n=39
else if $sol v='dnso'
t hen | ockpower =33 | ockgai n=36
else if $sol v='c6d6’
t hen | ockpower =20 | ockgai n=39
else if $sol v='cd3od'
t hen | ockpower =25 | ockgai n=35
el se | ockpower =30 | ockgai n=40
endi f
endi f
endi f
endi f
endi f

In addition, the macro gmapz can be customized to run gradient shimming on different
solvents. Uncomment the appropriate lines in the following section of the macro:
"uncoment this section for automation (wshim="g')"
if (auto="y' and tn='lk') then

$sol v="" format(sol vent,'lower'): $solv
"add other solvents with long T1"

if ($sol v="acetone') then

d1=d1*2
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endi f
"add ot her solvents with weak signal”
if ($solv='"cdcl 3 ) then
nt=nt*4
endi f
endi f

Listing 5 showsamore extensively customized set | k macro that handles multiple probes
and provides solvent-based parameter sets, all based upon the system probe files.

Listing 5. Modified set | k Macro

exi sts(' probe',' paraneter','global'): $ep
if ($ep > 0.5) and (probe <> '') then

$ep = S$ep
el se

$ep = 0
endi f

if ($# < 1) then
$sol v = sol vent
el se
$solv = $1
endi f

"if solvent-based shimsets are desired for new sol vents, store"
"appropriate shimsets (if you use nore than one probe you should "
"have a shinms library for each) then renove quotes fromthe next line "

format ($sol v, | ower'): $sol v
if $solv = 'benzene' then $solv = 'c6d6' endif

if ($ep) then "probe exists & has a value "
$shinfile = userdir+'/shins/'+probe+' /' +$sol v
exists($shinfile,'file'): $eshins
if ($eshinms > 0.5) then
rts($shinfile)
el se
$shinfile = '/vnnr/shins/' +probe+' /' +$sol v
exi sts($shinfile,'file'): $eshins
if ($eshinms > 0.5) then
rts($shinfile)

el se
wite('error',"Sorry, no shims for this probe and solvent')
endi f
endi f
el se
rts($solv) "This happens if no probe-specific shimdirectories"
endi f

"if shimnmethod is to be determ ned by solvent, then renove the"
guotes in next lines (you must create the methods given)"

if

($sol v="acet one' ) or ($sol v=' cd3od"' ) or ($sol v=" cd2cl 2' ) or ($sol v=" cd3cn')
t hen net hod='1 ongt1'

else if ($solv='"c6d6')or($sol v='cdcl 3')or($sol v="thf")
t hen net hod=' nedt 1’

else if ($sol v="dnso')or ($sol v='d20')
then nethod='shrtt1'

el se nethod='zall' endif endif endif
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Listing 5. Modifiedset | k Macro (continued)

"if you prefer to explicitly set |ockpower/lockgain for each solvent,"
"the lines bel ow nust be updated to correspond to"

"the non-saturating values for the spectroneter in use. this"

"can speed up the automatic | ocking process."

"z0 can al so be set (for weak |ocks), along with | ockpower/| ockgain"

if ($ep > 0.5) then
if probe = 'asw305' then
if $sol v='cdcl 3 then z0=415 | ockpower =25 | ockgai n=32 el se

if $sol v='d20' then z0=536 | ockpower =15 | ockgai n=29 el se
if $solv="acetone' then z0=630 | ockpower=12 | ockgai n=24 el se
if $sol v="dnso’ then z0=629 | ockpower =20 | ockgai n=26 el se
if $sol v='c6d6’ then z0=420 | ockpower =20 | ockgai n=24 el se

if $sol v=' cd3od' then z0=575 | ockpower =24 | ockgai n=26 el se
| ockpower =20 | ockgai n=25 endif endif endif endif endif endif

else if probe = 'pfgid then
if $sol v='cdcl 3 then z0=413 | ockpower =14 | ockgai n=29 el se
if $sol v='d20' then z0=534 | ockpower =12 | ockgai n=24 el se
if $solv="acetone' then z0=628 | ockpower=6 | ockgai n=19 el se
if $sol v="dnso’ then z0=630 | ockpower=11 | ockgai n=24 el se
if $sol v='c6d6’ then z0=416 | ockpower =10 | ockgai n=20 el se

if $sol v=' cd3od' then z0=573 | ockpower =24 | ockgai n=24 el se
| ockpower =24 | ockgai n=40 endif endif endif endif endif endif

se if probe = 'sw231' then
"values in this section are for the AutoSW probe "
if $sol v='cdcl 3 then z0=452 | ockpower =26 | ockgai n=29 el se

e

if $sol v='d20' then z0=592 | ockpower =15 | ockgai n=29 el se
if $solv="acetone' then z0=702 | ockpower=12 | ockgai n=20 el se
if $sol v="dnso' then z0=690 | ockpower =20 | ockgai n=26 el se
if $sol v='c6d6’ then z0=452 | ockpower =20 | ockgai n=24 el se

if $sol v=' cd3od' then z0=630 | ockpower =24 | ockgai n=20 el se
| ockpower =20 | ockgai n=25 endif endif endif endif endif endif

else if probe = '10mm then
if $sol v='cdcl 3 then z0=414 | ockpower =26 | ockgai n=46 el se

if $sol v='d20' then z0=533 | ockpower =22 | ockgai n=42 el se
if $solv="acetone' then z0=696 | ockpower=16 | ockgai n=30 el se
if $sol v="dnso’ then z0=603 | ockpower =20 | ockgai n=42 el se
if $sol v='c6d6’ then z0=415 | ockpower =20 | ockgai n=40 el se

if $sol v=' cd3od' then z0=570 | ockpower =24 | ockgai n=40 el se
| ockpower =24 | ockgai n=40 endif endif endif endif endif endif

endif endif endif endif "close probe-specific section"

se "probe variable does not exist or is not set"
"values currently in this section are for AutoSW probe "
if $solv='cdcl 3' then z0=415 | ockpower =26 | ockgai n=29 el se

e

if $sol v='d20' then z0=539 | ockpower =15 | ockgai n=29 el se
if $sol v="acetone' then z0=629 | ockpower=10 | ockgai n=20 el se
if $sol v='dnso’ then z0=631 | ockpower =20 | ockgai n=26 el se
if $sol v='c6d6’ then z0=415 | ockpower =20 | ockgai n=24 el se

if $sol v='cd3od' then z0=570 | ockpower=24 | ockgai n=20 el se
| ockpower =20 | ockgai n=25 endif endif endif endif endif endif

endi f "end of zO0/power/gain section”

alock ="'y’
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9.10 Automated Data Processing

In an automation run, any processing done as part of the experiment is governed by four
parameters: wer r, wbs, wnt , and wexp.

wer r containsthe name of the macro that runsif an error is detected during the experiment
(receiver overflow, lost lock, etc.).

* Whbs contains the name of the macro that runs after each block of the acquisition,
assuming that no other processing is occurring. wbs processing is not done, for
example, if dataprocessingisstill going on for aprevious sample. | n automation mode,
the basic use of wbs processing is for experiments in which it is desired to test the
signal-to-noise ratio periodically in order the stop the experiment at a point when the
desired ratio has been reached (discussed under the descriptionsof c13 andt est sn
in the VNMR Command and Parameter Reference).

» wnt appliesto processing that must be done after each FID of amulti-FID experiment;
therefore, wnt processing is rarely used in automation mode.

» wexp normally specifiesaprocessing macro that performs dataprocessing appropriate
to the particular experiment that has been performed. This processing may include
setting up and starting further experiments, based on the results of thefirst experiment.
The most important processing to be done on each sample is selected by the wexp
parameter.

If al four of these parameters are set to the null string (wexp="'"), no data processing
whatsoever is done, and the experiment is simply acquired and stored. Normally, however,
you will want automatic data processing.

Whenever wbs, wnt , wexp, or wer r processing occurs, the acquisition condition that
initiated the processing is available from the parameter acqst at us. Many of the codes
are related to sample changer operation. Refer to the manual Getting Sarted for more
information about using acquisition codes. The codes are listed in the description of
acqgst at us inthe VNMR Command and Parameter Reference.

9.11 File Structures in an Automation Run

This section describes the files and directories created in an automation run.

The command ent er (' abc' ) createsadirectory named abc (referred to asthe
automation setup directory). The abc directory contains afile named abc, which lists
experiment information, as follows:

vari an> cat /export/hone/vnnr 1/ abc

SAMPLE#: 2
USER: vnnr 1
MACRO, hl

SCLVENT: acet one
TEXT: ethyl-vanillin
USERDI R: [ export/ honme/ vnnr 1/ vnnr sys

SAMPLE#: 1
USER: vnnr 1
MACRO, cl3

SOLVENT: cdcl 3
TEXT: ment hol
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USERDI R: / export/ home/ vnnr 1/ vnnr sys
DATA:
STATUS: Queued

Also in the automation directory (in this case, abc) isadirectory named abc. nacdi r,
which contains GLIDE-related information for an automation run, including the following
files:

varian> | s /export/home/ vnnr 1/ abc/ abc. macdi r

curl oc | oc1l_AuHexp | oc2_AuCexp

For the automation run, the aut ogo command uses the information from the automation
setup directory created by the ent er program (abc in our example) and places
information about current and completed experimentsin a new directory, called the
automation directory. For example, if aut ogo(' abc' , "' abcl') isentered,
information is copied fromthe abc directory into theabc1 directory created by aut ogo.
varian> |'s /export/home/vnnr1/abcl

autoinfo enterQ enterQ macdir doneQ expl exp2

exp3 exp4 psgQ sanpl ei nfo

The experiment files(expl, exp2, etc.) are used for dataacquisition and data processing.
Theent er Q psgQ doneQ, and sanpl ei nf o files contain information about the
experimentsto be run. The aut oi nf o fileis currently unused. Theinformation from the
file (e.g., abc) in the automation setup directory is copied to ent er Q Aseach sampleis
submitted for acquisition, the information about that sample is copied to sanpl ei nf o.
After the experiment is finished, the information about completed sample is moved from
sanpl ei nf o todoneQ. Information generated by pulse sequencesis stored in psgQ

A sanpl ei nf o filetypically looks like the following, containing information about the
sample that is just about to be run, for possible use by the macros that are being executed:
vari an> cat /export/hone/vnnr1l/abcl/ expl/ sanpl ei nfo
SAMPLE#: 1
USER: vnnr 1
MACRO: cl3
SCLVENT: cdcl 3
TEXT: nment hol
USERDI R: / export/ home/ vnnr 1/ vnnr sys
DATA:
STATUS: Queued

Thesanpl ei nf o fileis placed in the appropriate experiment directory and is saved with
the data. After the automation run has run for awhile, it might look like this:

varian> cd /honme/vnnrl; |s abcl

0101.fid aut oi nfo enterQ exp2 exp4

0201.fid doneQ expl exp3 psgQ | ab0401.fid

The new files, all containing thef i d extension, are the datafiles collected during the
acquisition run. Normally, as datais collected, the FIDs are placed into the automation
directory withthenamexxyy. f i d, wherexx isthe samplelocation number andyy isan
“experiment number” on that particular sample (1 through n, where n experiments have
been run on the same sample). If the user who started aut ogo sets the parameter

aut onane, thenaut onane isinterpreted to determine thedirectory and file namewhere
the datawill be stored. Theaut oname parameter control sthe version number attached to
the file name and uses the value of VNMR parameters as part of the file name.

The data files have the following internal structure:
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varian> cd abcl; |Is 0101.fid
fid | og pr ocpar sanpl ei nfo t ext

Of thesefiles, akey filethat relatesto automationisthel og file, which maintainsalog of
everything that happens during the run, for you to examine at a later time.
vari an> cat 0101.fid/l og

========> Wed Dec 25 17:05:18 1996 <==== New Exper: '0101'
17: 05: 17 Experi ment Submitted.
17: 05: 18 Experinment Started ID =1

FI D Ti ne Error

17: 09: 06 Experiment Conpleted ID =1

The doneQfile might look like this at thistime:
vari an> cat doneQ

SAMPLE#: 2
USER: vnnr 1
MACRO, hl

SCLVENT: acet one
TEXT: ethyl-vanillin
USERDI R: [ horre/ vnnr 1/ vnnr sys
DATA: / honme/ vnnr 1/ sl pt est/ 0201
STATUS: Conpl et e

SAMPLE# 1
USER: vnnr 1
MACRO, cl3

SOLVENT: cdcl 3
TEXT: ment hol
USERDI R: [ horre/ vnnr 1/ vnnr sys
DATA: / hone/ vnnr 1/ sl pt est/ 0101
STATUS: Error

Another key fileis/ vnnr / acqqueue/ acqui si ti oni nf o, which contains
information about the state of the acquisition computer after the last sample. Thisfileisa
text file that might look like this:

vari an> cat /vnnr/acqqueue/ acqui sitioninfo

nt 16 ct 16 scale 0 np = 29952

gain 36 | ockphase 256 | ockpower 22 | ockgain 53

Finally, thefile/ vnnr / acqqueue/ | ast | k containsinformation about the last lock
solvent:

vari an> cat /vnnr/acqqueue/l astlk

I ast | ock solvent was cdcl 3
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Sectionsin this chapter:
e 10.1"“Using the VAST Accessory,” page 311
» 10.2“Solvent Suppression in VAST,” page 317
» 10.3 “Processing, Displaying, and Plotting VAST Data Sets,” page 323
* 10.4"“Using CombiPlate to Analyze Data,” page 331
e 10.5"Vast Process, Display, and Plot Macros,” page 337
» 10.6 “Preparing the Hardware and Configuring VNMR,” page 341
e 10.7 “Cadlibrating Volumes and Flow Rates,” page 345
e 10.8“Acquiring Data on Standard Test Samples,” page 354
» 10.9 “Evaluating Carryover,” page 355
* 10.10 “VAST Interface Description,” page 355
e 10.11 “Customizing the enter Window for VAST,” page 362
* 10.12 “Filesthat Control VAST Operation,” page 363

» 10.13 “Writing VAST Protocols,” page 363
The VAST (versatile automatic sample transport) accessory uses the VNMR automation
capability of YNTYINOVA and MERCURY-VX NMR spectrometers to take a sample from a
vial or well on the Liquid Handler (see Figure 74) and move it into the Microflow probe.
When the sampleisin place, NMR data can be acquired. When the NMR experiment is
finished, the sample is removed and either discarded into a waste container or returned to
the source contai ner. After removing the sample, theliquid path isthen washed to minimize
cross-contamination or carryover between samples.
The VAST accessory comprises the following:

 Gilson 215 Liquid Handler, Rheodyne (Gilson 819) injector and Valco valves

» VAST software interface to VNMR (sold separately, requires 6.1B or later)

» PEEK tubing, PEEK connectors, and signal cables

 Varian Microflow probe (sold separately)

10.1 Using the VAST Accessory

The VAST accessory is highly mobile and can be easily moved between spectrometers or
moved away from the spectrometer when not in use. Therefore, a certain amount of setup
might be required each time the VAST accessory is to be used.

After setting up, most of your interaction with the VAST autosampler will occur with
normal VNMR automation controls, such asthe ent er program and with thel oc
parameter in the VNMR input window.
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Figure 74. Gilson 215 Liquid Handler

To Prepare VAST for Use

1. Makesurethe VAST accessory hardwareis set up and that VNMR is configured, as
described in “ Preparing the Hardware and Configuring VNMR,” page 341.

2. CdlibratetheZ position of thearm (if necessary). Z position calibration is described
in“Calibrations,” page 361.

M ake sure an appropriate waste container is properly installed on the rinsing station.

4. Prepare an appropriate solvent and make sure the inlet line to the syringe assembly
isinserted into your solvent reservoir. Be sure to have enough solvent to complete
the automation run.

CAUTION: Make sure the sample/solvent you are using is compatible with, and
does not react with, the sample container. For example, chloroform
solvents will rapidly dissolve polystyrene microtiter plates. Microtiter
plates can be made of polystyrene, polypropylene, polycarbonate,
glass, and many other materials.

5. Inthe VNMR input window, enter gi | son to open the Liquid Handler window
shownin Figure 75.

Gilson Liquid Handler

| eack oef. | wein controt || caliorations |
o0

Figure 75. Gilson Liquid Handler Window
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Check the default settings in the Liquid Handler window. The default values are
listed in Table 48.
Table 48. Typica Default Valuesin Liquid Handler Windows

Field Default Value*

SAMPLE Def. pane (Figure 103)

Probe Volume 400
Sample Volume 350

Push Volume 50

Keep Sample no
Number of Rinses 0

Rinse Delta Vol 10.0
Sample Well Rate 40
Sample Height 20
Sample Depth NOSEEK
Needle Rinse Volume 1000 (for a 1000 pL syringe)
Needle Rinse Rate 16

Probe Slow Vol 100
Probe Slow Rate 0.3

Probe Fast Rate 0.3
Sample Extra Vol 25

Rinse Extra Vol 25

Mix Volume 0

Mix Time 0

Mix Flow Rate 0

Mix Height 0

Rack Def. pane (Figure 104)

Settings for racks 1 to 5 must reflect the racks that exist on the system. If incorrectly
set, severe damage to the needle (probe) can result.

Main Control pane (Figure 105)

Air Vave: Off
Plunger: Up
Syringe Volume: Volume of the syringe on the Liquids Handler
Arm Z Scale (mm): Set at installation
Calibrations pane (Figure 106) No values at thistime.

* These default values are designed for the most viscous solvents and will work for D,O.

6. Click the Rack Def. tab and configure the window for the racks to be used.

7. Click onthe Main Control tab and then click on Return Home.

Thismay take afew minutes. To speed up the process, pressthe STOP button on the
front of the Liquid Handler, lift the needle, and slide the arm toward the | eft.

8. Primethe pump by clicking on the Prime pump button in the Main Control pane.
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The needle should automatically move over to the rinse station before the priming
starts. Make sure to prime until you no longer see bubblesin the inlet line to the
syringe module.

The priming routine runs for about 3 minutes and uses the solvent attached to the
inlet line.

9. Clear the NMR probe of any leftover sample or solvent by setting Air valveto ON.

Let thisrun for about two minutes or until you hear air hissing out of the inject port.
Be prepared to wipe up any sample or solvent that seeps out of the inject port.

10. Calibrate Probe Volume, as described in “ Calibrating Volumes and Flow Rates,”
page 345.

11. Acquire dataon standard test samples, as described in “ Acquiring Data on Standard
Test Samples,” page 354.

This verifies that the VAST hardware and software are operational .

12. If desired, calibrate Sample Volume and the flow rate parameters as described in
“Calibrating Volumes and Flow Rates,” page 345.

13. Prepareyour samplesand transfer them to the samplewellsin asamplerack. Be sure
to note where each sample is located in the sample tray.

The VAST accessory is now ready for use with the VNMR automation software. Refer to
the following procedures in this section:

* “To Set Up NMR Experiments for VAST,” page 314
* “To Change Samples with VNMR,” page 314
e “To Shut Down aVAST System,” page 317

To Set Up NMR Experiments for VAST

If solvent suppression isnot needed, only routine parameterssuch ast pwr , pw90, d1, and
sw need to be optimized. The usual commands (go, ga, au) can be used to start
acquisition.

If solvent suppression is needed, use WET and Scout, as described in section 10.2 “ Solvent
Suppressionin VAST,” page 317. Processing, displaying, and pl otting of data obtained with
VAST isdescribed in section 10.3 “ Processing, Displaying, and Plotting VAST Data Sets,”
page 323.

To Change Samples with VNMR

You can change samples manually or automatically.

Manually

Sample location is defined with anumber (I oc=3) or with astring (vl oc=" G7' ), using
thel oc or vl oc parameters.
To change samples and not run acquisition:

* Inthe current zone and rack—for example, location 3—enter:
| oc=3 change

Youcanalsosetvl oc toavauelike' A3' or' G7' if you know the microtiter-plate
address.
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» Inadifferent zone or rack—for examplerack 1, zone 1, location 3—enter:
| oc=3 vzone=1 vrack=1 change

To change samples and run acquisition (ga, go, au, or su):
* Inthe current zone and rack—for example, location 3—enter:
l oc=3 ga
» Inadifferent zone or rack—for examplerack 1, zone 1, location 3—enter:
| oc=3 vzone=1 vrack=1l ga

or
vl oc=' G7' ga

Automatically with the enter Program
To change samples automatically with the ent er program, use the following steps.

1. Typeenter inthe VNMR input window.

Theent er program prompts you for afile name that stores the information set by
theent er program. You can also usethecommandenter (‘' file').

The Sample Entry Form window appears, similar to Figure 76.

— Sample Entry Form r
Rack Mumber
EEENE
EEE
Sample Number

W[5t (74 [EL D1 [ea [pa [ |
W2 (g2 (72 [E2 (D2 [£2 (32 [e |
W3 |53 (¥ [£3 (D3 [£3 {53 {3 |
Wa |54 (74 [E4 D4 [c4 (B4 [pa |
W5 |55 |75 [E5 (D5 [£5 {35 s |
W (58 (72 [F (D5 [os (38 o6 |
W7 |57 [¥7 7 D7 |27 {97 |7 |
W |55 (7 [Es [Ds [cs (B |6 |
v [58 |75 [£2 (D3 [ca [0 [ s |
10| 510] F10] 10| D10] £45] 310]
H1d| G1di| Fi14) E41} D11) C11) B1d| A1l
H12|{ G12| F12| E12| D12| C12| B12| A12

Zone Mumber

User identification

wnmrd

Solvent Selection

None ([020 CH3CN | CH3OH

DMSO | CDC13 |cH2ciz)

Experiment Selection

I Autoscout Autowettocsy |nutDEDSY |

AutoPFG-COSY | AutoDQCosY | AutoPFG-MOCOSYps|
AUtoMOESY | AUtoROESY | AutaPFG-HMAC |

AutoFFG-HMOCps AutoFFG-HSOC

Selected Experiment|autoscuut

Text |

: If you did not configure the
S| racks you will see this message.
— Click on Quit and configure

the racks.

fdd Entry | Exit and Save |

Racks have not been configured. Use gilson

Number of samples submitted: O

Figure76. VAST Sample Entry Form Window (enter program)

Select the desired samplesin the window.
Click Add Entry.
Click Exit and Save.

o > WD

Enter aut ogo
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You are prompted for the file set up by the ent er program and for the name of a
directory in which the automation datais to be stored.

Enter thefile name from step 1 and the name of adirectory. You can also include the
file and directory in the command by entering
autogo('file',"directory').

The automation run begins.

The aut ogo command by itself uses a different set of parameters than the Start
Run button on the LC-NMR pane, which is described below.

Automatically from the LCNMR/STARS Pane

A preferred alternative to using the ent er programisto use the LCNMR/STARS pane
(shown in Figure 77), which has the buttons Sample Entry and Sart Run. Thispaneis
automatically converted toaVVAST Experiment Setup panewhenyouinitialize VAST using
the menu buttons or by typing VAST 1D on the command line. Unlike other sample changer
software, these buttons use the current parameter set as the starting conditions for the
subsequent Aut oscout acquisition, whichisdescribedin “To Set Up NMR Experiments

for VAST,” page 314.

Figure77. LC-NMR Panefor VAST

The LC-NMR pane makes it easier to use automation.

Multiple Frequency Solvent Suppression VAST Experiment Setup Text entry Acq & Obs
W WET Center{ppn) 0ffset Vidth Number of transients 32
_—_— . _ Decovplers
W Solv 1 1.98 0.0 80.0 Anto peak find Steady state transients |2
W Solv 2 4.14 1082.2 80.0 finto peak find Reference Frequency 1.95 Ppm Sequence
- Solv 3 [2.60 [309.0 80.0 Set Solv 3 | WET 13C Dec Freq -11640 Flags & Cond.
- Solv 4 7.54 2783.64 IBI].[I Set Solv 4 | Start of Plot|-0.00 Autoshin n
= | B | Width of Plot[8.99 Equil. Delay|5 Frocess
Plot Mode Fized _.I Integrals 0ff _.I Process2
N C13WET Trial WET R
3 Display
W Cowposite observe pulse (ueue na‘melqueue_la
W Solvent subtraction One All | Sample Entry | derllr
Acqiwisition Processing ]]irectnryli’ns]‘_data_la LCNME/ STARS
Acquisition time 1.82048 W Line Broadening 0.5 «|«| -
Repetition rate (sec) 1.93 W Cowplex Fourier No 3%k :I:I Start Fam |
Spectral Width 9000.9 Spare
Transwitter offset -1258.3 Pmcessl Status Setup EXP

1
2.
3.

INnVNMR click Main Menu > Setup > Flow-NMR > Initialize VAST.
Click the LCNMR/STARS tab.
Click the Sample Entry button.

A Sample Entry window pops up.

316

Fill in the Sample Entry Form window.

Peak Number — select one or more peaks on which to run experiments.

User Identification — select the user.
Solvent Selection — select the solvent for the chosen peak(s).
Experiment Selection —select Autoscout, Autowettocsy, or both for the chosen

peaks.

Text —enter information about the experiment, if desired.
When finished with this peak (or peaks), click Add Entry.
When you are done adding entries, click Exit and Save.
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The sample specified by the Queue namefile is run, and the datais stored in the
specified directory.

After the automation run is started, you can click the Status button to bring up a status
window.

Using the LC-NMR pane replaces the commands ent er, aut ogo, st at us. Unlike the
aut ogo command, however, the Start Run button saves the current parameter set
(including solvent suppression parameters) and uses this for all subsequent acquisitions
called for by the aut oscout macro.

To Shut Down a VAST System

The following procedure to shut down the VAST system consists of: setting the | oc

parameter to the appropriate value and then flushing the sample out of the probe with the
air valve.

1. Settheloc parameter to O or 'n' asfollows:

» To extract a sample from the NMR probe after a manual run (needleisin the
injector port):
| oc=0 change
» Todisablethe Gilson Liquid Handler so samples are not changed inadvertently:
| oc="n'
2. Inthe VNMR input window, enter gi | son to open the Liquid Handler window.
Click on the Main Control tab in the Liquid Handler window.

4. Clear the NMR probe of any leftover sample or solvent by setting Air valveto ON.

Let thisrun for about two minutes or until you hear air hissing out of the injector
port. Be prepared to wipe up any sample or solvent that seeps out of theinjector port.

10.2 Solvent Suppression in VAST

Solvent suppression isinvariably the first step needed for any VAST experiment. After the
initial solvent suppression setup is done, however, you only need to click the Trial WET
button in the VAST pane to perform further optimizations.

This section contains the following:
» “Setting Up Solvent Suppression,” page 317
» “Troubleshooting Solvent Suppression,” page 322
» “Evaluating Solvent Mixture Equilibration,” page 322
» “Solvent Suppression: Background Information,” page 322

Setting Up Solvent Suppression

1. Retrieve aparameter set appropriate for VAST by using either the menu system
(Setup -> Flow-NMR -> I nitialize VAST) or through ther t p command.

2. Regulate the probe temperature (preferably to a value close to ambient). The value
of t enp isdisplayed in the Acq & Obs pane.

3. Turnthelock off. Set| ockgai n and| ockpower to zero.

01-999161-00 C1002 VNMR 6.1C User Guide: Liquids NMR 317



Chapter 10. VAST Accessory Operation

Multiple Frequency Solvent Suppression acq s s |
Active Search = WET W Filter Center(ppm) Offset  VET Width VET (no peak find)
" solv1i W L - Lo [0 [@0 Sot T
W Selv2 W L 2 W 2.77 411.171  [80.0 Set Sequence
= salv3d m w3 o 57 poom [0 ser prial vEE e
W Solvd MW =1 4 W [752  [z7m3aee [a00 Set
® solvs w5 - 9% [Weo.0  [@0.0 St process || Trecess
1Slve =1 6 1 s oo oo Set Pracess2
JSlv? a7 =1 [tss oo oo Display
WET RF Pulses (Galc.) WET Gradient Pulses Hz _-I Hz _-I VAST Information N
UET pulse [2I557.7 Strength  [24000 ST Decoupling Location: i e
Power |—2— Time W W CL3WET {Location: ) A0 1CNMR/STARS
UET shape [phx  Recovery  [0.002  Dec Freq  |-11640. Zane: 1 p—
ref_pw90 ——] Reference Pover [46  Null delay [0.002  Power 5 Rack: 1
ref_pwr ——neference puin [ie5 Vod Freg  [750 Protacol: Spare |
- W Gomposite Shape [camp_3g ON/OFF status fom Noise reject [2 Setup EXP

Turning off lock eliminates lock pull during each spectrum of a solvent gradient
experiment and lock jumps. Lock pull is caused by the constantly changing HOD
frequency during the signal averaging. Lock jumps occur if the concentration of the
deuterated species drops below the detection threshold (see the Noise reject
parameter).

The sudden loss of lock, with its commensurate sudden changein field, isannoying
during Trial WET setup operations. Even more critically, it can disrupt solvent
suppression during aVAST run. Although turning the lock off isnot mandatory, data
is measurably better unless you are running a long experiment.

Tune the probe and adjust shimming if necessary.

Check if the global parametersr ef _pwl0 andr ef _pwr exist:
ref _pwa0?
ref _pw?

or click on the Sequencetab and look at the VAST sequence pane, see Figure 78.

Figure 78. VAST Sequence Pane

Ifref _pwoO andref _pw do not exist, create them:

create('ref_pwo0', ' pul se')
create('ref _pw','real')

If they do exist, make sure they are set correctly for the probe being used (e.g.,
ref _pw =44 andref_pwd0=25). Ther ef _pw used must bewithinthelinear
portion of the amplifier' s operational range. These values are used to calculate the
power levels for the shaped pulses. Generally, pw90' s determined at power levels
that are 12 to 20 db below the level used for the observe pw90 are within the linear
operating range of the amplifier.

Click onthe LCNMR/STARS tab to open the VAST pane see Figure 79.

Click on WET and select: Solv 1, Solv 2, Solv 3, or Solv 4 to set the number of
NMR signals (up to 4 signals using this pane see step 13 for suppression of up to 7
signals) you intend to suppress.

Thefirst NMR signal to be suppressed must be suppressed using Solv 1. If the
spectrum containstwo or more NMR signalsthat are to be suppressed, select Solv 2,
Solv 3, or Solv 4 until the appropriate number of signals have been chosen. Solv 2
does not have to be selected to use Solv 3, or Solv 4. A more detailed discussion on
how to determine the which signal suppression option to select when 2 or more
signals are to be suppressed isgiven in step 13.
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| multiple Frequency Solvent Suppression YAST Experiment Setwp  Text entry Acq & Obs
Center(ppm) Offset Nurber of transients [32 p—
W solvl  1.95 0.0 huto peak find Steady state transients |2 P ers
W Solv 2  2.77 411.2 Auto peak find Reference Frequency 1.95 ppm Sequence
Jsolv3  [257 [R50 Set Solv 3 WET 13C Dec Freq “11640 Flags & Cond.
Jsolvd |72 [2783.64 Set Solv 4 Start of Plot[-7.05  Autoshim o
B | idth of PLot[T8.01  Equil. Delay[s | “*o°%°
M VET Plat Mode Fixed _l Integrals Off _l Process2
M CL3WET Trial WET Dioplay
M Cowposite ohserve pulse Queue name|queue_la
W Solvent subtractian Sample Entry || displayz
Rcqivisition Pracessing Directnrymidataila LCNMR/STARS
Acquisition tine 1.8204] W Line Broadenin 0.5 «|w
Ra'pq::itim rate (sec) 1.93 b W Cawplex lerie: No 3%k jj Start Run | fext
Spectral Width 9000.9 EE
Transmitter offset -150.990  Process| Status Setup BXP

10.

11.
12.

13.
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Figure79. VAST Pane

The value of the Center and Offset for Solv 1 is determined automatically by
searching over awide band of frequencies.

* If Solv 2isnot selected, the tallest peak in the spectrum is suppressed.

* If Solv 2 isselected, the high field signal isassigned to Solv 1 (thismay or may
not bethetallest signal in the spectrum) and then the region of the spectrum that
istothelow field side of Solv 1 is searched for the tallest signal in that region.

Center and Offset are determined automatically and displayed. Thesevaluesare non
changeable on this panel. These values can, however, be entered in the
corresponding Sequence pane.

For Solv 3, or Solv 4 you must supply either a frequency for Center (in ppm) or a
value for the offset from the carrier for Offset (in Hz). These values can be entered
manually, or they can be extracted from a spectrum by placing a cursor at the
appropriate location in the displayed spectrum and pushing the appropriate Set Solv
button. When either Solv 3, or Solv 4 or both are selected, a narrow range of
frequencies, about the set frequency is searched. The frequency range of the search
isdiscussed in step 13.

Three additional NMR signal's can be suppressed for atotal of 7. The Sequence pane
provides control of the suppression of these additional signals - see step 13.

Select the CI3WET box to suppress the 13C satellites of the solvent resonances.

This assumes the values for Dec Freq, Power, and Mod Freq (located in the
Sequence pane) have been properly set. The ON/OFF statusistypically nnn,
although nny may be useful if the size of the residual 13C satellites are a problem.

