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Installation
NUTS Installation for Windows

When you execute the downloaded win_nuts.exe file, the window below is displayed.
Note the folder to which the files will be unzipped. Click on Unzip, enter the password.
Files will be placed into the folder you specified. When unzipping is finished, close the
window.

WinZip Self-Extractor - nuts95.exe

To unzip all filez in nutz35 exe to the specified

: Lz
folder prezs the Unzip button: il

Runwindip

|Ihzip to falder:
!m Browsze... | Closs

v DOvenarite files without prompting

Ahout

ddd il

Help

You received 2 attached files with the email message containing installation instructions.
Save those 2 files to the folder which now contains the unzipped NUTS files.

If you have followed the instructions you received with your license file, and everything
worked as it should, you should see a screen similar to this when you start NUTS, with
your name showing:

NutsPro - NMR Utility Transform Software - Professional

for Windows 95INT

2D Professional Version - 20000813

Current OpSys = Microsoft Windows NT 5.0 [Build 2195]

[c] Acorn NMR, 1993, 1994, 1995, 1996, 1997, 1998

Licensed to; | Sam
Organization: ! Acorn NMR Inc.
Serial Number: | 20001025x
Support: | Compile Date: 8f13/2000 Support Expires: 12{31f2000
OK




If your name is on this screen, and the correct Version is shown (Lite, 1D, 2D or
Professional), then installation was correctly completed, and you can begin using NUTS.

If, instead, you see a screen that says "expired support license™, as shown below, then you
are attempting to run a copy of NUTS that is not authorized by your license file, because
your support period has expired. You either need to renew support, or reinstall your
older copy of NUTS whose compile date falls within your support period.

NUTS - NMB Utility Transform Software

for Windows 95/NT

Demonstration Yersion - 20000813

Current OpSys = Microsoft Windows NT 5.0 [Build 2195]

[c] Acorn NMHB, 1993, 1994, 1995, 1996, 1997, 1998

Licensed to: | Expired Support License
Organization: l (510] 683-8595 info@acornnmr.com
Serial Number: I Use older copy of NUTS with this license.
Support: | Compile Date: 8f13/2000 Support: None
OK

If you see a screen that says Demonstration Copy, as shown below, then the license file
has not been correctly installed.

NUTS - NMB Utility Transform Software

for Windows 95INT

Demonstration Yersion - 20000813
Current OpSys = Microsoft YWindows NT 5.0 [Build 2195]

[c] Acorn NMR, 1993, 1994, 1995, 1996, 1997, 1998

Licensed to: | Acorn NMR
Organization: I Acorm NMR. — wenw.acornnmr.com
Serial Number: I Demonstration Copy
Support: | Compile Date: 8/13/2000 Suppori: None

0K




Not all features of NUTS will operate because NUTS is not able to read your license file.
Possible reasons for failure of license installation are:

1. You have not saved the 2 files (which you received via email) into the
nuts folder

2. The files were saved, but one or both was saved with an incorrect name
3. The files were corrupted in the course of emailing or transferring
between computers after receipt

Most often, corruption of files in the course of transferring between computers occurs
when transferring to or from a Macintosh, because the Mac OS insists on modifying files
to assign them to an application. This modification consists of appending a "resource
fork™ onto the beginning of the file, consisting of 128 bytes - the OS literally changes the
file! To avoid corrupting these files, remember always to transfer files as binary.

Do not attempt to open either of the files supplied with your installation instructions.
They are encrypted binary files, and cannot be viewed with a text editor or word
processing program.

In an attempt to help users determine why the license installation failed, the latest version
of NUTS (dated 11/1/00 or later) will examine the files in the nuts folder and will display
an error message on startup intended to point out the cause of the problem.

Possible messages are:

winnuts |
o e R e There is no license file in the
I Nt Fne-a rie- nanme: ¥ In FECEOFY,

f! MUTS will ron in the demonstration mode. nuts folder.

winhats ]| Sometimes, an attempt fo

save a new license file fails to

o Found  file named LICENSE. NMR. in NUTS directory, overwrite an older one, and
i Also found a file named LICENSEL NMR. instead, the new file is named

You may have copied a new LICERMSE.NMP. il inka the MUTS . # i
directary and the computer named it LICENSEL, NMR. ifstead of licensel.nmr". This means

overmtiting and replacing the old File. NUTS will read the old

— license, not the new one.
ok

If you observe either of these failures, you need to examine the list of files in the NUTS
folder to determine and correct the cause of the problem.



Start NUTS and execute the command DI. This opens the Notepad and lists all files in
the NUTS folder. Two files were sent with your installation instructions. Both files must
be listed, and must have the file names unaltered.

The reason for using this DI command rather than Windows Explorer is that, by default,
Windows is often configured such that not all files are listed, and full file names are not
always shown. To view the folder contents using a file manager, the first step is to be
sure your file manager is displaying a full and correct list of files.

To do this, open My Computer. Select folder options from the Tools menu (Win 2000)

or the View menu (Win98), or options from the View menu (NT 4.0). Click on the View
tab. You should see a screen that looks like one of the following:

Win NT

Opions B

Folder igw |File T}!F'ESi

~Hidden files
ol 5

Bl R E

i Hide |:I-|E.$-l:l|: these lupes:

Check the button that says
"Show all files".

Hidden Files

LDLL  [Application Extenzion]
STS 0 [Systenfile]
MDD File)

386 Mirtual device driver]
MR Mewice driver]

Be sure the button saying
"Hide files of these types" is
NOT checked.

=l

¥ Display the full path in the title bar ]
Be sure the box saying

[ Hide file extensions for know file types "Hide file extensions for
I Display compressed files and folders with altemate color known file types" is NOT
checked.

)4 I Caheel el J

Check the button that says
"Show hidden files and
folders".

Win 2000 or Win98
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General Wiew | File: T_I,Ipesl Offline Filesl

— Falder views
Be sure the box saying
"Hide file extensions for
Like Curent Folder Rezet Al Folders known file types" is NOT
checked.

rou can zet all of your folders to the same wiew,

llb]

Tkl
Ik

Advanced sethings:

|7 Files and Folders =
[ Dizplay compreszed files and folders with alternate color
Digplay the full path in the addresz bar
Dizplay the full path in title bar
[ Hidden files and folders
) Do not show hidden files and folders
{8} Show hidden files and falders
[ Hide file extenzions for known file types
Hide protected operating svstem files [Recommended]
[ Launch folder windows in a separate process T
Remermber each folder's view settings
Show My Documents on the Desktop _Ll

Restore Defaultz |

k. Cancel | f¥ ] [1] |

Once the file manager options have been correctly set, examine the list of files in the
NUTS folder. The 2 files sent to you via email as attached files should be there, with the
correct file names. If not, refer back to the instructions emailed with your license file.

Macintosh installation

The NUTS Installer for the PowerMac installs program files, a few sample data files and
macros, the updated MacNUTS Help files and the Microsoft system files (which are
installed in Extensions).

This is a self-extracting Stuff-It archive that contains an Installer. To extract files, open
the file using Stuff-1t Expander (which can be downloaded free.) Then double-click on
the Installer icon, read the displayed information, and click on Install.

The Installer places a few files into the Extensions folder, and creates a folder called
MacNUTS into which the program and supporting files are placed.
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Help files

We have changed the format of Help files from the old "WinHelp" to the new "HTML
Help". HTML Help has some very nice navigation features, but its implementation is
more complicated. The latest versions of both HTML Help and WinHelp include step-
by-step instructions for many NUTS operations, illustrated with screen captures. The
conversion to a Help file for the Mac required that the screen captures be reduced to
black and white, but otherwise will be the same as the Win version. The Mac version is
now included in MacNUTS.sea (4/3/99)

The usefulness of Help files is dependent in part on having good tools for locating the
desired piece of information within a large collection of topics. Help files provide one or
more of 3 ways to find specific information:

Table of Contents -- a list of topics organized by subject

Keyword Index -- search a list of keywords created by the author of the
Help files

Full Text Search -- search for occurrence of a word or phase anywhere in
the text of the Help files

Older versions of WinHelp ("WinHelp3.1") and Help on the Mac included only keyword
searching. Recent versions of WinHelp ("WinHelp95") provide all 3 of these tools, but
the full text search is annoying because you have to wait after selecting "Find" for the
program to build the searchable word list.

Help Topics: Contents (2] =]

Contents |index | Find |

Click atopic, and then click Display. Or click another tab, such as Index.

E Alphabetical Command List
Introduction to MNuts
[? Menus
? Nuts configuration file
B Technical Support
m Basic 10 Frocessing
Integration
d Phasing
Peak-Picking
# Zoom expansion routine
@ sutomated Processing
@ 20 Data
@ Advanced Features
& Data Import § Expoart
@ Searchable Archive

Close I Print... Cancel

WinHelp95 window
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The new HTML Help is similar to the collection of HTML files on the
www.acornnmr.com web site. However, it is not just a collection of HTML pages; it is
"compiled"”, meaning that a collection of HTML pages plus index and table of contents is
compressed into a single file. One improvement which results is that the word list for full
text searching is created at the time of compilation, eliminating that annoying wait.

E? NUTS Help
=] - & i
Hide Back Frint Options

Contents | Indes | Search |

@ Owerview of NUTS
7] Tutorials
@ Menus
@ Basic 1D Processing
@ Advanced features
@ Autornated processing
@ 20 Data
@ Customizing NUTS
[ Arrayed Mode option
[7] Searchable Archive option
[ FAQs
[Z] NUTS file farmmat
@ Data importfexport
[ Technical Support

IS[=1 E3

NUTS Help Files

iR ecent additions to NUTS: {see What's New page on the Acorn
NMR web site for summary of recent changes)

Arrayed Mode for faster 2D processing (this is an extra-cost
item)

Notes -- text annotations on plots

Inset plots -- new subroutine with more options for creating
inset plots

Window Size -- ability to set the size of the NUTS window in
pixels

Play FIDs using your computer's speakers (Windows versions
only)

Define Peaks routine (DP) has new "overlap avoidance"
features.