Click onthe Acg & Obstab to open the Acg & Obs pane see Figure 80.

The obs pulse and power should be set to value that produce pwoO that is as short
aspractical. In general, the shorter the better, although 3.0 or 4.4 microsecond
pwoOs are particularly useful. see step 14.

VAST Multiple Frequency Suppression Options.

a. Click on the Sequence tab to open the Sequence pane for suppression of
more than four signals.Select up to 7 signalsusing the LCNMR/STARS pane.
One (must be Solv 1) or two (must be Solv land Solv 2) frequencies can be
searched for automatically. Five additional frequencies can be searched for
over anarrow range based on the value of the center frequency. In the
Sequence pane, up to 7 signals can selected. Solv 1 must be active and search
selected if two or more signals will be suppressed.

319
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Acquisition tbserve Chamel Sample oq & Gbs
Spect width [8999.89 Hz .| Mucleus o Date February 10, 2000
Req. tine [T.82047  sec .| spect Freq. [500.618 Mz File 1c1d Decoupl ets
Acquired complex pts  [1638d offset ~1270.7 Bz | Solvent |home Sequence
Recycle delay 0001 sec | obspulse [30 vs | temperatwe[20 & Tlogs & Cand.
Transients W power 63
Steady state g By
Galibration: Charmel i Nucl.  Status Process2
if2 pulse: [3 us tbserve : HL 5
: pnwep::l 63 Decopler  : €13 - rmn Diwi
Decowpler?  : - nm AR
Decoupler3 = - LCNMR/STARS
Text
Gradient Type: non
Spare
Setup BXP
Figure80. VAST Acq & Obs Pane
| miltiple Frequency Selvent Suppression hog & Gbs
Active Search M WET W Filter Center{ppm) Offsct  WET Width WET {no peak find)
WoSolvl M w1 1 [tes o0 [mo set Decouplexs
N oSolv2 W » z W 2.77 411,171 [s0.0 Set R Sequence
W Solv 3 W w3 o 2.57 309.021  [80.0 Set Flags & Cand.
W Solv4 W o o [7.52 [2783.64  [80.0 Set
" Solv5 w5 - A Set process | f_troces
JSolv 6 o 6 195 [0.0 oo Set Process2
i Solv 7 a7 o i85 |00 oo el
VET RF Pulses (Calc.) VET Gradient Pulses Hz _.I Hz _.I VAST Information
VET pulse  [21557.7  Strength  [24000  WET Decowpling Location: 0 display?
Pover -2 Tiue W W CI3VET {Location:) AD LCHMB/ STARS
VET shape [pbx Recovery  [0.002  Dec Freq  |-11640. Zane: 1 —
Reference Pover [16  Mull delay [0.002  Power 35 Rack: 1
| Reference pu90 [1655 Mod Freq  |750 Protocol : Bl
W Composite Shape [comp 3y ON/OFF status|rnn Moise rejsct [2 Setup EXP

Composite shape  Noise reject

Figure81. VAST Seguence Pane and Frequency Suppression Options

Both Solv 1 and Solv 2 (see step 9 for description of Solv 1 and Solv 2
frequency search) use algorithms for finding the signal frequency that are
different from the algorithm used by Solv 3 through Solv 7 to locate the
signal frequency. If the search option is active for any one of four signals,
Solv 3through Solv 7, the search isrestricted to an approximate range of + or
- 0.2 ppm about the value displayed in the Sequence pane for the Center
frequency. The Center frequency can be either entered manually or set by
placing the cursor over the signal and pressing any one of the SET buttons.
The value of Offset is calculated automatically.

b. Specify acquisition and processing options for each signal. Each Solv
selection, see Figure 81, has four choices:

Search for asignal.
» Suppressasigna using WET.

Apply post acquisition signal suppression filtration.

Specify the Wet Width of the signal suppression.
Each choice may be applied individually or in any combination. The choices
areonly active if the Active button for a given Solv is RED, see Figure 81.

Currently the software limits post acquisition filtration to a maximum of 4
signals (more then four then filter buttons to may be set to active in the tcl
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pane). If five or more filter buttons are active, only the first four active Solv
with filtration selected will be active.

Wet Width istypically set to 80 Hz (for each solvent frequency; this
corresponds to about a 20 msec pulse). You can adjust these entriesto larger
or smaller values to generate alarger or smaller bandwidths of suppression
for each signal (as desired). This value of Width determines the duration of
the WET pulse, which influences the power of the WET pulse (both
parameters being displayed in the Sequence pane).

Pressing the Wet (no peak find) button will execute scan using the
parameters as they appear in the Sequence window. WET suppression and or
post acquisition Filtering will only be applied to those signalsthat are Active
and have either or both of these options selected.

Pressing the Trial WET button will execute a search for each active signal
with search enabled and apply all other options that are enabled for each
active solvent.

14. Select Composite observe pulse inthe LCNMR/STARS pane (Figure 79) if you
can achieve apw90 of 3.0 or 4.4 us. Thiswill produce better looking data. Comp
shape in the Sequence pane (Figure 81) must also be properly set (for pw=3.0 use
comp_3pos and for pw=4.4 use comp_44g).

15. Inthe Sequence pane, the parameters under WET Gradient Pulses are typically set

asfollows:

Label Value Parameter Equivalent
Strength 24000 gzl vw

Time 0.002 gtw

Recovery 0.002 gswet
Null delay 0.001 dz

Because the solvent resonances are often | eft upside down in relation to the peaks of
interest, the Null delay can be optimized to avalue between 0 and 0.005 to catch the
signals as they pass through zero (in analogy to the WEFT experiment).

16. Set Noisereject to 3 in the Sequence pane, see Figure 81.

The Noise reject parameter affects the determination of the frequencies for solvents
2 through 7, but not solvent 1. Set Noise reject to a higher or lower number as
appropriate:
» To maximize the reliability of peak-finding for large solvent resonances, set
Noise reject to alarger number (5 to 10).
» To detect smaller resonances, set Noise reject to a smaller number (1 to 3).
Noise reject does not accept values of less than 1.

* If Noisergject isset too small, the Scout Scan™ incorrectly detects an incorrect
frequency to suppress (e.g., anoise spike or atall sample resonance).

* If Noisergject is set too large, the Scout Scan™ does not detect the peak you
intend to suppress (in which case Scout Scan™ sets the frequency to the last
value used, which might not be accurate for the current sample), although this
isauseful way to suppress a fixed frequency or avery tiny signal.

17. Click onthe Trial WET button in the VAST pane, Figure 79, to perform further
optimizations. This starts the Scout Scan process. Two spectra are produced:
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 Thefirst spectrum is a one-transient no-solvent-suppression 1D spectrum (full
spectral width). The NMR software spends a few seconds analyzing this data,
creating the appropriate shapes, and setting up parameters.

» The second spectrum, a signal-averaged data set, is acquired using the
parameter optimization that was done after the initial acquisition completed.
The datais automatically Fourier transformed and displayed as the second
spectrum.

Troubleshooting Solvent Suppression
If the suppression does not look as good as it should, the cause might be one of the
following:

» PFG gradients are not properly connected, turned on, or configured (check the values
of gr adt ype and pf gon).

* Probeisnot well rinsed out.

» Shimsare not optimized. Note that the shims can change significantly between
acetonitrile and methanol solvent mixtures.

» Parametersr ef _pwr andr ef _pw90 areincorrect for the probe currently in use.

Evaluating Solvent Mixture Equilibration

The NMR chemical shifts of the solvent signals change as a function of mobile phase
composition. You should always allow the pumped L C solvent mixture to equilibrate
before starting an NMR run. One way to evaluate thisis by doing the following:

1. IntheVAST pane, pressthe Trial WET button.

2. After Trial WET finishes, check the value of transmitter offset aswell as the Offset
values for any selected Solv 2, Solv 3, and Solv 4 entries.

3. Repeat 1 and 2 until these values remain constant. The system is equilibrated when
these numbers do not change after you run Trial Wet.

The offsets for Solv 1 and Solv 2 are usually determined by the Scout Scan. They
are not directly changeable by the user in the VAST pane, but manual entry is
possible in the Sequence pane.

Solvent Suppression: Background Information

For VAST, the VAST pane and the Sequence pane are of the most interest:
 Virtualy all routine VAST operations are available from the VAST pane.

WET Experiments

Using amodified form of the WET (Water Eliminated through Transverse gradients)
experiments, the peaks of (dis)interest are excited with a selective 90° pulse, using aWET
waveform that has been convoluted with one or more frequencies (SLP). Thispulseisthen
followed with agradient to dephase the undesired signals, and the process is repeated
multiple times. The WET shape has been found to be a suitable choice for VAST
applications.
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WET Shapes

The WET shape used (set to pbx inthe Sequence pane) is cal culated on-the-fly by the Pbox
software package, which is now resident within VNMR. This shape is recal culated many

times during an VAST experiment. For this reason, the single shape name pbx isused by
the pul se sequence although the shape is recal culated for each use.

While anumber of basic shapes can be used to apply selective pulsesto solvent lines, there
are alwaystrade-offs. Longer pulses are more selective, but require moretime (which is of
the essence, particularly in flowing systems). WET (based on SEDUCE-1) isashapetaken
from the literature that has been found to be very effectivein pulsed field gradient solvent
sSuppression experiments.

One of the two shaped pulsesconp_3g. RF or conp_44g. RF isused when the
Composite observe pulse box in the VAST paneis selected. The user can define which of
these is used in the Comp shape field in the Sequence pane.

Related Parameters

Solvent suppression is achieved not only by the pulse sequence, but also (in part) by
software processing. Software processing is most frequently accomplished by using

wf t | ¢ after the parametersssfi |l t er and ssnt aps (and perhapsssor der ) have
been set to reasonable values (typicaly, ssfilter and sol vent

suppressi on: LC- NVR ssfil ter issettoabout 80,ssnt aps issettoabout 251,
and ssor der isnot used).

Another parameter of interestisssl sf r q. This parameter shifts the location of the filter
notch (in Hz fromt of ). Often, the quality of solvent suppression can be improved
somewhat by setting ss| sf r g to asmall positive number (e.g., ssl sfr g=3). This
parameter can also be arrayed to produce multiplefilter notches within the same spectrum.
Selection of which signal to which the notch filter is applied is made in the Sequence pane.
Any four of the available seven signals may be selected. NOTE: the filter will be applied
only to the first four signals if more then four are selected.

10.3 Processing, Displaying, and Plotting VAST Data Sets
Spectraobtained during aVVAST automation run can be processed and displayed in different
ways:

* Individualy, using standard VNMR 1D processing.
» Asapseudo 2D data set.

e Asanarray of 1D spectra.

» Using Combiplate

Processing the spectra as a pseudo 2D data set or as an array of 1D spectrafacilitates the
inspection of al the spectra at the same time.

Combiplate provides a graphical representation of the samples based predefined
conditions.

Creating a Pseudo 2D Data Set

Theindividual spectrafrom aVAST automation run can be merged into a pseudo 2D data
set. Two related display macros are used to create the pseudo 2D data set:
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e vast gl ue
e vast gl ue2

The criteriafor selecting which macro to use is determined by the value of the parameter

aut onarme.

» Ifaut oname="" (thedefault and preferred value) at the beginning of an automation

run, construct the pseudo 2D data set with vast gl ue.

e |f aut onanme=

<user defined>' atthebeginning of the automation run,

construct the pseudo 2D data set with vast gl ue2. The special case,

aut onanme=

vastglue

The macro vast gl ue accepts either of two
pairs of arguments or no argument. The two
pairs of argumentsfor vast gl ue are:
rack, zone and gl ue order, pl ate.

You must provide two arguments or no
argument. The default, rack=1 zone=1, is
specified asvast gl ue( 1, 1) . Where the
argumentr ack, zone, or thedefaultisused,
the glue order is determined from thedoneQ
file. Thisisthe default and preferred gluing
option. Part of adoneQfileis shown Figure
82.

The order in which each spectrum was
acquired is specified by the entry on the line
DATA. In this example, the micro titer plate
was defined with each micro titer well having
anumber (1 through n). The first two digits
arethewell number and the second two digits
specify the experiment. In an automation run,
the first spectrum is the autoscout spectrum
and the second spectrum is the optimized wet
solvent suppressed spectrum. The macro
“glues’ together the even numbered spectrato
create the pseudo 2D data set that can be
savedusingsvf (' fil enane').

The doneQfile, Figure 82, iswritten by the
automation macro into the same directory as
the spectra. Before starting a VAST
automation run two directories were
specified, one in the Queue name field and
one in the Scout directory field, Figure 83.
The Scout directory field specifies where the
spectradoneQ, and other filesareto be
stored. If you are moving data setsyou should
movethisentiredirectory, not just the spectra.
In the other directory are a Queue file and
directory used by automation software during
the automation run.
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<user defined>',isnotasuser friendly astheaut onane="".
Themacrovast gl ue2 must be hard coded to accommodate the user defined name.

SAMPLE#: 1

RACK: 1
ZONE: 1
USER: vhmrl
MACRO: autowet
SOLVENT: D20
TEXT: A Micro titer plate mix ACDMT
USERDIR: /export/home/vnmrl/vnmrsys
DATA: 0101
STATUS: Complete

SAMPLE#: 1

RACK: 1
ZONE: 1
USER: vmrl
MACRO: autowet
SOLVENT: D20
TEXT: A Micro titer plate mix ACDMT
USERDIR: /export/home/vnmrl/vnmrsys
DATA: 0102
STATUS: Complete

SAMPLE#: 2

RACK: 1
ZONE: 1
USER: vmrl
MACRO: autowet
SOLVENT: D20
TEXT: A Micro titer plate mix ACDMT
USERDIR: /export/home/vnmrl/vnmrsys
DATA: 0201
STATUS: Complete

SAMPLE#: 2
RACK: 1
ZONE: 1
USER: vmrl
MACRO: autowet
SOLVENT: D20
TEXT: A Micro titer plate mix ACDMT
USERDIR: /export/home/vnmrl/vnmrsys
DATA: 0202
STATUS: Complete

SAMPLE#: 3

Figure82. Partia doneQFile
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Nuvber of transients W Erptess

Steady state transients w o Process2

Reference Fre §2.44 i

fueue 1'|ame||:[|.l.t;q:.-1l:il ](.:: Dlspla}'
Sample Entry § deeie

Scout directory?ﬁve_sample_test2 LCNMB/STARS

E i Twiart ot obawk A Bl displaY § Text
Figure83. Queue Nameand Scout Directory Fields

Thegl ue order, pl at e option allows the glue order to be defined by the user when
the data set is glued rather than using the done Qorder. This method will produce a pseudo
2D datathat can be displayed with as a contour map, color map, or stacked plot. The
association of the well number with the spectrum islost and renders the display macro,
dsvast , lessuseful (although till functional). Thepl at _gl ue program (see“Defining
aCustom Display Order with pl at e_gl ue” on page 327) allowsthe user to redefine the
order in which the spectrain a pseudo 2D data set are displayed. Since thisis a post-gluing
operation, the association between the well and the spectrum can always be determined.

vastglue2

Thevast gl ue2 macro artificially reconstructsa 2D data set from aseries of 1D data sets
having similar filenames. It iscrucial to ensure that the format of the file names of each of
the 1D datasetsisidentical. Thevast gl ue2 macro reads each 1D filein succession, and
adds it to the previous data, but in a 2D format. It assumes that the wells will be named
using a predefined format, for example:

aut oname="'fi | enanme_RYRACK: % Z%ZONE: % SYSAVPLE#: % '

This definition must be hard coded in the macro by the user. A different version of the
macro must be written for each variation of the autoname format.

Creating a pseudo 2D DATA Set Using vastglue

This procedure creates a pseudo 2D data set for rack 1 zone 1. See “vastglue” on page 324
for other rack and zone combinations.

1. Start VNMR

2. Join any experiment other than exp5

3. Change directories to the directory containing the VAST experiment FIDs.
4

Typevast gl ue.

If the datawas acquired other theninrackl zone 1, recall thefirst spectrum and then
typevast gl ue(rack, zone) .

The gluing process takes place in exp5. Once the process is finished the glued data
set is returned to the original experiment.

5. The pseudo 2D data set can be saved using the standard command,
svf('filenane').

6. If the data set was acquired with fn>65k, set fn to avalue < 65 k before processing
the data set.

There are several glue order templates provided with VNMR, the default is to use the done
Qif no glue order is specified. Glue templates are found in ~/ vnnr /
user _tenpl ates/ gl ue.
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Processing, Displaying, and Plotting Glued VAST Data
Process the glued data similarly to a spectrum from a 2D experiment.

1. Setthedisplay and display orientation, enter:
f full trace="f2'

2. Setthe 'f1' axislabd:
set wel |
setval ue('swl', 1, "' processed')
wf 1=100 dconi
Thisexampleisfor a96 well data set. The setwell macro changesthelabel of thef 1
axisto “well number” andset val ue(' swl', 1,"' processed') labelseach
trace with the well number corresponding to that sample' s spectrum. The number
of traces displayed is set usingwf 1=100 dcon.

3. Enter pnode='ful I’
If ppropde='ful | ' isset beforewft 1da, the 2D spectrum can be phased as
needed and redisplayed using dconi without transforming all the spectra.

4. Enter wf t 1da to process the glued data.

Display the data set as a color map, a contour plot, or as a stacked plot.

The standard 2D display options, vs2d, trace, projection, etc. all apply. For more
flexible data presentation, use the processing macrosdsvast , dsvast 2d, and
vast get and the plotting macros pl vast , pl vast 2d and pl vast get .

» Togenerateadss stacked display, enter vast get .

» Todisplay on spectrum, enter vast get (' wel | #').

» Todisplay selected spectra, enter:
vastget ("wel | #' ,"'wel | #')
where' wel | #' ;"' wel | #' isan arbitrary list of one or more sample wells.
The names of the wells are defined as A1 through H12 and are the names

attached to each spectraby dsvast or pl vast . The spectraare displayed or
plotted asadss stacked display.

» Todisplay spectral through ar r aydi m usethedsvast macro.

6. Plot the data in the same way you would plot atrue 2D spectrum.

For more flexible data presentation, use the plotting macrospl vast , pl vast 2d
and pl vast get .

* Plot anindividual spectrum with pl .

» Plot aseries of spectrawith fixed intervals or all the spectra using:
pl wy <start,finish,step> or < all'>)
e Toplot spectra 1l through ar r aydi m usethepl vast macro.

VAST display macros, dsvast and vast get , and their corresponding plotting macros,
pl vast and pl vast get , present or extract information from thewf t 1da or wf t
processed pseudo 2D data. The macro dsvast (or pl vast) default to display (or plot)
spectralthrough ar r aydi m(the number of spectrain the pseudo 2D data set) and labels
each spectrum with the name of the samplewell. A preset naming conventionis used: rows
A through H and columns 1 through 8. The spectra are labeled A1 through H8. These
macros accept one or two arguments to determine the format of the display (dsvast ) or
plot (pl vast):

dsvast <(di spl ay order), (nunber of colums displ ayed)>
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pl vast <(di spl ay order), (nunber of colums displ ayed) >
* If no arguments are given the default will display will 8 columns of spectra.
o Ifthearraydi m of gl ueorderarray is<8, onerow of spectrais displayed.

e Ifdsvast orpl vast isprovided with one argument, the argument is defined asthe
number of columnsto be displayed. If two arguments are provided, the first argument,
display order, must be the name of the file containing the glue order and the second
argument is the number of columns displayed.

Defining a Custom Display Order with pl at e_gl ue

To define a display order that is different from the order defined in the doneQ file, use the
pl at e_gl ue program.

1. Startpl at e_gl ue from atermina window

-
by entering:
p)llateg?ue& OIOIOIO|O|0|O]O
- . - Clieliclicliclie;
The plate glue window appears, similar to SlEIBIE o
Figure 84.

2. Select the wells you want to display.
A well turns gray when selected. Asyou select WIOIOI© ©
more wells, ared line joins the grayed out
wells.Wells do not have to be adjacent to each  § (&) [ &0 | () | (&) G)
other. -

. Toselectawell,ch-ckonl.t. elelele
. '(I'gor:yezsl)e\i}ezlalwell,nght—chckonaselected G L®
» Toselect arow, partial row, column, partial ol & ad

column, or diagonal grouping of wells, 00|00 Terer®

click and hold theleft mouse button on the
first well, drag to the last well in the
selection, and rel ease the mouse button. Figure84. pl ate_gl ue
Window and e4x4 glue order.

3. Afterthedisplay order isdefined, click thesave
button and save your custom glue order filein
the~/ vnnr sys/ t enpl at es/ gl ue directory with afile name of your choice. In
this example the glue order file nameis e4x4.

The display and plotting macros, dsvast and pl vast , look in~/ vnnr sys/
t enpl at es/ gl ue for the glue order file.
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Examples of Plots of a VAST Data Set
The plotsin this section represent the data from a 96-well titer platein zone 1, rack 1.

Figure 85 shows an array of 96 1D spectra plotted using pl vast with no arguments.

_ 1 _| _ | § H‘ | ol lm |
] _ | | N — 1 EZHI _
] _ | _| _ 1 m\ N Y T -
_| _| | Y S T8 N S—
BN T E— _ | BT NERET PR N E—
Y Y AN AR AR Y WY N —
Y - Y R — N iy
_| S B § utL__mw A
m\m@\l @‘ _ 1 1l _— EQ\M _
[T ST P i RY W AN TRY . % i
| N el 1 N I | i | |
D TNRY Y ST WP BV S S

Figure 85. Array of 1D Spectrafrom a VAST Data Set

Figure 86 shows a plot of 16 spectra from the lower right corner. The pl at e_gl ue
program was used to create agl ue file called e4x4 and the spectra were plotted using
pl vast (' e4x4' , 4) . Thisproduced a 4x4 matrix using thegl ue filee4x4 and
specifying the number of columns as 4.

_ (i bk _ (1 ik (i b _ [ bk
D11 c11 M ﬂ Ud B11 I i M ALl

Ll

D12 C12
wwwwwwwwwwwwww

8.0 7.4 6.8 6.2 ppm

A12

Figure 86. Plot of a Subset from a 96-Well Sample Plate
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Figure 87 shows a pseudo 2D contour plot of the VAST data set.
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Figure 87. Contour Plot of a VAST Data Set

Thepseudo 2D in Figure 87 was created usingvast gl ue with noarguments. Thef 1 axis
of the plot is modified to display the well numbers by typing the following on the VNMR
command line;

set wel |

setval ue('swl', 1, processed')

wf 1=100 dconi

Pseudo 2D data sets processed with wf t 1da can be displayed and plotted using the same

tools that are used for atypical 2D data set. The plot in Figure 87 was created using
pcon(' pos', 8).

Figure 88 shows the same data plotted as a stacked spectra using the pl 2d macro.

Figure 89 shows the spectrum of the samplein well F6, extracted withvast get (' F6' )
and plotted with pl vast get (' F6' ) pap pscal e page.

Summary of VAST Display and Plot Options

To display or plot VAST microtiter plate data, you have the following options:

» Stack of 96 spectrain the output bin of the plotter. Thisisthe normal output from an
automation run.

» 8x 12 matrix display of the full spectrum of each compound (similar to Figure 85).
This display gives you the feeling of the entire plate at once, including perhaps
approximate reaction yields, but little specific structural information. Use the
vast gl ue,dsvast , and pl vast macros.

e 8x 12 matrix display of one specific spectral expansion of each compound, showing
aninteresting region (e.g., 6.5to 9 ppm or 0.5 to 3 ppm). This display gives you more
specific information about the chemical functionality and diversity availablein the
plate. Usethevast gl ue, dsvast , and pl vast macros.
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Figure 88. Stacked Plot of a VAST Data Set

Mcrotiter plate mx ACDMI

expll lcild
SAMPLE PULSE SEQUENCE
date Qct 24 1997 d1 0. 001
sol vent D20 wet y
tenp 20 pwwet 20045, 2
savefile gilsonAl wetpw 0
wet shape pbx
SPECTRUM pw 3.0
tn HL tpwr 61
sfrq 499.848 conposi t y
tof -1636.8
sw 9476. 4 GRADI ENTS
fb not used gtw 0.002
at 1.729 gzlviw 14000
np 32768 gswet 0.002
ACQUI SI TI ON dz 0. 002000
nt 32
ct 32 1st DECOUPLER
ss 2 dn C13
inject n  cl3wet y
ntrig 0 dof wet -11700. 0
ni 96 dpwr wet 29
dp y dnfwet 1157
gain 26
PROCESSI NG
fn 65536
proc Ip
I'b not used
SOLV SUBTRACTI ON
ssfilter 80
ssorder  not used
ssnt aps 351
Isfrq 0 ub \J ‘
F6
T I T T T T T T
8 7 6 3 2 1 0 -1 ppm

Figure 89. Spectrum of the Samplein Well F6

» 8x 12 matrix display of one specific spectral expansion, where the expansion only
includes areference (control) resonance (e.g., TMS). This display allows you to
calibrate concentration or to verify the quality of each injection. Usethevast gl ue,

dsvast ,and pl vast macros.

» 8x 12 matrix display of theintegral of one specific spectral expansion of each
compound, showing an interesting region (e.g., reference resonance, 6.5 to 9 ppm, or
0.5 to 3 ppm). This display can give a better picture of quantitation, especialy if the
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peak amplitudes are affected by differing NMR resolution for each well. Use the
vast gl ue,dsvast , and pl vast macros.

To show acontour plot of the entire plate (similar to Figure 87), entert r ace=" f 2'
wf t 1da. You canlook at each spectrum using the trace display to scan through each
increment as desired. You can expand around either agiven chemical shift range, or a
certain number of wells (arow or column, depending upon the orientation of the plate).
Usethevast gl ue, dsvast , and pl vast macros.

To view region intensities by colors and color densities, use the CombiPlate window,
which is described in the next section.

10.4 Using CombiPlate to Analyze Data

CombiPlateallowsyouto view integral region intensities by colorsand color densities. The
CombiPlate window provides a map of the microtiter plate, which allows you to click on
individual sample wellsto bring up a spectrum in the VNMR display window.

Preparing VNMR Data For Analysis Using CombiPlate

The information displayed by CombiPlateis obtained from a pseudo 2D data set that was
previously created and saved.

1

Create the pseudo 2D data set.

See “Creating a Pseudo 2D Data Set” on page 323 for instructions on creating a
pseudo 2D dataset. The data set should be saved with all the spectra properly phased
and referenced.

Change to the directory containing the VAST pseudo 2D data set to be used to
construct the CombiPlate display.

Theload the pseudo 2D spectra into the current experiment and process the spectra
(wft dsvast is the most convenient processing and display method). Use any
experiment except experiment 5. Experiment 5isused by various macros during the
processing steps. The pseudo 2D set will supply the data to be displayed by
CombiPlate.

Start CombiPlate from the VNMR command line by typing:
conbi _pr eproc.

The macro will process the datain exp5 and display exp5 when it starts the
processing. When the processing is completed, a spectrum representing the sum of
all spectraisdisplayed in exp5. Use this spectrum is used to set the integral regions.
Adjust the phase if necessary. Only the regions for the integration need to be set at
thistime so perfect phasing is not necessary. Adjust the amplitude of the integral as
needed. Tilt and Level do not need to be critically adjusted.

Define up to threeintegral regions using the sum of spectra spectrum created in
step 4.

Join the original experiment and move the parameters from exp5 to the original
experiment.

Typenp(5, ' original exp')

Type dsvast to display al the spectra then, using vastget(' well' ) (each well is
defined [A->H][1->8] e.g. F8), select one having the widest range of resonances.
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Current cell
CombiPlate displays mﬂﬂﬂﬂlﬂjm o Weight - Red Green Elue

synthetic data on

10. Carefully phase this spectrum, check theintegral LvI/TIt. If necessary correct the

11.

integral LvI/TIt to give proper integration. DO NOT change the integral regions.

Typenl i vast (nunber of wells anal yzed) . The number of wells
analyzed must be an even number. Thefile ASCII text file, integ.out, will be created
in the current experiment' sdirectory (~/ vnnr sys/ exp(#)/i nt eg. out).
CombiPlate uses the datain integ.out to create the display. If you intend to continue
the analysis at alater time and you will be running CombiPlate from aterminal
window, copy thisfileto the directory containing the VAST data. Renaming thefile,
although not required, is suggested. Each time nlivast is run it creates another
integ.out file. Any previous copies of thisfile in the current active directory are
overwritten.

Data Analysis Using CombiPlate And VNMR

Completethe section, “Preparing VNMR Data For Analysis Using CombiPlate,” page 331
before continuing with the instructions here.

1

On the VNMR command line type:

combi show( 1, 2, 3).

This assignsregion (1) asred, region (2) as green, and region (3) as blue and starts
the CombiPlate display using thedatain (~/ vnnr sys/ exp(#) /i nteg. out).
Theinitial colorsdisplayed are from a synthetic data included with CombiPlate and
may not be correct, see Figure 90 and “ Checking And Fixing The Color Map,” page
336. Correcting the colorsis not necessary at thistime.

~ 0%
w 100%
h1 14 13 el idlicliblial
.JQ_J.J_J.J_J.J_J + variable
Resing2s f2 i ez d2 i c2: b2 az |
-2.0000.000 2.000 4.000 6.00(
h3 3 f3ie3id3iic3ibiias
_JQ_J_J_J_J_J_J ~ Field selected for Green: 2
hd | g4 F4] ed dd4] c4 bd] as | 100% Integral 1.15 to 1.56 (ppm)
4 yariable: 109€100%) has a value of ...
OO o5 | f5|es | dsics | bsias L
I I
{5 g6 f6i e6 d6i c6 i b6l a6 —2.0000.000 2.000 4,000 6, 000
~ 0% Field selected for Blue: 3
W 0 e e en) b a7 e Integral -0.28 to -0.00 (ppm)
fre] o0 | ve| eo on| <o oo oo Lo verieme] ToRCOR R55 T O
I I

] Field selected for Red: 1
Integral 7.00 to 8.00 {ppm)

log{100%) has a value of ...
1.200

h11§ g11 'ﬂeﬂ ditictiibi1ian Rawm Data

Integral fon 1 - 7.00 to 8.00 (ppm) |\
startup.The color map, | a|a1e] 12| e12| arz| crz[ 12| a1 || |Intearal region 2 = 175 to 1186 Coom)
Integral regionh 3 — —0.28 to -0.00 (ppm) J
as shown here, may .
not belcorreCt' ThlS IS Load. .. Save. Display Clear Help Exit
normal. e e e
The integral regions defined Color intensity control for
prior to running dlivast each integral region

332

Figure 90. CombiPlate Started by combishow From vnmr
Click the OK button on the Welcome! window to close when you finish reading its
contents.

Click the Display button to load the data into the CombiPlate window. Depending
upon the values of the integrals you may or may not have any colors displayed.
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* If no colors are displayed set all the log(100% color intensity) slider bars to
(log(100%)= - 2.000) and Click the Display button.

4. Set the color intensity for each region.

Theintegral regionsdefinedin step 6 of “ Preparing VNMR DataFor AnalysisUsing
CombiPlate,” page 331 are displayed in the scrolling text box at the at the bottom of
the CombiPlate window and in each color field. Color intensity for each regionis
controlled independently. Each region has two preset values, 0% and 100% and a
variable. If the variable option is sel ected the intensity of the color can be related to
theintegral area.

« If thelog(100% color intensity) equals the largest integral value the color
intensity is related to the integral area.

* If 10g(100% color intensity) is set to avalue equal to or less then the smallest
positive non zero integral value for that region the intensity is not related to
integral area. The color isbinary, on or off. In this case the color isturned on (a
non zero positive integral) or it is off (integral is either zero of negative).

a.  Setall thelog(100% color intensity) slider barsto (1og(100%)= - 2.000). This
will set up abinary condition. Thedisplay in Figure 91 isset up to turn onthe
color of agiven region only if there is a positive integral for that region.

e

e 0% Field selected for Red: 1
Integral 7.00 to §.00 (ppm}

<~ 100%
EEEEEEEE: 2 s
—1.072
h2 | g2 | f2 | 22| dz2 | c2 | b2 | a2 [ mm
13.0000.000 2,000 4060 Blo0¢

0% Eiold selcotog for Greon. 2
- 100% Integral 1.15 to 1.56 (ppm)

4 variable: 10g0100%) has a value of ...
i HlaGng

]
-2.0000.000 2.000 4,000 6.00(
~w 0% Field selected for Blue: 3
o 100% Integral -0.28 to -0.00 (ppm)
Tog(100%) has a value of ...

# variable
h8 | g8 | 8| e8 c8 HlaGng
I

]
-2,0000.000 2.000 4.000 6.00(

Current cell - bg

Weight - Red 100 Green Q Blue Q

Raw Data

tellde: BDasg a0 60
Ccell e6; 0.0, 0.0, 0.18
Cell Bs: G.34, 0.0, 0.0 []
¥
Load. .. Save Display Clear Help Exit
s

Figure91. CombiPlate Display - Binary Display For Each Region

b. Click onthe Variable radio button.

Click the Display button.

To usetheintensity of the color as a measure of the integral area of aregion,
move the slider bar for that regionsto the right. Click on the Display button.
If al the color for that region diappears, you moved the bar to far - move it
back to the left. Select a value that provides a display with both the smallest
integral value and largest integral value represented. Repeat for each region
as desired. The display does not automatically update asthe dlider bar is
moved. You must Click on the Display button to view all changes.
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5. Individual spectracan be examined by selecting and clicking on the cell of interest.
In Figure 91 cell ¢6 has been selected. The cell iswhite and the label “ Show values”
is displayed. The spectrum and inset spectral regions are displayed in the vnmr
window. This feature is active only when vnmr is active and CombiPlate is started
from combi_show on the vnmr command line.

6. Save the CombiPlate display by
clicking the Save button. SAVE DATA
Current directory: /Jexport/home/vhmr1
In the CombiPlate savefile New Directory
WI ndOW' Figure 92’ you SpeCIfy .Em;z\:el:z-‘eznaie: Combidatal. Save blue
the directory and file name and
which region or regionsthefileis | Lok | cancel |

to contain. A data set that was
analyzed with all three regions
active can be saved in three
independent files, on for each region by selecting oneregion. You must select one or
more colors. If you do not select any colors a message “No colors selected” is
displayed and no further actions takes place.

Figure 92. CombiPlate Save File Window

Analyzing Data Using CombiPlate Without VNMR.

When CombiPlate is started from aterminal window, clicking on a cell will display the
integral information for that well in the scroll box at the lower right corner of the
CombiPlate window. No spectrawill be displayed, even if VNMR is running.

» Completetheinstructionsin “Preparing VNMR Data For Analysis Using
CombiPlate,” page 331 before continuing.

CombiPlate loads a synthetic data set that will give it an evenly graded color scheme
running from green in the top left to yellow (top right), light blue (bottom left) and white
(bottom right). If you do not see asmooth, even gradation of color, there are other programs
running that are using colors requested by CombiPlate. This makes the colors unavailable
to CombiPlate. See “ Checking And Fixing The Color Map,” page 336.

Analyzing VNMR Generated DATA

1. From ashéell tool or terminal window

~— | Input screen il
UNIX, enter: ﬁm“
conbi pl at e& o
2. Click ontheLoad button. An I nput
screen window appears with two input
H . = e Vs e -l
f||e OptlonS, From VNM R and Rel Oad. Export/home/vnmr /vnsexm .il
Click on From VNMR to open the File S s s
Browser. Elléqfﬂ cou_saveas
datdir integ. out
3. Click onthe VNMR filecontainingthe | e
output from the macro nlivast such as
integ.out. Click the open button to load
the file. The Update button updates the
< 1 | 1= ¥
browser.
Update | open I Cancel |

4. Thenext Input screen opens, see Figure
93. Before the selected input file can be loaded, information on the number of row
and the starting and ending columns must be provided.
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The default values assume
that the microtiter plateisin FILE INPUT

. . . Choose Input Type:
aportrait orientation and -
the Ce“ in the Upper |eft iS Current directory: /expjrlzl:?;onz;\fmmrw Avhmrsys/expl
HlWIth COI umnSIabeIed H_ . start column lh_ End column la_
>A and rows Iabeled 1_>12 Filename:integ out B lﬁ
(top to bottom). If the )
number of rows and
columns in the data set are Figure93. CombiPlate Column and Row Input
different (fewer then 8 Screen

columns or 12 rows) enter
the correct values in the appropriate fields. Remember to press the return key after
each entry or the change will not take affect.

5. Click the OK button to load the file and the row and column data into CombiPlate.

6. TheFileisloaded. Theintegral regionsdefined in step 6 of “ Preparing VNMR Data
For Analysis Using CombiPlate,” page 331 are displayed in the scrolling text box at
the at the bottom of the CombiPlate window in the scroll box, see Figure 90.

7. Enter the number of the integral region in the field entry box that you want
associated with this color, see Figure 94. CombiPlate does not automatically assign

.
T Field selected for Red: IO_——| Ent_er InteQraI
o region to be

. ® Gannhia| lovtionn) e m b 0 represented by

B | - this color.

- -2.0000.000 2.000 4.000 6.00¢

Figure94. CombiPlate Field Box

aregionto acolor. Each integral region or field must be associated with acolor. You
must press the ENTER key after avalueis placed in each field.

8. Click the Display button to load the data into the CombiPlate window. Depending
upon the values of the integrals you may or may not have any colors displayed.
« If no colors are displayed set all the log(100% color intensity) slider bars to
(log(100%)= - 2.000) and Click the Display button.
9. Set the color intensity for each region.

Color intensity for each region is controlled independently. Each region has two
preset values, 0% and 100% and a variable. If the variable option is selected the
intensity of the color can be related to the integral area.

* If thelog(100% color intensity) equalsthe largest integral value the color
intensity is related to the integral area.

* If 10g(100% color intensity) is set to avalue equal to or less then the smallest
positive non zero integral value for that region the intensity is not related to
integral area. The color isbinary, on or off. In this case the color isturned on (a
non zero positive integral) or it is off (integral is either zero of negative).

a.  Setall thelog(100% color intensity) slider barsto (1og(100%)= - 2.000). This
will set up abinary condition. Thedisplay in Figure 91 isset up to turn onthe
color of agiven region only if there is a positive integral for that region.

b. Click onthe Variable radio button.
c. Click the Display button.
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336

d. Tousetheintensity of the color as a measure of the integral areaof aregion,
move the slider bar for that regionsto the right. Click on the Display button.
If al the color for that region diappears, you moved the bar to far - move it
back to the left. Select a value that provides a display with both the smallest
integral value and largest integral value represented. Repeat for each region
as desired. The display does not automatically update as the slider bar is
moved. You must Click on the Display button to view all changes.

10. Click on any cell to view the integration data.

Analyzing CombiPlate DATA

1. Fromashell tool or termina window UNIX, enter:
conbi pl ate

2. Click onthe Load button. An I nput screen window appears with two input file
options, From VNMR and Reload. Click on From VNMR to open the File
Browser.

3. Click onaCombiPlate display file. Click the open button to load the file. The
Update button updates the browser.

4,

The next Input screen opens, see Figure 93. Click the OK button to load thefile.
Continue by following the instructionsin “Analyzing VNMR Generated DATA,”

page 334 from step 6 to the end.

Checking And Fixing The Color Map
When you start CombiPlate (see Figure 95) the plate that is displayed isfilled with

synthetic data. Thiswill giveit an evenly

graded color scheme running from green in the

top left to yellow (top right), light blue (bottom left) and white (bottom right).

Held selected for Red: IU_
h1!g1lf1|e1|d1|c1 b1|a1 ~ 100%
# Yarighlel 1000100%) has a value of ...
h2 i g2 f2 | e2 | d2 | <2 | b2 | a2
BEEE -] 2| -] | as
ha a3 3 o3 d3 o3 b3 a3 -2.000 0.000 2.000 4.000 5.000
! ! | | | | - — T — ID_
h4!g4lf4|e4|d4|c4 h4|a4 o~ 100%
4 variahle: 1090100%) has a value of ...
hs ! g5 ! f5 | e5 | d5 | 5 bS5 | a5 | —— 1.200
| JS |
hs g6 B =15 dB B h& ak -2.000 0.000 2.000 4.000 E.000
i_l_l_l_l_l_l_l e e ted for Bluc: =
h?!g?lf?le?ld?lc? b?la? v B I
~ 100%
. ! o8 | fa | o | 48 | = | | o6 + varigble| 1090100%) has 1a2anD1ue of ...
[ [
h9! gSl f9| esl CIS| <3 ha| a3 -2.000 0.000  2.000  4.000  6.000
Current ¢ell
h1o 10| f10| e1no| d10| 10| k10| at0
_lg_l_l_l_l_l_l_l Weight - Red Greenl B]uel
h11! g11| F11| e11| d11| =k b11| ati Raw Data
h12!g12|f12|e12|d12|c12 h12|a12 J
|
Load. .. | SAVE. .. | Display | Clear | Help | Exit

Figure95. CombiPlate Window for VAST Data Analysis
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If the color gradationisnot smooth, you have run out of color map entries. The color coding
of the results may be displayed incorrectly in the CombiPlate window. A warning will be
issued whenever CombiPlate thinks that it has run out of colors. Thiswarningisin redin
the text window.

1
2.

Fixing the color map.

Close any applications that may be color intensive such as:
 Acrobat Reader
* Netscape
» Frame Maker
* VNMR

Applications running on the SUN computer all use colors form the color map and
these colors are not available to CombiPlate. As aresult, displays dependent upon

gradations in color may be incorrect if acolor is not available.
3. Exit CombiPlate

4. Restart CombiPlate.
The desired color scheme should now be displayed.

5. If VNMR isrunning and you run out of colors, you may wish to save results
inspection later when VNMR is not active.

10.5 Vast Process, Display, and Plot Macros

conbi pl ate

Syntax:

Description:

conbi show

Synt ax:

Description:

dsvast

Applicability:
Syntax:

Description:

View a color map for visual analysis of VAST microtiter plate (U)
(From UNIX) conbi pl ate

Opens the CombiPlate window, which provides a map of microtiter plate,
allowing data to be viewed from individual sample wells. The window enables
viewing integral region intensities by colors and color densities.

Display regions as red, green, and blue in CombiPlate window (M)
conbi show(r, g, b)

Displaysintegral regions shown on the spectrum asred (r ), green (g), and blue
(b) in the CombiPlate window. CombiPlate reads the regions automatically. 1,

2, or 3integral regions can be designated. At least one integral region must be
specified. Combishow displays spectra associated with individual wells.

Display VAST data in a stacked 1D-NMR matrix format (M)
Systems with the VAST accessory.
dsvast <(di spl ay order, nunber of colums displayed)>

dsvast will arrange and display the traces from areconstructed 2D data set (see
(see vastglue) asan array of 1D spectrain amatrix of 1D spectra. If no
arguments are provided, the number of rowsand columnswill be determined by
the periodicity of the display order based onthedoneQ For example, if ablock
of 96 spectra (typical for amicrotiter-plate) have been acquired using VAST
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Arguments:

dsvast 2d
Applicability:
Synt ax:
Description:

Arguments:

nlivast
Applicability:
Synt ax:
Description:

Arguments:

nlivast2
Applicability:
Synt ax:

Description:

Arguments:

automation, the spectrawill be displayed in a matrix 8 rows and 12 columns
with the well label using the format (A->H)(1->12).

The spectra can be plotted using the macro pl vast .

di spl ay order isoptional and itsdefault valueisthe glue order aslisted in
gl ueorderarray.Adisplay order canbedefined using the
pl at e_gl ue program.

nunber of col ums di spl ayed. The default value of is deduced by
examining the periodicity of the requested display order. The nunber of
col unms di spl ayed can entered as the second argument or asthe first
argument if the default di spl ay or der isused.

Display VAST data in a pseudo-2D format (M)
Systems with the VAST accessory.
dsvast 2d( nunber)

If an array of 1D spectra have been acquired (in particular if a block of 96
spectra has been acquired using VAST automation, especially in a microtiter-
plate format), and if these spectra have been glued into areconstructed 2D data
set (seevast gl ue), this macro will arrange and display them (on the screen)
in a convenient pseudo-2D format (almost like an LC-NMR
chromatogram).Well labels are not attached to the spectra and spectra are
plotted with 8 spectra per row.

The default isto display all the spectra (from 1 through ar r aydi n) with 8
columns (spectra) and 12 rows. An optional argument dsvast 2d( nunber)
allows one to specify that only spectrafrom 1 through number should be
plotted. The number of spectra displayed isrounded up to the nearest multiple
of 8.

Produces a text file of integral regions without a sum region (M)
Systems with VAST accessory.
nlivast (| ast)

Using predefined integral regions from the spectra for each well, nl i vast
writes atext file, integ.out, containing the integrals of the regions. Thefileis
written into the current experiment. Does ot add an additional region that isthe
sum of all the defined regions for each well (see dlivast).

| ast isthe number of thelast well. The default is 96.

Produces a text file with normalized integral regions (M)
Systems with VAST accessory.
nlivast (wel | #)

Using predefined integral regions from the spectrafor each well, nl i vast 2
writes atext file, integ.out, containing the integrals of the regions. Thefileis
written into the current experiment. Integrals are normalized to the integral
specified by the argument wel | . Themacronl i vast 2 does not add an
additional region that is the sum of all the defined regions for each well (see
dlivast). All of the spectra are integrated.

wel | isthe number of the reference sample well. The default referenceiswell
96.
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nlivast3

Applicability:

Synt ax:

Description:

Arguments:

plate_glue

Applicability:

Synt ax:

Description:

pl vast

Applicability:
Syntax:

Description:

Arguments:

pl vast 2d

Applicability:
Syntax:

Description:

10.5 Vast Process, Display, and Plot Macros

Produces a text file with normalized integral regions (M)
Systems with VAST accessory.
nlivast (wel | #)

Using predefined integral regions from the spectrafor each well, nl i vast 3
writes atext file, integ.out, containing the integrals of theregions. Thefileis
written into the current experiment. Integrals are referenced to the integral
specified by the argument wel | . The integral of spectrum from the sample
specified by wel | isset to 1000. Themacronl i vast 3 does not add an
additional region that is the sum of all the defined regions for each well (see
dlivast). All of the spectra are integrated.

wel | isthe number of the reference sample well. Reference integral set to
1000. The default reference iswell 96.

Define a glue order for plotting and display (U)
Systems with VAST accessory
pl ate_gl ue

InaUnix terminal or shell window type plate_glue. The glue order is
determined by clicking on the wells to be displayed. Save the glue order filein
theuser' svnmrsystemplates/glue directory.

Plot VAST data in a stacked 1D-NMR matrix format (M)
Systems with the VAST accessory.
pl vast <(di spl ay order, nunber of columms plotted)>

plvast will arrange and plot the traces from areconstructed 2D data set (see
vast gl ue)asan array of 1D spectrain aconvenient format (asamatrix of 1D
spectra). If no arguments are provided, the number of rows and columnswill be
determined by the periodicity of the display order. For example, if ablock of 96
spectra, asistypica for amicrotiter-plate, have been acquired using VAST
automation, the spectrawill be plotted in a matrix 8 rows and 12 columns.

Thedefault isto plot the spectrafrom 1 through arraydim (the number of spectra
inthe 2D dataset). Anoptional argument (pl vast ( ##) ) allowsoneto specify
that only spectra from 1 through ## should be plotted.

di spl ay order isoptional and itsdefault valueisthe glue order aslisted in
gl ueor derarr ay.

nunber of col ums pl ott ed. The default value of is deduced by
examining the periodicity of the requested display order. The nunber of
col umms pl ot t ed can entered as the second argument or as the first
argument if the default di spl ay or der isused.

Plot VAST data in a stacked pseudo-2D format (M)
Systems with the VAST accessory.
pl vast 2d<( nunber) >

If an array of 1D spectra have been acquired (in particular if a block of 96
spectra has been acquired using VAST automation, especially in a microtiter-
plate format) and if these spectra have been glued into areconstructed 2D data
set (see vastglue), pl vast 2d will arrange and plot them (on the plotter) in a
convenient pseudo-2D format (almost like an LC-NMR chromatogram). Well
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Arguments:

vast get
Applicability:
Syntax:

Description:

Arguments:

vast gl ue
Applicability:
Syntax:

Description:

Arguments:

vast gl ue2
Applicability:
Syntax:

Description:

labels are not attached to the spectra and spectra are plotted with 12 spectra per
row.

nunber specifiesthat only spectrafrom 1 through nunber should be plotted.
The default isto plot all the spectra (from 1 through arraydim).

Selects and displays VAST spectra (M)
Systems with VAST accessory.
vastget (<wel | >, <wel | >, ...)

Selects and displays the spectrafrom any arbitrary well or wells using the well
label (s) as arguments. The spectra are displayed in adss stacked plot.

wel | isthewell label from which you want to select and display spectra. The
wells are labeled [A->H][1-8].

Assemble related 1D data sets into a 2D (or pseudo-2D) data set (M)
Systems with the VAST accessory.

vast gl ue( <rack, <zone>)

vast gl ue(<gl ue order>, <pl at e>)

Usedtoartificially reconstruct a2D data set from aseries of 1D datasetshaving
similar filenames. It iscrucia to ensurethat the format of the file names of each
of the 1D datasetsisidentical. vast gl ue readsin each 1D file, in succession,
and adds it to the previous data, but in a 2D format. It assumes that file names
are of the format obtained when using the default setting of autoname

(aut onane=""). If autoname has been redefined, use a macro like

vast gl ue2. Save the resulting reconstructed 2D data set in the normal
manner using svf.

r ack istherack number; thedefaultis1. If you enter ar ack number, you must
also enter azone number.

zone isthe zone number; the default is 1. If you want to specify azone
number, you must enter ar ack number.

gl ue or der isthespecific glue order to be defined based on the order defined
ina pl ate_gl uefile. If gl ue order isspecified, you can provide a

pl at e number as the second argument and used with the gl ue or der
argument.

Assemble related 1D data sets into a 2D (or pseudo-2D) data set (M)
Systems with the VAST accessory
vast gl ue2<( nurber) >

Usedtoartificially reconstruct a2D data set from aseries of 1D datasetshaving
similar filenames. It iscrucia to ensurethat the format of the file names of each
of the 1D data setsisidentical. vast gl ue2 readsin each 1D file, in
succession, and addsit to the previous data, but in a 2D format. It assumes that
file names are of the format obtained using anon-default setting of aut onane
(aut onane='fi |l enane_R¥RACK: % Z9%ZONE: % SYSAMPLE#: % ' ).
This definition must be hard coded into the macro by the user. If aut onane
has not been redefined, use amacro likevast gl ue. Save the resulting
reconstructed 2D data set in the normal manner using svf .
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Arguments. nunber isused to specify that only spectrafrom 1 through nunber areto be
glued. The default isto glue all the spectra stored in the current directory that
have the proper file name format (from 1 through ar r aydi m.

10.6 Preparing the Hardware and Configuring VNMR

This section describes how to prepare the VAST hardware and configure VNMR for VAST
operation. Use the proceduresin this section if the Liquid Handler isbeing installed for the
first time or if the Liquid Handler is being reconnected after it has been moved.

» Connecting the Transfer Tube
 Connecting the Air Tubing

» Connecting Signal and Power Cables
» Configuring VNMR for VAST

Connecting the Transfer Tube

This procedure describes how to connect the transfer tube between probe IN port and the
injector valve (Gilson 819).

1. Determine the length of the transfer tube (between injector valve and probe), and
then calculate the volume for this length using:
2 T2
V = nr'l= =D’
4
where V isthe volumein cubic inches, r isthe radius of the tubeininches, | isthe

length ininches, and D istheinside diameter (1.D.) in inches. To convert the volume
from cubic inchesto uL, multiply V by 16387. Some examples are shown below.

Length 0.010-in. I.D.(Blue) 0.020-in. 1.D.(Red)

5ft 77 uL 308 pL
10t 154 L 616 L
20 ft 310 L 1240 pL

2. Connect one end of the transfer tube (blue PEEK tubing) to the IN port on the probe.

3. Useaunion to connect the other end of the transfer tube to the stainless steel tube
coming out of port 5 of the Rheodyne injector valve.

Figure 96 shows the connection and part numbers for each part.

Union

Stainless steel tube (28-211529-00) Transfer tube
from port 5 on the / PEEK, blue
Rheodyne injector valve (28-408061-00)

S

(28-211528-01)

PEEK connectors Tothe IN port

on the probe

Figure96. Connection Between the Rheodyne Injector Valve and Transfer Tube

01-999161-00 C1002 VNMR 6.1C User Guide: Liquids NMR 341



Chapter 10. VAST Accessory Operation
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4,

Place the inlet tube of the Liquid Handler (with filter on the end) into the solvent
container.

The total volume from the injector port to the probe may be reduced by making a
direct connection between the probe transfer tubing (going to the IN port on the
NMR probe) and the injector port. Thiswill bypass the Rheodyne injector valve.

Connecting the Air Tubing

This procedure describes how to connect the air tubing between the air regulator, the Valco
valve, and the OUT port on the Microflow probe.

1

If the Microflow probeis not installed, install it now as described in the manual
Microflow NMR Probes Installation.

Connect the Tygon (HDPE) tubing between an air regulator and port 3 of the Valco
valve, as shown in Figure 97.

UseaPEEK connector to connect Teflon tubing between OUT port on the probe and
port 2 of the Valco valve.

Make sure port 1 is open and insert a plug into port 4. Ports 5 and 6 are not used.

Connecting Signal and Power Cables

This procedure describes how to connect the signal and power cables.

1

Make sure the GSIOC cableis connected between the GSIOC connector on the back
of the injector valve and the GSIOC connector on the back of the Liquid Handler.
Refer to Figure 98.

Make sure the Remote Switching cable is connected. Connect one end of the cable
01-905126-00 to the Remote Switching cable on the back of the Valco valve.
Connect the other end to the OUTPUT connector on the back of the Liquid Handler,
asfollows:

a.  Onthe OUTPUT connector, locate relay 2, which isthe third set of two pins
from the top.

b. Connect the red wire to the top pin.
c. Connect the white wire to the bottom pin.

Connect the RS-232 cable between the RS-232 connector on the back of the Liquid
Handler and serial port A or B on the back of the Sun computer.

On the back of the Liquid Handler (below the RS-232 connector), verify that SW1
issetto 2 and SW2is set to 6, as shown in Figure 98.

On the back of the injector valve (Gilson 819), verify that UNIT ID issetto 9, as
shown in Figure 98.

Make sure the power is off in each of the following units:
 Liquid Handler
» Vécovalve
* Injector valve

Connect the power cord for each unit into the power strip (with the power switch
off), and connect the power strip to a power outlet.

Turn on the power to the units:
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White Teflon
tubing

10.6 Preparing the Hardware and Configuring VNMR

House
air
source

Air regulator
(00-990668-00)
50-60 psi

HDPE tubing

To probe (28-158981-00)

OUT port

Must be
open

Not used

Plug
(28-211536-00),

Valco Valve
(115V, 01-902718-00)
(220V, 01-902718-01)

%

) Connectors
HDPE tubing (28-860045-00)

(28-158981-00)
;o
@

Filter
(27-180354-00)

B 9
/

Washer

0 [J :ﬂ

Quick connect
(28-890204-00)

(28-849905-00)

Figure97. VAST Air Connections
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/OUTPUT \
24V DC\
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1A
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N

/ﬁ
Gilson 819 \—/ = /‘ﬂ =N 4 ,//

\

O O

UNITID=9
e —
~— ——
\ SW1=2
SW2=6
Cable GSIOC cable
" 01-905126-00 Injector valve GSIOC connector
Valco Remote Switching connector to Gilson GSIOC connector.

to Gilson OUTPUT connector.

o

RS-232 cable (81-839817-00)
Gilson RS-232 connector to
Serial A or B on Sun computer.

Figure 98. VAST Signal Cable Connections

» Power strip

Liquid Handler
Valco valve
Injector valve

Configuring VNMR for VAST

This procedure describes how to use the VNMR configuration window to configure
VNMR for the VAST accessory.

1. Loginto VNMRasvnnr 1.
2. Enter confi g inthe VNMR input window.

3. Setthefollowing valuesin the VNMR Configuration window:
» Set Sample Changer to VAST.

 Set Serial Port to the Sun computer serial port (A or B) that is connected to the
Liquid Handler.
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4. Click Exit and Saveinthe VNMR Configuration window.

5. Enter adni nt ool and verify the settings for the serial port used with the Liquid
Handler. Make sure Tenpl at e issetto Ter m nal —Har dwi r ed and that
Bi di recti onal isnotsetunder Opt i ons, whichisonly shownif Det ai | is
set to Mor e or Expert.

To make changes to the serial port configuration, loginasr oot and use
adm nt ool to make the appropriate changes.

6. Inthe VNMR menus, select Main—>Setup—>L CNM R—>I nitialize VAST.

10.7 Calibrating Volumes and Flow Rates

A

This section provides procedures for calibrating the following parameters for VAST
accessory operation:

* Probe Volume

e Sample Volume

» Probe Slow Rate or Probe Slow Rate and Probe Slow Vol
» Calibrate needlerinse and Z position

Also in this section are some guidelines for calibrating the XY Z positions for the Liquid
Handler arm.

To Calibrate Probe Volume

Probe Volumeisthe total volume of fluid contained in the transfer tube and the probe. You
calibrate Probe Volume to determine the optimum amount of fluid necessary to adequately
fill the flow cell of the Microflow probe. Figure 99 illustrates where the different volumes
arein aVAST system.

Probe Volume

A4

A

Sample
Push Volume Volume

W\/ IN ouT
Active

A
A
\

Transfer tube region
Flow cell volume

Microflow probe

-
%

\d

Figure 99. Microflow Probe and Transfer Tube Volumes

Calibrating Probe Volume requires a comparison of several data setsto one of two control
data sets. The first control data set is acquired after using a syringe to completely fill the
Microflow probe with D,0. The second control data setsis acquired after filling the probe
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with the Liquid Handler (with either D,O or a prepared sample€) by setting the Probe
Volume parameter larger than needed. Finally, several data sets are acquired (with either
D,0 or aprepared sample), each with aslightly smaller value of Probe Volume, until the
optimal probe volume s found.

One of two methods can be used to find the optimal Probe Volume:

» Using D,O —For Varian installation engineers and users who do not need to have
Sample Volume calibrated. This method uses D,O to minimize chemical handling, but
D,0 does not alow you to do the Sample Volume calibration.

» Using a prepared sample — For users who want to calibrate Sample Volume. This
method, which is described in “ To Calibrate Sample Volume,” page 350, requires
preparing a sample, such as 1% CH3CN or CH30H in D,0.

Use the following procedures to calibrate the Probe Volume parameter:
» “Obtaining a Control Data Set Using a Syringe,” next
» “Verifying the Control Data Sets Using the Liquid Handler,” page 347
» “Finding the Optimum Val ue of the Probe Volume Parameter,” page 349

Start with a sample that provides an observable 1H NMR signal. The default is D,O. The
sample should not contain any dissolved or undissolved solids.

Obtaining a Control Data Set Using a Syringe

You obtain the first data set after using the
syringe to completely fill the Microflow probe

1. Entergi | son toopentheLiquid i'ﬂ{?)%r%'éé’r solution o ©

Handler window. Select the Main IN OouT
Control paneand makesure Air valveis
set to OFF.

2. Disconnect the high-pressure air valve
from the Microflow probe OUT
connector. Connect awaste line to the T
probe OUT connector. See Figure 100. ——

3. Usethe syringe and manualy fill the
Microflow probe with D,O. Inject the Waste
D,0O until it beginsto drip out of thewaste

line. Figure100. Injecting Solutionintoa

Refer to the manual NMR Probes Microflow Probe
Installation for details on filling and
flushing the Microflow probe.

4. After the probeisfull:
 Tunethe probe
* Lock and shim
» Acquire an NMR spectrum

Use a parameter set appropriate for determining pw90 on the Microflow probe. Use
a90° pulse and a sufficiently long d1 delay.

5. Expand around the resulting water resonance (about a 100-Hz window) and adjust
theintegral reset regionsto obtain an integral of the residual HOD resonance.
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6. Savethefile and write down the lock level.

You will eventually compare the resolution, lineshape, peak height, peak area, and
lock level of future data sets to this data set.

7. Using the syringe, flush the probe with air to remove the D,O sol ution.

Refer to the manual NMR Prabes Installation for instructions on flushing the
Microflow probe.

8. Disconnect the waste line from the probe OUT port and reconnect the air line.

Verifying the Control Data Sets Using the Liquid Handler

With this procedure, you use the Liquid Handler to verify the control data set. You can use
either D,0 or a prepared sample.

Using D,0O — Read these points and go to step 1 below:

+ Change the rinse solvent for the Liquids Handler to the same D,0 used above.
Currently, the Liquid Handler is supplied with awaste container for the needlerinse
station, but it is not supplied with any additional solvent reservoir containers.

 With this method, you use the same D,0 solution used for both the control data sets
and the Probe Volume calibration (and for the rinse solvent).

Using a Prepared Sample — Read these points and go to step 1 below:

» With this method, you prepare a sample of your choice and fill acontainer inaLiquid
Handler rack (instead of using just the rinse solvent). Although this requires the end
user to make up a sample, such a sample isalso required for the Sample Volume
calibration, described in the procedure “To Calibrate Sample Volume,” page 350.

« Thetestiseasiestif the*H spectrum of the sample contains an isolated, tall, sharp
resonance; asuggested sampleis1% CH3CN or CH3;0OH in D,0O (with D,O astherinse
solvent), although almost any sample with a sufficiently strong signal (signal-to-noise
greater than 100:1) can be used.

» Do not try to run the test by observing the HOD line of D,O samples stored in open
containers because such samples absorb too much H,O from the atmosphere during the
test to allow accurate peak areas to be measured.

1. PlacetheLiquid Handler inlet line (fritted) into the supplied bottle of D,0.
Cover the opening of the D,0 bottle to prevent the absorption of H,0.

2. If youareusing aprepared sample, do the following substeps. If you are using D50,
skipto step 3:
a. Prepare your sample and transfer it to the sample wellsin a Liquid Handler
sample rack.

b. Make sure each sample well contains enough sample to run the calibration.
The total volume should be more than Probe Volume. Remember to write
down the locations where you place the samples; you will use these locations
in later steps.

3. Flush the Microflow probe with air:

a. Enter gi | son inthe VNMR input window to open the Liquid Handler
window.

b. Click onthe Main Control pane.
c. SetAir valveto ON.
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d. Wait 1to 2 minutesto ensure that the Microflow probeis empty.
e. SetAir valveto OFF.

4. Click on Prime pump inthe Main Control pane of the Liquid Handler window.
Wait for the priming routine to finish.

5. Switch to the SAMPLE Def. pane and set the following values:
* Probe Slow Rateto 0.3
» ProbeFast Rateto 0.3
» Probe Slow Vol to 250
* Number of Rinsesto 0
» Keep Sampleto No

6. Set Probe Volumeto avalue large enough to ensure To OUT
that the active region of the Microflow probeis port
completely filled. Use one of the following valuesasa
starting point.

Sample

» Morethan 440 uL for a60-uL probe volume

» Morethan 600 pL for a120-uL probe

The value needed also depends upon the length
and diameter of the transfer tube that connectsthe
Microflow probe IN port to the Liquid Handler
inject port. The default transfer tubing is0.010-in.
I.D. and 10-ft. long.

Active
region

From IN
This value must also be constrained to be somewhat port
smaller than the available syringe volume (Sample
Volume must be less than SyringeVolume minus the
absolute value of Sample Extra Vol plus

Retrieve Extra Val).

Figure101. Microflo
w Probe Flow Cell

7. Set the Sample Volume value as follows:

* If you areusing D,0, set Sample Volumeto 0. Thisvalue ensuresthat all of the
fluid will come from the solvent bottle and not from the sample containers on
the racks.

« If you are using a prepared sample stored in a container in arack, set Sample
Volumeto 150 pL for a60-uL probe or to 250 uL for a120-pL probe.

8. Click the Save Now button in the SAM PL E Def. pane.

9. Make sureall racks and vials are properly placed on the bed of the Liquid Handler
so that the robotic arm will not accidently get caught on anything.

WARNING: Avoid personal injury by using caution around the Liquid Handler
work area. The Liquid Handler is capable of operating at high speeds.
Leaning into the Liquid Handler work area, placing your hand or arm
in its path, or wandering within range of the arm movements could
result in serious physical injury.

CAUTION: Avoid damage to the Liquid Handler and other equipment by clearing
the work area around the Liquid Handler. The Liquid Handler arm
moves rapidly around its work area.

10. Enter thel oc parameter asfollows:
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* If you areusing D,O, enter | oc=1 change. Notethat the location used is
unimportant since all the fluid comes from the rinse solvent container.

« If you are using aprepared sample stored in acontainer in arack, enter | oc=#
change, where # is the location of the prepared sample.

Verify that the sample changed properly. If so, go to the next step.
11. Enter ga.

12. Compare the resulting spectrum to the control spectrum.

The spectrum you just obtai ned should be asgood asthe first control spectruminall
aspects (lock level, resolution, lineshape, peak height, and peak area/integral).

« If the peak height and peak area differ, but the lineshape and lock level are as
good, it could be because of a different amount of H,O absorbed from the
atmosphere—if so, save this spectrum as control #2 for future comparisons.

« If theresolution isworse, or especialy if the lock level islower, either the
current Probe Volume is not large enough to fill the NMR probe or something
elseiswrong that needs to be corrected before continuing.

13. If thetwo spectra compare favorably and you have saved the second spectrum, enter:
| oc=0 change.

14. After the sample change finishes, manually turn on the air valve to ensure that the
Microflow probeis completely empty before continuing with the rest of this
procedure.