HTML Help window

The functionality of a compiled HTML Help file is provided by ActiveX, Microsoft's
implementation of Java. That means that the Help file can only be used with
Win95/98/NT/2K. Also, it requires some system files to be installed on your computer.

For details about HTML Help, see Microsoft's web site.

Requirements for Win2000 and WinXP:

The HTML Help viewer is already part of the operating system. You don't need to do

anything.

Requirements for Win95/98/NT:

Microsoft Internet Explorer (IE) 3.0 or above must be installed on the computer.
(Microsoft is supposedly coming out with a setup program to install the "Internet
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Explorer runtime engine”, for users who do not have Internet Explorer. This is not yet
available.) While IE must be installed on the computer, it does not have to be the default
browser. IE needs to be installed to add operating system functions used by the HTML
help system.

A few other files must be installed into the Windows or Windows/system folder. These
are installed by executing a file called hhupd.exe, which is included in the nuts zip
distribution file. This installs the following files, referred to as "HTML Help Runtime
Components":

FILE DESCRIPTION LOCATION

HHCTRL.OCX HTML Help ActiveX control
Windows/system folder

ITSS.DLL DLL that handles compiled HTML
Windows/system folder

ITIRCL.DLL Full-text search DLL

Windows/system folder

HH.EXE HTML Help viewer Windows
folder

WInNT users - you must have Administrator privilege to install these system files.

Failure to install these files will prevent the compiled Help file from displaying properly
and will cause NUTS to close in a most inelegant manner.

The compiled HTML Help file is distributed in the Nuts95.zip installation file. For those
users who do not have IE and don't wish to, the alternatives are to access the Nuts Help
web page or to install the older style WinHelp file by downloading Nuts.hlp and Nuts.cnt
from the. They must be placed in the same folder as the Nuts program. You must then
edit the file so that the default Help file is WinHelp by setting the HTMLHELP flag to
FALSE.

HS — Help swap

It is also possible to swap the Help file selection within NUTS using the new HS (Help
Swap) command, which toggles between WinHelp and HTML Help.

Win 3.11 and PowerMac

The compiled HTML Help file can be displayed directly only with the Windows 9x/NT
operating system. Other operating systems use the WinHelp version.

The documentation on HTML Help states that it is possible to use Java applets to create a

dual window similar to that displayed on Windows 9x/NT. We have found this to be too
slow to be functional, and have not implemented it. This has forced us to maintain the
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WinHelp version for use on the Mac. This Help file for the Mac is now included in the
MacNUTS Installer, or can be downloaded separately.

If you are curious, here's our summary of Java applets for displaying HTMLHelp:
Currently this method can display a table of contents and index, but cannot perform a
full-text search. To use this Java method, the user must have installed a version 4
browser. On the PowerMac, both Internet Explorer 4 and Netscape 4 work. On Win3.11,
only Netscape 4 works. Like most Java stuff today, viewing the help files with a browser
using Java is slower than viewing the HTML help files directly with ActiveX on a
Windows 9x/NT platform. However, with a reasonably fast PC performance is
acceptable. On older and slower PCs the Java performance is a serious drawback. For
example, a 486 DX4/100, under Windows 3.11 it took over 11 minutes to display the
index! It appears to take ~1 second for each entry in the table of contents or index. For
the 40 or so items in the table of contents, the wait isn't too bad, but the index contains
about 400 keywords.
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Alphabetical Command List

Listed below are commands active in the "base level” of NUTS (as opposed to within
subroutines). Most are 2-letter commands that are executed immediately, without
requiring <ENTER>. As of 5/15/99, there is an optional command mode that allows use
of longer commands, including arguments as appropriate, and requiring <ENTER>
before the command is executed. Where an equivalent longer command exists, it is listed
together with the corresponding 2-letter command. See detailed explanation of this "non-
2-letter command" mode.

*2 -- Expand data by factor OF 2 ..o 76
12 -- DECIMALE FID .....iiiiieiieie ettt bbbttt bbb areas 293
/2 -- Reduce spectrum by factor OF 2 .........coovieiiii e 76
1D — EXit 2D diSplay MOE........c.coveiiiiieciieie et 498
21 -- CONVEIT SPECIIUM 10 ONE ..ottt n e 72
2A -- NUmMber of POINES 10 AVEIAJE ... ..cviiieeieiie ettt et nneas 101
2D — Enter 2D display mode (INtensity Plot).......ccccvveiieieiiieseecece e 498
2F — Turn off 2-letter command MOUE........cceiiiiiiiieie e 23
2L -- Convert SPECrUM t0 TINE.......iiieiiee e 72
2N — Turn on 2-letter command MOUE........cceiruiiieiieieeie e 23
2S == 2-POINE SMOOTN ... 149
3S == 3-POINT SMOOLN ... et 150
AD - A9 - EXECULE LINK ..o 152
AB — Swap quadrants in phase-sensitive arrayed Mode ...........ccocooviiriiieienenenesenias 578
AC -- AMPHTUAE ChANQE ...c.veieieceie ettt sraenreanee s 50
ACQORDER - Specify the acquisition order for multi-dimensional data..................... 584
AD == AQU DC... ettt bbbt 73
AF -- Turn off integral diSPlay.........c.cocvoiiiiii s 127
Al -- AULOMALIC INTEGIALION ..o 125
AL -- Load Add/SUBLract DUFEr ..........ooiiieie e 172
Alt-Shift-C -- Copy to clipboard as a standard metafile.............cccccvevvvieiciiin i 271
Alt-Shift-E -- Copy to clipboard as an enhanced metafile.............ccooiiiiiiiiininicnennn 271
Alt-Shift-P -- Copy to clipboard as enhanced metafile with printer device context....... 271
AM -- Add/SUBtract MUITIPHET ..o e 172
AN -- Turn on integral diSPlay..........coovoviiieiiie e 126
AO — All SUDIOULINES OFF ...t 150
AP — AULOMALIC PRESING ..eevveieieiieee ettt e e sne e e nreene e 80
AR — Ar1ayed MOE. ......coiiiiiiiieeee et ettt 572
AS -- Add/SUDLIaCt SUDTOULINE ......c.veiiieieeie e 170
AIXISPEIN ...ttt bbbttt b b be b n et et e 47
B- - SUDLIACT BUTTEIS.... i 248
Bt -- AQd BUTTEIS ...t 248
o o To I = U & T SRR 248
B2 -- L0AA BUTTEE 2.ttt 248
BA - BASEIINE AVEIAQE .....cuiieieiiiieieie ettt 63
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BC -- Baseline CorreCtion OF the FID ....... ...t 62

BC -- Baseline Correction of the SPECIIUM .......ccvcviiieiicie e 100
BD -- BUFFEI 10 DALA ....c.viiiiiiiieiieeie et 72
BF -- BaSINe FIAtIEN .....oviiiiiiiiee e 100
BR -- Baseline correct Bruker digitally filtered data..........cccccovviiiiiiniiniiiencecc 101
BS o BYIE QWP ..ttt e 326
BT -- BruKer TranSfOrM .. ....oooiiiieiieiiee et 77
BU = BUTTEIS. ...t bbb bbbt 241
BV -- Byte SWap t0 VAX DYLE OFAEI .......coiiiiiiieiiee e 326
BW — Black and White diSplay.........c.cccvvieiieiiiieiiece e 370
BZ -- BASEIING ZEIO ..o et 146
C+, C- and CO -- Display positive, negative or all contour levels............ccccoeevvvernnnn. 498
C1 -- COMDING MO HL ...ttt bbb 510
C2 -- COMDING MOUE H2 ...ttt bbb 510
C3 -- COMDINE MOTE #3 ...ttt sae e 511
C4 -- COMDINE MOUE H4 ...ttt bbb 511
CA -- Apply Convolution FUNCEION .........oiiiiiie e 280
CB -- ClIpboard ON/Off..........coiiiei e e 48
CC == ClOSE THE € ettt nne s 511
(OB I Ofo] (0] glo [ 1] o] F- Y2 RS 370
CF -- Create ConVOIULION FUNCLION .......coiviiiiiieiiee s 279
CH -- Chloroform lineshape diSplay...........ccccevveieiieiiere e 150
CL -- ChIoroform HNESNAPE.......c.oiieiieiieie e 150
cmdlog (or commandlog) — CommMAaNd LOG......ccceiveiierieiieiieic e 57
CO - Comment (eg., sample Name OF NUMDET) ........oiiiiieiiiie e 44
Compare — OVerlaying 2D 0ata ..........cccceireieeiieiieieeie e es 581
Control-A —- AXIS TADEI .......ooeeeiee e 46
Control-B -- Toggle on/off Clipboard Display ...........cccceveiiiininiiiiniseieee e 48
Control-C -- Copy to clipboard as bitmap ..........cccecviveiieiicc e 271
Control-D -- PoiNtS/LINES t0GQIE .....cvoiiiiiiiiieeeieee e 46
Control-E -- EXpanded diSPlay .........cccvveiveiiiieie et 139
Control-F —- FUIl dISPIAY .....couviiiiiieie s 139
Control-G — Display a grid on the contour plot............cccoooe i 498
Control-I -- Toggle on/off integral display .........cccceiiiiiiiiiii 126
Control-L -- DiSplay ParameterS........cccvciieieieeiieiieseeite s e steese e se e reesae e sre e enes 49
CoNtrol-N -- DiSPlay NOTES. .......ccueiiiirieiisiceie e 49
Control-P -- Toggle peak labels on/off ... 190
Control-Y -- Set Vertical SCAliNG .........ccooviiiiiiie 50
CP == CONLOUI PIOT ...ttt bbbt 498
(O 0 S A ol 1 (010 oo o] £ SRS 500
CS -- Clear fiXed SCAlING ......ccveiieieiieiiece et 51
CT -- Complex Fourier TranSfOrM .........ccoiiiiiii e 79
Ctrl-Alt-C -- Copy to file as standard metafile..........c..ccooveeiieii i, 271
Ctrl-Alt-E -- Copy to file as enhanced metafile...........cccoooiiiiiiiiiiie 272
Ctrl-Alt-L -- Copy to file as placeable metafile...........c.cccovvevviiiiiiiici e 272
Ctrl-Alt-P -- Copy to file as enhanced metafile with printer device context.................. 272
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Ctrl-G -- Toggle on/off display of grid liNES .........cccooeiiiiiiiiiie e 500

Ctrl-P -- Toggle on/off display of peak labels ...........ccceveiieieeie i 144
Ctrl-Z -- recall previously saved data ..o 24
CV -- View Convolution FUNCTION ..o e 280
(00 Qe 010 11V /=] ¢ e - DS U O PTTRRPRRTPRTS 326
D1 -- Time values for arrayed eXperiment...........cccevvereieereeresiee e esee e e see e 198
D2 -- Decimate data DY 2.......ooeeiieie 293
DA - Date Of data aCqUISITION. .......eiveeiieieiic et 44
DB -- Data t0 BUFTEE ... 72
DC -- DC offset fOr diSPlay .......ccoveiiiiieie et 51
DD -- DUAI DISPIAY ...ttt 170
DE -- DEIELE Tl ... e 56
DF -- Digital FIIter and FT......ooiiiiieii et 78
DH -- Digital High pass fIlter .........ccvoiiiieiiee e 292
DI - Display a directory of the NUTS fOlder .........cooooiiiiiiiieeceeeeee s 54
DIMS — Specify number of data points in each dimension ............ccccccevivevesienecie e, 583
Do SRS PRPRPRRRR 271
DL -- Digital LOW PasS fIlLer ........oiieiicie e 292
DM -- Database MaKE.........ccvoiiiiiiieieiie ettt 300
DP —- DEFINE PEAKS.......euiiiiiiiiiieiee e bbb 186
DR -- Data REAUCTION ..o et 199
DS -- Database SEAICH ........ccoiiiiiiieiese e 301
El, E2, E3, E4 and E5 - EXPOrting Data..........coccoiieiiiiiiieieiie e 344
E6 -- Export as JCAMP-DX using NTUPLES format ...........ccccooevviieiiene e 344
ED - ElMINGE DISPEISION .....iiuiiiiieiiiiesiieieeiie sttt sttt nb e nne e 289
EF - EMAIFIIE oo 54
El — increment extension for file @XPort ..........ccoeiveii i 154
EJ -- Export as JCAMP-DX (Real data points only) ..........ccovviiiiiiiinieees 344
EM -- Exponential MUItIpliCation...........ccocoeiieii i 63
EX - Name of pulse experiment used to acquire data...........ccooveveirieieienincnesieee 44
EZ -- Enter limits for ZOOM FreQIONS ......c..coviiiiiieie e 139
F1, F2 Spectrometer frequencies in the first and second dimensions.............cccccocevvnienne. 44
FA == SEEAXIS TONT.....iitiiiiiiiicee bbb 372
o T B = 1= T 1 TSR 104
FC -- Set font for clipboard diSPplay ..........ccceoeiieiieii i 372
FF = FINA FIIE oottt naenns 158
FH -- Set font for horizontal peak 1abels ...........ccccoveviieieece e 373
FI -- Set font for Integral 1aDeIS ..o 373
FL -- Set font for commMand lINE .........cooviiiiiiiiiiieee e 373
FM -- Set font for parameter [iISt 0N PIOLS .........coviiiiiiiiei e 372
FIN == FIIE NEW ..ttt be e ene s 237
FP == FID PlaY ..ottt ettt aenneena e e e s 147
S o P11 (=Y o (=T o o] RSSO 100
FS == FIX SCAIING ...t 50
FT -- FOUNEr TranSTOIM.....ccuiiiicieie et 77
FV -- Set font for vertical peak 1abels...........cooiiiiii 373
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X B aSE NG, .t e 107

(€Y N T o - L TS AR 53
GB -- Gt data SEL B.....oiciic e s 53
1O C 1= o I - 1= A SRS 511
GF -- Gaussian Factor for LG COMMANG .........c.oooveiiiieiieiinie e 66
GM -- Gaussian MURIPHCALION .........cccieiiiiecie e 64
GR -- Get RelaxXation ata.........ccoieeiieiiiieieeeie e 198
GS - Get Sample. Specifies the file from which frequencies will be read...................... 315
Header — Select which of 3 file formats to USe .........ccovviiiiiiiiieee e 346
HeaderSearch (or equivalently, hdrsearch) — Search files by keyword..........c..cccovenene. 58
HI = HISEOGIAM ..o et e et beene e 293
[ STl o (o] TR o S 14
HT -- HIIDErt TranSform ......ooiiiecce e 79
IA - Increment SHICe TOr file A ..o 153
ID — Enter INtegration SUDIOULINE .........coviiiiiiiiec e 121
IE -- Increment file EXIENSION........cvi et 153
IF -- File INFOrMAation .........cooiiiie e 56
IG -- Incrementally Shifted GauSSIAN ..........cccveiiiieiieiece e 66
I == INVEIT IMAGINATTES ...t 148
I [0 (=T | | SR 126
(1Y I g oo o L TSP 322
IMAGE — IMage diSPIAY .....c.veiveeiecie ettt 606
IN -- INcrement slice number or file eXtenSION .........cccovieiiiii i 152
L 1=T g [ Y PSS 509
Invert — invert every other slice, for processing States-TPPI data...........c.cccocevviiernenne 558
L 1 1 (=T 57 VA o [ PSS 497
IS — INSEt PIOLS SUDIOULINE. .....ccvieiiceic et 182
IT == INVEISE TranSTOIM .....ooiiiiec e 79
IV - InValidate the data............ccveieiiiiicecc e 148
JE -- Baseline correct JEOL digitally filtered data............ccccooovriiiiiiiiiiiiccee 101
33 - 13C Chemical Shift SEArChING...........covvieeeeeeeeeeeeeeesee et e e, 302
JT -- S-TRAF resolution enhanCemeNnt.............ccovveiirieiiieniee e 67
L0 - L - BT LINK 1ottt 152
LB -- LINEDrOAENING .....oveiiiiiiieiieieiee et 63
LF = LN T bbb 222
LG -- Lorentzian/Gaussian resolution enhanCement ..........cccvevereereiieeseenesieeseesiesee e 66
LI - Linked Command LiStS........ccuoiiiiiiiieiieie ettt 151
I I 1o T- N 1 RO OR 517
LN - Lin€ar PrediCtioN ........ccviiiiieiie ettt 253
LO -- LOOK at data file .......coiveeieeie e 326
LP -- Parameters to Cliphoard ............cccooiiiiii e 48
LS -- Left SNt data........coooveiiiiiecce e 77
LV - Set CONLOUN TEVEIS......c.eieeeceece e 500
LZ -- LaSt ZOOMEA FEYION. .......cviiuiiieeiieiieie ettt sttt b 139
M2 == POWET SPECIIUM ...ttt sttt ettt st et e s b e e e e s e e nnbees 87
MA - Math functions iN NUTS ..o 266
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MC -- Magnitude CalCUlatioN ...........cooiiiiii e s 86

MF -- Make FUll COMMANG.........coiiiiiiieiiiieee s 50
MH - Minimum Height, the threshold for selecting peaks..........ccccccvvveiiiiiiinieiiennnnn, 144
ML = MOIFile diSPIAY .....veeeeeceieceee e 216
MO -- Meta ODJECES 0N PIOLS ... e 206
MR of MRI = IMage diSPlay .......ccoiveiiiieiiecc e 606
MS == MUITIPIY SINE ... et nee s 67
010 2SS 271
NA Number of SCANS ACUITE. ......ccueiiiiieiieie e e 44
N2 T TN 30 =0T B i -V SRS 332
NF -- Calculate System NOISE TIGUIE.......c.eeiiiiiiiiiieeie e 148
NO — NOTES SUDIOULINE. ...t et 178
NS - NMR SIMUIALION ..o et 233
NU — Re-initialize NUTS from the nuts.ini file..........cccooviiiiiiiiiie s 352
01, 02 Spectrum offsets in the first and second dimensions. ...........ccccovvveviveevieiiecieenn, 44
OC - OPEN TIE ettt et et e e sreete et e sneenaeeneenneas 511
PA - Phase A. Input zero-order phase correction to be applied with PC...............ccoc....... 83
OF Y0 B o 1Yo o SR 59
PB - Phase B. Input first-order phase correction to be applied with PC.............ccccceeeee. 83
PC — Specifying numerical phase ValUES ............ccooveiiiieiieii e 82
PD Pulse delay used in data aCqUISITION. ..........ccoueiiiiiinieiieiiee e 44
PE —Phasing eXpanded reQI0ONS .........c.ccuviiereeieiieseesieseeseesie e sre e ra e se e esreeneeenes 82
PF - Peak 1aDEIS OFF ... e e 145
PH - MOUSE PRASING ... ccueeiiieiecie e se et ste et te e e ente s e sraeseaneesneees 81
Pl — INCremented Phase .......coeiiiiieiiiie et 83
e e o (0] 1= o] o SR 501
e I o (o) ST PRSP 26
Plane — Display a plane of @ 2D data Set...........couriiieieieieseseeeee s 584
PN - Peak labels on, to display peak l1abels ..........ccccoeeiiiieiiciiccc e 144
PP — PRAK PICK ... 144
PR -- POSITION RETEIENCE. ....c.viiiiieiiicie e 26
PROJ (or PROJECTION) — specify projection file and position .............cccccevereninene. 503
PS — PRESE SAME.....ccuiiiieiiiieieite ettt bbbttt bbbt r e 82
PT — PrOCESSING LY. .. ittt nn bbb 574
PW Pulse width used in data aCqUISITION. .........ccceerviiieiieie e 45
QA — Automatic phasing of zero-order ONlY ..o, 80
QB -- (or BASELINE) Quick Baseline CorreCtion ...........ccccecvveveiieiieicsie e 108
QD - QUICK DISPIAY ...ttt 47
QP — Quick AUtOMALIC PRASING ...c.vveveieieiiecie e 80
RO - RO -- REGISIET SPECIIA. ......eiuieiieiiiiteiteste sttt bbb 140
RD == ROTALE DALA .......ooeieiiieiiie ettt 76
RE -- Resonance ElMINATION.........cccviiriierieie e 284
RI -- Exchange Real & Imaginary data............ccceceiiiiieii i 147
RL — REad LICENSE FlE.......iiiieiiee ettt 56
RM - RMS noise parameter, to distinguish between a peak and noise..........c...c.ccc.v..... 144
RO -- SQuare ROOE OF JALA .......ccveieiiiiieie e 89
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RR -- Read Relaxation data Fll ...........eeeeee e eeeeeeeeeeneneeeeenee 202