If part of the sampleisnot being recovered (for example, if Probe Fast Rate or Probe
Slow Rateistoo large), you can still perform the Probe Volume calibration but you
need to perform the air-valve routine between each spectrum to blow the probe
empty.

Finding the Optimum Value of the Probe Volume Parameter

Theideal Probe Volume value should be just slightly bigger than the minimum required
volume (adding 10 to 20 uL of extravolume) to ensure reliable filling during routine
operation. Write down this optimized Probe Volume val ue should for future use.

Because the val ue obtai ned depends upon the probe and the transfer tubing being used, both
of these variables should be documented. Table 49 lists typical Probe Volume values for
various probe and transfer tube combinations.

Table 49. Approximate Probe Volume Values for the Various Probes and Transfer Tubes

Microflow Probe Flow Cell Probe \olume with 10-ft Probe Volume with5.5-ft
\olume, Tube Diameter 0.01-in. ID transfer line 0.01-in. ID transfer line
60 uL, 0.005/0.01 in. 410 uL 320 (+20 uL)

60 L, 0.01/0.02 in. 440 pL 350 uL

120 uL, 0.02/0.02 in. 520 uL 450 puL

240 pL, 0.01/0.02 in. 820 uL 750 puL

Note: The dead volume of a 10-ft length of 0.010-in. tubing is approximately 155 ulL .
To find the optimum probe volume:

1. Acquire aseriesof spectra (on different sasmple locations) using different values of
the Probe VVolume parameter.
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Use at least 10 different values for Probe Volume, in 10 uL steps, decreasing from
the Probe Volume value used in the previous procedure (this should be greater that
the corresponding value in Table 49). Use the largest expected value of the Probe
Volume and work towards smaller values. When you run spectra with different
values of the Probe Volume, make sure the resulting value of the Push Volume
remains positive.

Remember to click the Save Now button in the SAMPLE Def. pane after each
change. It isalways agood precaution to blow the probe empty once or twice during
the series of spectra.

If the Flow Rate parameters have not been calibrated, the probe should be blown
empty after each sample (the command | oc=0 change can be used for this).

Invoke each change with | oc=# change, where# islocation of the prepared
samples.

Do not shim between spectra. All measurements should be reproducible, ideally
with minimal hysteresis, regardless of whether measurements range from
maximum-to-minimum or minimums-to-maximum val ues.

2. Make achart of the Probe Volume value versus the quality of the spectrum—Iock
level, resolution, lineshape, peak height, and peak arealintegral.

Aslong as the Probe Volumeislarge enough to fill the active region of the
Microflow probe, the spectral quality will be good. If the spectral quality isnot good,
the Probe Volume istoo small. If the active region is not filled, the spectral quality
will be poor and will rapidly deteriorate asthe Probe Volume gets smaller. Also, any
samplesin the future will be hard to shim.

3. Choose the smallest value of Probe Volume that still generates good data. Write
down this Probe Volume value as well as the probe and transfer tube geometry
(length and diameter) used.

4. After you find the optimal Probe Volume, use the same sample to calibrate Sample
Volume as described in the next section “To Calibrate Sample Volume.”

To Calibrate Sample Volume

Sample Volume can be equal to Probe Volume, or it can be a portion of Probe Volume,
where the remainder of Probe Volumeisfilled with Push Volume. In other words, the sum
of Sample Volume and Push Volume equals Probe VVolume. Portioning Probe Volume into
Sample Volume and Push Volume allows you to use less sample because you fill the dead
volume of the transfer tube with Push Volume. Using a gas bubble to push the sampleis
undesirable.

You calibrate Sample Volume to find the optimum (minimum) volume of sampletofill the
flow cell of the Microflow probe. An accurate calibration of Sample Volume depends upon
an accurate value of Probe Volume. You should verify or recalibrate Probe Volume
immediately before calibrating Sample Volume.

Asageneral rule, the larger the value of Push Volume, and the “stickier” the solvent, the
lower the NMR sensitivity—DMSO is “sticky,” D50 is not; other organic solvents are
intermediate. As another general rule, the bigger the difference in magnetic susceptibility
between the sample and the rinse solvent, the bigger the chance that NMR resolution will
suffer for a given Sample Volume. If the NMR resolution suffers when a push solvent is
used, then you probably need to either increase Sample Volume or match the magnetic
susceptibilities of the two solvents better; the line broadening effect usually cannot be
corrected by shimming.
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The Sample Volume calibration requires some visible difference in the 'H NMR spectra
between the sample and the rinse solvent. The sample needs to have some additional 1H
NMR resonances, which are not present in the rinse solvent. You can use 1% CH3;0H,
CH3CN in D50, or the same prepared sample used for calibrating Probe Volume. This
calibration cannot be done with D,O alone (see “ To Calibrate Probe Volume,” page 345).

Note: Do not reshim during this calibration. Any given set of conditions should produce
the same spectral quality reproducibility—if not, it might be a good idea to enter
| oc=0 change and then blow the probe empty with the air valve between each
run. If thisis necessary, it suggests that the values of Probe Slow Rate or Probe Fast
Rate are too large.

1. If not already done, prepare your sample and transfer it to the sample wellsin a
Liquid Handler sample rack.
M ake sure the sample wells contain sufficient amounts of the sample to accomplish
the calibration.
2.  Setthefollowing valuesinthe SAM PL E Def. pane of the Liquid Handler window:
» Sample Volume to 150 uL for a 60 uL probe or to 250 uL for a120 uL probe
» Keep Sampleto No
* Number of Rinsesto 0
» Probe Volume to the value calibrated by the procedure “To Calibrate Probe
Volume,” page 345.
Click the Save Now button in the SAMPL E Def. pane.

4. Obtain aspectrum onthefirst sample and expand around arepresentative sharp peak
(other than HOD) in the IH NMR spectrum.

5. Savethisdataset and note the peak height (and lineshape).

6. Obtain additional spectrawith decreasing values of Sample Volume (Probe Volume
remains fixed) and look at the peaks heights (or S/N).

7. Plot the peak heights (or S/N) as a function of the Sample Volume.

The NMR peak heights should decrease asthe Sample VVolume parameter decreases,
even when the Probe Volume parameter is kept constant. (the NMR peak heights
should drop to zero when Sample Volume is 0).

The exact nature of the curve you plot depends upon the solvent being used (DM SO
generates a curve, while D,O produces more of an angle or knee at the intersection
of two straight lines), but this chart allows you to determine how much sample must
be used to obtain the percentage of the available signal-to-noise. See Figure 102.

For a60-uL probe in D,O with Probe Volume set to 350, the signal intensity when
Sample Volume is 150 should be 75 to 95% of the signal intensity obtained when
Sample Volume is 350.

To Calibrate Flow Rate Parameters
This section describes how to calibrate the parameters Probe Slow Rate, Probe Slow Val,
and Probe Fast Rate.

* If these parameters are set too large, the sampleis not completely removed from the
probe and subsequent samples are significantly contaminated.

* If these values are set too small, timeiswasted by running the system at a slower than

optimal speed.
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Ideal D,O Average DMSO

S/N

\
Bk T RS " T

100% Push Volume 0% Push Volume
(0% Sample Volume) (100% Sample Volume)

Figure 102. Finding the Optimum Sample Volume

The values obtained are very dependent upon the following:
e Sample solvent
* Rinse solvent
» Probe flow cell volume
e Tubing used, length, 1.D., etc.
 Pressure of the gas delivered to the Valco valve.

Choose one of the three methods described below. In all three methods, Probe Slow Rate
and Probe Fast Rate must both be small enough (giving slow enough flow rates) that the
following are true:

» Noleaksor dripsoccur at either the syringe vent port or the injector port when pushing

 No cavitation bubbles appear in the syringe when retrieving solvents (or in the Gilson
tubing connecting the needle to the syringe)

» When Keep Sampleisset to Yes, al of the sasmpleis recovered

Method 1: Fast Setup, Slow Runs

Thismethod consists of just setting the parametersto be so slow that the solvent will never
leak or cavitate. This method is fast to set up (since no calibrations are done), but slow in

operation (since no parameters are optimized). This method is not recommended for high-
throughput operation, but may be acceptable for testing or open-access operation.

1. Setthefollowing valuesin the SAMPL E Def. pane of the Liquid Handler window:
* Probe Slow Vol equal to Probe Volume or larger.
» Probe Slow Rateto 0.3
* Probe Fast Rateto 0.3

Larger values might be possible for your system, but 0.3 mL/min should work for
the most viscous solvent in the most narrow tubing.

If Probe Slow Vol equals Probe Volume, setting Probe Fast Rate has no effect, but
you should set it to asmall value just for safety.

2. Click the Save Now button.
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Method 2: Calibrating Probe Slow Rate for Faster Runs

Thismethod consists of performing asimple calibration to allow the Liquid Handler to run
faster. This flow rate value must be determined for the most viscous samplein the system.
Thismight be the rinse solvent, a push solvent, or asample, but it must be the most viscous
sample you expect to encounter!

1. Setthefollowing valuesin the SAMPLE Def. pane of the Liquid Handler window:
 Probe Slow Vol equal to Probe Volume or larger.
» Probe Slow Rateto 0.3
* Probe Fast Rateto 0.3
* Number of Rinsesto 1

2. Click the Save Now button.

3. Run samples with the solventsin question repeatedly, increasing the Probe Slow
Ratein 0.1 mL/min steps each time, while watching the clear glass syringe barrel on
the Liquid Handler.

If bubbles start appearing in the syringe barrel or needl e tubing when the sample is
being withdrawn from the probe, Probe Slow Rateistoo large (the bubblestypically
get bigger asthe Probe Slow Rate value getslarger). Any cavitation bubbles formed
must disappear before the needle (probe) is pulled up out of the injector port;
otherwise, sampleisleft behind in the probe (al the bubbles always disappear the
moment the needle [probe] is pulled out of the injector port).

4. Usethelargest value of Probe Slow Rate that still allows complete sample recovery.
Table 50 lists some typical flow rates for common solvents.

Table50. Typical Flow Rates for Common Solvents

Solvent Typical Flow Rate*

CH3CN 4.4mL/min for 0.01/0.02**

50:50 CH3CN:D,0 1.5 mL/min for 0.01/0.02**

D,O 1.0 mL/min for 0.01/0.02**
0.7 mL/min for 0.005/0.01**

DMSO 0.5 mL/min for 0.01/0.02**

* Fow rates depend primarily upon the inner diameter of the inlet tubing.
** Probe inlet tubing diameter (in inches/outlet tubing diameter [in inches)]).

Method 3: Calibrating Probe Slow Rate and Probe Slow Vol for
Fastest Runs

Thismethod consists of performing amore complex, three-parameter calibration. Although
this calibration allows the system to run with the fastest possible throughput, it needsto be
reoptimized for every different solvent and plumbing geometry. The nature of the
calibration precludes a simple step-by-step description.

After the mgjority of a sample (or rinse) is withdrawn from the Microflow probe, the
remainder can be withdrawn faster. The remainder iswithdrawn at a speed determined by
the Probe Fast Rate parameter. This calibration consists of balancing Probe Slow Vol and
Probe Slow Rate with Probe Fast Rate.
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A faster Probe Slow Rate or a smaller Probe Slow Vol necessitates a slower Probe Fast
Rate.

The criteriafor optimization are as follows:
» No cavitation bubblesin the syringe or needle tubing
» Thefull volume of recovered samplesis returned to the original sample containers
» Sampleinsertion and removal occur as fast as reasonably possible
» Probe Slow Vol is greater than Sample Volume

To Calibrate XYZ Positions of the Arm

You have control over the XY Z coordinates of the rinse station, injector port, and sample
racks on the Liquid Handler. You can make changes to these units through the Calibrations
pane of the Liquid Handler window See “VVAST Interface Description” on page 355.

The X and Y positions of all three unitswill probably never need recalibration after
installation. You might possibly need to calibration the Z position for the following:

» Rinse station — You can adjust the Z position of the needle to place the needle up to 45
mm down inside the rinse station for an inside-and-outside needle rinse.See “To
Calibrate XY Z Positions of the Arm” on page 354.

* Injector port — You might have to optimize the Z position after changing the needle to
ensure a leak-free injection.

» Sampleracks— No calibration of Z position needed.

10.8 Acquiring Data on Standard Test Samples

After the Probe Volume is calibrated, you can acquire data on some standard test samples
to verify that all the VAST hardware and software are operational .

1. Fill four different sample locations with a standard sample.

Thistest does not require a specific sample. You can use D50, the prepared sample,
sucrose, or methyl p_hydroybenzoate.

2. Setthefollowing valuesin the SAMPLE Def. pane of the Liquid Handler window:

» Set Probe Volume to the value determined in the section “ To Calibrate Probe
Volume,” page 345.

» Sample Volumeto 150 puL for a 60-uL probe or to 250 uL for a120-uL probe
» Keep Sampleto Yes

* Number of Rinsesto 1

» Make sure the Push Volumeis positive

3. Click the Save Now button.
4. Acquire spectra both manually and with the ent er program.

a.  Acquire spectramanually:
| oc=# ga
where # is one of the four locationsfilled in step 1.

b. Acquire the same spectrausing the ent er program to obtain 1H NMR
spectra of the four samples.
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10.9 Evaluating Carryover

The amount of carryover from one sample to the next can never be zero in aflow probe.
Theamount of carryover is affected by the probe geometry, the direction(s) of solvent flow,
the number of rinses, the effectiveness of samplerecovery, and in particular by the solvents
used. Multiple rinses reduce carryover, but the additional time consumed by more that one
rinse is probably prohibitive.

To measure the amount of carryover:

1. Select asolutethat generatesan NMR singlet (e.g., CH30OH, CH3CN, TSP, or DSS)
and make a concentrated solution of this solute (1 to 10%) in your solvent of choice
(e.g., D5O).

2. Placethissamplein location 1, then place pure solvent in locations 2 and 3.

3. Set up proper parametersin the VNMR parameter set and in the Liquid Handler
window.

4. Enterl oc=1 change.

Enter ga to obtain aH NMR spectrum. Expand the spectrum around the region of
interest, and set the vertical scale, integral resets, and integral scale.

6. Savethedataand plot the data:
svf (fil enane)
wheref i | enane isanameyou choose (e.g., svf (' nydata')).
regi on vp=12 pl dpir page
Enter| oc=2 ga.

8. Usethe resulting spectrum to quantitate the amount of carryover remaining from
sample 1.

9. Enter| oc=3 ga to repeat the process for the samplein location 3.

With one rinse, the carryover averages about 1%, but the value you obtain can be
highly variable (0 to 8%) depending upon the solvents used and other specifics of
the experiment.

10.10 VAST Interface Description

The user interface on the front panel of the Gilson 215 Liquid Handler isadisplay and a
STOP button.

The VAST interface to VNMR includes the LC-NMR pane (shown in Figure 77), which
provides controlsfor setting up VAST experiments and the Gilson Liquid Handler window
shown in Figure 75.

Otherwise, the VAST accessory is set up using the Liquid Handler window in VNMR,
which provides the following four panes for setting up the VAST accessory:

e SAMPLE Def. (shownin Figure 103) — For defining sample volumes and fluid-control
parameters.

» Rack Def. (shown in Figure 104) — For defining which racks and containers are
available to the Liquid Handler.

» Main Control (shown in Figure 105) — For setting up and controlling the hardware.
 Cadlibrations (shown in Figure 106) — For calibrating arm positions.
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Each of these panesisdescribed in aseparate section below. Table 48 liststhe default values
for thefieldsin the Liquid Handler window.

SAMPLE Def.

The Sample Def. pane (shown in Figure 103) contains most of the routinely used fluid-
control parameters. These parameters allow you to

¢ Adjust sample volume

« Specify whether to keep the sample

¢ Perform probe rinses

e Specify flow rates
Clicking the Save Now button saves the valuesin the Liquid Handler panes and applies

them to the next injection. Clicking the Additional Parameters button expands the screen
and provides more fields, as shown in Figure 103.

Gilson Liquid Handler

| koot | rein coneat

B40.0
fa0.0

additional Parameters ...

o
L
L

Figure 103. Sample Definition Pane

After the values are set and saved in this window, all NMR activities (typically controlled
by either theent er program or thel oc command) will use the same values for every
sample, until the parameters in the Liquid Handler window are changed again.

The SAMPLE Def. window contains the following fields:
Select parameters The file names of the available sets of Gilson parameters.
The files are selected by a pull-down menu. The file name

of an active file can be changed by double-clicking on the
current name.
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Total volume, in uL, held in the probe flow cell plus the
volume held in thetransfer tubing. In other words, thisisthe
volumeof liquid that the Liquid Handler will need tofill the
probe flow cell, the dead volume in the tubing, etc. These
values can vary widely, depending upon the length and
inner diameter of the transfer tubing (see Table 49);
however, typical values are asfollows:

* For a60-uL Microflow probe, the default value of Probe
Volume is about 440 puL (with 10 ft of 0.010-in. I.D.
transfer tubing).

* For al120-uL Microflow probe, the default value of Probe
Volume is about 520 plL.

The amount of sample, in uL, needed to fill the probe flow
cell. Thisisthe amount that will be removed from the
sample container. This value depends only on the
Microflow probe that is used and not on the transfer tube.
This volume can be calibrated to obtain the best NMR
sensitivity per amount of sample injected.

The default value isto set Sample Volume equal to Probe
Volume; however, smaller sample quantities can be used at
the expense of sensitivity. If thisvalueis set too small, the
NMR sensitivity, and possibly the NMR resolution,
decreases. If thisvalueistoo large, you will consume more
sample than is necessary.

* For a60-uL Microflow probe, atypical value of Sample
Volume is about 140 ulL .

* For a120-uL Microflow probe, atypical value of Sample
Volume is about 240 uL

The amount of solvent, in uL, used to “push” the sample
into the probe flow cell. Push Volume is automatically
calculated Probe Volume minus Sample Volume). A push
volume allows you to minimize the amount of sample used
to create the Probe VVolume.

Sets whether or not the sampleis kept after NMR is

finished.

* Set to Yes to have samples returned to the vials on the
sample racks.

* Set to No to have samples placed in waste. The used
sample is flushed into the rinse station container.

The number of NMR proberinse cycles performed between
sample changes. Typical vauesareeither O or 1, where 1is
recommended. A needlerinseis performed between each
sample change, but a probe rinse is only performed if a
valueis entered in the Number of Rinses field. More rinses
(e.g., Number of Rinses set to 2 or more) reduces carryover,
but takes longer.
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RinseDeltaVol

ProbeSlow\Vol

ProbeSlowRate

ProbeFastRate

An NMR probe rinse cycle consists of the following
actions: After the previous sampleis aspirated from the
probe and dispensed to waste or to the sample via, the
syringe aspirates from the solvent reservoir avolume equa
to Probe Volume + Rinse Extra Vol. Thisvolumeisinjected
(dispensed) into the probe, and thenimmediately withdrawn
from the probe and dispensed into the waste container.

The amount of solvent, in uL, in addition to the Probe
Volume, injected into the probe during arinse cycle. This
volume ensures that the flow cell is thoroughly rinsed. A
typical defaultis 10 ulL; any value over 2 uL seems
sufficient.

The volume, in uL, removed from the NMR probe at the
Probe Slow Rate. An easy default isto set Probe Slow Vol
equal to Probe Volume.

* If Probe Slow Vol istoo small, the sample might not be
completely removed from the NMR probe.

* If Probe Slow Vol istoo large, turnaround times might be
longer than necessary.

After the Probe Slow Vol is removed, the rest of the Probe
Volume is removed at the faster rate (Probe Fast Rate).

Theflow rate, in mL/min., used to removetheinitial volume
specified by Probe Slow Vol.

* If thisrate istoo fast, bubbles will appear in the syringe
when the sample is withdrawn (because of the vacuum
that isformed) and not all of the sampleis recovered
when the sample is removed from the probe.

* If thisrate istoo slow, turnaround times might be longer
than necessary.

Valuestypically range from 0.5 for DMSO to 1.0 for D,O
to 1.5 for CH3CN but depend greatly on the sample and
hardware.

The flow rate, in mL/min., used to inject samplesinto the
NMR probe and to remove the remaining volume (after
Probe Slow Vol) from the NMR probe. Some factors that
might limit this speed are solvent composition (viscosity),
NMR probe volume, and tubing diameter.

* |f the Probe Fast Rateistoo fast, the pressure relief valve
next to the syringe leaks when sampleis pushed into the
NMR probe, and bubbles can appear in the syringe when
the sample is withdrawn (because of the vacuum that is
formed). As aresult, not al of the sampleisrecovered
when the sample is removed from the probe.

* If thisrate istoo slow, turnaround times might be longer
than necessary.
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The extraamount of sample, in uL, removed from the probe
when the sample is aspirated from the probe. This volume
helps ensure that all the sample is recovered and that the
probeis clear before the next sampleisinjected. A typical
default is25 uL; any value over 5 uL. seemsto be sufficient.

The extraamount of solvent, in uL (in addition to Probe
Volume and Rinse Delta Vol), that is removed from the
probe during arinse cycle. This volume ensures that more
solvent isremoved than injected, thus clearing the probe. A
typical defaultis 25 ulL; any value over 5 uL seemsto be
sufficient.

This button applies the indicated values and saves the
current settings to the Sun computer.

This button expands the SAMPLE Def. pane and provides
the following parameters:

Therate, in mL/min, at which samples are aspirated from,
and dispensed to, the sample container. A typical defaultis
4,

The height (in units of 0.1 mm) above the rack at which the
needleis placed before aspirating the sample. A value of
zero should place the needle against the metal rack; avalue
of 25 (2.5 mm) iscommonly used (but only if Sample Depth
is set to NOSEEK. Because this may coat the outside of the
needle with sample, the needle rinse station should be
recalibrated to wash both the inside and outside of the
needle.

The depth of theliquid samplein the sample container. This
valueis used to alow the needle to follow the sample
amount down as sample is withdrawn from the container.
This parameter is commonly set to NOSEEK (especially
when the Sample Height is set to 25) so the needle does not
move down as the sample is aspirated.

The volume of rinse solvent used to wash the needle. The
default (and maximum usable value) isto set this equal to
the syringe volume.

Values that are too small could lead to increased carryover
from one sample to the next.

Vaues that are too large increase rinse solvent usage and
increase the turnaround time.

The rate at which the syringe aspirates and dispenses rinse
solvent through the needle. The default (and maximum
usable rate) is 16 (mL/min).

Defined but not yet implemented.
Defined but not yet implemented.
Defined but not yet implemented.
Defined but not yet implemented.
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Rack Def. Pane

Use the Rack Def. pane (shown in Figure 104) to set up sampleracks on the Gilson Liquid
Handler.

The settingsfor racks 1 to 5 must reflect what racks exist on the system; otherwise, severe
damage to the needle (probe) can result.

Gilson Liquid Handler

Figure 104. Rack Definition Window

Main Control
Use the Main Control pane (shown in Figure 105) to control the Liquid Handler hardware.

Gilson Liquid Handler

Figure 105. Main Control Window
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This pane contains the following fields:

Air valve

Plunger

Reset arm

Prime pump

Return Home
Syringe Volume

Arm Z scale (mm)

Calibrations

Setsthe Air valve to ON or OFF. The default is OFF, which
allowsthe valve to be triggered by the VNMR automation
software during normal operation.

The valve provides gas pressure to the probe outlet port for
pressure-assisted sample withdrawal . The gas pressure works
in conjunction with gravity and the syringe to speed sample
withdrawal and reduce cavitation.

For normal operation, set Air valve to OFF.

To provide continuous gas pressure to the probe (for example
to empty the probe), set Air valve to ON.

Moves the syringe plunger up or down. During normal
operation, Plunger is set to UP, which is the default. When
replacing the syringe, select DOWN; after the new syringeis
in place, select UP.

Resets the Liquid Handler controller after an error or fault. If
an error or fault occurs while the VAST autosampler is
running, click on the Reset arm button to reset the Liquid
Handler controller.

Moves the needle to the rinse station and runs the pump
priming cycle, which takes about 3 minutes. Usethisbuttonto
prime the pump after switching to a new solvent or after the
system has been moved. When priming the pump, make sure
no bubbles are in the inlet tubing to the barrel.

Returns the arm to the predefined home position.

Thesyringevolume, in uL. Thisnumber must match thevalue
printed on the syringe module.

Setsthearm Z scal e valueto accommodate the Liquid Handler
probe (needle) moduleinstalled on the system. The scalefrom
0to 220 mm is printed on the side of the vertical arm
assembly. Thisvalueis normally set at installation; however,
if you replace or adjust the position of the Liquid Handler
vertical arm assembly, be sure to update the Arm Z scale
value.

Use the Calibrations pane (shown in Figure 106) to calibrate the various positions of the
Liquid Handler arm and probe (needl€e). The X, Y, and Z adjustmentswork in real time, so
you must watch the probe move as you make adjustments.

1. Inthe Cal. Selections menu, select rinse, sample, or inject.

2. UsetheX and Y adjustment arrows to center the Liquid Handler probe over the
position you are calibrating.

3. Usethe Z adjustment arrows to calibrate the height of the Liquid Handler probe as

follows:

* rinse — For an inside wash, lower the needle until thetip is centered directly
above the center of the rinse station. For an inside and outside wash, lower the
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Gilson Liquid Handler

| sape ser. | feck vof. | tein Control

Figure 106. Calibrations Window

needle until the tip isinserted several centimetersinto the rinse station
(depending on how much of the outside of the needle is contaminated; refer to
the Sample Height parameter).

¢ rack — Lower the needle below the level of the sample. Keep in mind that the
needle lowers as it draws sample out of the container, unless the NOSEEK
option isused for Sample Depth.

« inject — Lower the needle 0.1 mm (x1) at atime until the needle makes snug
contact with the injector port. If the needle begins to bow, back off until the
needleis straight.

4. After apositioniscalibrated, click on Save. Then select another position, until all
three positions are calibrated.

Thevalues of X, Y, and Z for the center of the injector manifold, and the values of
X and Y for theracks, are written into the file/ vnnr / asm r ackset up. The
XY Z coordinates of the rinse station are stored only in the Liquid Handler memory.

If bubbles appear in the transfer line (between the needle and the syringe) as the
sample is withdrawn, this usually indicates that the needle is not calibrated to go
deep enough into the inject port.

10.11 Customizing the enter Window for VAST

362

Thefileent er vast . conf, located in/ vnnr / asm controls the appearance of the
ent er window, when Sanpl e Changer issetto VAST inthe VNMR configuration
window.

Theent er vast . conf fileusesinformation inthefilesexperi nments. vast,

sol vent s. vast ,users. vast and pr ot ocol . vast to determine which buttons
aredisplayed. If you want to define protocolsfor injecting and removing samples, you will
also need to uncomment theinfield lineinent er vast . conf. The

experinents. vast filetypicaly pointstotheaut oscout macro (among others).

After you click Exi t and Save intheent er program, thetext file to be used by
aut ogo iswritten out. Thistext file (the ent er queue) can be edited, if desired, before
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running aut ogo. For further information on customizing theent er program, refer to the
manua VNMR User Programming.

An example of an aut onane valuethat is especialy useful for VAST is
aut oname=' sucr ose_RYRACK: % Z%ZONE: % SYSAMPLE#: % '

10.12 Files that Control VAST Operation
Thefilesthat control VAST automation are located in the directory / vnnr / asm
current contains information that indicates the current sample in the magnet.

Additionaly, the sanpl el nf o file (alink to sanp0 to sanp9
files) is appended into thisfile.

def aul t contains all the possible parameters, set to appropriate default values.
info directory that contains the sample definition files.
racks contains the supported Gilson rack definition files (e.g.,

code_205.grk). This directory also containsthe file (r ackl nf o)
used by the gi | son program that defines the graphical
characteristics of the racks.

rackset up contains the injector and all racks and alignment values.

sanpO tosanp9 arein theinfo directory and contain the parameters and values as set
by the user (using the gilson program) to override any defaults. The
gi | son program modifies the parameter valuesin thesefiles. These
parameters define the conditions for injecting and removing asample
from the probe.

tcl contains the standard set of Tcl scripts provided by Varian NMR.
protocol s adirectory to hold VAST protocols.

10.13 Writing VAST Protocols

This section describes the elements for programming custom VAST protocols. Some
familiarity with the Tcl programming language will be useful. Sample protocols are in the
/vnnr [ asn prot ocol s directory.

gWriteDisplay Display message on Gilson display (8 characters maximum)
Syntax: W iteDi spl ay nessage
Description:  Displays the string message on the LED display of Gilson 215.
Arguments. nessage isastring of 8 characters maximum.
Examples: gWiteDi spl ay "R nse"
set nmsg [format "Sanp: %" $Sanpl eNunber]
gWiteDisplay "$nmsg"

gWbveZ2Top Move needle to further most upward position
Syntax: MoveZ2Top
Description: Moves the Gilson 215 needle to the fully retracted position.
Examples. ghMbveZ2Top

01-999161-00 C1002 VNMR 6.1C User Guide: Liquids NMR 363



Chapter 10. VAST Accessory Operation

gMbve2Ri nseSt ati on Move to Rinse Station

Syntax:

Description:

Examples:

gFl ush

Syntax:

Description:

Arguments:

Examples:

Related:

gMbve2Ri nseSt ati on

Moves the Gilson 215 needle to the Gilson's Rinse Station and lowers the
needle. Note the Rinse Station position is maintained within the Gilson's
internal EEPROM.

gMbve2Ri nseSt ati on

Draw solvent from reservoir, expel through needle
gFl ush Vol une | nFl ow Qut Fl ow

Draws the given volume from the solvent reservoir at the given flowrate and
expels the same volume of solvent through the Gilson needle at given flowrate.

When used withan | nFl owgreater than zero and Qut FI owof zero, gFl ush
is asynchronous and allows the next command to proceed while the syringeis
filling. gFl ush with | nFl owas zero and Qut FI owwith agreater than zero
valuewaits until the syringeisfilled. However, if you use other commands that
test or perform actionswith the syringe then follow gFl ush with the command
gSt opTest Al | . Thiscommand ensuresthat any active command iscomplete
before proceeding..

Vol une isthevolumein pl.

I nf | owistheflow rate in ml/min in which solvent is drawn from solvent
reservoir; if set to zero, then no solvent in drawn.

Qut FI owisthe flow rate in ml/min in which the solvent is expelled through
the Gilson needle. If Zero, then no solvent is expelled.

gFl ush $Needl eRi nseVol une $Needl eRi nseRat e
$Needl eRi nseRat e

gFl ush $Ri nseVol $MaxFl ow $ProbeFast Rat e

gFl ush $Ri nseVol $MaxFl ow 0
gSt opTest Al |
Set Current Vol umre [ gCurrent Syr Vol ]

gSt opTest Al | Wait for al axis motion and syringe operation to complete

gMove2l nj ect or Por t Move to Injector port

Syntax:
Description:
Examples:

gDel ayMsec

Syntax:
Description:
Arguments:

Examples:

gMbve2l nj ect or Port
Movesthe Gilson 215 needle to the Gilson's | njector Port and lowersthe needle.
ghvbve?2l nj ect or Port

Delays TCL instruction execution

gDel ayMsec del ayti me

Delays Tcl instruction execution for the given number of milliseconds.
del ayti nme isthetimein millisecondsto delay Tcl execution.

gDel ayMsec 500

gDel ayMsec 1000 ( setsal second delay)
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gSet Cont act s
Syntax:

Description:
Arguments:

Examples:

gAspirate
Syntax:

Description:

Arguments:

Examples:

gDi spense

Syntax:

Description:

Arguments:

Examples:

ghoveZz
Syntax:
Description:
Arguments:
Examples:

ghMove2Sanpl e
Syntax:

Description:
Arguments:
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Sets output contacts on Gilson 215

gSet Contacts contact# state

Sets the Gilson's output contacts to connected or disconnected.

cont act # isthe contact number (1 to 4) to connected or disconnected.

st at e is1 for connected or O for disconnected.

gSet Cont acts 2 1 switchesthe gasvalveto put pressure on NMR Probe.
gSet Cont acts 2 0 switchesthe gasvalve off.

Draw in liquid through Gilson needle
gAspirate volune fl ow Zspeed

Drawsthe specified volumein through Gilson needle at the given flowrate, with
needle lowering at the speed given. The speed depends on the flowrate and
sample well dimensions.

vol une isthevolumein ul to draw.
f | owisthe flowrate in ml/min.

Zspeed isthe speed in mm/sec to lower Gilson needle while drawing inliquid
through the needle. If Zspeed is set to zero, the needleis not lowered.

gAspirate 250 4 0.0
gAspi rat e $Sanpl eVol une $Sanpl eVl | Rat e $Sanpl eZSpeed

Expel liquids though Gilson needle
gDi spense vol une fl ow Zspeed

Expels the specified volume out through Gilson needle at the given flowrate,
with needlelowering at the speed given. Speed depends on flowrate and sample
well dimensions.

vol une isthevolumein ul to draw.
f | owisthe flowrate ml/min.