RS -- RIGNt ShITt data........eeiieiiee e 77
I o T LI I U 1) (0] 0 RSP SOPUPRPSON 79
RU — RUN MACTO ..ottt sttt e e 154
S# -- Phase shift for sine multiplication............cocoiiiiiiie e 69
S@ - SNINK DY oot enes 75
S0 == SCAIE ZEIO .t re s 51
S2 == SAVE 2D daLA SEL......eeiveeiieiesieee e nre s 506
SA —- SAVE UALASEE A ...ttt 53
SB - SAVE AALASEL B .....ocveeiieieciie et 53
SC -- SAVE AALASEL C ...ttt es 505
ST ] [0V I 1S o] - YRS 47
SE -- Visually inspect data file ..o 327
SF SPECIrOMELEr FIEQUENCY. .. .eiiiiiiiiiiii ettt ettt et bn e eebeeeens 45
SG -- SNITLEA GAUSSTAN. .....c.vieieeitieiiieie ettt b e b sreeeeenes 65
Y I o [T ]S - L USSR 75
SL m= SBE SHICR it 501
SM - ShImMMING SIMUIALION ........veiiieie e 311
SN == SIGNAI 10 NOISE ...ttt nreas 148
SO == SMOOTN ...t rn 150
SP - SACKEU PIOLS .. 261
SR —= SPECIIUM REVEISE......eeiiiiiieiiiieiiie ettt sttt e b nnbee s 147
SS - SEt 2D datad SCAIE........eeei et 500
ST -- StOre Tagged UaAtA.........cecveeieeieiie et e e s 510
SU OF SUM == SUM SHCES. ...ttt 501
Substitute -- SHCe SUDSTITULION ........eeiiiie e 506
SV m SOIVENT ... et e e nes 56
SW SWEEP WIAth IN HZ. ..o 45
SY -- SYMMEtrize 2D data SEL .....ccveieiiiiiieiieseee s 504
SZ = SEL FIEqUENCY 0 ZBIO.....eiiiiiieiiii ettt ettt br e snneeens 26
T - REMOVE TAHIEE ... et eenee e 56
LI I U] =T = Vo [ SR 55
T1 -- Trapezoidal multiplication Parameter..........ccooveerieiieieee e 70
T2 -- Trapezoidal multiplication Parameter............cocvevvrieeiierie e 70
TA = REA TAIEE ..o et e e e e reeenea e 55
TB = TaADS. .t e e 352
TD == TranSPOSE DALa.......ccueeeiiiieiiiieiiii et 505
TF -- TRAF resolution enhanCement...........ccvoeiieiieie e 67
T == TaQ IMAGINAIIES ...ttt b e b sne e b e et ne e sne e 510
TJ - TransformM JEOL........cvo it aneenne e 78
TL (Or Tilt) - THE OF 2D data.......ccoveiiiiieicie s 507
TM -- Trapezoidal MUItIPHCAtION .........cciiiiiee e 70
TP - Total Phase. Displays values of phase correction which have been applied. ........... 83
TR == TG REIS......cciieie ettt sre e te e nnes 509
TS =TI SAVE.....cuvieiie ittt e e et e et e e saeeabeeareeens 55
UD == UPdate DISPIAY ....vecvveiieieciiecieee ettt ste e e sneenne s 47
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UH == UPdate HEAUET ..ottt 505
UID - UNIQUE TABNTITIE ...ttt et 44
UN == UN=DO ON .ot 24
US USEr NAME OF INTTIAIS ...t 45
UUDecode — Decode a uuencoded File..........ocuviiiiiiiiiie e 56
UUENcode — Encode a binary file @S teXt ..o s 56
Volume Integrals 0f 2D PEAKS .......ccveiieiieieciesee et 190
VP - Virtual Parameters. Opens a dialog box to set acquisition parameters. ................ 315
VS -- View Database SEAICh.........ccoouuiiiiiiei s 302
VW == VIEW 2D data SHICES ......eeiieiee e e 501
W1, W2 Sweep width in the first and second dimensions...........ccccccevevvevesieesieeresieneens 45
WEC = WHICH COIOT ..ttt 370
WP = WHICH PAEN ..ttt 332
WS == WINUOW SHZE ...ttt st et sbe e 47
WV = WINAOW VIBW ..ottt bbbt 274
WV == WINAOW VIBW ...ttt sttt sttt e e sneenne s 63
X0 — X9 -- Extract pre-defined spectral region .........ccccoocevivevieeieiiieniere e 149
DO O [T T g o] o] 1= ox {0 LTSRS 503
XL == EXIFACT LINB...iiiiiciiciee et bbbttt 148
XT -- EXtract SPectral REGION .....cc.coiuiiiiiiiiieie ettt 149
XX = EXIENUTS ..ottt 150
YO0 - Y9 -- Sum block averaged SPECIIa.........cooueiiriieiiiie e 141
Z0 - Z9 -- Display a previously defined spectral region..........cccccovevveiviieneesese s 139
ZE - ZEIO 0ata SBL....ccuviieieiiieie ettt ettt 146
ZEroDIAGONAL .....ccviiiiee et nre e nnes 507
ZF == ZEIO Flll ..ot 73
ZG - Zero & GO. Reads file containing fregencies and generates the NMR data. ....... 315
Z1 == ZEr0 IMAGINAIIES......eeivieiieiecieeite ettt te e st et a e sre e teebeaneesreeeas 147
ZL — Zero Peak Pick List, clears the list Of Peaks ..........ccooveveriieriiiniieie e 144
ZN -- Zero NegatiVe POINTS.......ccveiieieeiie et sre et e e e 147
ZO — Enter the Z0o0om SUBIOULINE ........coviiieiieie e 138
ZP - Zero Phase. Sets both zero- and first-order phases to zero. ..........cccccceeeivievv e, 83
ZR - ZEIO RBAIS ...ttt et nne s 147
ZZ - AULO IMPOITING...c.tiiieiieeie ettt e et e re et esteeste e e e sreesteesseaseesaeennenreas 326
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Longer commands

NUTS has an optional command mode in which commands can be more than just 2
letters long. When in the "non-2-letter” command mode, a carriage return is required
after any command is typed before it is executed. This applies only to the base level
commands, and not to commands within any of the subroutines.

2F — Turn off 2-letter command mode

2N — Turn on 2-letter command mode

The default command mode can be specified in the nuts.ini file, with the following lines:
CR_FOR_COMMANDS =FALSE or CR_FOR_COMMANDS =TRUE

When this flag is set to TRUE, the longer command mode is active, and all commands
will require an <ENTER> before they execute.

The reasons for the change are shortage of "logical™ 2-letter commands, and to provide
additional flexibility (such as the ability to specify arguments on the command line).

In the new mode of operation, the commands can be up to 32 characters long and some
commands can take arguments. The same two letter commands as before still work but
they require an <ENTER> before they are executed. Commands selected from a menu
automatically detect the mode of operation and supply the <ENTER> when necessary.
Links and Macros will need modification to execute properly. The simplest solution for
existing macros is to add a 2N command at the beginning. To use the longer commands
in a link or macro, a comma is used to tell Nuts to insert an <ENTER>.

All commands, whether long or short, are listed in the command list.
See also: 3D processing, macros

It is possible to undo many NUTS operations. This works only in the base level of NUTS,
not in the subroutines. Before a command is executed, the current data is copied into a
temporary 10-layer file cache. This functions like the stack in a reverse polish

calculator. Each time a command is executed, the data is added to the stack, and previous
entries roll up. The user can then recall each previous version sequentially, causing the
stack to roll down, using Ctrl-Z.

The user can choose to enable or disable the Un-Do process. This can be done while
NUTS is running, using UN and UF to turn Un-Do on and off, respectively. This can
also be done in the nuts.ini file, with the following line:

UNDO = FALSE or UNDO =TRUE
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In a link or macro, or when processing 2D data in non-arrayed mode, saving of data to
the Un-Do cache is automatically disabled.

UnDo will work for 2D data while in the Arrayed Mode. However, the time required to
write copies of a large 2D file probably makes this inadvisable, and it is suggested that
Un-Do be disabled before processing 2D data.

UN -- Un-Do On
UF -- Un-Do Off
Ctrl-Z -- recall previously saved data

Note that Ctrl-Z while in the Zoom subroutine is a completely unrelated command
(zeroes the data in the expanded region).

Introduction to NUTS

This section is an introduction to the basics of navigating around the program, scaling the
display, using the cursor, setting the chemical shift reference, plotting and copying.

In addition to the operation of the program from the menus, a command line user
interface is also active. When the menus are pulled down with the mouse and the menu
choices are displayed, the keyboard letters corresponding to each command are also
shown. This "learn as you go" approach allows the user interested in operation of NUTS
from the command line to become familiar with the necessary commands in the course of
normal operation and minimizes the frustrations of searching through manuals. Some of
the more advanced features are not available from the menus. On-line Help is also
available.

See Getting Started section below.
Base Level Operation

The base level of operation is the starting point when the NUTS program is run. Many
functions of NUTS, such as Zoom and Integration, operate as subroutines of the base
level. Sample files are available for download, and can be opened in NUTS by using the
menu and selecting File/Open. A dialog box appears and allows the user to select an
NMR file. If the file is an FID it will need to be transformed (FT) and phased. If the file
was a spectrum (previously processed and stored) it will be displayed and is ready for
further perusal. The spectrum can be printed using the File/Print menu option, which
displays a Print Setup dialog box. The Zoom subroutine is used for horizontal
expansions, to display a selected region of the spectrum. The horizontal scroll bar at the
bottom of the screen will shift the display left and right if an expanded region is currently
displayed.
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The NUTS base level of operation is characterized by the following general features.

Vertical scaling The spectrum will be automatically scaled to display the tallest peak
full height. Vertical scaling can be done using the scroll bar on the right. Vertical scaling
can also be done with the "<", ">", up and down cursor control keys, PAGE UP, or
PAGE DOWN keys. At any time, the vertical scale can be reset to zero with SO or the
largest displayed peak can be made full height with Control-Y. See also scaling the
display.

Cursor A mouse cursor (ARROW) will be shown on the display and its position is a
function of the mouse movements. If the left mouse button is depressed and held, a full
window crosshair will replace the mouse cursor and its x and y position displayed in real
time in the lower right corner of the window as the mouse is moved. The x position is
shown as data point number, Hertz, and PPM. The vertical position is shown as a percent
of the tallest peak in the spectrum. This information is displayed as long as the mouse
button is depressed.

The cursor information can optionally be displayed in difference mode. While holding
down the left mouse button, click the right mouse button. The current x position of the
vertical crosshair will be marked and an additional line of readout will be displayed at the
bottom right of the window. This additional line of display shows, in real time, the
current cursor x position relative to the marked position. As the mouse is moved, while
still holding down the left mouse button, this difference display is updated. This is useful
for quickly measuring coupling constants, line widths, etc. This line also shows the
average of the frequencies of the marker and crosshair cursors, for easy determination of
the chemical shift of mutiplets such as doublets.

All functions return to the default base state of operation when the left mouse button is
released. Users with a single-button mouse can press the period key on the keyboard in
place of the right mouse button.

This is illustrated in the section below about using the cursor.

Setting Chemical Shift Reference

The easiest way to set a peak to a specific chemical shift is to hold down the left mouse

button, place the cursor on the peak and type O (for offset). A dialog box appears which
allows you to set the frequency in either Hz or PPM. Note that this function operates at

the base level of NUTS and not in the Zoom subroutine.

If the current file is a 2D file, the same procedure is used to set the shift in both
dimensions.

If the chemical shift of the reference peak is to be set to zero, the SZ command provides a

quicker way to set the reference. Use Zoom to expand around the peak and SZ sets the
value of the largest peak in that region to zero.
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The way Nuts keeps track of the chemical shift is via the O1 (offset) parameter. (Note
that this does not have the same meaning as in Bruker software.) O1 is the offset, in Hz,
from the center of the spectrum to O ppm.

SZ -- Set Frequency to Zero

Sets the frequency of the largest peak in the currently displayed region to Zero. This can
be used to set the chemical shift reference by first Zooming in on the TMS peak, then
typing SZ. This now works for 2D data as well. If the data is displayed as a contour plot
or intensity plot, then the largest displayed peak will be set to a shift of zero in both
dimensions. Note that in cases of limited digital resolution, the zero value may not appear
in the center of the chosen contour, and will need to be adjusted using the cursor and the
Offset (O) command, as described in the preceeding paragraph.

PR -- Position Reference

Sets the frequency of the largest peak in the currently displayed region to a value
previously set in a macro with the Ask Shift command.

Plotting The displayed spectral region is plotted using the File/Print menu selection.
The NMR data will be plotted as it is currently being displayed. Spectral parameters will
be plotted at the bottom of the NMR plot. These parameters are spaced expecting a
Landscape 8.5" x 11" plot. If the printer is not currently in the landscape mode, it should
be placed into the landscape mode with the printer dialog box when printing. The printed
spectrum will have the characteristics of the displayed spectrum. The spectrum height
will fill the plot the same as the display window. The axis type will be the same as the
displayed axis type. If an integral is being displayed with values on the screen, it will be
plotted with values on the paper. There is a Page Setup option under the File menu which
allows several plot features to be set.

PL -- Plot

Prints the displayed spectrum to the currently selected printer. The first time PL is
executed (unless a Print Setup has already been performed) a Print Setup dialog box is
displayed, allowing selection of printer device and print parameters. Once printer
parameters are selected, clicking OK causes the plot to be printed. Thereafter, when the
PL command is entered, printing is performed directly. The printer parameters can be
changed at any time by selecting Print Setup from the File menu. Printing can also be
performed from the File menu.

The user can set several options, including whether or not to print parameters on the
bottom of plots, whether or not to draw a box around plots, margins, color printing and
line thickness by selecting Page Setup under the file menu. NUTS plots are configured
for 8.5x11 paper in Landscape orientation and are sized to be as large as possible. By
default, plots include the parameter list and box, and all colors on the screen are mapped
to black for printing.
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Page Setup allows larger margins to be set. Even when margins are set to zero, the plot
will always have small margins on all sides. The size of these margins is dependent on
the particular printer and printer driver being used. Setting margins to non-zero values
adds the entered values to the default small margins. Note that margins are set in mm.

There is also an option in the Page Setup box for making 2D plots square, making it
easier to view data from homonuclear experiments. The plot will be the maximum size
possible, which is about 7 inches, plus axes, for 8.5x11 paper. This option affects only 2D
plots.

Fonts for the different types of text can be changed by choosing Set Fonts from the Edit
menu.

Some of these options can be set in the NUTS.INI file, so that they are invoked every
time NUTS is run.

Copy and Paste to the Windows Clipboard The currently displayed spectrum can
be placed in the Windows clipboard using the Edit / Copy menu option. From the
clipboard, it can be placed into other Windows programs, such as word processing
programs for inclusion in reports, using Paste. The picture is a bit map and the result will
have the best quality if the NUTS window is set at maximum size, completely filling the
screen, before the Edit / Copy operation is performed. NUTS also provides the option of
copying the spectrum as a Metafile, rather than a bitmap, which results in a better quality
picture. See details about copying below.

See also: Zoom, Phasing, Integration, Peakpicking

Getting started — open a file and perform basic processing

This section illustrates some of the basic operations in NUTS, including FT, automatic
phasing, automatic integration and peak picking.
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Choose Open from the File menu and select the file corresponding to the FID data.
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Select Fourier Transform from the Process menu.
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The simplest way to phase is using automatic phasing. Choose Quick Phase from the

Process/Phasing menu.
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The resulting phase is fairly good, and can be manually touched up using interactive

phasing methods. See section on phasing.
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the Tools menu.
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NUTS has automatically set the smallest integral to 1 and created separate integrals for
peaks which are sufficiently separated.

Numerical values can be reset and additional integrals defined manually using the
integration subroutine.

Display of integrals can be toggled on and off from the View menu selection Show
Integrals.

(Note that if the smallest integral is negative, due to poor phasing, integral labels will not
be displayed.)
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Select Peak Pick from the Process menu. All peaks above the threshold are temporarily
indicated with small vertical red lines, and peak labels are displayed at the top of the
screen. See Peak Picking for details, including how to set the threshold and options for
peak labels.

When PP is executed, a peak list is automatically placed into the Clipboard, from which it
can be pasted into any text editor for printing. The list can also be placed on the screen by
selecting Show Clipboard Text from the View menu.

Display of the peak labels can be toggled on and off with Ctrl-P.
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Using the cursor and zoom routine

This section illustrates use of the Zoom expansion routine, and using the cursor to set the

chemical shift reference and to measure chemical shifts and coupling constants.
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Choose Start Zoom Operation from the View menu. Note that typing ZO on the keyboard

is equivalent.
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To select a region for expansion, press and hold the left mouse button, and drag across
the chosen region, which is highlighted in red.

To display this expanded region, choose Zoom Region from the Display menu or type
Ctrl-E.

To return to displaying the full spectrum, choose All Reals from the Display menu, or
type Ctrl-F.
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Specific frequency limits can be entered by choosing Set Frequency Limits from the
Display menu, or by typing F. Limits can be set in points, Hz or ppm.

The right hand half of this dialog box applies to the second dimension of 2D data.

Exit the Zoom subroutine by selecting Exit Zoom from the File menu or by typing
<Enter>. The currently expanded region remains on the screen.