Zspeed isthe speed in mm/sec to lower Gilson needle while expelling liquid
through the needle. If Zspeed is zero, the needle is not lowered.

gDi spense 250 4 0.0
gDi spense $Sanpl eVol une $ProbeFast Rate 0.0

Move Gilson needle to a Z position

ghWbveZ Z | ocation

Move Gilson needle to the given Z location.

Z | ocati on istheZ location in tenths of a millimeter.
ghbveZ $Sanpl eZTop

Move Gilson needle to sample well location
gMbve2Sanpl e Rack Zone Sanpl e
Move Gilson needle to the sample well location.
Rack istherack location 1to 7.
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Zone istherack zone, which israck dependent.
Sanpl e isthe sample tray number.
Examples: gMbve2Sanpl e $RackLoc $Sanpl eZone $Sanpl eNunber

gl nj ector2Load Switch Rheodyne injector valve to the load position
Syntax: gl nj ect or 2Load
Description:  Switches the Rheodyne injector valve to the load position.
Examples. gl nj ect or 2Load

gl nj ect or 21 nj ect Switch Rheodyne injector valve to the Inject position
Syntax: gl nj ect or 2l nj ect
Description:  Switches the Rheodyne injector valve to the inject position.
Examples. gl nj ect or 2I nj ect

gCur r ent Syr Vol Return current liquid volume in syringe
Syntax: Set Current Vol ume [ gCurrent Syr Vol |
Description:  Returns the current volumein pul in Gilson syringe pump.
Arguments. Cur r ent Vol une isthe current volumein ul in Gilson syringe pump.
Exanpl es: Set Current Vol unme [ gCurrent Syr Vol ]

gAspi rat eAsync Draw in liquid through Gilson needle
Syntax: gAspi rat eAsync vol une fl ow Zspeed

Description:  Drawsthe specified volumein through Gilson needle at the given flowrate, with
needle lowering at the speed given. This function returnsimmediately, so other
operation can be accomplished while aspirating. The speed dependson flowrate
and samplewell dimensions. UsegSt opTest Al | before performing any axis
MOVES.

Arguments. vol une isthevolumein pl to draw.
f I owisthe flowrate in ml/min.

Zspeed isthe speed in mm/sec to lower Gilson needle while drawing in liquid
through the needle. If Zspeed is zero the needleis not lowered.

Examples: gAspi rat eAsync 250 4 0.0

gAspi rat eAsync $Sanpl eVol une $Sanpl eVl | Rat e
$Sanpl eZSpeed (starts aspiration operation)

gSet Cont acts rel ay state (whilestill aspirating switch arelay)

gSt opTest Al |l (now wait for syringe operation to complete before moving)
gi | MoveZ2Top (move needle up)

gMbve?2l nj ect or Port (movetoinjector port)

gDi spenseAsync  Expel liquids though Gilson needle
Syntax: gDi spenseAsync vol une fl ow Zspeed
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Description:

Arguments:

Examples:

gSt opTest Al |

Syntax:
Description:
Examples:

gZSpeed

gM x

Syntax:
Description:
Arguments:

Examples:

Syntax:

10.13 Writing VAST Protocols

Expels the specified volume out through Gilson needle at the given flowrate,
with needle lowering at the given speed. This function returnsimmediately, so
other operation can be accomplished while dispensing. Speed will depend on
flowrate and sample well dimensions

UsegSt opTest Al | before performing any axis moves.
vol une isthevolumein ul to draw.
f | owisthe flowrate in ml/min.

Zspeed isthe speed in mm/sec to lower Gilson needle while expelling out
liquid through the needle. If Zspeed is zero the needle is not raised.

gDi spenseAsync 250 4 0.0

gDi spenseAsync $Sanpl eVol une $Sanpl eVl | Rat e
$Sanpl eZSpeed (start dispensing operation)

gSet Cont acts rel ay st ate (whilestill aspirating switch arelay)

gSt opTest Al | (now wait for syringe operation to complete before moving)
gi | MoveZ2Top (move needle up)

gMbve2Ri nseSt at i on (move to rinse station)

Wait for all axis motion and syringe operation to complete
gSt opTest Al |
Return when all axes and syringe operations have compl eted.
gSt opTest Al |

gAspi rat eAsync $Sanpl eVol une $Sanpl eVl | Rat e
$Sanpl eZSpeed (start aspiration operation)

gSet Cont acts rel ay state (whilestill aspirating switch arelay)

gSt opTest Al | (now wait for syringe operation to complete before moving)
gi | MoveZ2Top (move needle up)

gMbve?2l nj ect or Port (movetoinjector port)

Returns the Z speed (mm/sec) to follow the liquid while aspirating
set zspeed [gZSpeed rackl oc zone sanple flow ate]
Return when all axes and syringe operations have compl eted.

zspeed isthevariable that containsthe zspeed.

r ackl oc isthelocation of rack on the Gilson bed.

zone isthe sample zone.

sanpl e isthe sample number.

f I owr at e isthe flowrate for sample (ml/min).

set Sanpl eZSpeed [ gZSpeed $RackLoc $Sanpl eZone
$Sanpl eNunber $Sanpl eVl | Rat e]

Mix a Sample in place

gM x rackl oc zone sanpl e hei ght m xvol ume m xti nmes
m xf | ow
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Description:

Arguments:

Examples:

gTr ansfer

Syntax:

Description:
Arguments:

Examples:

gTubeX

Syntax:

Description:

Arguments:
Examples:

gTubeY

368

Syntax:

Description:

Arguments:

Mixes a sample in the given sample position by aspirating the sample into the
syringe then dispensing back into the samplewell. Thisisdone for the volume,
flow, and number of times given.

rackl oc isthelocation of rack on the Gilson bed.

zone isthe sample zone.

sanpl e isthe sample number.

hei ght isthe height above bottom of tube to place needle during mixing
operation.

m xvol une isthe volumethat is aspirated and dispense for mixing.

m xt i mes isthe number of time the aspirating and dispensing are done.
m xf | owisthe flowrate for mixing sample (ml/min).

gM x $RackLoc $Sanpl eZone $Sanpl eNurber $Sanpl eHei ght
$M xVol ume $M xTi mes $M xFl ow

Transfer sample from one well to another

gTransfer racksrc zonesrc sanpl esrc heightsrc fl owsrc
rackdst zonedst sanpl edst hei ghtdst fl owdst

Transfer the source sample to the destination sample location.

r acksr c isthe sample source location of rack.

zonesr ¢ isthe sample source zone.

sanpl esr ¢ isthe sample source number.

hei ght sr c isthe source height above bottom of tube to place needle.

f I owsr c isthe source flowrate for sample (ml/min.)

rackdst isthe sample destination location of rack.

zonedst isthe sample destination zone.

sanpl edst isthe sample destination number.

hei ght dst isthe destination height above bottom of tube to place needle.
f | owdst isthe destination flowrate for sample (ml/min).

gTransfer $XferLoc $XferZone $Zf er Nunber $Xfer Hei ght
$Xf er Fl owRat e $RackLoc $Sanpl eZone $Sanpl eNunber
$Sanpl eHei ght $Sanpl eVl | Rat e

Returns the X axis location of the Gilson needle
Cur r ent XAxi sPosi tion [gTubeX]

Returnsthe current X axispositionin 0.1 mm. Thisisthe |eft-to-right direction
when facing the Gilson 215 Liquid Handler. The greater the number, the further
the needleisto theright of the liquid handler.

Cur r ent XAxi sPosi ti on issettothe current X positionin 0.1 mm.

Current XPosi tion [ gTubeX] —A vaueof 2310is231.0 mm or 23.10
cm.

Returns the Y axis location of the Gilson needle
Cur r ent YAXi sPosition [gTubeY]

Returns the current X position in 0.1 mm. Thisis the front-to-back direction
when facing the Gilson 215 Liquid Handler. The greater the number, the further
the needleis toward the front of the liquid handler.

Cur r ent YAXi sPosi ti on issettothecurrent Y positionin 0.1 mm.
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gvbveZLQ
Syntax:

Description:

Arguments:
Examples:

gMove2Li gLevel

Syntax:
Description:
Arguments:

Examples:

10.13 Writing VAST Protocols

Current YPosi tion [ gTubeY] —A vaueof 435is43.5 mm or 4.35 cm.

Lower needle until liquid detected or limit reached
ghbveZLQ $TRAYBOTTOM

Seekstheliquid level until it detects or reaches a specified Z limit. The greater
the number, the futher down thelimit. Specifying alimit beyond thetray bottom
can drive the needle through the bottom of the tray! The sample requires
electrical conductivity for liquid detection to work. Therefore liquid detection
will not work for most nonpolar liquids. In addition liquid detection usually
requires large sample volumes, greater than ml.

TRAYBOTTOMisthe Z axislimit in.01 mm.
gMbveZLQ 1000 — Seeksliquid until Z 100.0 mm isreached.

Move needle to the liquids level
gMbve2li gLevel rackloc zone sanpl e height depth
Moves needle down into sample based on height and depth.

r ackl oc isthelocation of rack on the Gilson bed.

zone isthe sample zone.

sanpl e isthe sample number.

hei ght isthe height above the tube bottom to initially place the needle.
dept h isthe depth that the needle is extended into the sample. If dept h is
equal to NOSEEK then no further action istaken. If dept h isnot equal to
NOSEEK then the needle is moved down from the detected liquid level or the
height to the depth. The needle for safety reason will not be placed below the
tube bottom or above the tube top as specified the Gilson rack definition file.

gMove2li gLevel $RackLoc $Sanpl eZone $Sanpl eNunber
$Sanpl eHei ght $Sanpl eDept h

gMove2ligLevel 1 1 10 30 NOSEEK
This example places needle 3 mm from the bottom of the sample tube.
gMbve2ligLevel 1 1 10 180 100

This example moves needle down attempting to detect liquid level using the
Gilson liquid sensor until the liquid is detected or needleis 18-mm above the
sampl e tube bottom. Then the needle is extended down another 10-mm (depth)
into the sample.

gRackZoneSequenceOrder Sample sequencing order by zone

Syntax:
Description:
Arguments:

gRackZoneSequenceOrder rackl oc zone startloc pattern
Defines the sample sequencing order for the rack and zone.

r ackl oc isthelocation of rack on the Gilson bed.
zone isthe sample zone.
st art| oc isthe position of sample number 1 (NW, NE, SW, SE).
pat t er n isthe sequencing pattern (HST, HZZ, VST, VZZ).
HST isthe horizontal straight.
HZZ isthe horizontal zig-zag.
VST isthevertical straight.
VZZ isthevertical zig-zag.
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Examples: gRackZoneSequenceOrder $RackLoc $Sanpl eZone NW HST
gRackSequenceOrder Sample sequencing order by rack
Syntax: gRackSequenceOrder rackloc startloc pattern
Description:  Defines the sample sequencing order for all zones on the rack.
Arguments. r ackl oc isthelocation of rack on the Gilson bed.
st art| oc isthe Position of Sample number 1 (NW, NE, SW, SE).
pat t er n isthe Sequencing pattern (HST, HZZ, VST, VZZ2).
HST isthe horizontal straight.
HzZ isthe horizontal zig-zag.
VST isthe vertical straight.
VZZ isthe vertical zig-zag.
Examples: gRackSequenceOrder $RackLoc NW HST

gRackLocTypeMap Maps the type of rack to alocation on the Gilson 215 bed

Syntax:
Description:

Arguments:

Examples:

ResuneAcq

Syntax:

Description:

Examples:

gPut s
Syntax:

Description:

Examples:
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gRackLocTypeMap rackl oc racktype

Maps the type of rack to alocation on the Gilson 215 bed. These calls are
created by the Gilson program and placeinthe/ vnnr / asni i nf o/ r acks
file.

r ackl oc isthelocation of rack on the Gilson bed.
r ackt ype isthe Gilson rack type (205, 205H, 505, etc).

gRackLocTypeMap 1 205
This example shows that in position one there is a 205 rack.

Allows acquisition to start while Tcl script still runs
ResuneAcq

Sendsasignal to consolethat sample changeiscomplete, thisallowsacquisition
to continue even while the Gilson is still performing other operations.

Any operation must be complete by the time the next sample is to be changed.
Otherwise, unpredictable results will occur.

ResuneAcq

Diagnostic output for Tcl scripts

gPuts "'string' $paraneter \n"

Prints function for diagnostic output. Output is inhibited when Tcl parameter
debug iszero (default). Output isenabled when Tcl parameter debugis1. The
default valueis set within the/ vnnr / asni i nf o/ default file and can be
changed here to enable output.

gPuts "My paraneter value is $nyparameter \n" outputs
My paraneter value is 42.
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chapter 11. PFG Modules Operation

Sectionsin this chapter:
» 11.1 “Configuring the Software,” this page
e 11.2“PFG Amplifier Operation,” on page 372
e 11.3“Shimming PFG Systems,” on page 374
e 11.4"Setting Up Software for Imaging Pulse Sequences,” on page 374
e 11.5“Homospoil Gradient Type,” on page 375
e 11.6 “Gradient Shimming,” on page 376

This chapter covers operation of the Varian Performa pul sed field gradient (PFG) modul es.
The Performall, Performall, Performalll, and Performa XY Z PFG modules add new
capabilitiesto high-resolution liquids experiments on most systems. Only the Performal is
available on the GEMINI and GEMINI 2000. The MERCUYRY series spectrometers
support all Z axis single gradient options. Single-axis systems apply a gradient in B at
programmed parts of the pulse sequence. This gradient can perform several functions,
including solvent suppression and coherence pathway selection. Triple-axis systems can
also perform solvent suppression and coherence pathway select as well asimaging.

The gradient subsystem produces an intense gradient of up to 65 gauss/cm for atime and
then returns to spectroscopic conditions quickly. The relevant parameters are: gradient
strength and stability, duty cycle of the gradient system, and time to recover to
spectroscopic conditions.

The PFG module installation manual coversinstallation, calibration, and test procedures
for PFG modules.

11.1 Configuring the Software

When the PFG module isinstalled, values are set in the CONFIG window for PFG by
selecting from the choices provided. Only choices appropriate for the system are provided
in the CONFIG window. The CONFIG window is opened by entering the conf i g
command. The configuration processis described in the manual VNMR and Solaris
Software Installation.

From the choices made in the CONFIG window, the parameter gr adt ype isset asastring
of three characters (e.g., gr adt ype=' nnp' ):

» Thefirst character isthe gradient for the X axis, the second for the Y axis, and thethird
for the Z axis.

» Eachaxisis' n' (None choicein CONFIG window), ' w (WFG+GCU)," |
(Performal),' p' (Performall/lll)," q" (Performall/lll + WFG),"' t" (Performa
XYZ)," u" (PerfformaXYZ +WFG),' s' (SIS(12hit), or' h' (Homospoail). WFG
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stands for the waveform generation, and GCU stands for the gradient compensation
unit. Homospoil isfunctional only on the Z axis.

Standard PFG operation with the single-axis probe uses the following parameter settings:
e gradtype='nnl"' isfor Performal hardware with only the Z channel available.
e gradtype='nnp' isfor Performall hardware with only the Z channel available.
Performa XY Z operation with the triple-axis probe uses the following parameter settings:
e gradtype="ttt' isfor PerformaXYZ hardware with all three channels available.
e gradtype='nnt' isfor PerformaXY Z hardwarewith only theZ channel available.

After the software is configured, the system is ready to use. Table 51 summarizes the
commands and parameters associated with PFG,

Table51. Pulsed Field Gradients Commands and Parameters

Command
creategtabl e Generate system gradient table
grecovery Eddy current testing
setgcoil <(file)> Assign sysgcoil configuration parameter
updt gcoi | Update gradient coil
Parameters
bor esi ze {number, in cm} Magnet bore size
gcal {number, in G/icm-DAC} Gradient calibration constant
gcoi | {string} Current gradient coil
gmax {number, in gauss’cm} Maximum gradient strength
gr adt ype* Gradientsfor x, y, and z axes
gxmax, gymax, gzmax* Maximum gradient strength for each axis
pf gon* PFG amplifiers on/off control
sysgcoi | {string} System gradient cail
tri se {number, in sec} Gradient rise time
* gradt ype (3-character string from 'n','w','I',p', 'd’, 's,'t','u’,'h")
gxmax, gymax, gzmax {number, in gauss/cm)
pf gon (3-character string from 'n' and'y")

11.2 PFG Amplifier Operation
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The PFG current amplifier isleft on during the experiment, eliminating the need for current
blanking. Although the PFG amplifiers are quiet, they do produce a small amount of
quiescent current, resulting in a shift of the Z1 shimming. The Performa XY Z PFG
amplifier producesasmall amount of quiescent current into each of the X, Y, and Z gradient
coils, resulting in achange to the X1, Y1, and Z1 shimming.

Although leaving the amplifier on to have the shimming stable is a reasonable procedure,
it may be disabled by the global string parameter pf gon to check for noise sources or to
change probes. pf gon isathree-character string with the first character controlling the X
channel, the second controlling the Y channel, and the third controlling the Z channel. The
value for each channel isy or n (e.g., pf gon=" nny" turnsonthe PFG amplifier onthe Z
channel only). A su or go command must be sent to activate pf gon.
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It isuseful to translate the gradient control in DAC units to G/cm by a constant that
represents G/cm-DAC units. The parameter gcal , auser global real-valued parameter,
makes this trandlation.

The amplifier system is well-behaved during power up and other exceptional conditions.
For example, if the consoleison and the current amplifier is subsequently switched on, the
unit warms up but its output isdisabled by theinternal logic. During the setup, theinterface
transmits a zero to the unit. The output is enabled whenever asu or go operation is
requested with pf gon=" nny' . Theenablelogicin the current driver is edge-triggered so
that the output current is not enabled unless an explicit command is sent.

If the amplifier was on and the consol e power cycled or rebooted, the AP bus control of the
enableis off, disabling the current. An su then restores normal functioning. If an
experiment requiring the gradient is started without the su command, the experiment fails.

As an extra safety precaution with Performall systems, pressing the reset button on the
interface board zeroesthe main DAC. Similarly, areset aborts zero but does not disable the
output current. Using pf gon=" nnn' , or setting the amplifier standby switch disables
amplifier output.

PFG amplifiers have a series of lights to enable you to diagnose operation:
» Performal amplifier lights:

POWER Power ison.

ON Amplifier isactive.

ACK AP response.

DATA Flickers when dataiis sent to it, indicating the interface to the amplifier
from the system is working.

ERR Duty cycle exceeded or interna overload.

LOAD Amplifier sees a short or open circuit. Check probe and probe
connections.

» Performall and Performalll amplifier lights:

POWER Power ison.

ON Amplifier is active.

DATA Flickers when dataiis sent to it, indicating the interface to the amplifier
from the system is working.

HITEMP fault: internal thermal overload.

ERROR Duty cycle exceeded.

WARMUP Warming up (operation not recommended).

LOAD Amplifier sees a short or open circuit. Check probe and probe
connections.

» Performa XY Z amplifier lights:

POWER Power ison.

ON Amplifier is enabled.

DATA Flickers when dataiis sent to it, indicating the interface to the amplifier
from the system is working.

PULSE Gradient pulseis active.

ERROR Duty cycle exceeded, open load, or blown coil fuse.
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11.3 Shimming PFG Systems

The proceduresin thisapply tothe Performal, Performall, and the Performa XY Z systems.
Once in operation, leave the amplifier on while using the gradient system, to allow the
amplifier to reach along-term equilibrium.

Performa | and Performa ll

1. Enter pf gon=' nnn' su to turn off the amplifier. Verify adrop in the lock level
from the small dc zero current from the amplifier.

2. Shim the system to the desired level.

3. Enter pf gon=' nny"' su to turn on the amplifier. The shimming changes from the
small dc offset current.

4. Adjust Z1 to restore the homogeneity. The lock level should have identical stability
on the meter.

This two-stage approach is not strictly necessary, but it does separate any problems that
might arise.

Performa XYZ

1. Prepare the amplifier by moving the switch from STANDBY position to ON.

2. Enablethe amplifier by entering pf gon="yyy' gradtype="ttt"' su (or
gr adt ype=" uuu' for PerformaXY Z withwaveshaping). Theyellow RUN lights
turns on. Shim the system to the desired level.

11.4 Setting Up Software for Imaging Pulse Sequences

After the gradient configuration has been selected, to make use of the imaging, obliquing,
and variable angle pulse sequences and pul se sequence statements, calibrate the gradients,
create a gradient table, and set the configuration parameter sysgcoi | to the desired
gradient coil. Each of these stepsis explained in the next sections.

Calibrating the Gradients

Follow the steps in the “ PFG Test Procedure” section in the PFG installation manual to
calibrate the gradients. Calibrate each axis and save the values for the maximum gradient
strength in gauss/'cm. These values will be needed when creating a gradient table.

Creating a Gradient Table

A gradient table should be created for each gradient coil/amplifier combination. Run the
cr eat egt abl e macro, then enter the following information:

e Maximum gradient strength of each axis

» Gradient risetime

» Gradient bore size
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Setting the System Gradient Coil

Once agradient table hasbeen created, it can then be configured in the system. Any number
of gradient tables can be created, although the conf i g program can only handle 30.
Configuring atable in the system means setting the system gradient coil parameter,
sysgcoi | tothenameof thegradient table. Toset sysgcoi | , usethe CONFIG window
or theset gcoi | macro.

 Inthe CONFIG window, select the Gradient window to initially configure the
gradients. Noticethefield for Imaging Gradient Coil. Select the desired table from the
list of choices. If the name does not exi<t, it means a table has not been created. For a
list of configuration items, see the manual VNMR and Solaris Software I nstallation.

» Toconfigureagradient table using set gcoi | , enter set gcoi | (fil e),where
fil eisthefilenameof thetable(e.g.set gcoi | (' t bl ' )). Thisupdatesthevalues
of sysgcoi | andgcoi | aswell asrelated parametersin the current experiment.

After asystem gradient coil has been configured, any experiments that have agcoi |
parameter will automatically be updated whenever that experiment is “joined” or new
parameters are retrieved. When thegcoi | parameter is updated, all the parameters
corresponding to the entries in the gradient table file (gxmax, gynax, gzmax, tri se,
and bor esi ze) are also updated. These parameters are then used by the pulse sequence.
gxmax, gymax, and gzmax, in particular, are used by the obliquing PSG elements to
convert gauss/‘cm to DAC units. To create and set agcoi | parameter for an experiment
parameter set, type updt gcoi | .

11.5 Homospoil Gradient Type

Starting with VNMR 6.1A, it is possible to use homospoil (room temperature Z1 shim coil)
asageneral gradient type. It does not require the use of a pulsed field gradient module and
thusis available on systems without PFG. Homospoil gradients are implemented only on
the Z axis.

When homospoail is switched on in a pulse sequence, the shim current is set to maximum
for agiven period of time. Homospoil control within a pulse sequence is donein the
following manner:

» To use homospail as aquick homogeneity spoil, use hsdel ay. Thisisthetraditional
homospoil method, and is usually done at the beginning of arelaxation recovery delay
(e.g., hsdel ay(d1)). The parameter gr adt ype isignored. See the User
Programming manual for details of how to use hsdel ay.

» To use homospoil as ageneral gradient type, first select the homospoil gradient type.
Enter conf i g and under Gradients select Homospoil (this sets
gr adt ype=' nnh' ). The parameter pf gon isignored, since a separate gradient
amplifier is not needed. Homospoil is then triggered by gradient statements such as
rgradient ('z',gzlvl1).Ifthevaueof gzl vl 1 isnon-zero, homospoil is
switched on; if thevalue of gzl vl 1 iszero, homospail isswitched off. Only onesign
and strength of gradient current is available during a pulse sequence, and is set by
hardware.

Homospoil gradients may be switched on only for alimited period of time, usually 20 ms.
Thistime limit is determined by hardware in YNTYINOVA and UNITYplus systems (see
Table 52 for system configurations). Check your pulse sequences to ensure this time limit
is not exceeded.
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Table 52. Homospoil Control

System Shim Supply Homospoil Time Limit
UNITY|NOVA Varian 14 20 ms/200 m&?

UNITY| NOVA Varian 18 to 40 20 ms/200 ms?P
UNITYINOVA RRI Ultrashims 20 ms/200 m&?
UNITYplus Varian 13 20 mg/200 ms®
UNITYplus Varian 18 to 40 20 ms/200ms®P
UNITYplus RRI Ultrashims 20 mg/200 m&?
UNITY/VXR-S Oxford 18 Weak homospoil?
MERCURY-VX, MERCURY Varian 14 No time limit®
GEMINI 2000 Varian 13 No homospoail

a. Hardware upgrade to 200 ms with the Automated Deuterium Gradient Shimming
moduleis required for compatibility with °H gradient autoshimming.

b. Hardware adjustment required for both 'H and 2H gradient autoshimming. Adjust
homospoil potentiometer resistor labeled HOMO (blue square) on front of Z0/Z1
board to maximum in either direction for maximum homospoil gradient strength.

c. Hardware upgrade required for both *H and 2H gradient autoshimming. Homospoil
gradient strength is too weak for autoshimming without hardware upgrade.

d. Hardware upgrade not available. Homospoil gradient strength istoo weak for
gradient autoshimming.

e. A homospoil time limit of 20 msis set by software for hsdel ay.

The behavior of homospoil gradientsis quite different from that of a pulsed field gradient.
The gradient strength is much weaker than the traditional PFG, and the recovery timeis
much longer because of eddy currents. The strength and recovery of the gradient depends
on the shim coils and system hardware. Typically, these gradients are suitable only for
profile-type experiments and unsuitable for gradient coherence-sel ection experiments such
asGCOSY and GNOESY. For all gradient experiments, pulsed field gradientsare preferred
if available.

Homospoil gradients are suitable for 1H and °H gradient shimming on some systems (see
Table 52 for system configurations). The Automated Deuterium Gradient Shimming
modul e (see Getting Sarted and Accessories Installation manuals) is required on
UNITYINOVA and UNITYplus systems to upgrade the homaospoil hardware for compatibility
with deuterium gradient shimming.

11.6 Gradient Shimming

376

Gradient shimming provides rapid, automatic shim adjustment and appliesto al systems
with PFG or homospoil and gradient shimming software installed.

Proton gradient autoshimming with PFG isavailable on all systems configured with a PFG
accessory. Deuterium gradient shimming is only available on YNTYINOVA, UNITYplus,
MERCURY-VX, and MERCURY systems and not on GEMINI 2000, UNITY, and VXR-S
systems because lock sample and hold capability is required to perform deuterium gradient
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shimming. A hardware upgrade is also required to perform deuterium gradient shimming.
System configuration requirements are summarized in Table 53.

Table 53. Gradient Shim Availability

System Gradient Shim Availability
UNITY|NOVA, UNITYplus 1H or 2H with PFG or Homospoil?
MERCURY-VX, MERCURY I or 2H with PFG or Homospoil®

UNITY, VXR-S, GEMINI 2000 'H with PFG only

a Automated deuterium gradient shimming module required for deuterium
gradient shimming with PFG or homospoil.

b Automated liquids/solids spinner controller and automated deuterium gradient
shimming module required for deuterium gradient shimming.

Configuring Gradients and Hardware Control

1. Confirm that PFG or homospoil gradients are installed on your system. See the
previous sections in this chapter.

2. Confirm that the gradients are active by checking that gr adt ype and pf gon are
set appropriately for your system. Use conf i g to change settings if necessary.

3. If you have the Ultrasnmr shim system, enable control of the shims from the
Acquisition window, as described in the section “ Shimming Using the Ultrasnmr
Shim System” in the manual Getting Sarted.

Gradient Shimming Method

The full gradient shimming method consists of these steps:
1. Maptheshims.
2. Perform autoshimming.

The shims must be mapped before autoshimming is used. Mapping the shimsis necessary
when anew praobe isinstalled, but can be repeated at any time.

Table 54 summarizes gradient shimming commands and parameters.

CAUTION: spinning the sample during gradient shimming can cause motion
artifacts.

Mapping the Shims

Mapping the shimsis necessary after installing anew probe. 90% H,0 isrecommended for
first time shimming on *H and 1%H,0/99%D,0 is recommended for 2H.

1. Insert asample and find lock.
2. Stop sample spinning (spi n=0). Disable sample changer control (I oc="' n").

3. Adjust lock power, lock gain, and lock phase. Make coarse shim adjustmentson Z1,
Z2,X1,and Y1.

4. Uses2pul tofindthe90° pulsefort n="' H1' ort n="1k" , as appropriate.
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Table 54. Gradient Shimming Commands and Parameters

dg2

d2
d3

pl

pw

Commands

gmapshi mg('files'|'quit')>
gnapsys*

gmapz<(mapnane) >

* gmapsys<' shimmp' <,"'auto' |’
Parameters

gr adt ype*

gzl vl {DAC val ue}

gzsi ze {integer,1 to 8}
gzwin {0 to 100}

pf gon{' nny' if on}

Display group of parameters.
Run gradient autoshimming, get files and parameters, quit.
Enter Gradient Shimming System menu, make shimmap.
Get parameterg/files for gmapz pulse sequence.

manual ' | ' overwrite'| mapnane>

Incremented delay for 1st indirectly detected dimension.

Incremented delay for 2nd indirectly detected dimension;
arrayed to two vaues

Gradientsfor x, y, and z axes

Pulsed field gradient strength

Number of z-axis shims used by gradient shimming
Percentage of spectral window used by gradient shimming

First pulse width—If > 0, it is used between the gradient
pulses as a 180 refocusing pulse, and the gradients have the
same sign.

PFG amplifiers on/off control

Pulse width; it can be <90° if p1=0.

gr adt ype {3-character stringfrom'n' ,'w ,' 1" ,'p","'q","'s","t","u ,"h'}
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5. Enter gmapsys to display the Gradient Shimming System menu.

Standard parameters are retrieved from gnapz. par thefirst timegnapsys is
entered, or if a shimmap was previously made, parameters are retrieved from the
current shimmap. If desired, enter gmapz to retrieve standard parameters from

gmepz. par.

6. To set parametersfor aparticular gradient and nucleus, enter gmapsys and click on
Set Params> Gradient, Nucleus, and then click on the appropriate button (Pfg H1,

Pfg H2, Homospoil H1, or Homospoil H2). Next, set pw as follows:
» For PFG, set pwto the 90° pulse or less.
* For homospoil, set pwto 90° pulse and p1 to 180° pulse.

7. Test the parameters. Enter gmapsys and click on Set Params > Go, dssh.

You should see two profile spectra. If you don't, check that the gradients are active

and check pw; t pwr, and gai n.

8. To make ashimmap, again enter gmapsys and click on Shim Maps > Automake

Shimmap. Enter a mapname (any string valid for afile name) at the prompt.

Starting Gradient Shimming

To start shimming as a system administrator, enter gmapsys and then click on Autoshim
on Z. Thisbutton starts gradient shimming using current parameters, and displaysthe curve

fit and shim adjustments for each iteration.

Quitting the Gradient Shimming System Menu

Enter gmapsys and click on Quit to exit from the gmapsys menu system. Thisalso
retrieves the previous parameter set and data, including any data processing done on the

previous data set.
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General User Gradient Shimming
For the general user, gradient shimming can be run from outside gmapsys from any
experiment. Any one of the following methods is recommended for routine use:

» Click on Main Menu > Setup > Shim > Gradient Autoshim on Z. Parameters are
retrieved from the current mapname, which is displayed at the start of shimming, and
the spinner is automatically turned off. The curve fit and shim adjustments are not
displayed. The previous parameter set and data are retrieved when shimming is
finished. This button only functions after a shimmap is made.

» Entergmapshi m Thisperformsthe same action as clicking on Gradient Autoshim
onZ.

» Within automation parameter sets, usewshi n=' g' (YNTYINOVA, MERCURY-VX,
UNITYplus, and MERCURY only).

To stop gradient shimming beforeit is completed, use one of the following methods:

» Click on Main Menu > Setup > Shim > Quit Gradient Shim. Quitting aborts the
experiment and retrieves the previous parameter set and data.

e Entergmapshi m(' qui t') . Thisperformsthe sameaction asQuit Gradient Shim.

» Abort the acquisition with aa and click on Cancel Cmd. Then enter
gmapshi n(' qui t') toretrieve previous data set and parameters.

How Gradient Shimming Works

The basis of gradient shimming is differential phase accumulation from shim gradients

during an arrayed delay. The phase is spatially encoded by a pulsed field gradient. Figure

107 shows the gradient shimming pul se sequence.
pw

| |
I |
I |
81 | i WWJ+

d3 | at/2 +d2| d2 |

| |

| | at + 2*d2
| |

|

Gz L

dG

A B

Figure 107. Gradient Shimming Pulse Sequence
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The gradient shimming pulse sequence in Figure 107 is shown with p1=0, in which case
pwcan besettoasmall flipangle. If p1>0, the pulsefield gradients are both set to the same
sign, and p1 should be set to 1801° and pwto 90°, so that rf inhomogeneities are refocused.
p1=0 isusually sufficient for most cases.

Phase accumulation from all gradients present is as follows:
0=z G(-at/2 +t) + dQd3 + at/2 + 3*d2 + t)

wheret isthetime during acquisition at , Gz isthe z-axis pulsed field gradient strength,
and dGisthe sum of the shim gradient fields, shown as being on during relevant timesin
the pulse sequence.

The effect of the shim gradientsdGcan beisolated by arraying d3 and taking the difference
in the phases:
Ad = ¢2 - ¢1 = dG(d3[2] - d3[1])

For example, at a particular point, Ap can be 2r * 100 Hz* 10 ms, or 2x radians. Thus, a
pair of profiles with different d3 values can be used to calculate the B, field along z.

The effect of any one shim gradient can beisolated by arraying the shim value, represented

by dG and taking the difference in the phase differences:

AAD) = AP2 - APl = d@R*(d3[2]-d3[1]) - dGL*(d3[2]-d3[1])
=(d& - dGl)*(d3[2] - d3[1])

Therefore, two pairs of profiles can be used to map out the effect of ashim. By arraying all
the shim values, a set of phase difference maps or shim field maps can be constructed for a
given shim set. Shimming can then be performed by constructing a background field map
for the starting shim values (A¢) and fitting the result to the shim field maps. The
calculations are quite fast, so the entire shimming process is usualy limited by the data
acquisition time, typically taking only afew minutes.

In practice, the phaseis calculated from ¢=ar ct an( x, y) from the real and imaginary
values at each point in the spectrum, and A¢ is calculated from the difference in the phases
of apair of spectrawith d3 arrayed. Figure 108 shows an exampl e of mapping the z1 shim.

/ background + z1 (A¢2)

\ B /" background (Ap1)

\ )
| \ _ _—— -///
\ P—
N ozl (Ad2- AGL)
//’/////
///7/
P
Figure 108. Mapping the z1 Shim
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How Making a Shimmap Works

Automake Shimmap first runs an experiment that calibratesgzwi n and t of to set the
spectral window. Next, it runs an experiment with the shims arrayed to map the shims, and
processes the experiment when done. Coarse shimsare used if present. The parameters and
datafor the shimmap are stored in the fileuserdir + '/ gshi m i b/ shi mmaps/*
+ mapnane + ' . fi d'.Theseparametersareretrieved the next timegradient shimming
isrun if the gradient shimming system menu is exited.

Displaying the Shimmap

After the shims are mapped, display the shimmap by entering gnmapsys and clicking on
Display > Display Shimmap. The shimmap display isamulticolored plot of the shimmap,
with Z1 as#1 and Z2 as #2, and so on (see Figure 109).

4]

307

- -
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Z0H|
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-3000 -2000 -1000 L] 10000 20000 30000

Fragunency (hz) ws Field (h=z)

Figure 109. Shimmap Plot

The shimmap is specific to the probe used, and can also be dependent on sample volume
for small volumes. The shimmap shows the actual field dependence of the shims, except

for adc offset added for display purposes. Good signal-to-noise in the shimmap is needed
for the shimming to work well. Poor signal-to-noise might result in incorrectly set shims.

Calibrating gzwin (optional)

The parameter gzwi n isthe percentage of the spectral window used in calculating thefield
maps. gzwi n should be adjusted only when making a new shimmap. If this parameter is
not calibrated correctly, you may see excess noise data at the edge of the shimmaps, which
corresponds to the region in the profile spectrum where the signal goesto zero. It isnormal
to have afew noise data points at the edge of the shimmap, but if it is more than afew data
points (greater than 25% of the window), gzwi n may be miscalibrated. This can occur if
thereislow signal-to-noise or if gzwi n has not previously been calibrated for the current
parameter set. If the gain istoo high, “wings’ will appear on the sides of the spectraand
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may resultinmiscalibratedgzwi n. Thiscan also occur if there are multiple chemical shifts
in the presence of aweak gradient.

Automatic Calibration of gzwin

Clicking the Automake Shimmap button causes the following actions:

1. Enter gnapsys and click on Set Params> Find gzwin, which calibratesgzwi n
and setst of to center the window used for calculation.

2. Click onReturn > Shim M aps> M ake Shimmap, which makes the shimmap with
the current values of gzwi n and t of .

You may click through these steps separately to seeif gzwi n is calibrated correctly. The
box cursors at the end of step 1 should be at either edge of the profile.

Manual Calibration of gzwin

Manual calibration of gzwi n may be used to avoid noise spikes in the spectrum, or other
artifacts. To manually calibrate gzwi n, do the following:

1. Click on Set Params > Go, dssh. Wait until the experiment is done.
2. Enter ds, and set the box cursors near the edges of the profile.

3. Enter gmapsys, and click on Set Params > Calculate gzwin.

4. Click on Return > Shim Maps > Make Shimmap.

The parameter gzwi n should be adjusted only when making a new shimmap. The
calibrated value of gzwi n is saved when the new shimmap is saved at the end of the
mapping experiment. The same value of gzwi h must be used in shimming asin making a
shimmap, and should not be adjusted when shimming.

Shimmap Files and Parameters

The parameters and shimmap files saved under a mapname are retrieved when that
mapnameisretrieved. When reinserting a probe, reload the shimmap for that probe. If you
are unsure if the shimmap is correct, make a new shimmap, which typically only takes a
few minutes. The last parameters and files used are automatically retrieved the first time
gmapsys isentered. If gmapsys is entered again, the parameters are not retrieved.
Gradient shimming uses the current parameters after the pulse sequence isloaded
(seqfil =" gmapz').

Standard parameters can be loaded before making a shimmap by entering gmapz or by
using the Gradient,Nucleus menu button. Parameters and files can also be explicitly
loaded and distributed, as described in the following subsections:

Loading a Shimmap
To change shimmaps as a system administrator, do the following:
1. Enter gmapsys.
2. Click on Shim Maps> Shimmap Files> Cd to Userdir.
3. Select afile.
4

Click on L oad Shimmap (loadstheshimmapfilesgshi m | i st andgshi m bas
fromgshi m i b/ shi mmaps/ mapnane. fi dintogshi m i b/ dat a, but does
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not load the parameters) or click on Load Shimmap & Params (loads shimmap
files and parameters).

Thegeneral user can also change shimmapsby enteringgmapshi n(' fil es') fromany
experiment to display the Gradient Autoshimming Files menu, and then clicking on either
the L oad Shimmap or Load Shimmap & Params buttons.

Distributing a Shimmap

The system administrator can copy ashimmap filefromvnnr sys/ gshi m i b/
shi mmaps into thedirectory / vnnr / gshi ml i b/ shi mmaps so that thefileis
accessibleto all users. To copy files, do the following steps:

1. Loginasvnnr 1.

Enter gmapsys.

Click on Shim Maps > Shimmap Files > cd to Userdir.
Select afile.

Click on Copy to Systemdir.

Become the new user to be given access to gradient shimming.
Enter gmapsys.

Click on Shim Maps > Shimmap Files > cd to Systemdir.

© © N o 0o > W DN

Select afile.
10. Click on Load Shimmap.

How Automated Shimming Works

The shims must be mapped before gradient autoshimming is used. See “Mapping the
Shims,” on page 377 for details.

When gradient shimming is run from the grmapsys menu, the curve fit plot is displayed
for each iteration. The plot showstheraw dataas#1 and the curvefit as#2 (see Figure 110).

Shim adjustmentsfor each iteration are al so displayed (see Figure 111) and have converged
whenthermserror number islessthan 1.0. Gradient shimming continues until convergence
or until amaximum of 10 iterations are reached.

If a shim goes out of range, the shim is set to maximum and shimming continues with the
remaining shims. If convergence is then reached, shimming is tried once more with all Z
shims and continues unless a shim goes out of range again.

If the parameter gmap_z1z4 issetto' y' ,thenif gzsi ze isgreater than 4, shimmingis
done first on Z1-74 and then proceeds with all shims specified by gzsi ze. Gradient
shimming takes longer and goes through more iterations, but this may avoid the problem
on some systemswhere ahigh-order shim (i.e. Z5, Z6) goesout of range becauseit contains
impurities from lower-order shims. This parameter may be set at any time while shimming
fromgmapsys. In order to use this parameter in user autoshimming, set it before making
a shimmap, or in the corresponding parameter set ingshi m i b/ shi mmaps.

Deuterium Gradient Shimming

Deuterium gradient shimming is feasible for most deuterated solvents for which lock
solvent has a single, strong deuterium resonance with sufficient signal.
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Figure 110. Curve Fit Plot

mapnane 5mm Triax_01

shinmset 4 gzsize 6 rms err 1.892
Shim O fset ad New Di ff Error
z1 800 - 9405 - 9269 -136 48
z2 800 -3118 - 3104 -14 13
z3 3200 -4356 -4321 -35 37
z4 - 3200 4049 4885 - 836 104
z5 - 3200 13443 14537 -1094 322
z6 3200 -15619 -12568 -3051 467
z7 3200 0 0 0 0
z8 3200 0 0 0 0

Figure111. Display of Shim Adjustments for Each Iteration

The automated deuterium gradient shimming module s required to run deuterium gradient
shimming. If present, this module automatically holds the lock at its current value and
switches the transmitter cable to pulse the lock coil when an experiment is run with
tn="1 k"' . Themoduleis strongly recommended for all users who wish to run deuterium
gradient shimming in automation. See Table 53 for system configurations supported.

The system administrator must make a shimmap on deuterium before deuterium gradient
shimming can be used. Follow the procedure “ M apping the Shims,” on page 377, using the
deuterium signal for al steps, (uset n=" 1 k' for step 4, and select Pfg H2 at step 6). The
transmitter power (t pwr ) should be kept low to avoid probe arcing, with a 90° pulse
greater than about 200 ps.

The recommended parameters for different solvents are shown in Table 55.
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The deuterium parameters are saved for future use when the shimmap is saved, and are used
the next time gradient autoshimming is run.

Table 55. Deuterium Parameters

Gain
Solvent nt dl(sec) Inova Mercury
deuterochloroform  8-32 3 36 18
dmso-d6 4-16 3 28 10
D,O 1-4 3 24 6
deuterobenzene 1-4 3 24 6
deuteroacetone 1-4 6-12 24 6

Note: Actual parameters might vary, depending on solvent concentration, probe, and
system hardware.

Homospoil Gradient Shimming for *H or ?H

Itisalso possible to use the Z1 room temperature shim as a homospoil gradient, instead of
using a pulsed field gradient or PFG. Use of this option is recommended only if a PFG
amplifier or probe is not available. For details on how to configure a homospoil gradient,
seethe section “Homospoil Gradient Type” in the chapter on PFG modul es operation inthe
manual User Guide: Liquids NMR. The system administrator must make a shimmap using
homospoail before homospoil gradient shimming can be used. Follow the procedure in
“Mapping the Shims,” on page 377.

At step 4 select t n as appropriate, set t of on resonance, and then find the 90° pulse. If
deuterium isused, t pwr should be kept low, with a90° pulse greater than about 200 ps.

At step 6, select either Homospoil H1 for proton parameters or Homospoil H2 for
deuterium parameters, as appropriate. Homaospoil gradients must be configured at this step
(useconfi g or set gr adt ype=' nnh').

At step 7, further testing of the gradient shimming parameters for homaospoil can be done
asfollows:

1. Enter gmapsys, and click on Set Params > Go,dssh.

2. Using the 90° pulse from step 4, calibrate the 90° and 180° pulsesto obtain an echo.
Enter df to display the FID. You should see an echo forming in the middle of the
FID.

3. If needed, adjust swso that the gradient covers at least 10% of the spectral window.
Increase np to 512 to improve Hz/point resolution. However, np should be adjusted
sothat at isnot longer than the homospoail timelimit (20 mson standard YN ™Y INOVA
and UNITYplus and 200 ms with the automated deuterium gradient shimming
module). The acquisition time (at ) should also be shorter than T,. Set d2=at / 4.

Onceall the parameters are set, click on Automake Shimmap (step 8). The parametersare
saved when the shimmap is done and are used the next time gradient autoshimming isrun.

To use homospoil deuterium gradient shimming with different solvents, set the parameter
gmap_fi ndt of =" y' . Thisshould be done before making the shimmap, or may be setin
the corresponding parameter setingshi m i b/ shi mmaps. Gradient shimming will then
perform acalibration to find tof before autoshimming starts. Thistakes an extraiterationin
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the shimming procedure, but is essential for homospoil deuterium gradient shimming to
function correctly in automation.

Full Deuterium Gradient Shimming Procedure for Lineshape

The automated deuterium gradient shimming module must be installed to use this
procedure.

1. Insert the appropriate lineshape sample (chloroform in acetone-d6) and find lock.
Turn off spinning and disable sample changer control. Adjust lock power, lock gain,
and lock phase as necessary. Do quick shimming on z1, z2, x1, y1 (use z1c, z2¢, if
present).

2. Find the 90° pulse on 2H as follows:

a. Enters2pul tn="1k"' t pw =42 pw=200.

b. Enter ga and wait for acquisition to finish. Y ou should see only asingleline.
Place the cursor on resonance and enter nl  novet of .

c. Enterarray('pw , 20, 100, 100) . Enter ga and wait for acquisition to
complete.

d. Set pw90 to the first maximum.

3. Set up gradient shim parameters. Enter gnapsys and click on Set Params >
Gradient, Nucleus.

a. If you have PFG, click on Pfg H2, set pwto one half the 90° pulse found in
step 2 and set d1=6.

b. If you have homospoil, click on Homospoil H2, set pwto the 90° pulse, p1
to the 180° pulse, and d1=6.

4. Enter gnmapsys, click on Set Params > Go, dssh, and wait for acquisition to
complete. You should see two profile spectra.

5. Maptheshims. Enter gmapsys and click on Shim Maps > Automake Shimmap.
At the mapname prompt, enter afile name. Wait for acquisition to complete and the
message to be displayed: shi nmap done!

6. Perform shimming on z's. Enter gmapsys and click on Autoshim on Z. Wait for
the acquisitions to complete, and the message to be displayed: Gr adi ent
Aut oshi nmi ng on Z done! N iterations.

7. Enteracqi andadjust lock phase. Shim only onlow-order nonspins (x1, y1, xz, yz,
etc.). Do not shim on z's (z1, 72, etc.).

8. Perform shimming on z's. Repeat step 6.

9. Measure proton lineshape. Turn on spinner if appropriate, and enter acqi to make
fine shim adjustment. Shim on all shims as necessary.

Setting Up Automation

You must have the deuterium gradient shimming modul e installed to perform deuterium
gradient shimming in automation.

1. Find your 90° pulse on deuterium:
e Enters2pul tn='1k' tpw =42 pw=200 gai n=20.
* Enter ga.
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 Array pwto find the 90° pulse.

2. Set the parameters:
e Enter gmapsys.
 Click on Set Params.
* Click on Gradient, Nucleus.

« If you have pulsed field gradient, click on Pfg H2 to select the parameter for
deuterium with pfg. If you have homospoil gradients, select Homospoil H2
instead.

» Sett pwr and pwfor 90° pulse and set gai n as appropriate for your solvent.
* Click on Return, then Go, dssh to test the parameters.

You should see two top-hat profile spectra. Adjust gai n and nt to see good
signal-to-noise with no ADC overflow.

The recommended parameters for different solvents are listed in Table 55.

3. Make ashimmap for aparticular solvent using parameters for good signal-to-noise.
If the solvent you most often use has aweak signal, make the map on a solvent with
more signal. To make the map, click on Shim Maps, then Automake Shimmap.
When prompted, enter a map name.

4. Test autoshimming by entering gnapsys, then click on Autoshim on Z.

When you are satisfied that autoshiming workswell for your particular solvent, open
a shell window and edit the gmapz macro. Go to the bottom of the macro and
uncomment the section appropriate for your solvent (the solvent on which the
shimmap was made). Use parameters asin step 2. Repeat step 2 for all solvents of
interest.

6. Edittheset | k macro and uncomment the section setting | ockpower ,
| ockgai n, and z0 for different solvents (you must first determine the appropriate
values for different solvents).

7. Change the appropriate parameter setsin/ vnnr / st dpar tousewshi m=' g'
spi n="y" spi n=20 (or another appropriate spin value). Useal ock="y" if you
usetheset | k macro.

Note: Useconfi g to set the gradient type to Homospoil or PFG for use in automation.
Setting gr adt ype from the command line does not set the gradient type for
automation.

Suggestions for Improving Results

Calibratethe90° pulseand adjustt pwr , pw, andgai n to optimize signal-to-noise. Reduce
gainif ADC overflow occurs, which may appear as wings on the profile.

For solventswith long T; set d1 to 3to 5times T;, or use asmall flip angle for pw.
Stimul ated echoes may otherwise result, which may appear as excess noise or abeat pattern
in the spectrum, or as secondary echoesin the FID (use df to observethis).

The phase encode delay d3 isarrayed to two values, thefirst of whichis zero. The second
value can be increased for better signal-to-noise in the phase maps, up to about the point
where the amplitude of the second profileis half that of the first (about 2/3 T, without
radiation damping; radiation damping can be severe in water 1H). However, longer d3
valuesincrease the phase excursion, and can makeit difficult to shim large shim corrections
(especially Z1). Typical *H valuesare 5 to 30 ms, and typical 2H values are 30 to 200 ms.
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If the shimsare far off when making a shimmap, the second val ue of d3 might betoo small.
If this problem occurs, decrease the second value of d3 to temporarily one-half to one-
quarter itsvalue.

When reinstalling a probe, make sureit isin the same vertical position in the magnet barrel
as when the shimmap was made. If you are unsure, make a new shimmap, which typically
takes only afew minutes.

Alternate between z-axis gradient shimming and shimming the low-order x- and y-axis
shims by other methods (e.g., on lock level). The z-axis shims account for the majority of
sample volume changes (changes in height), and the x- and y-shims are relatively
insensitive to change in height. Evaluate shimming for a particular application, since the
ideal lineshape may vary with the application.

The high-order shims can sometimes be set off-scale during shimming. This may occur if
the sampleis short, or if the sample isimproperly seated in the probe, or if the high-order
shims are weak or other effects. In such cases, the off-scale shim is set to maximum, and
shimming continueswith lower-order shims. Superior results can be obtained in some cases
by first setting gzsi ze=4 and clicking on Autoshim on Z to shimon z1-z4, and then
shimming the low-order transverse shims, and then increasing gzsi ze and shimming
again. Thismay also be done using gnap_z1z4="y"' . On ashort sampleit also can be
useful to remap the shims.

Some shim systems may need additional time when running the shim mapping experiment
to allow the shimsto settle. The added time is especially noticeable on some systems for
Z4. To account for added time, lengthenthe d1 delay or add dummy scansin between each
array element (e.g., ss=- 2). Decreasing the amount a shim is offset also allows the shim
to settlemorequickly. Enter gnapsys(' vi ') toeditthevaluesinthe Offset column, and
then enter gnapsys(' shi nmap' , ' manual ') to map the shims with user-defined
offsets. A new mapname may also be set using gmapsys(' vi').

Coarse shims are used on systems on which they are available. To use fine shims on these
systems, enter gmapsys(' vi') toedittheentriesinthe shimcolumn (e.g., changez1c
to z1), and then enter gmapsys(' shi mmap', ' manual ') to map the shims.

For samplesin H,0, the water protons provide sufficient signal for shimming. For samples
other than water, deuterium gradient shimming is strongly recommended if thereis
sufficient deuterium signal. Proton gradient shimming can be made to work in samples
other than water if thereis sufficient proton signal and the signal iswell-resolved (does not
overlap with other strong resonances). Gradient shimming can also be done on a water
sample of equal height of the sample of interest, and then the sample of interest can be
inserted.

For further information, refer to the entriesfor gnapshi m gnmapsys, and gmapz inthe
VNMR Command and Parameter Reference.

Gradient Shimming Menus

The top-level gradient shimming menu is the Gradient Shimming System menu, whichis
opened by entering gnapsys.

Set F'ar‘ams| Shim Haps| Autoshim on 2| Set Shim5| Displagl 0uit|

From this menu and submenus, there are buttons to open the following menus:
» Gradient Shimming Setup menu

Go . dsshl Gr‘adient-Nucleus' Find gzwinl Calculate gzwin' Returnl
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 Gradient Nucleus Parameter Setup menu

Pfg H1| Pfg H2| Homospoil H1| Homospoil H2| Return

» Gradient Shimming Map menu

Automake Shimmap| Make Shimmapl Shimmag File5| Current Mapname| Save ns| Return|

 Gradient Shimming Files menu

Cd to User‘dir‘l Copy to User‘dir‘l Load Shimmap| Load Params| Rename| Return

» Gradient Shim Setting menu
0ld Shims| New Shims| Min Shims| Return|

» Gradient Shimming Display menu

dgsl List Shimsl Display Shimmapl Display Fit| Show Recor‘dl F'lotl Return

» Gradient Shimming Plot menu

Print dgs| Print Shims| Plot Shimmap| Plot Fit| Plot bo| Return|

Two other gradient shimming menus are available for the general user:

» Automated Shimming menu. To open, click on Main Menu | Setup | Shims.

Lock ﬁutoshiml Lock Autoshim 2122| Gradient Autoshim on 2| Retur‘nl

» Gradient Autoshimming Files menu. To open, enter gnapshi m(' files').

Cd to Userdirl Copy to Userdirl Load Shimmapl Load Paramsl Renamel Returnl

A description of each menu (in the same order as above), the button or command for
opening the menu, and the action of each button in the menu is given in the following
sections. On all menus, the left mouse button is used to click on the desired choicein the
menu. The other mouse buttons are not active.

Gradient Shimming System Menu

The Gradient Shimming System menu is the top-level menu for gradient shimming setup
and shim mapping. To open this menu, enter gmapsys.

Button Description

Set Params Enter Gradient Shimming Setup menu.

Shim Maps Enter Gradient Shimming Map menu.

Autoshimon Z Start gradient shimming using current parameters. Fit is displayed
with each iteration.

Set Shims Enter Gradient Shim Setting menu.

Display Enter Gradient Shimming Display menu.

Quit Return to previous experiment.
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Gradient Shimming Setup Menu

The Gradient Shimming Setup menu isused for calibrating gradient shimming parameters.
To open this menu, click on Set Up in the Gradient Shimming System menu.

Button Description

Go, dssh Run and display profile spectra.

Gradient,Nucleus Enter Gradient,Nucleus parameter setup menu.

Find gzwin Run a calibration experiment to set parameterst of and gzwi n,

to optimize the spectral window for agiven gzl vl . Pulse length
and gain should be correctly set before using this button.

Calculate gzwin Determinet of and gzwi n from the profile spectrum using
Ccursor positions.

Find tof Run a calibration experiment to set tof. Pulse length and gain
should be correctly set before using this button

Add Params Add parameters for gradient shimming.

Return Return to the Gradient Shimming System menu.

Gradient Nucleus Parameter Setup Menu

The Gradient Nucleus Parameter Setup menu is used for setting parameters according to
type of gradient and nucleus. Recabling may be required to observe *H or ?H nucleus.
Check thevalue of gr adt ype when done. To open thismenu, click on Gradient,Nucleus
in the Gradient Shimming Setup menu.

Button Description

Pfg H1 Set parameters for pulsed field gradient on Ih.
Pfg H2 Set parameters for pulsed field gradient on 2H.
Homospoil H1 Set parameters for homospoil gradient on IH.
Homospoil H2 Set parameters for homospoil gradient on 2H.
Return Return to the Gradient Shimming Setup menu.

Gradient Shimming Map Menu

The Gradient Shimming Map menu is used for making and retrieving shimmaps. To open
this menu, click on Shim Maps in the Gradient Shimming System menu.

Button Description

Automake Shimmap Find gzwi n and then run shimmap experiment.

Make Shimmap Run shimmap experiment.

Shimmap Files Enter Gradient Shimming Files menu.

Current Mapname Show current mapname used for gradient shimming.

Save As Save current parameter set and shimmap files. Enter mapname
when prompted.

Return Return to the Gradient Shimming System menu.
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Gradient Shimming Files Menu

The Gradient Shimming Files menu is used for loading and copying shimmaps. To open
this menu, click on Shimmap Files in the Gradient Shimming Map menu.

Button Description

Cd to Userdir Change directory to user di r shimmap.

or

Cd to Systemdir Change directory to syst endi r shimmap.

Copy to Userdir Copy selected shimmap into user shimmap directory.
or

Copy to Systemdir Copy selected shimmap into system shimmap directory.
Load Shimmap Load files for selected shimmap.

Load Shimmap & Params Load files and parameters for selected shimmap.
Rename Rename sel ected shimmap under a new mapname.
Return Return to the Gradient Shimming Map menu.

Gradient Shim Setting Menu

The Gradient Shim Setting menu sets shim values. To open this menu, click on Set Shims
in the Gradient Shimming System menu.

Button Description

Old Shims Set shims from before first iteration of gradient shimming.

New Shims Set shims from last iteration of gradient shimming.

Min Shims Set shims from minimum rms err in last set of gradient shimming
iterations.

Return Return to the Gradient Shimming System menu.

Gradient Shimming Display Menu

The Gradient Shimming Display menuisused for displaying items associated with gradient
shimming. To open this menu, click on Display in the Gradient Shimming System menu.

Button Description

dgs Display shim parameters.

List Shims Display current mapname and last shim changes.

Display Shimmap Display current shimmap used by gradient shimming.

Display Fit Display shim fit from last iteration of gradient shimming.

Show Record Display record of shim adjustments from last gradient
shimming run.

Plot Enter Gradient Shimming Plot menu.

Return Return to the Gradient Shimming System menu.
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Gradient Shimming Plot Menu

The Gradient Shimming Plot menu is used for printing and plotting shim parameters and
files. To open this menu, click on Plot in the Gradient Shimming Display menu.

Button Description

Print dgs Print shim parameters.

Print Shims Print current mapname and last shim changes.
Plot Shimmap Plot current shimmap.

Plot Fit Plot last iteration shim fit.

Plot b0 Plot bO shim plot.

Return Return to the Gradient Shimming Display menu.

Automated Shimming Menu

The Automated Shimming menu is used for running automated gradient shimming after a
shimmap is made. To open this menu, click on Main Menu | Setup | Shim.

Button Description

Lock Autoshim Start lock autoshim using current et hod.
Lock Autoshim z1z2 Start lock autoshim on z1z2.

Gradient Autoshim on Z Start gradient autoshim on z-axis shims
Return Return to Acquisition Parameter Setup menu.

Gradient Autoshimming Files Menu

The Gradient Autoshimming Files menu is used for loading shimmaps. To open this menu,
enter gmapshin(' files').

Button Description

Cd to Userdir Change directory touser di r shimmaps.

or

Cd to Systemdir Change directory to syst endi r shimmaps.
Current Mapname Show current mapname used for gradient shimming.
Load Shimmap Load files and parameters for selected shimmap.
Load Shimmap & Params Load files and parameters for selected shimmap.
Rename Rename sel ected shimmap under a new mapname.
Return Return to Main menu.
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Sectionsin this chapter:

12.1 “GCOSY—PFG Absolute-Value COSY,” this page

12.2 “GHMQC—PFG HMQC,” page 394

12.3 “GHMQCPS—PFG HMQC, Phase Sensitive,” page 394
12.4*GHSQC—PFG HSQC, Absolute Value or Phase Sensitive,” page 395
12.5“GMQCOSY—PFG Absolute-Value MQF COSY,” page 396

12.6 “GNOESY—PFG NOESY,” page 397

12.7 *GTNNOESY —PFG TNNOESY,” page 398

12.8 “GTNROESY —PFG Absolute-Value ROESY,” page 398

12.9“PFG Selective Excitation,” page 400

This chapter describes pulse sequences used with Varian PFG (Pulsed Field Gradient)
modules. Each pulse sequence has a macro on the system that convertsa 1D S2PUL
parameter set into a parameter set ready to run the PFG experiment named.

The exact numbers used for gradient levels depends on the gradient amplifier and probe.
For this reason, values listed are expressed in terms of gauss/cm.

12.1 GCOSY—PFG Absolute-Value COSY

The gcosy macro sets up parameters for the pulse sequence GCOSY (Pulsed Field
Gradient Absolute-Value Correlated Spectroscopy). GCOSY isavailable on al systems
with the PFG module.

Parameters

Table 56 lists the parameters used in GCOSY.

Table 56. GCOSY Parameters

ql vl 1 (quantum selection level)

gzlvll Gradient amplitude (—32768 to +32767; use 3 gauss/cm)
grise Gradient rise and fall time (in seconds, 0.00001)

gstab Optional delay for stability (in seconds)

gtl Gradient duration (in seconds, 0.002)

phase=1 Selects echo N-type coherence selection (default)
phase=2 Selects anti-echo P-type coherence selection
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12.2

Processing

Process N-type datawith wf t 2d( 1, 0, 0, 1) . Process P-type data with
wft2d(1,0,0,-1). Theoptional ' t 2dc' argument towf t 2d can be useful.

GHMQC—PFG HMQC
The ghngc macro sets up parameters for the pulse sequence GHMQC (Pulsed Field

Gradient Heteronuclear Multiple-Quantum Correlation). GHMQC is available on all
systems with the PFG module.

Parameters
Table 57 lists the parameters used in GHMQC.

Table57. GHMQC Parameters.

grise Gradient rise and fdl time (in seconds; 0.00001).
gst ab Optional delay for stability (in seconds).

gtl Gradient duration (in seconds, 0.001).

gt2 Gradient duration (in seconds, 0.001).

ogt3 Gradient duration (in seconds, 0.001).

gzl vl 1* Gradient amplitude (-32768 to +32767).

gzl vl 2* Gradient amplitude (-32768 to +32767).

gzl vl 3* Gradient amplitude (-32768 to +32767).

j 1JXH (in Hz, 140 typical for 1H-13C).

pwWx Decoupler pulsed pw90.

pwx| vl Decoupler pulse power level.

* For more information, see the text in the section that contains this table.

gzl vl 1,9zl vl 2,and gzl vl 3 andtheir times(gt 1, gt 2, and gt 3) can eventually be
fixed in their relationship (i.e., 2: 2: - 1, 0: 4: - 3, etc.).

For 13C, try gzI vI 1=10 (gauss/cm), gt 1=0. 002, gz| vI 2=10 (gauss/cm)
gt 2=0. 00, gzl vl 3=5 (gauss/cm), gt 3=0. 002, array gzl vl 3 for maximum signal.

Processing

If gzl vl 3 isthesamesignasgzl vl 1 and gzl vl 2 (N-type data), process with
wft2d('t2dc').

If gzl vl 3 isoppositeinsigntogzl vl 1 and gzl vl 2 (P-type data), process with
wift2d('t2dc', ' ptype') . Thesequence setsthree gradients, all separately.

12.3 GHMQCPS—PFG HMQC, Phase Sensitive

394

The ghngcps macro sets up parameters for GHMQCPS (Pulsed Field Gradient HMQC,
Phase-Sensitive Version). Note that GHMQCPS does not do gradient HMBC. Features of
this pul se sequence include:

» Two gt 1'sprecede and follow d2, instead of follow and precede X 90's.
» TANGO pulse followed by a homospoil gradient precede the actual sequence.
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e sspul optionincluded.
» FAD on both first X 90 and first X 180.
» Two-step phase cycling on X 90's.

GHMQCPS is available on all systems, except MERCURY-VX, MERCURY, and
GEMINI 2000, with the PFG module.

Processing

Usewft 2d(1,0,1,0,0,1,0,-1) withrp andl p thesameasins2pul spectrum.
rplandl pl will becloseto zero. (Wf t 2dnp can aso be used with the “usual” 45° shift
infl and f2).

Recommendations

For small moleculein H,0 and 3C:
gzl vl 1=10000
gt 1=0. 001
gzl vl 3=5025
gt 3=0. 001
gst ab=0. 0005
hsgpwr =10000

hsgt =0. 005
nt =1 per inc. (FADedaxials, though substantially reduced compared to original
ghngcps).

nt =2 per inc. (nosignificant axials or FADed axials even with high
concentration samples, recommended).

nt =4 per inc. (moreimprovementin axial suppression).

12.4 GHSQC—PFG HSQC, Absolute Value or Phase Sensitive

Theghsqc<(nucl eus) > macro sets up parameters for the pul se sequence GHSQC
(Pulsed Field Gradient Heteronuclear Single-Quantum Correlation), absolute value or
phase sensitive. The optional argument nucl eus is 13C or 15N (e.g.,ghsqgc(15N)).
GHSQC isavailable on all systems, except MERCURY-VX, MERCURY, and GEMINI 2000,
with the PFG module.

Parameters
Table 58 lists the parameters used in GHSQC.

Gradients need to maintain an approximately 4:1 (13C) or10:1 (15N) ratio. The exact value
can be determined from aratio of the gyromagnetic ratios of the nuclei. The ratio can be
controlled with either amplitude or time.

For 13C, try gzl vl 1=20 (gauss/cm), gt 1=0. 002, gzl vl 2=20 (gauss’cm),
gt 2=0. 0005.