For details, see description of the Zoom subroutine.
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The cursor can be used to set a chemical shift reference. This is done from the base level
of NUTS, not from within the Zoom routine.

Press and hold the left mouse button, and place the cursor on the reference peak. While
holding down the mouse button, type O (Offset) on the keyboard.

A dialog box is displayed allowing the frequency at the cursor position to be entered. As
before, the section labeled Vertical Dimension applies to 2D data.

See also: SZ and PR commands.
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The cursor can be used to display the frequency of any point in the spectrum.

Press and hold the left mouse button to display a cross-hair cursor. The location of the
cursor is displayed at the bottom of the screen as point number, Hz and ppm.

The height of the horizontal cursor is also displayed, expressed as a percentage of the
tallest peak in the spectrum.
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Frequency differences can be measured using the cursor in difference mode.

Press and hold the left mouse button and position the cursor on the first peak of interest.
Click once with the right mouse button, without releasing the left button. This sets a
marker cursor (green).

(Users with a single button mouse should press the period key on the keyboard instead of
clicking the right mouse button.)

While still holding down the left mouse button, move the cursor. The position of that red

cursor is shown as before, but above it is displayed the frequency difference between the
marker cursor and the current red cursor position.

Menus

Toolbar

Starting with version 980310, NUTS has a toolbar with icons for common commands.

F¥ winNuts - (untitled)

File Edit ‘Yiew Process 20Process Tools wSpec Help

| H| B S| kil e]0E|Ll w2 &)

The corresponding commands are, starting at the left:

File Open (GA)

File Save (SA)

Copy as bitmap (Ctrl-C)
Print (PL)

Page Setup

Fourier Transform (FT)
Phase by Mouse (PH)
Enter Zoom subroutine (ZO)
Automatic Integration (Al)
Peak Pick (PP)

Run Link #1 (A1)

Help on Nuts

Menus
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Within the NUTS base level, the menu choices are shown below, along with commands
which can be found within each menu. Details can be found by following the links down
through layers of menus.

File -- opening and saving files, run macro, printing, page setup and exit Nuts

Edit -- copying spectra, setting fonts, left and right shift, zeroing data, spectrum reverse

View -- Acquisition parameters, Zoom, vertical offset, scaling, dual display

Process -- window functions, Fourier transforms, phasing, Link command strings,
baseline correction, integration

2D Process -- intensity and contour plots, step-wise viewing of slices, projections,
symmetrize

Tools -- Add/subtract, reference deconvolution, linefitting, spectrum simulation
vSpec (Virtual Spectrometer) -- Simulation of FT-NMR data acquisition.

Help -- Open on-line Help, toggle on/off Helper windows, NUTS data file format,
technical support information, About Nuts

File Menu Commands

New (FN) -- Used with spin simulation (NS) routine, to define spectral parameters.
Run Macro (RU) -- Execute a Nuts macro for automated processing.

Open (GA) -- Open a NUTS file

Save (SA) -- Save a file in NUTS format

Save As (SB) -- Save a file using a new name.

Auto Tailer Read -- Sets a flag to automatically read items from the file tailer when file is
opened.

Auto Tailer Overwrite --
Delete (DE) -- Delete afile.
Email File (EF) -- Email the current NUTS data file (Win95/98/NT only).

Export -- Export data as ASCII file in one of 5 possible formats, or as JCAMP.

37



Import -- Import foreign data by automatically detecting the file type (IM).
Print Setup -- Opens dialog box for choosing printer and print options.

Page Setup -- Allows selection of margins, pen width, color and other display and print
options.

Printer dialog -- Opens print dialog box.

Print (PL) -- Print the currently displayed region.
Exit (XX) -- Exit the Nuts program.

Edit Menu Commands

Copy bitmap to clipboard (Ctrl-C) -- See Copying Spectra for description of this and
subsequent copy commands.

Copy standard metafile to clipboard (Alt-Shift-C)

Copy enhanced metafile to clipboard (Alt-Shift-E)

Copy printer Device Context enhanced metafile to clipboard (Alt-Shift-P)
Copy standard metafile to file (Ctrl-Alt-C)

Copy placeable metafile to file (Ctrl-Alt-L)

Copy enhanced metafile to file (Ctrl-Alt-E)

Copy printer device context ehnanced metafile to file (Ctrl-Alt-P)
Zero Zoom Region (BZ) -- Zero all points in expanded region.
Zero Full Data Region (ZE) -- Zero all data points.

Zero Reals (ZR) -- Zero all real points.

Zero Imaginaries (ZI) -- Zero all imaginary points.

Left Shift (LS) -- Shift data one point to the left.

Right Shift (RS) -- Shift data one point to the right.

Spectrum Reverse (SR) -- Reverse spectrum left to right.
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Swap Real & Imag (RI) -- Exchange real and imaginary halves of the data.
Invert Imaginaries (I1) -- Invert all imaginary data points.

Set Fonts -- Set fonts for axis (FA), clipboard (FC), integral labels (FI), command line
(FL), parameters on bottom of plot (FM) and peak labels (FP).

UnDo (Ctrl-Z) -- UnDo last command.
View Menu Commands
Spectral Parameters -- Acquisition parameters imported with the data, as follows:

Comment (CO) -- Up to 80 characters used for description of data.

User (US) -- User's name or initials.

Date (DA) -- Date data were acquired.

Frequency in 1st Dimension (F1) -- Spectrometer frequency in MHz.

Frequency in 2nd Dimension (F2) -- Spectrometer frequency for 2nd dimension
in MHz.

Offset Frequency in 1st Dimension (O1) -- Offset in Hz from center of spectrum
to O ppm.

Offset Frequency in 2nd Dimension (O2) -- Offset in Hz from center of spectrum
to 0 ppm, for 2nd dimension.

Sweep Width in 1st Dimension (W1) -- Spectral width in Hz.

Sweep Width in 2nd Dimension (W?2) -- Spectral width in Hz, for 2nd dimension.
Slice (SL) -- Slice number of currently displayed slice.

Experiment (EX) -- Name of pulse program used to acquire data.

Number of Acquisitions (NA) -- Number of scans acquired.

Pulse Width (PW) -- Observation pulse width in usec.

Pulse Delay (PD) -- Relaxation delay in sec

Type -- Allows selection of Display Full or Zoomed region, Real and/or Imaginary data
points, and axis label (ppm, Hz, points or none)

Show All Reals (Ctrl-F) -- Set display to show full spectrum.

Show Zoom Region (Ctrl-E) -- Set display to previously defined frequency limits.

Show Integrals (Ctrl-1) -- Toggle on/off display of integral trace.

Show Peak Labels (Ctrl-P) -- Toggle on/off display of peak labels defined in DP routine.
Start Zoom operation (ZO) -- Enter Zoom expansion subroutine

Vertical Offset (DC) -- Allows position of spectrum's baseline to be moved up the screen.
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Amplitude Change (AC) -- Allows entry of a multiplying factor to scale display.
Make Full Scale (MF) -- Reset display scale to make the largest displayed peak full scale.
Reset Scaling to 1 (SO) -- Remove all scaling factors.

Dual Display (DD) -- Toggle on/off display of a spectrum which has been loaded into the
dual display buffer.

Multiple Buffer Display (BU) -- Enter Buffers subroutine for display of multiple spectra.

Total Phase (TP) -- Display the values of zero- and first-order phase which have been
applied.

Parameters to Clipboard (LP) -- Copy spectrum parameters to the Windows clipboard for
display on the screen or pasting into other applications.

Show Clipboard Text (CB) -- Toggle on/off display of Windows clipboard on the screen
(text only).

Fix Auto Scaling Factor (FS) -- Disables automatic adjustment of the display scale, so
that different data sets can be compared.

Clear Fixed Auto Scale (CS) -- Removes the effects of the FS command.
Process Menu Commands

Conditions -- Displays a parameter box allowing setting of parameters for window
functions, peak picking and phasing.

Links (LI) -- Allows definition of 10 Linked command lists.
Window functions:

Exponential Multiply (EM) -- Applies exponential apodization function using
previously defined Line Broadening value.

Gaussian Multiply (GM) -- Applies gaussian apodization function using
previously defined Line Broadening value.

Lorentzian/Gaussian Multiply (LG) -- Applies Lorentzian/Gaussian resolution
enhancement.

TRAF function (TF) -- Applies Traficante resolution enhancement.
Trapezoidal Multiply (TM) -- Applies trapezoidal apodization function using
previously defined parameters.

Sine Multiply (MS) -- Applies sine apodization function with phase defined by
S#.
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Transforms:

Fourier Transform (FT) -- Forward Fourier transform.

Real Transform (RT) -- Real Fourier transform.

Bruker Transform (BT) -- For Bruker sequential data.

Complex Transform (CT) -- Complex Fourier transform.

Inverse Transform (IT) -- Inverse Fourier transform.

Hilbert Transform (HT) -- Inverse Fourier transform starting from real data.

Phasing:
Auto Phase (AP) -- Automatic adjustment of zero- and first-order phase.
Quick Phase (QP) -- Automatic adjustment of zero- and first-order phase.
Phase Correct (PC) -- Manual phasing using previously set values of PA and PB.
Phasing Expanded (PE) -- Phase using 2 previously defined spectral regions.
Phasing by Mouse (PH) -- Phase entire spectrum using mouse buttons to adjust 2
phase parameters.
Phase Same (PS) -- Apply same phasing as used on previous spectrum.
Zero Phase (ZP) -- Remove all phase adjustments.

Digital Filter:

Digital Low Pass (DL) -- Apply low pass filter.
Digital High Pass (DH) -- Apply high pass filter.