For 1N, try gzIl vl 1=30 (gauss/cm), gt 1=0. 0025, gzl vl 2=15 (gauss/cm),
gt 2=0. 0005.
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Table 58. GHSQC Parameters

bi gt Constant time for X evolution (try 3 milliseconds).

dnf Decoupler modulation frequency for 1st decoupler; controlled by dpwr .
dpwr Power level for decoupling.

1180 y/n flag for 1/2 dwell starting t; evolution delay.

gtl First gradient duration.

gt2 Second gradient duration.

gzl vl 1* First gradient power level.

gzl vl 2* Second gradient duration.

j One-bond heteronuclear coupling constant (140 for 13C, 90 for 1°N).

nt Number of transients; works with nt =1, but 2 or higher improves data.
phase=1 Use to generate an absol ute-value data set.

phase=1,2 Useto select N,P-type selection (to be sorted later).

pWX Pulse width for hard decoupler pulses.

pwx| vl Decoupler power level for hard decoupler pulses.

sat node Saturation mode; ' y' for transmitter presaturation.

satdly Presaturation delay used if sat node="y" .

satfrq Frequency desired for presaturation.

sat pwr Presaturation power.

* For more information, see the text in the section that contains this table.

Processing

Usewft 2d('t2dc',1,0,1,0,0,1,0,-1) forphase=1, 2 (phase up thefirst
increment). Thet 2dc argument isoptional. If the peaks appear to be reversed along the Fq
axis, multiply the last half of the coefficientsby - 1 to producewf t 2d( 1, 0, 1, 0, O,
-1, 0, 1) . This sequence depends on the sign of the gradients used and on the order of
phase (phase=1, 2 versusphase=2, 1).

Use wft2d(1,0,0,1) forphase=1.

12.5 GMQCOSY—PFG Absolute-Value MQF COSY

396

Thegngcosy macro sets up parametersfor the pul se sequence GMQCOSY (Pulsed Field
Gradient Multiple-Quantum Filtered Correlated Spectroscopy). GHMQOSY is available
on al systems with the PFG module.

Parameters
Table 59 lists the parameters used in GMQCOSY.

Gradient levelsfor organic samples: try gzl vl 1=10 (gauss/cm), gt 1=0. 003. Gradient
levelsfor H20 samples: try gz| vl 1=10 (gauss/cm), gt 1=0. 008

Processing

Process N-type datawith wf t 2d( 1, 0, 0, 1). Process P-type data with
wft2d(1,0,0,-1).Theoptional ' t 2dc' argument to wf t 2d can be useful.
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12.6 GNOESY—PFG NOESY

Table59. GMQCOSY Parameters

ql vi 2 (quantum selection level for DQF COSY).

gri se Gradient rise and fall time (in seconds, 0.00001).

gst ab An Optional delay for stability (in seconds).

gt Gradient duration (in seconds, 0.001).

gzl vl 1* Gradient amplitude (use 10 to 15 gauss/cm becauseit is
multiplied by gl vI +1).

phase=1 Selects echo N-type coherence selection (thisis the default)

phase=2 Selects anti-echo P-type coherence selection.

* For more information, see the text in the section that contains this table.

12.6 GNOESY—PFG NOESY

The gnoesy macro sets up parameters for the pulse sequence GNOESY (Pulsed Field
Gradient Nuclear Overhauser Effect Spectroscopy), absolute value or phase sensitive.
GNOESY isavailable on al systems with the PFG module.

Parameters

Table 60 lists the parameters used in GNOESY.
Table 60. GNOESY Parameters

grise Gradient rise and fall time (in seconds; 0.00001).

gstab Optional delay for stability (in seconds).

gtl Gradient duration (in seconds, 0.003).

gt2 Gradient duration (in seconds, 0.012).

gt3 Gradient duration (in seconds, 0.003).

gzl vl 1* Gradient amplitude (-32768 to +32767; use 30 gauss/cm).
gzl vl 2* Gradient amplitude (-32768 to +32767; use 30 gauss/cm).
gzl vl 3* Gradient amplitude (-32768 to +32767; use 30 gauss/cm).
phase=1 Selects echo N-type coherence selection (phase=1 is default);
phase=2 Selects antiecho P-type coherence selection;

phase=1, 2 Selects phase-sensitive acquisition (N,P).

* For more information, see the text in the section that contains this table.

For organic samples, try gzl vl =gzl vl 2=gzl vl 3=10 (gauss/cm),
gt 1=gt 3=0. 003, gt 2=0. 012.

For H,0 samples, try gzl vl 1=gzl vl 2=gzl vl 3=30 (gauss/cm),
gt 1=gt 3=0. 003, gt 2=0. 012.

Processing

Process N-type datawith wf t 2d( 1, 0, 0, 1) ; process P-type data with
wft2d(1,0,0,-1).Theoptional ' t 2dc' argument to wf t 2d can be useful.
Process phase-sensitive data (phase=1, 2) withwft 2d(1, 0,0, 1,0, 1, 1, 0).
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12.7 GTNNOESY—PFG TNNOESY

The gt nnoesy macro sets up parameters for the pulse sequence GTNNOESY (Pulsed
Field Gradient TN Nuclear Overhauser Effect Spectroscopy), absolute value or phase
sensitive (includes optional presaturation). GTNNOESY isavailable on all systems, except
MERCURY-VX, MERCURY, and GEMINI 2000, with the PFG module.

Parameters
Table 61 lists the parameters used in GTNNOESY.

Table61. GTNNOESY Parameters

grise Gradient rise and fdl time (in seconds; 0.00001).

gstab Optional delay for stability (in seconds).

gtl Gradient duration (in seconds, 0.003).

gt2 Gradient duration (in seconds, 0.012).

gt3 Gradient duration (in seconds, 0.003).

gzlvll Gradient amplitude (—32768 to +32767; use 30 gauss/cm).

gzlvl 2 Gradient amplitude (—32768 to +32767; use 30/gauss/cm).

gzl vl 3 Gradient amplitude (—32768 to +32767; use 30 gauss/cm).

phase=1 Selects echo N-type coherence selection (phase=1 isthe default);

phase=1, 2 Selects phase sensitive acquisition (N,P).

phase=2 Selects antiecho P-type coherence selection;

satdly Length of saturation during relaxation delay.

sat node Saturation mode. Use analogously to dm(i.e., sat nrode=' nnn' ,
sat node=' ynn',or sat node='yyn' (recommended)).

sat pwr Power level for solvent saturation

For organic samples, try gzl vl 1=gzl vl 2=gzl vl 3=10 (gauss/cm),
gt 1=gt 3=0. 003, gt 2=0. 012.

For H,0O samples, try gzl vl 1=gzl vl 2=gz| vl 3=30 (gauss/cm),
gt 1=gt 3=0. 003, gt 2=0. 012.

Processing

Process N-type datawith wf t 2d( 1, 0, 0, 1) . Process P-type data with
wit2d(1,0,0,-1).Theoptional ' t 2dc' argument to wf t 2d can be useful.

Process phase-sensitive data (phase=1, 2) withwt 2d(1, 0,0, 1,0, 1,1, 0).

12.8 GTNROESY—PFG Absolute-Value ROESY

398

The gt nr oesy macro sets up parameters for GTNROESY pulse sequence (including
optional presaturation). GTNROESY is available on all systems, except MERCURY-VX,
MERCURY, and GEMINI 2000, with the PFG module.

Parameters
Table 62 lists the parameters used in GTNROESY.
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12.8 GTNROESY—PFG Absolute-Value ROESY

Table 62. GTNROESY Parameters

d2corr* Empirica correction, in us, of d2 (dependent on effective field of spin
lock, i.e, t pwr and/orr ati o).

grise Gradient rise and fall time (in seconds, 0.00001).

gstab Optional delay for stability (in seconds).

gtl Gradient duration (in seconds, 0.0015).

gt2 Gradient duration (in seconds, 0.0015).

gzlvll Gradient amplitude (-32768 to +32767; use 3 gauss/cm).

gzl vl 2 Gradient amplitude (-32768 to +32767; use 3 gauss/cm).

m x Mixing time.

nt Set to 1 (min.), multiple of 2 (max.), multiple of 8 (recommended).

pl 90° pulse on protons (power level at p1l vl ).

pll vl Power level for the pl pulse.

phase=1 Selects P-type coherence selection (phase=1 is the default);

phase=2 Selects N-type coherence selection.

phase=1, 2 For f, quadrature by hypercomplex method (usesf, axia peak
displacement)

phase=3 For f, quadrature by the TPPI method.

pw Small (30°) pulse on protons (active only if rat i o > 0). If pw=0, pwis
settopl/ 3

ratio t au/ pw (uses CW transmitter lock if r at i o is zero).

rocomp='n' Sets no resonance offset compensation.

roconmp="y" Sets resonance offset compensation (recommended).

satdly Length of saturation during relaxation delay.

sat node Saturation mode. Use analogoudly to dm(i.e., sat node=' nnn' ,
sat node='ynn',orsat node='yyn' (recommended)).

sat pwr Power level for solvent saturation

sspul ='y' Selectsfortrim(x)-trimy) sequence at start of pulse sequence.

t pwr Power level for the spin lock pulse(s).

* For more information, see the text in the section that contains this table.

d2cor r can be determined fromthel p1 and swl values of a properly phased spectrum
by d2corr=(1 pl*1e6)/(360*swl) . Notethat d2cor r seemsto be dependent on
swl. They are actually independent because changesin swl result in corresponding
changesin| p1, which makestheir ratio constant.

Do thefollowing stepsto find d2cor r sothat | p1=0, which gives better baselinesin f;:

1. Runagt nroesy experiment with d2cor r set either at O or at avalue found
previously (nt and ni can be smaller, and the spectrum can be transformed early to
do step 2).

2. Phasetheresulting spectruminf,. Determinel p1 and calculated2cor r from the
relationshipd2corr=(1 p1*1e6)/ (360*swl).

3. Addthisvauetothevalueof d2corr usedinstep 1.
4. Rerun the experiment—I p1 should be close to zero.
5. Notethisvaluefor any future experiment with the samevalueof t pwr andr at i o.

Use of any method to make | p1=0 will result in adc offset of f; slices. This should be
removed by dc2d(' f 1' ) after the 2D transform. Enough noise should be |eft on the
edges (in ;) to permit this dc correction.
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Processing

Process N-type datawith wf t 2d( 1, 0, 0, 1) ; process P-type data with
wft2d(1, 0,0,-1).Theoptional ' t 2dc' argument to wf t 2d can be useful.

12.9 PFG Selective Excitation

400

Thesel exci t macro sets up parameters for PFG selective excitation with apr esat
option. Selective excitation is based on double PFG spin-echo, also known as excitation
sculpting. Available on all systems, except GEMINI 2000, with the PFG module.

Parameters
Table 63 lists parameters used in PFG selective excitation.

Table 63. Selective Excitation Parameters

otl Echo gradient during DPFGSE; typica valueis0. 00025.

gt2 Echo gradient during DPFGSE; typica valueis 0. 0005.

gzlvl 1l Echo gradient during DPFGSE; typica valueis 8000.

gzl vl 2 Echo gradient during DPFGSE; typica valueis 5000.

hsgpwr Homospoil gradient during DPFGSE.

pwshape Selective proton, shape; values are typically created by Pbox.

sel pw Selective proton, pulse width; values are typically created by Pbox.
sel pwr Selective proton, 180 power; values are typically created by Pbox.

Presaturation option isincluded (usingsat f | g, sat dl y, sat f r g, and sat pwr ).

Reference
Shaka, et.al J. Am. Chem. Soc. 1995, 117, 4199.

VNMR 6.1C User Guide: Liquids NMR 01-999161-00 C1002



Symbols

* notation in deconvolution, 206
+ mark by peak, 124
.Pbox_defaults file, 233
.Pbox_globalsfile, 233

[] (brackets) notation, 32

Numerics

10-mm sample tubes., 281
1D experiments, 71
1D pulse sequences, 71
1D water suppression, 85
2D Display Main Menu, 115, 121
2D Display Projection Menu, 115
2D DOSY experiment, processing, 53
2D DOSY sequences, 49
2D DOSY spectroscopy, 49
2D Exchange experiment, 153
2D FID matrices, 164
2D NMR, 87
2D Peak Picking menus
Automatic, 121, 122, 125, 126
Display, 122, 124, 127
Edit, 121, 123, 125, 126
Edit Secondary, 126
File, 121, 124, 127
Main, 121, 122
3D DOSY experiments, 56
processing, 58
3D NMR, 127—132
4D data acquisition, 132
4-nucleus probes, 170
4-ply selective inversion pulses creation, 240
50-sample tray, 281
5-mm sample tubes, 281

A

aacommand, 298
Abort Acquisition button, 298
aborting
acquisition in automation mode, 298
absolute-value color set, 113
Absolute-Value COSY pulse sequence, 136
absolute-value mode, 89, 107
absorption mode, 90
acetone in coolant bucket, 263
acosy command, 113
acosyold command, 113
Acgmeter display, 262
acqqueue directory, 310
acqstatus parameter, 266, 308
acquiring data on standard test samples
VAST, 354
acquisition
block processing, 308
codes, 308
macros, 302
mode, 128
order of events, 302
status window, 91
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acquisition computer

state, 310
acquisitioninfo file, 310
add button, 215
add command, 212
add FID to add/subtract experiment, 212
Add/Sub button, 214
add/subtract buffer file, 211
add/subtract experiment, 211
Add/Subtract Menu, 211
addi command, 214
addition and subtraction of data, 211
additive weighting constant, 95
addpar macro, 88, 103, 104, 121, 132
adept command, 79
adiabatic decoupling, 240
adiabatic rf sweep waveform creation, 228
Adjust button, 123, 123, 126
air conditioning cycling, 266
Air valve, 361
afaparameter, 97
amplifier lights on PFG amplifiers, 373
amplifier operation for PFG, 373
amplifiers used with indirect detection, 171

amplitude functions, writing expressions for, 235

amplitude modulated data, 102
analyze command, 44, 217
analyzeinp file, 43
analyzelist file, 217
analyze.out file, 217, 218
angled brackets (<>) notation, 27
apt macro, 72
APT pulse sequence, 72
aptaph macro, 73
Arm Z scale (mm), 361
aromatic solvents in coolant bucket, 263
array for a parameter, 30
array macro, 32
array of 1D spectra, VAST, 323
array of data, 30
array parameter, 32, 131
arraydim parameter, 34, 213
arrayed 1D experiment, 87
arrayed 2D and 3D, 90
arrayed 3D data set, 105
arrayed temperature operation, 267
arrayed VT experiments, 264
arraying order and precedence, 32
asize macro, 107
ASM-100 sample changer, 269
assign macro, 201, 204
assign nearest calculated transitions, 204
Attached Proton Test, 72
attn parameter, 237
au macro, 302, 303
auto assign button, 204
Auto button, 122
auto command, 297
auto_au macro, 298, 302
autodept macro, 79
autodir variable, 297
autogo

command, 297, 297

VAST automation, 316
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autoinfo file, 309
autolocking
enhancements, 304
Automake Shimmap button, 381
automated shimming, 383
Automated Shimming menu, 389, 392
automatic
2D peak picking, 118, 125
analysis of COSY dataset, 113
automatic gain, 33
automatic sample changer accessory, 269
automatic teller machine (ATM) cards caution, 25
automation
filesthat control VAST operation, 363
VAST, 316
automation acquisition codes, 308
automation directory, 296, 308
automation file, 297
automation mode, 269, 298
automation run, 269
actions when finished, 299
adding samples during progress, 294
entering samples, 290, 297
experiment files, 296
interacting with acquisition, 298
multiple users, 290, 297
parameters, 299
starting, 297
starting arun, 296
autoname parameter, 299, 309
autoscale macro, 36, 218
autoscaling, 36
Autoshim on Z button, 378
autoshimming, enhancements, 304
avl command, 107
awc parameter, 95
awcl parameter, 95
awc2 parameter, 95
axial artifacts, 179
axislabeling, 131
axis parameter, 109

B

background operation, 129

Backup button, 127

Backup File button, 124

backwards linear prediction, 106

baseline correction, 53, 98, 107

baseline spikes, 262

bc command, 98, 107

bearing air supply, 265

bilinear rotation decoupling, 177

binary pesk file, 119, 119, 124, 127

binom macro, 73

BINOM pulse sequence, 73

binomial water suppression, 73

biopolymer, 164

bipolar pulse pair stimulated echo experiment,
DOSY, 50

bipolar pulse pair stimulated echo INEPT
experiment, DOSY, 52

BIRD pulse nulling effect, 177

Bloch equation calculations, 224
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Bloch Simulation subwindow, 226
Bloch simulator, 230, 237
boresize parameter, 375

Both button, 122

Box button, 115, 122, 123, 214
brackets ([]) notation, 32
broadband probes, 170

Bruker FID data, 103

bs parameter, 33

bscor parameter, 237

bsim parameter, 237

bw parameter, 238

C

¢13p macro, 303
CI13WET
VAST, 319
calculate
simulated spectrum, 203
theoretical spectrum, 199
calculated transitions file, 203
calculated transitions intensity, 203
calculating
field maps, 381
calfamacro, 97
calibrate
flow rate parameters, VAST, 351
probe volume, control data set, VAST, 346
probe volume, control verification using liquid
handler, 347
probe volume, finding optimum value, 349
probe volume, VAST, 345
pulse width, 35
sample temperature curve, 264
sample volume, VAST, 350
volumes and flow rates, VAST, 345—354
XYZ coordinates of the rinse station, 354
calibrations for carbon indirect detection, 185
calibrations for nitrogen indirect detection, 197
Calibrations pane, gilson window, 355, 361
Cancel button, 115, 117
cancellation efficiency, 179
Carousel autosampler, 269
adjusting gject air, 274
adjusting sample float height, 274
error codes, 279
loading and unloading samples, 275
locked mode, 272
mounting the carousel, 273
removing the carousel, 273
run mode, 272
using the carousel, 270
Carr-Purcell Meiboom-Gill T2, 74
carryover
evaluating, 355
cautions defined, 23
cdc command, 98
center command, 107
centersw macro, 112
centerswl macro, 112
centersw2 macro, 127
cexp macro, 29
cfpmult macro, 98
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change bar, 28
change samples
automatically from the LCNMR/STARS pane,
VAST, 316
manually, VAST, 314
using the enter program, VAST, 315
VAST, 314
chemical shift analysis commands, 221
chemical shifts, 202
chlorinated solvents in coolant bucket, 263
CJ compensator, 266
clamacro, 203
claparameter, 202
clamp parameter, 203
class C amplifier systems, 171
cleanexp macro, 303
clear
add/subtract buffer, 212
file of line assignments for iteration, 203
Clear button, 123
clfreq parameter, 202
clindex parameter, 203
clradd command, 212
coef file, 131
cold junction (CJ) compensator, 266
color intensity and CombiPlate, 333, 335
color intensity map, 110
color/grayscale adjustment bar, 113
combine all peaks within an area, 123
Combine button, 123
combine peaks, 120
CombiPlate
analyzing data, 336
and integral region colors, 333
dataanaysisand VNMR, 332
datafor analysis without VNMR, 334
fixing the color map, 336
preparing VNMR data for analysis with, 331
using for data analysis, 331—337
combiplate, command in UNIX window, 337
combishow, 332, 337
commands
chemical shift analysis, 221
DOSsY, 54
comment assigned to peak, 120
Comment button, 124, 126
common coefficients for wft2d processing, 102
common solvents, typical flow ratesfor, 353
completed transients, 91
complex FT processing, 103
complex interferograms, 99
composite pulse creation, 228
configure VNMR for the VAST accessory, 344
contour plot, 110
control data set for probe volume calibration, 346
control temperature, 265
conventions used in manual, 27
convertbru command, 103
coolant bucket, 263, 265
copying current binary peak file, 124
correct spectral drift, 99
corrected-difference spectroscopy, 210
Correlated Spectroscopy, 139
correlation anaysis, 216
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COsY
acquisition procedure, 89
data automatic analysis, 113
data symmetrization, 112
pulse sequence, 139
COSY experiment, 137
phasing, 95
cosy macro, 89, 139
cosyps macro, 139
COSY PS pulse sequence, 139
coupling constants, 202
cpmgt2 macro, 74
CPMGT?2 pulse sequence, 74
cptmp macro, 303
cpx macro, 230, 241
cr parameter, 112
crl parameter, 112
cr2 parameter, 127
create
2D parameters, 88
2D peak picking parameters, 121
3D coefficient file, 131
3D parameters, 104, 128
4D parameters, 132
experiment, 29
shaped rf pulses, 228
waveforms, 228
creating
ashapefile, 256, 256
creating a pseudo 2D data set
fromaVAST data set, 323
using vastglue, step by step example, 325
credit cards caution, 25
crl command, 112
crl1 command, 112
crl2 macro, 127
crof2 macro, 97
ct parameter, 33, 91
current experiment, 30
current FID number, 91
current transition assignments, 204
cursor
move to center of spectrum, 112
position, 112
Cursor button, 115, 122, 123, 214
custom display order, VAST data, 327
customizing macro operation, 302
cycled difference NOE experiment, 75
cyclenoe macro, 75

D

dO parameter, 239

d1 parameter, 239

d2 parameter, 88, 90, 91, 127, 128, 130, 239
d2pul macro, 76

D2PUL pulse sequence, 76

d3 parameter, 104, 127, 128, 130, 130
d4 parameter, 132

dacommand, 31

dadisplay, 88

dac_p2 parameter, 40

dac_x parameter, 42

daslp parameter, 104
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data processing

creating apseudo 2D display formaVAST data

set, 323
FDM, 66
glued VAST data sets, 326—327
VAST data sets, 323—327
data processing type, 91
data systems for indirect detection, 172
datatables, 90
Dbppste experiment, 50
Dbppsteinept experiment, 52
dc command, 97, 98
dc correction, 98
dc2d command, 99, 107
dcg parameter, 98
dcon command, 110
dconi command, 113, 130
dconi parameter, 114
dconn command, 110
dcyc parameter, 238
Deconvolution menu, 208
deconvolution of spectrainto individual lines, 205
decoupler
as transmitter, 76
channel, 170
decoupling patterns creation, 228
decoupling power control, 185
defining integral regions, 41
delete
all peak bounds, 120
all peaks, 123
experiment, 29
peak bounds, 123
peak nearest cursor, 120
peak nearest the cursor, 123
spectrafromfile, 36
delexp macro, 29
dels command, 36
delta2 parameter, 127
DEPT data processing, analyzing, plotting, 79
dept macro, 77
DEPT pulse sequence, 77
dept.out file, 79
deptgl macro, 79
DEPTGL pulse sequence, 79
deptproc macro, 80
deshapei macro, 242
detected spectral axis, 109
detection time, 88
df2d command, 111
dg, 88
dg2 macro, 105
dga command, 203
Dgcstecosy experiment (AV mode), 57
Dgcstehmgc experiment (AV mode), 57
DgcsteSL experiment, 51
dglp macro, 106
dgs macro, 262
diagonal peaks exclusion, 120
diagonally arrayed parameters, 32
diffusion
coefficient, 43
measurements, 38
ordered spectroscopy, 46
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projection, showing, 56
digitization of lineshapes, 205
dispersion tails, 93
display

3D plane, 132

3D processing parameters, 105

arrayed parameter values, 31

connectivities, 113

experiment library, 29

exponential curves, 36

file of line assignments for iteration, 203

full 2D display, 117

full screen, 107

grid lines, 110

image, 110

line assignmentsfile, 204

next plane, 130

non-whitewashed stacked spectra, 111

peak bounds, 124

peak label, 125

peak marked with +, 124

peak number, 124

peaks on top of spectrum, 118

polynomial curves, 36

previous plane, 130

projection of data on plane, 132

second cursor, 116

shaped rf pulses, 223

simulated spectrum, 203

simulation parameter file, 203

spectra with whitewashing, 111

spectrum from array, 33

stacked 3D spectra, 111

subset of 3D planes, 130

theoretical spectrum, 207

trace at cursor position, 117

traces, 118
Display button, 122
display limits, 107
display mode parameter, 107
Display Shimmap button, 381
Distortionless Enhancement by Polarization

Transfer, 77
dlamacro, 203, 204
dialong command, 204, 204
dll command, 204
dmg parameter, 107
dmgl parameter, 107
dmg2 parameter, 127
doff parameter, 83
doneQ file, 296, 298, 298, 309, 310
Doneshot pulse sequence, Tcl-Tk acquistion panel,

50
DOSY experiments, 46—27
dosy macro, 54
DOSY tools, 47
dot1 command, 36
double PFG spin-echo, 400
Double RELAY-COSY pulse sequence, 136
Double-Quantum Filtered COSY, 141
Double-Quantum Transfer Experiment, 150
downfield peak shift, 104
dpcon command, 110
dpconn command, 110
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DPFGSE pulse program, 243

DPFGSE pulse program listing, 244, 245

dplane macro, 130, 132

dprofile macro, 231, 242

dproj macro, 132

dpwr parameter, 185

dgcosy macro, 141

DQCOSY pulse sequence, 141

dres parameter, 236

drift correction, 132

drift correction calculation, 99

dry nitrogen gas, 262, 265

ds command, 33, 95, 106, 118, 239

ds2d command, 111

ds2dn command, 111

dshape macro, 259

dshapef macro, 230, 242

dshapei macro, 259

dsp command, 203, 207

dsplanes macro, 130

dss command, 34, 111

dssacommand, 34

dssan command, 34

dssh command, 34

dsshn command, 34

dssl macro, 34, 111

dssn command, 34

dsvast, 326, 337

dsvast2d, 326, 338

dsww command, 111

dual-broadband system, 170
recabling for indirect detection, 183

dutycycle variable, 40

E

E-BURP-1 shaped pulse, 239
echo experiment, 41
Edit button, 122, 125
gject air adjustment, 274
elements

gradient stimulated echo, 47
energy level table, 203

enter command, 290, 295, 297, 297, 300, 301, 302

enter programming selections, 300
enter window

customizing, VAST, 362
enterQ file, 296, 298, 298, 298, 302, 309
error codes, 279
error messages, 284
error processing, 303, 308
ethylene glycol for VT calibration, 266
evaluating

carryover, 355
evolution time, 88
exchanger cail, 263
excitation bandwidth parameter, 256
excitation offset parameter, 256, 256
excitation sculpting, 400
exclude diagonal peaks, 120
expl command, 45
Expand button, 115, 117, 122, 215
expanded display, 117
experiment
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library, 29

method, 295

parameter list, 302

queueing, 269

status on sample changer, 291
experiment 5 (exp5), 211
experiment, indicating first, 256

experimental frequency index of atransition, 203

experimentd linelisting limits, 204
experiments
2D DOSY, setting up, 49
3-D DOSY, 56
3D-DOSY, setting up, 56
Dbppste, 50
Dbppsteinept, 52
Dgcstecosy (AV mode), 57
Dgcstehmgc (AV mode), 57
DgcsteSL, 51
DOSY, 46
oneshot DOSY, 52
expfit command, 217
expl command, 36, 217
expl command, 45
expl.out file, 218
expladd macro, 45
explib command, 29
Exponential Analysis Menu, 37
exponential curves analysis, 36
exponential signal change, 38
expressions, writing, 235

extract 2D planes from 3D data set, 130, 132

F

F1 Axial Displacement, 179

f, axis, 88

F1 phase detection, 179

F1, F2, and F3 dimensions, 129
f19p macro, 303

flcoef parameter, 131

f5 axis, 88

f2coef parameter, 131

FAD technique, 179

fbc macro, 53

FDM (Filter Diagonalization Method), 66—68
fid file extension, 278, 284, 289, 290, 309

fiddc3d parameter, 129

fiddle command, 208, 209

Fiddle program, 208

fiddle program, 53

fiddle2D command, 210

fiddle2d command, 210

fiddle2Dd command, 210

fiddle2dd command, 210

fiddled command, 210

fiddleu command, 210

FIDs
2D color intensity map, 111
move between experiments, 30
processing after each FID, 308
varying one or more parameters, 30

File button, 122

Filter Diagonalization Method (FDM), 66—68

filter part numbers, 184
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filtersfor indirect detection, 171
filtration for indirect detection, 184
final simulated spectrum frequency limits, 203
Find, 292
Find Entry button, 292, 292
first domain phasing, 96
first evolution time, 129
first experiment, indicating, 256
first point distortion, 96
FIRST_FID flag statement, 256
fitspec command, 206, 206
fitspec.indatafile, 205, 206
fitspec.inpar file, 205, 206
fitspec.outpar file, 205, 207, 207
fixed Gaussian fraction, 207
fla parameter, 239
flag indicating first FID, 256
flammable gases warning, 24
flow control meter, 262
flow rate parameter
calibration, VAST, 351
flow rate setup
faster runs, limited by the solution with the
viscosity, 353
optimized for maximum through put of samples
with constant viscosity, 353
dow runs, 352
fn parameter, 104
fnl parameter, 104
fn2 parameter, 104
foldcc command, 112
folding about the diagonal, 112
folding adong J=0 axis, 112
foldj command, 112
foldt command, 103, 112
forwards linear prediction, 106
Fourier transformation
programs, 101
fp command, 36, 36
fpmult parameter, 96, 97
fpmultl parameter, 96
fpmult2 parameter, 96
frequencies, correcting, 53
frequency functions, writing expressions for, 235
frequency referencing, 112
frequency shift, 104
frequency-dependent phase shifts, 131
ft command, 33, 95, 96, 98
ft1d command, 101
ftlda macro, 102
ftldac and ft2dac commands, 164
ft2d command, 96, 98, 101, 102, 104
ft2da macro, 101, 102
ft3d command, 129, 131, 132
full 2D display, 117
Full button, 115, 117, 122, 215
full command, 107
full screen with room for traces, 107
full width at half-height (FWHH), 119
fullt command, 107

G
g_array parameter, 41
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g_max parameter, 41
g_min parameter, 41
g_steps parameter, 41
g2pul pulse sequence, 46
g2pulramp pulse sequence, 46
gacommand, 263
gain parameter, 33, 305
GARP modulation, 171, 181
Gaussian apodization constant, 95
Gaussian function shift, 95
Gaussian functions, 93
Gaussian lines, 205
Gaussian lineshapes, 206
gaussian macro, 94
gcal parameter, 373
gcosy macro, 393
GCOSY pulse sequence, 393
GCU (gradient compensation unit), 372
generating
ashapefile, 256
generating a shapefile, 256
generating weighting values, 94
getDshape statement, 247
getGshape statement, 247
getplane command, 130, 132
getRshape statement, 244
getsn macro, 303
of parameter, 93, 94, 95
of 1 parameter, 93, 94, 95
of2 parameter, 95
ofs parameter, 95
ofsl parameter, 95
ofs2 parameter, 95
ghmagc macro, 394
GHMQC pulse sequence, 394
ghmacps macro, 394
GHMQCPS pulse sequence, 394
ghsgc macro, 395
GHSQC pulse sequence, 395
Gilson 819 valve
Unit ID, 342
gilson command, 312, 312, 317
glasswool plug, 265
global parameters, 299
globalauto parameter, 294
glue order, 324
gmapshim macro, 379, 383
gmapsys macro, 378, 378, 382, 383, 383, 388
gmapz macro, 305
gmgcosy macro, 396
GMQCOSY pulse sequence, 396
gnoesy macro, 397
GNOESY pulse sequence, 397
go command, 263
grad_cw_coef parameter, 42
grad p_coef parameter, 42
grad _pl parameter, 40
grad_p2 parameter, 40
grad_x parameter, 42
Gradient Autoshim on Z button, 379
Gradient Autoshimming Files menu, 383, 389, 392
gradient calibration constants, 42
gradient compensated stimulated echo w/ spin lock
experiment, DOSY, 51

01-999161-00 C1002



Index

Gradient Nucleus Parameter Setup menu, 389 heteronuclear chemical shift correlation, 92

gradient power levels, 42 Heteronuclear Chemical-Shift Correlation, Absolute

gradient pulses, typical values for WET Value and Phase Sensitive, 147
VAST, 321 Heteronuclear Multiple-Bond Coherence, 172, 178

gradient shimming, 379 Heteronuclear Multiple-Quantum Coherence, 169,
pulse sequence, 380 172

Gradient Shimming menus Heteronuclear Multiple-Quantum Coherencein
Display, 389, 391 Reverse Configuration, 174
Files, 389, 391 heteronuclear Overbodenhousen experiment using
Map, 389, 390 REVINEPT, 197
Plot, 389, 392 heteronuclear shift correlation experiment, 98
Setting, 389, 391 heteronuclear spin-echo difference experiment, 175
Setup, 388, 390, 390 high-power amplifiers cautions, 26
System, 378, 388, 389 high-power decoupling and VT operation, 265

gradient stimulated echo element, 47 high-sensitivity protons, 169

gradient tables, 374 high-temperature VT calibration, 266

gradtype parameter, 371 HMBC pulse sequence, 172, 174, 178

grayctr parameter, 117 HMQC

grayscale center control, 117 experiments, 169, 394

grayscale color set, 113 parameters, 182

grayscale images threshold adjustment, 117 phasing, 107

grayscale slope control, 118 pulse sequence, 172, 175, 182, 192

grayd parameter, 117 hmgc macro, 172, 179, 186

gridlines, 110 HMQCR

grid macro, 110 parameters, 182

gshimlib directory, 383 pulse sequence, 172, 174, 183

gtnnoesy macro, 398 hmgcr macro, 172, 174, 179, 186

GTNNOESY pulse sequence, 398 HMQC-TOCSY 3D sequence, 166

gtnroesy macro, 398 hmgctocsy macro, 166, 166

GTNROESY pulse sequence, 398 HMQCTOCSY pulse sequence, 166

gxmax parameter, 375 HOHAHA pulse sequence, 162

gymax parameter, 375 HOM2DJ experiment, 149

gzmax parameter, 375 hom2dj macro, 148

gzsize parameter, 388 HOM2DJ pulse sequence, 148

gzwin parameter, 381 homodec statement, 252

homonuclear 2D-J experiment, 92
homonuclear correlation phasing, 107

omonuclear Hartmann-Hahn experiment,
H H lear H Hah i 162
Homonuclear Jresolved 2D, 148
Ei;ﬂ r7a103£:0r6 3g83 homospoil gradient shimming, 385
Hadamard 'transform 240 homospoil gradient type, 375
! horizontal axis, 109
halt command, 298, 303 )
hcchtocsy macro, 164 Hproj (max) button, 115
HCCHTOCSY pulse sequence, 164 EDFQJ (sum) bUtt%r(‘)é 115
Hd All button, 125 h;?:l cr:1nasc rrgacig,?
Hd Box button, 125 !
Hd Lbl button, 125 HSQC-TOCSY 3D sequence, 167
Hd Pk button, 124 hsqctoxySE macro, 167
HdNum button, 124 hypercomplex method, 90, 90
header parameter, 237 hyper-hypercomplex mode, 130

heat-exchanger coil in awater bath, 266
heating cycling, 266 |
helium contact with body, 24

helium gas flowmeters caution, 26 ice bath to cool VT gas, 266

het2dj macro, 143 il parameter, 33

HET2DJ pulse sequence, 143 image macro, 110

hetcor macro, 145 imageprint macro, 110

HETCOR pulse sequence, 145 implicitly arrayed parameter, 90
hetcorps macro, 147 Improving Results, suggestions, 387
HETCORPS pulse sequence, 147 INADEQUATE datafolding, 112
Heteronuclear 2D-J, 143 INADEQUATE pulse sequence, 150
heteronuclear 2D-J datafolding, 112 inadqgt macro, 150

heteronuclear 2D-J experiment, 90, 101, 102, 103 Incredible Natural Abundance Double-Quantum
Heteronuclear Chemical Shift Correlation, 145 Transfer Experiment, 150
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index of experimental frequency of atransition, 203
index2 parameter, 130
indicating first experiment, 256
indirect detection experiments, 169
indirect detection probe, 170
Indirectenmr™ probe, 170
indirectly detected axis, 109
inept macro, 80
INEPT pulse sequence, 77, 80
Info button, 124, 126
info_nfile, 42
initialize VAST, 316
initialize_iterate macro, 203
injector valve, 342
ins parameter, 119
Insensitive Nuclei Enhanced by Polarization
Transfer, 80
insert peak at cursor position, 120, 123
inssref parameter, 119
instrumental errors, 208
integral resets, 98
intensity of calculated transitions, 203
intensity threshold for simulated spectrum, 203
interactive
2D pesk picking, 118
add or delete peak bounds, 126
display 2D traces and projections, 113
parameter arraying, 32
spectra add/subtract, 214
weighting parameters, 94
Interactive 2D Color Map Display Main Menu, 115
Interactive 2D Display Projection Menu, 115
Interactive Mode button, 214
interferogram left-shift, 104
interferogram phase rotation, 104
interferograms, 87
interleaved acquisitions, 33
intmod parameter, 34, 98
inversion pulse creation, 240
inversion-recovery T, experiment, 35
is parameter, 119
iterate parameter, 203
iterative mode of spin simulation, 203
iterative spin simulation, 199

J

jexp command, 303
jumpret macro, 81

K

ketone solvents in coolant bucket, 263
killft3d macro, 130

kind macro, 38

kinds macro, 38

kinetics data analysis, 216

kinetics studies, 37

kini macro, 38

kinis macro, 38
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L

L.O. frequency, 170
L.O. SELECT switch, 171
Label button, 123, 126
label for apeak, 120
LAME program, 199
LAOCOON program, 199
last lock solvent, 310
lastlk file, 310
Ib parameter, 93, 94, 95
Ibl parameter, 93, 94, 95
Ib2 parameter, 95
LCNMR/STARS tab, VAST, 316
least squares curve-fitting method, 216
|eft command, 107
left shift interferogram, 104
Ifs (low-frequency suppression), 104
line broadening factor, 95
line number table, 202
line positions, 204
line shapes, correcting, 53
linear amplifier systems, 171
linear prediction, 105
processing control, 103
linewidth for deconvolution calculations, 206
linewidth of simulated spectrum, 203
Liquid Handler, 355
air connections, diagram, 343
connecting signal and power cables, 342
signal cable connections diagram, 344
Liquid Handler arm
XY Z coordinates, adjusting, 361
Liquid Handler window, 312, 317
typica default values, 313
liquid nitrogen, 265, 267
list button, 204
list of line frequencies, 204
literature references, 92
I12d command, 116, 118
I12d directory, 118, 127
l12d file, 124
I12dmode parameter, 120, 123, 127
lIfrq parameter, 204
loc parameter, 269
loc, as used with VAST, 314
local oscillator frequency, 170
local oscillator signal, 181
lock interlock, 267
lock pin, 272, 272
locked mode, 272
lockpower parameter, 305
locQ file, 298
log file, 310
long-range HMQC pulse sequence, 172
Lorentzian lines, 205
Lorentzian lineshapes, 206
low-temperature VT calibration, 266
|p parameter, 96, 97
Ipl parameter, 96, 106, 107
|p2 parameter, 96, 127
Isfid parameter, 212
Isfidl parameter, 104
Isfid2 parameter, 127
Isfrq parameter, 104, 130
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Isfrql parameter, 104, 130
Isfrg2 parameter, 104, 130

M

macromolecules, 178
macros
acquisition, 302
customizing macro operation, 302
magnet quench warning, 24
magnetic equivalence factoring, 199
magnetic media caution, 25
magnitude-mode 2D experiment, 102
magnitude-mode transform, 102
Main Control, gilson window, 355, 360
make3dcoef macro, 131
making
ashapefile, 256
making a shapefile, 256
manual sample change
VAST, 314
mapping the shims, 377
Marion and Wuthrich, 90
Mark button, 123, 126, 207
mark button, 204
mark command, 116, 205
markld.out file, 204, 205, 207
match experimental and calculated lines, 203
maximum intensity, 109
maxincr parameter, 236
measured line frequencies, 203
metal objects warning, 23
methanol for VT calibration, 266
Microflow probe
connecting air supply from Valco valve, 342
microflow probe and transfer tube volumes, 345
microflow probe cell, 348
min button, 215
mix parameter, 156
mixing patterns creation, 228
modulated decoupling, 181
move
last FID and parameters, 30
parameters between experiments, 30
mp command, 30
mgcosy macro, 151
MQCOSY pulse sequence, 151
multiexperiment mode, 298
multi-FID add/subtract experiment, 212
multiple arrays of parameters, 31
multiple frequency suppression options
VAST, 319
Multiple-Quantum Filtered COSY, 151
multiply first point, 96
multiply selective adiabaticinversion pulse creation,
241
multiply selective pulse creation, 239

N

name parameter, 236
names, reserved shape, 235
NeedleRinseRate, 359
NeedleRinseVolume, 359
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negative intensities, setting, 112
nested supercycle, 241
nextpl macro, 130
ni dimension, 93
ni parameter, 87, 88, 94, 127, 128, 130
ni2 parameter, 94, 104, 127, 128, 130
ni3 parameter, 132
niter parameter, 203
nitrogen contact with body, 24
nitrogen gas caution, 262
nitrogen gas flowmeters caution, 26
nitrogen gasfor VT use, 262
nlivast, 338
nlivast2, 338
nlivast3, 339
nll command, 204
nm2d command, 110
NOE difference experiment, 82, 82
NOEDIF experiment, 82
noedif macro, 82
NOESY
datafolding, 112
data symmetrization, 112
phasing, 107
pulse sequence, 153
noesy macro, 153
noise reject parameter
VAST, 321
noise suppression, 117
non-whitewashed stacked spectra, 111
notational conventions, 27
npoint parameter, 36
nt parameter, 33
nt_array parameter, 41
nt_first parameter, 41
N-type data, 400
N-type experiment, 102
N-type peak selection, 101
N-type peaks, 102
Nuclear Overhauser Effect Spectroscopy, 153
Nuclear Overhauser Enhancement difference
experiment, 82
null string, 308
number of increments, 87
number of iterations, 203
NumRinses, 357

@)

observe channel, 170
observe pulse and power

VAST and solvent suppression, 319
off-resonance SEDUCE-1 decoupling, 240
ofs parameters, 238
oneshot DOSY experiment, 52
operating the amplifier for PFG, 373
optical sensor, 274
opx macro, 230, 241
order of 2D experiments, 91
origin for phasing, 132
output transistor failureon VT controller, 266
over-temperature circuit, 267
oxidation of heater and thermocouple, 265
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P

p31p macro, 303
pacommand, 108
pal command, 107, 108
pacemaker warning, 23
pacosy command, 113
pad parameter, 37, 263
pad parameter, 300
padept command, 80
paired data, 216
Pandora s Box, See Pbox
par2d macro, 88
par3d macro, 104
par4d macro, 132
parameters
array format, 30
array order and precedence, 32
Dbppste, 51
Dbppsteinept, 53
Dgcstecosy, 57
Dgcstehmqc, 58
DgcsteSL, 51
FDM, 67
interactive arraying, 32
iterated, 203
jointly arrayed, 32
move between experiments, 30
move saved display, 30
multiple arrays, 31
oneshot DOSY, 52
returning shape, 256, 256
parim macro, 118
parlib directory, 71
parll2d macro, 121
parlp macro, 103, 106
path3d parameter, 129
Pbox, 228
macros reference, 241
menus, 229
miscellaneous PSG statements, 252
parameter list, 232, 236
PSG statements, 243, 243
pulse calibration numbers, 229
wave definition strings, 232
Pbox command (UNIX), 231, 258
Pbox equation evaluator, 235
Pbox parameter, writing a, 255
Pbox.inp file, 230, 231, 231
pbox_bw macro, 242
pbox_bws macro, 242
pbox_dec2off statement, 250
pbox_dec2on statement, 250
pbox_dec2pul se statement, 248
pbox_dec3off statement, 250
pbox_dec3on statement, 250
pbox_dec3pulse statement, 248
pbox_decoff statement, 250
pbox_decon statement, 249
pbox_decpulse statement, 248
pbox_dmf macro, 230, 242
pbox_dres macro, 242
pbox_drex macro, 230
pbox_files macro, 243
pbox_grad function, 243
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pbox_grad statement, 252
pbox_name, 242
Pbox_psg.hincludefile, 243
pbox_pulse function, 243
pbox_pulse statement, 247
pbox_pw macro, 230, 242
pbox_pwr macro, 230, 242
pbox_pwrf macro, 242
pbox_rst macro, 230, 243
pbox_sim3pulse statement, 249
pbox_sim4pulse statement, 249
pbox_simpulse statement, 248
pbox_xgrad statement, 252
pbox_xmtroff statement, 249
pbox_xmtron statement, 249
pbox_ygrad statement, 252
pbox_zgrad statement, 252
pboxget macro, 242
pboxpar macro, 230, 242
pcon command, 110
pcss.outpar storage file, 221
Peak button, 115, 121, 122, 125
peak comment, 124
peak file information, 124
peak files, 119
peak height, 36
peak intensities, 36
peak label, 123, 126
peak volume, 122
peak(s)
selecting solvent for suppression, VAST, 316
peak2d command, 109
peaks.bin file, 118, 124, 124
peaks f#f# #.binfile, 119
peek tubing, |.D. and volume calculations, 341
perform spin simulation, 203
Performal PFG module, 371
amplifier lights, 373
parameter settings, 372
shimming, 374
Performall PFG module, 38, 371
amplifier lights, 373
parameter settings, 372
reset button, 373
shimming, 374
Performalll PFG module, 371
amplifier lights, 373
Performa XY Z PFG module, 371
amplifier lights, 373
amplifier-produced quiescent current, 372
parameter settings, 372
shimming, 374
pexpl command, 36, 45, 218
pexpladd macro, 45
PFG Absolute Value COSY, 393
PFG Absolute Vaue MQF COSY experiment, 396
PFG Absolute-Value ROESY experiment, 398
PFG HMQC experiment, 394
PFG HMQC, Phase Sensitive, 394
PFG HSQC experiment, 395
PFG NOESY experiment, 397
PFG Selective Excitement, 400
PFG systems
experiments, 393
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gradient subsystem, 371
user interface, 372
PFG TNNOESY experiment, 398
pfg_pulse statement, 253
pfgon parameter, 372, 372, 374, 374
pge macro, 41
pge parameter, 46
pge parameter set, 40
PGE pulse sequence, 39, 40
pge_calib macro, 42
pge_data macro, 42
pge_output macro, 45
pge_process macro, 42
pge_process macro, 42
pge_results macro, 43, 45
pge_setup macro, 41, 42
pgeramp pulse sequence, 46
ph command, 95
ph parameter, 239
phl command, 95, 107
phase angle mode, 107
Phase button, 106
phase correction, 106
phase cycling, 103

phase modulation functions, writing expressionsfor,

235
phase parameter, 90, 130, 130, 131, 179
phase parameters, 96
phase rotate interferogram, 104
phase shift the receiver, 103
phase2 parameter, 127, 130, 131
phase3 parameter, 132
phased color set, 113
phased data, 89
phases, correcting, 53
phase-sensitive 2D NMR, 89
phase-sensitive COSY pulse sequence, 139
phase-sensitive HETCOR, 147
phase-sensitive mode, 107
phase-twist, 102
phasing corrections, 107
phfid parameter, 212
phfidl parameter, 104
phfid2 parameter, 127
phi parameter, 227
php parameter, 239
pi3sshsq macro, 94
pidsshsq macro, 94
pl command, 34, 111
pl2d command, 111
plane parameter, 132
plate_glue, 327, 339
pldept macro, 80
plfit macro, 207
plgrid macro, 110
pll2d command, 118, 127
plot
2D traces and projections, 113
connectivities, 113
deconvolution anaysis, 208
exponential curves, 36
gridlines, 110
image, 110
limits, 107
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non-whitewashed stacked spectra, 111
polynomial curves, 36
regression analysis, 218
results of 2D peak picking, 118
series of 3D planes, 130
spectra, 34
spectra with whitewashing, 111
Plot button, 115, 115, 208
plplanes macro, 130
Plunger, 361
plvast, 326, 339
plvast2d, 326, 339
plvastget, 326, 326
pmode parameter, 95, 107, 131, 132
point-by-point intensity of the spectrum, 205
polarization transfer experiment, 79
polyO macro, 217
polynomial curves analysis, 36
polynomial fitting, 98
power mode, 107
power switch (VT unit), 262
pph macro, 242
pprofile macro, 242
pre_sat statement, 253
preacquisition delay, 37, 263
predicting variables, 216
preparing VAST for use, 312
presat macro, 85
presat statement, 253
presaturation mechanism, 178
prevpl macro, 130
Prime pump, 361
probe
directory, 71, 135
fast rate, 351
guide holes, 274
impedance mismatch, 46
pulsed Z-gradient, 38
dow rate, 351
slow val, 351
temperature, 261
tuning in reverse mode, 184
probe volume, 314
calibration, VAST, 345

control data set, obtaining using a syringe, 346

finding optimum value, 349
initia estimates, 348
VAST, 345
verifying using liquid handler, 347
ProbeFastRate, 358
ProbeSlowRate, 358
ProbeSlowVol, 358
ProbeVolume, 357
proc parameter, 103
procl parameter, 91, 103, 106
proc2 parameter, 105, 106
processing
2D DOSY experiments, 53
3D-DOSY experiments, 58
processing stored 2D data, 88
processing type, 103
processing, displaying, and plotting
from glued data sets, 326—327
macros for VAST data, 337
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VAST data sets, 323—325
procplot macro, 302
profile-type experiments, 376
Proj button, 115, 115, 117
proj command, 111
project data onto axis, 111
Projection Menu, 117
prosthetic parts warning, 23
protectiverelay on VT controller, 267
proton 2D-J spectra, projecting, 112
pseudo 2D data set
creating from aVAST data set, 323
pseudo macros, 94
pseudo-2D, 340
pseudo-echo weighting, 93
psolib directory, 71, 136
psgQ file, 296, 298, 309
pshape macro, 242
ptspec3d parameter, 129
P-type data, 400
P-type experiment, 102
ptype parameter, 238
P-type peak selection, 101
pulse creation routine, 228
pulse length parameter, 256, 256
pulse sequence variations, 46
pulse sequences
3D DOSY, 56
Dgcstecosy, 56
Dgcstehmqc, 56
DOSY, 46, 49
pulse shaping, 255, 256, 257
pulse templatefile, 223
pulse width calibration, 35
Pulsed Field Gradient experiments, 393
pulsed field gradient shape creation, 228
pulsed gradient experiments, 38
pulsed Z-gradient probe, 38
pulsetool command, 223
Pulsetool program, 223
pure 2D absorptive lineshapes, 95
pure absorption spectra, 102
Push Volume, 350
PushVolume, 357
putwave macro, 242
pw parameter, 238
pwrl command, 107
pwxca macro, 188
Pxfid command (UNIX), 259
pxshape macro, 230, 242
Pxsim command (UNIX), 259
Pxspy command (UNIX), 259

Q

queueing experiments, 269

R

r macro, 106

Rack Def., gilson window, 355, 360
Rack Definition, 313

radio-frequency emission regulations, 26
ramp length, 46
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rate of VT gasflow, 265
react macro, 303
Read button, 124
Read Text button, 124
reading
binary peak file, 124
text peak file, 124
real FT processing, 103
real-time 2D, 92
Redraw button, 115, 117
ref_pw90, 318
VAST, 318
ref_pw90 parameter, 238
ref_pwr, 318
VAST, 318
ref_pwr and ref_pw90 calibration data, 229
ref_pwr parameter, 238
reference 90 degree pulse width, 256, 256
reference deconvolution, 53, 208
reference literature, DOSY -related, 64
referencing, clearing in 2D spectra, 112
refocusing pulses creation, 240
refofs parameter, 237
refposl parameter, 112
refrigerating device, 266
region-selective 3D processing, 129
regionx_resultsfile, 45
regression, 216
regression analysis, 216
regression.inp file, 216, 217, 218, 220, 220
rel axation times measurement, 36
rel axation-sensitive simulation, 240
RELAY-COSY pulse sequence, 136
relayh macro, 136
relief vaves warning, 25
removable quench tubes warning, 25
removing systematic errors, 53
reps parameter, 237
reserved shape names, 235
Reset arm, 361
Reset button, 123
reset parameters, 132
resetf3 macro, 132
resolution enhancement, 93, 95

restore spin system to before last iterative run, 204

resume command, 303
retaining disk, 272
Return Home, 361
Return key, 28
returning
a shape structure, 256, 257
shape parameters, 256, 256
reverse configuration, 170, 172
review papers, DOSY, 65
REVINEPT, 197
rf generation for transmitter and receiver, 170
rf signal routing for indirect detection, 171
rf system of spectrometer, 170
rfl parameter, 112
rfl2 parameter, 127
rfp parameter, 112
rfp2 parameter, 127
Rheodyne Injector Valve
bypassing, 342
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connecting transfer tubing, 341
right command, 107
rinput macro, 217
RinseDeltavol, 358
RinseExtravol, 359
roesy macro, 156
ROESY phasing, 107
ROESY pulse sequence, 156
room temperature stability, 266
rotate command, 112
rotate homonuclear 2D-J data, 112
rotated homonuclear 2D-J data folding, 112
Rotating Frame Overhauser Experiment, 156
rp parameter, 96
rpl parameter, 96, 106, 106
rp2 parameter, 96, 127
RS-232C seriadl link, 281
rt command, 34
rubber stopper, 274
run mode, 272

S

smacro, 30
s2pul macro, 85, 181
S2PUL pulse sequence, 85, 172, 180
s2pulr macro, 86, 172, 192
S2PULR pulse sequence, 86, 172, 183
safety circuitson VT controller, 266
safety precautions, 23, 25
safety sensor for VT controller, 266
sample
adjusting liquid height, 282
change cycletime, 281
location, 269
positioning in spinner, 282
positions, 281
protocols, 363
removal errors, 285
spinning, 265
temperature, 264
sample changers, 269
sampl e preparation, 282
Sample Def,
gilson window, 356
SAMPLE Def.
field definitions, 356
gilson window, 355
sample entry form window
VAST, 315
sampletray, 281
sample location, 297
sample locations, 295
Sample Volume, 348
sample volume, calibrate, 350
sample zero, 281
SampleDepth, 359
SampleExtraVol, 359
SampleHeight, 359
sampleinfo file, 298, 298, 309
SampleK eepFlag, 357
SampleVolume, 357
SampleWellRate, 359
satellite signals, 210
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save button, 215
saved display parameters, 30
saveglobal parameter, 299, 302
sb parameter, 94, 95
sbl parameter, 94, 95
sh2 parameter, 95
sbs parameter, 94, 95
sbsl parameter, 94, 95
shs2 parameter, 95
SC parameter, 34, 107
sc2 parameter, 34, 107
scalelimits macro, 36, 218
Scout Scan
VAST, 321
sdp macro, 56
sealed samples at elevated temperatures, 264
sealed samples caution, 267
second cursor pair, 116
second evolution time, 129
SEDUCE-1 decoupling, 240
Select button, 215
selecting composite observe pulse
VAST, 321
selecting solvents for suppression
VAST, 318
selective excitation, 228, 400
selective Fourier transformation, 102
selex macro, 230, 241
selexcit macro, 400
sensitivity enhancement, 95
Set Params button, 203, 203
set3dproc command, 131
setgauss macro, 207
setgcoil macro, 375
sethw command, 262, 297
setlimit statement, 253
setlk macro, 302, 303, 303, 304
setL P1 command, 105
setref macro, 112
setref1 macro, 112
setref2 macro, 112
setswl macro, 112
setting up
2D-DOSY experiments, 49
3D_DOSY experiments, 56
setvalue command, 213
setwave macro, 230, 241
sfrq parameter, 237
Sh All button, 125
Sh Box button, 124
Sh Lbl button, 125
sh parameter, 238
Sh Pk button, 124
shape file name parameter, 256, 256
shapefile, generating, 256
shapefile, generating a, 256
shape information, 241
shape macro, 242
shape names, reserved, 235
shape parameters, returning, 256
shape statement, 243
shape structure, returning a, 256, 257
shaped gradients creation, 241
shaped pulses, 223
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shaped rf pulses creation, 228
shapedgradient macro, 243, 243
shapelib directory, 231
shaping pulses, 256, 257
shift frequency of spectrum, 130
shim field maps, 380
shimmaps
displaying, 381
distributing to users, 383
loading, 382
shimming PFG systems, 374
ShNum button, 124
showfit macro, 207
showing diffusion projection, 56
sidechain assignments in fully 13C-enriched
biopolymer, 164
sign of frequencies, 103
sign reversalsalong f1, 103
signal-to-noise estimate, 303
simple excitation pulse, 239
simulated spectrum frequency limits, 203
sine macro, 94
sine window function, 94
sinebell
macro, 94
shift, 95
time period, 95
weighting, 93
sinebell-squared weighting, 93
sinesg macro, 94
sine-squared window function, 94
single-broadband systems, 170
recabling for indirect detection, 183
single-user sample changer operation, 289
skyline projection, 111
dfreq parameter, 203, 204
SLP, 165
dpwr parameter, 156
slw parameter, 203, 206, 207, 207
smaxf parameter, 203, 204
sminf parameter, 203, 204
SMS sample changer, 269
sn parameter, 303
solids high-power amplifiers caution, 26
solvent mixture equilibration
VAST, 322
solvent subtraction 2D transform, 104
solvent suppression
retrieving parameters for, VAST, 317
VAST, 317

VAST acquisition and processing options, 320
VAST post acquisition signal suppression, 320

wet width, VAST, 321

solvent suppression background information
VAST, 322

solvent suppression problems
VAST, 322

Sp parameter, 109, 117

sp wp button, 215

spl parameter, 109, 117

Sp2 parameter, 127

spadd command, 213

specdc3d parameter, 132

spectral
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display, 33

drift correction, 132

plot, 34
spectral width, setting the, 112
spectroscopy, 2-D DOSY, 49
spectrum

deconvolution, 206

move cursor to center, 112
spinlock, 156
spin simulation, 199
spin simulation algorithms, 199

Spin Simulation Line Assignment Menu, 204

spin-echo difference experiment, 175

spini.indatafile, 204

spini.inpar file, 204

spini.lafile, 204, 204

spini.outpar file, 204

spini.savelafile, 204

spinll macro, 204, 204

spinner air supply, 265

spins command, 203, 203, 204

spins.inpar file, 205

spins.list file, 203, 204

spins.outdata file, 205

spins.stat file, 205

spline fitting, 98

spsm command, 202

spsub command, 213

sgcosine macro, 94

sgsinebell macro, 94

ssfilter and solvent suppression
VAST, 323

sfilter parameter, 104

ssorder parameter, 104

st parameter, 238

Standard Two-Pulse in Reverse Configuration, 86

Standard Two-Pulse Sequence, 85

Standard Two-pulse with Decoupler as Transmitter,

76
start of chart, 107
starting point for a deconvolution, 207
States, Haberkorn, and Ruben, 90, 102
status command, 295, 298
stdpar file, 302
stdpar parameters, 299
steps parameter, 236
stepsize parameter, 237
sth parameter, 203, 203, 204
stim parameter, 40
stimulated echo experiment, 40
store line assignments, 204
su command, 263, 265
sub button, 215
sub command, 212
subexperiments, 30

subtract FID from add/subtract experiment, 212

sucyc parameter, 237
summing projection, 111
Sun-based VXR-5000 data system, 172
supercycling, 241
superhypercomplex data acquisition, 127
supply air pressure variations, 274
suppression of

13C satellites, VAST, 319
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svf command, 34

svs parameter, 203

Ssw parameter, 238

sw1l parameter, 87, 127, 128
sw2 parameter, 104, 127, 128, 130
sw3 parameter, 132

switchable probes, 170
switchablerelays, 171

symbol, 32

symmetrize data, 112

Syringe Volume, 361

sysgcoil parameter, 375
systematic errors, removing, 53

T

T, and T, NMR data analysis, 216

t1 command, 36

t, domain, 93

T, experiment, 36

T, exponential time, 35

T1 parameter, 237

tls command, 36

t2 command, 36

T, experiment, 36

T, measurement, 74

T2 parameter, 237

t, time, 88

t2s command, 36

TANGO pulse, 394

Tcl-Tk acquisition panel, Doneshot pulse sequence,
50

Tcl-Tk process panel, 2D_DOSY pul se sequences,
55

Tcl-Tk process2 panel, 3D_DOSY pulse sequences,
60

temp command, 264

temp parameter, 30, 261, 263, 263

tempcal command, 266

temperature calibration curve, 266

temperature control, 263

temperature control window, 265

temperature interlock parameter, 267

temperature limit sensor, 267

temperature readout, 263

temperature regulation, 267

testct macro, 303

testsn macro, 303

text peak file, 119, 124

th parameter, 110, 110, 202

th2d parameter, 120, 122, 126

theoretical spectrum for spin 1/2 nuclei, 199

thermocouple, 261, 266

theta parameter, 227

third indirectly detected dimension, 133

threshold for integrating peaks, 120

time periods in the 2D experiment, 88

Time Proportional Phase Incrementation, 90

time-domain frequency shifting, 130

tin parameter, 267, 299

TMS satellite signals, 210

tncosyps macro, 158

tndgcosy macro, 158

tnmgcosy macro, 159
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tnnoesy macro, 159
tnroesy macro, 160
tntocsy macro, 161
tocsy macro, 162
TOCSY phasing, 107
TOCSY pulse sequence, 162
tools, DOSY, 47
Total Correlation Spectroscopy, 162
TPPI experiment, 90
TPPI method, 90, 91
TPPI phase cycling, 131
Trace button, 115, 117
trace parameter, 94, 107, 109, 110, 111, 132
tramp parameter, 46
transfer tube
calculating the volume, VAST, 341
transform non-arrayed 2D data, 104
transition amplitude of calculated transitions, 203
Transverse ROESY, 164
trev parameter, 239
Trial WET
VAST, 317, 321, 322
triangularize 2D spectra, 112
Tripleenmr™ probe, 170
triple-resonance probe, 170
trise parameter, 375
troesy macro, 164
TROESY pulse sequence, 164
true contour plot, 113
true contour plot display, 110
truncation wiggles, 93
two-component analysis, 45
type parameter, 236
typica flow rates for common solvents, 353

U

undospins macro, 204, 204

UNIT ID of Gilson 819 valve, 342
Unmark button, 123, 126

upfield peak shift, 104

Use Mark button, 205

usemark macro, 205, 206

Vv

Valco valve
connecting air tubing, 342
variable temperature, See VT
VAST
air connections, 343
autosampler, 269, 355
dataanalysis, 337
files that control operation, 363
Hardware installation and configuration, 341—
362
interfaceto VNMR, 355
microtiter plate, 337
multiple frequency suppression options, 319
Operation and data processing, 311—341
sample entry form window, 315
seguence pane, 318
set up NMR experiments, 314
shut down, 317
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signal cable connections, 344
solvent mixture equilibration, 322
solvent suppression problems, 322
solvent suppression setup, 317
solvent suppression, retrieving parameters for,
317

transfer tube volume, 341
WET shapes, 323
writing protocols, 363

VAST data sets, examples of plots
96 1D spectraplotted using plvast, 328
using a custom display order, 328

vastget, 326, 340

vastglue, 324, 340

vastglue2, 325, 340

versatile automatic sample transport, 311

vertical scale adjustment, 117

vertical temperature gradient, 265

vioc
as used with VAST, 314

Volume button, 122, 126

vortex plug, 265

Vproj (max) button, 115

Vproj (sum), 115

Vs parameter, 110

vs2d parameter, 110, 119

VT accessory, 261

VT Acgmeter display, 262

VT controller, 264

VT Controller label, 262

VT controller power, 262

VT controller safety circuits, 266

VT cutoff, 262

VT experiment warning, 24

VT FAILURE message, 267

VT gasflow rate, 265

VT indicator light, 263, 264

VT nitrogen gas flow, 263

VT operation, 261

VT operation with a sample changer, 299

VT regulation light, 267, 267

vtc parameter, 261, 263

viwait parameter, 265, 267

V XR-4000/Gemini data system, 172

w

WALTZ decoupling, 171
WALTZ-4 modulation, 181
warnings defined, 23
water in VT exchanger, 264
water suppression, 73, 85
wave definition string, 231
wave string variables, 238
waveform generation, 228
wavelib directory, 231
wavelib waveform name parameter, 256, 256
whbs parameter, 308
wc parameter, 34, 107
wc2 parameter, 34, 107
weighting values generation, 93
werr parameter, 298, 308
WET

VAST, 318
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WET experiments

solvent suppression, VAST, 322
WET shapes

VAST, 323
Wet Width

VAST, 320
wexp parameter, 302, 308
WFG (waveform generator), 371
wft command, 33, 95, 98
wftld command, 101, 132
wftldamacro, 102
wftldac and wft2dac commands, 164
wft2d command, 92, 98, 101, 102, 131, 132
wft2da macro, 102, 102, 104
wft2dac macro, 101
wftt3 macro, 129
whitewashed stacked plot, 113
whitewashing, 111
width of chart, 107
wnt parameter, 308
Workspace button, 30
Workspace Menu, 30
wp parameter, 109, 117, 215
wpl parameter, 109, 117
wp2 parameter, 127
wrap parameter, 237, 239
Write Text button, 124
writing

anumeric Pbox parameter, 255
writing expressions, 235
writing VAST protocols, 363
wshim parameter, 379
wti command, 94, 132
wtiacommand, 95

X

X-approximation, 199

X-axislabel, 221

xdiag parameter, 120

X-nucleus decoupling, 180

X-nucleus decoupling frequency, 170

XY Z coordinates of the liquid handler arm, 361
XY Z coordinates of the rinse station, 354

Y
Y-axislabel, 221

Z

z0 parameter, 305

Z1 room temperature shim as a gradient, 385
Z1 shimming shift, 372

zeroneg command, 112

zero-order phase rotation, 104

zf's (zero-frequency suppression), 104
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