Baseline Correct (BC) -- Remove DC offset and tilt of entire spectrum.
Zero Fill (ZF) -- Double the number of data points by adding zeros.

Shrink Data (SH) -- Reduce the number of data points by deleting points from the right-
hand end, as defined by the S@ parameter.

Peak Pick (PP)-- Select peaks above minimum height and place peak list into the
clipboard.

Fit Baseline (FB) -- Enter polynomial baseline fitting subroutine.
Baseline Flatten (BF) -- Remove DC offset and tilt of displayed spectral region.
Integrate Display (ID) -- Enter integration subroutine.

Magnitude Calculation (MC) -- Computes magnitude spectrum of the current data set so
all peaks appear positive.

Power Spectrum (M2) -- Computes power spectrum of the current data set so all peaks
appear positive.
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2D Processing Menu Commands
Set 2D scale (SS) -- Calibrates intensity scale for use in calculating contour levels.
View 2D slices (VW) -- Stepwise viewing of slices of a 2D data set.
Transpose data (TD) -- Rotate data by 90 degrees.
Project 2D file (PJ) -- Calculate horizontal projection of currently displayed region.
Intensity Plot (IP) -- Display quick intensity map of 2D data.
Contour Plot (CP) -- Calculate and display contour map of 2D data.
Get Slice (SL) -- Display a selected slice of the 2D data set.
Symmetrize (SY) -- Symmetrize the data to remove artifacts.
Tools Menu Commands
Add/Subtract Routine:
Enter Add/Subtract Subroutine (AS) -- Enter subroutine and display buffer
spectrum above current spectrum.
Load Add/Subtract Buffer (AL) -- Copy current spectrum into buffer.
Edit Add/Subtract Parameters (AM) -- Allows setting buffer multiplier, vertical
offset and frequency offset.
Convolution:
Apply Convolution filter (CA) -- Apply previously calculated function to
displayed FID.
Calculate Convolution filter (CF) -- Calculate reference deconvolution function
from displayed peak.
View Convolution filter (CV) -- Display previously calculated function.
Get Convolution filter -- Read previously saved function from file.
Save Convolution filter -- Save calculated function to a file.
Searchable Archive:
Database Make (DM) -- Create archive file from set of NUTS spectra
Database Search (DS) -- Search NUTS archive file

Relaxation:

Read Relaxation Data (RR) -- Read list of intensity vs. time from a file.
Data Reduction (DR) -- Display relaxation data as intensity vs. time plot.
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Get Relaxation Data (GR) -- Measure intensity of displayed peak in each slice of
the current 2D data set.

Extract:
Extract Spectrum (XT) -- Extract displayed region to a new data set.
Extract Line (XL) -- Extract tallest peak in displayed region to a new data set.
Extract Bottom Projection (XB) -- Save displayed region as horizontal projection
for a 2D plot.
Extract Right Projection (XR) -- Save displayed region as vertical projection for a
2D plot.
Clear Extracted Projections (XC) -- Clear previously defined projections.
Automatic Integration (Al) -- Perform automatic integration on displayed region.
Define Peaks (DP) -- Enter Define Peaks subroutine for manual peak picking.
Line Fit (LF) -- Enter line fit subroutine for peak deconvolution.
NMR Simulation (NS) -- Enter spin simulation subroutine.
MetaObjects (MO) -- Enter subroutine for handling graphical objects.
Calculation Type (TC) -- Native (for Macintosh without coprocessor) or Win32 (default).
Stacked Plot (SP) -- Display stacked plot of a 2D or arrayed 1D data set.
Inserts (Inset Plots) (1S) -- Enter subroutine for creating inset plots
Notes (NO) -- Enter subroutine for creating text annotations

Math Routines (MA) -- Display "calculator" window for performing math functions.

Shim (SM) -- Enter subroutine for shimming simulator.

vSpec Menu Commands
Virtual Parameters (VP) -- Opens a dialog box to set acquisition parameters.
Get Sample (GS) -- Specifies the file from which frequencies will be read.

Zero & GO (ZG) -- Reads the file containing frequencies and generates the NMR data.
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Note that these commands and the vSpec menu are disabled in the Anasazi Instruments
OEM version of NUTS.

Help Menu Commands

Help on NUTS - Displays Help in either WinHelp or HTML Help formats.

Helper Windows - Toggles on/off display of Helper window in the MO subroutine.
Technical Support - How to reach us.

Data File Format - Description of the NUTS file format.

Set NetTime - Synchronize your computer's time to an Internet Time Server
(Win95/98/NT only).

About NUTS - Displays license information, support date and compile date.
Viewing acquisition parameters

The following parameters can be examined and/or changed from the View/Spectral

Parameters menu or by typing the 2-letter names. In both cases, a dialog box appears

displaying the chosen parameter and related parameters. Many of these parameters are
printed on plots. The NUTS data translation attempts to translate and insert into the

NUTS file header as many parameters from the original file as possible. Some parameters

refer to the total data set, such as Date and Number of scans. For others, two sets of

parameters are listed for the two dimensions, such as Spectrometer Frequency and Sweep

Width.

CO - Comment (eg., sample name or number)

UID - Unique identifier

DA - Date of data acquisition.

EX - Name of pulse experiment used to acquire data.

F1, F2 Spectrometer frequencies in the first and second dimensions.
NA Number of scans acquired.

01, 02 Spectrum offsets in the first and second dimensions.

PD Pulse delay used in data acquisition.
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PW Pulse width used in data acquisition.

SF Spectrometer Frequency.

SW Sweep width in Hz.

US User name or initials

W1, W2 Sweep width in the first and second dimensions.
Offsets (O1 and 0O2)
Each of these values is the difference, in Hz, between the center of the spectrum and 0
ppm. This is how NUTS keeps track of the chemical shift scale. For 1D data, normally,
the chemical shift reference is set using the cursor or, for TMS, the SZ command.
However, offset values may be entered directly. For 2D data, the cursor can be used to
set the shift reference; see details in the section on 2D data processing.
Number of points
The number of points in the data set, listed for both dimensions.
Dwell Time
This is calculated from the sweep width.
Acquisition Time
This is calculated from the sweep width and the number of data points.
Domain
NUTS must keep track of whether the data is an FID (Time domain) or a spectrum
(Frequency domain). Occasionally, NUTS fails to correctly identify when the data
represent an FID or a spectrum, and this can be corrected by entering the appropriate
word in the Domain box. Save the change by executing a UH (update header) command.
Data Type
There are 3 possible values for this parameter: Complex, Real and TPPI. The latter is
used to indicate that the data were acquired using Bruker's sequential acquisition, and for

2D data which was acquired using TPPI in the indirect dimension.

2D Nomenclature
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Keep in mind that NUTS will label the dimensions as 1 and 2, with 1 always being the
dimension that is currently displayed horizontally. So when you are viewing, for
example, a HETCOR spectrum from a 300 MHz instrument, with the carbon dimension
displayed horizontally, that is dimension 1. So F1 (SF for dimension 1) will be 75 MHz.
When you do a TD, the *H dimension is now horizontal, so dimension 1 is *H, and F1 is
now 300 MHz.

It's easiest to ignore 1 and 2, and just look at the parameters window, keeping in mind
that the left column of parameters applies to the dimension that you have displayed
horizontally and the right column applies to the vertical dimension.

Note that a common practice is to label the indirect dimension as "1" (even though it's the
secondary dimension, and is processed second) because the corresponding t; period in the
pulse sequence (the incremented time variable) occurs before the acquisition time. To
avoid confusion, the NUTS documentation uses the terms direct and indirect to refer to
the different dimensions, which is unambiguous.

If considering only 1D data, the parameters can have the obvious names SF, SW and OF.
But with 2 dimensions, we need to add labels 1 and 2. But in Nuts, everything is 2 letters.
So these parameters became:

SF ==>F1and F2

SW ==> W1 and W2

OF ==> 01 and O2 (NOT to be confused with Bruker's O1 and O2, which are defined
differently!)

The NUTS offset is defined as the number of Hz between the center of the spectrum and
0 ppm. This is the parameter that keeps track of the chemical shift referencing.

Display
Control-A -- Axis label
Toggles the axis label among the choices: points, Hz, PPM and none. Direct selection is
available by choosing Type from the View menu. The font used for the axis label can be

set with FA or by choosing Set Fonts from the Edit menu. The default axis type and its
font can be set in the NUTS.INI file.

Control-D -- Points/Lines toggle
Toggles the display between drawing the data points and drawing lines to connect the

points. The default is to draw lines between the data points. This applies to the real part
of the data. Typing Ctrl-D a second time returns the display to the original state.
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Note that redrawing the screen while displaying points can become quite slow as the
number of points in the display region becomes large.

AxisPen

When NUTS is in the non two-letter command mode, the command "axispen' may be
used to change some of the characteristics of the axis line. Examples are:

Change the screen only axis line to a width of 2
axispen screen 2

Change the axis line to a width of 2 only when printing
axispen print 2

Change the axis line to a width of 2 for both screen display and printing
axispen both 2

Change the color of the axis line to red
axispen 2550 0

Change the color of the axis line to green
axispen 0 2550

Change the color of the axis line to blue
axispen 0 0 255

UD -- Update Display

Forces NUTS to repaint the screen. This can be used in macros to allow the user to
monitor progress of the macro.

QD -- Quick Display
Changes the display mode to a compressed display, which paints the screen faster. This is
the default mode of display and is faster than displaying every point with the Slow

Display (SD) mode. The difference in display speed between QD and SD becomes more
apparent as the size of the data file increases.

SD -- Slow Display

Changes the display mode to displaying every point. This display mode is slower than the
compressed display under the Quick Display (QD) mode. The difference in display speed
becomes larger as the size of the NMR data set increases. By default, NUTS uses the
faster Quick Display.

WS -- Window Size
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Allows the user to set the size of the NUTS screen in pixels. This is useful for copying
spectra as bitmaps or doing screen captures. It is desirable not to resize a bitmap after it
has been created, because this can cause distortions. So the NUTS screen can be set to the
desired size for the final image before copying.

Control-B -- Toggle on/off Clipboard Display
CB -- Clipboard on/off

Toggles on and off display of text currently saved in the Windows clipboard. This can be
used to place information such as peak lists on plots. This command is also available
from the View menu. Ctrl-B is active at all times, including in subroutines. To use this in
a link or macro, use ""B".

By default the text is displayed in the upper left corner of the screen. This can be changed
by holding down the left mouse button and placing the cross-hair cursor at the position
desired for the top left corner of the text region. While still holding down the mouse
button, type C. Because this involves using the cursor, it must be done from the NUTS
base level, not within a subroutine.

When peak picking is performed (with PP), the peak list is automatically placed in the
Windows clipboard. If clipboard display is turned on, this list appears on the screen as
soon as the display is refreshed. To get a list of integral values, display the integral (with
ID) and (after defining sub-regions), type T to copy the integral information into the
clipboard. Toggling Ctrl-B on then displays the integral information. The integral list can
also be placed into the clipboard without entering the integration routine using the IL
command.

A list of spectral parameters can also be displayed by typing ctrl-L (which places a list of
parameters into the clipboard).

To edit the displayed text, first paste the text into the Windows Notepad or other text
editing program. Perform the necessary editing, then select and copy to the clipboard the
text you want on the plot. Return to NUTS and toggle clipboard display on. This can be
used to place a title, sample description or other text on a plot.

The font used for the displayed text can be set with FC or by choosing Set Fonts from the
Edit menu. It can also be set in the NUTS.INI file

LP -- Parameters to clipboard

Copies the list of acquisition and processing parameters shown below to the clipboard.
Once LP has been executed, Ctrl-L toggles its display on and off. LP also creates a note
which can be edited in the Notes subroutine (NO), allowing font and position on the
screen to be changed. This is the same result as the P subcommand inside the Notes
routine.
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C:\NUTS\DATA\NT.FID
Sample A13-402

13FEB90
USER: WWC
PTS1d = 8192
F1 = 361.211121 MHz
SW1 = 2801.10 Hz
01 = 1201.90 Hz
LBl = 0.00 Hz Line broadening
NA = 128 Number of Acquisitions
PW = 7.70 usec Pulse Width
PD = 5.00 sec Recycle Delay
TP A = 0.00 Total Phase applied (A=zero-order, B=first order)
B= 0.00

A list of parameters can also be printed on the bottom of plots. This option can be
selected by choosing Page Setup from the File menu or set in the NUTS.INI file.

Control-L -- Display parameters

Toggles on/off display of the list of acquisition parameters created with LP (or Notes
subcommand P). If the list hasn't been created, Ctrl-L does nothing. Ctrl-L also interacts
with a related command, Ctrl-N, which toggles on/off display of all text boxes defined in
the Notes routine. If Ctrl-N is toggled off, then Ctrl-L turns on/off display of the
parameter list. If Ctrl-N is toggled on, Ctrl-L does nothing.

Control-N -- Display Notes

Toggles on/off display of all text boxes defined in the Notes subroutine. This is the same
as the Notes subcommand S, but is active outside of the subroutine.

Scaling data

These commands adjust the display of the data, and do not actually change values of data
points.

Scaling the spectrum display
The vertical scale of the displayed data can be adjusted in several ways: by using right
hand scroll bar, with the greater than and less than keys ( > and <) for changes by factors
of 2, with the Page Up and Page Down keys and with the cursor up and down arrow keys
for finer adjustment.
There are also several commands that change or affect the display scale:

AC Amplitude change; enter multiplying factor

Ctrl-Y Scales the tallest displayed peak to be full scale.
MF Scales the tallest displayed peak to be full scale.
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SO Scale Zero; sets scroll bar to zero
FS Fix scale
CS Clear fixed scale

It is important to understand that these commands affect only display of the data. They do
not change the values of the data points. NUTS does all operations in floating point,
rather than integer, arithmetic. This eliminates the need for a scaling or normalization
constant which is necessary for data represented as integers, because there is a limited
dynamic range for integers. Therefore, the absolute values of the data points in NUTS can
be directly compared from spectrum to spectrum without the need for fixing Absolute
Intensity.

AC -- Amplitude Change

Opens a dialog box for input of a vertical scaling factor. This command is also available
from the View menu.

When used in a macro, the current value for the scaling factor is applied, without asking
for user input. Therefore, to use AC in a macro, first use the command SET AC to enter a
value, then use the AC command to apply that scaling.

The scaling factor is applied to the spectrum as it is currently displayed. This allows the
user to change the vertical scale by a specific factor. The vertical scale can also be
adjusted with the right hand scroll bar, with the Page Up and Page Down keys, with the
up and down cursor keys and with the < and > keys.

Control-Y -- Set Vertical Scaling
MF -- Make Full command

Adjusts the vertical scaling so that the largest peak in the currently displayed region
becomes full scale. This command is also available from the View menu. This command
is active in all subroutines. To use Ctrl-Y in a Link or Macro, use " Y ". The vertical
scale can also be adjusted with the right hand scroll bar, with the Page Up and Page
Down keys, with the up and down cursor keys and with the < and > keys. The Amplitude
Change (AC) command allows input of a specific scaling factor.

FS -- Fix Scaling

This disables automatic scaling of the data display, allowing a series of spectra to be
displayed with the same vertical scale. In its default operation, NUTS scales the data
using two different scaling factors. One scaling factor is determined by the position of the
right scroll bar. The other scale factor is automatically determined by NUTS and is the
absolute difference between the minimum and maximum of the current spectrum. When
the FS command is given, the latter number is fixed at the current level until the CS
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(Clear Scaling) command is given. This allows other spectra to be loaded and their
amplitudes directly compared.

This scaling affects display only. NUTS performs all operations in floating point, not
integer math. This obviates the need for applying and keeping track of a scaling or
normalization constant in order to compare data. Note that setting minimum height for
peak picking using the cursor does not work properly when FS is enabled.

CS -- Clear fixed Scaling
Clears display scaling previously fixed by FS command.
SO -- Scale Zero

Returns the right-hand scroll bar to zero and removes all vertical scaling applied with
either the scroll bar or keyboard (page up/down or <> keys).

DC -- DC offset for display

Allows the user to override the default value for the vertical position of the spectrum on
the screen. This is useful for displaying spectra with negative peaks. After entering the
DC routine, a scroll bar on the left side of the NUTS window appears and can be used to
adjust the vertical position of the spectrum display. Typing <Enter> exits the DC routine,
and the new vertical position of the spectrum display remains the default until reset or the
program is restarted. To reset the vertical position back to the bottom of the screen, enter
the DC routine and type 0 (zero). Then type <Enter> to exit the DC routine.

File handling

This section describes how NUTS keeps track of file names, opening and saving data
files and the file "tailer".

A data file (either an FID or a spectrum) can be read into NUTS using the File/Open
menu command or, equivalently, the GA command. The GA command can be used for
both 1D and 2D data sets. The current working directory is established each time a file
open or file save command is completed. A file can be saved using the same name
(writing over the original data) or a new name. These are the Save and Save As
operations, respectively, found under the File menu. The equivalent 2-letter commands
are SA and SB, respectively. Either command brings up a dialog box allowing a file
name to be entered. The difference between the two commands has to do with the file
name which NUTS assigns to the currently displayed data. The currently displayed file is
always designated as file A and its file name is displayed at the top of the screen and is
printed on plots. Saving the data with a new name using SA will cause the name at the
top of the screen to change. The same operation using SB leaves the name at the top of
the screen unchanged. This allows NUTS to keep track of two different file names, and
becomes important in operations which involve processing of a series of files, by
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allowing the processed data to be saved using a new name rather than being written over
the original file.

The Import (IM) command (also available from the File menu) operates on data which
has not been translated into the NUTS file format. NUTS will attempt to identify the
data's source and apply the appropriate translation. The translated file is created with the
same name, but with a $ appended to the beginning, so that the original data is never
altered. This new file becomes the current file in NUTS. The translated file is always
written to disk, to the current data directory. See also the section on importing data.

The default directories for file importing and for the file Open/Save operations (eg, GA
and SA) can be different and can also be set in the NUTS.INI file. (Note that this does not
work correctly on the Mac.) If a file is imported from a different directory, this new
directory becomes the import directory, and will be the directory displayed for
subsequent IM commands. Similarly, if a file is read from or saved to a different
directory from the default data directory, this operation changes the data directory for
subsequent Open and Save operations. The WP command (Which Path) displays the
current directories for Read/Write and for Import, so the user can keep track of them.

The S2 command is available for making copies of a 2D file and for saving a 2D file after
modifying an individual slice.

The user needs to be aware that the command GA (open file A) when applied to a 2D file
behaves slightly differently in macros or Links from when it is entered directly. The
difference lies in whether NUTS reads just a slice of the 2D data or reads both the slice
and the data header. While in a Link (either by itself or within a macro), NUTS reads the
data header only once, for the first slice. This makes reading subsequent slices faster.
When GA is used to read a 2D file in a Link, NUTS assumes that the user loaded the first
slice manually (with GA) immediately before executing the Link. This reads in the file
header and all is well. If the same Link is embedded in a macro, NUTS can be forced to
read the file header by inserting the following line just before the line containing the
Link:

SetSL1
The take-home message is that in macros always set SL to one before a Link in which
GA will operate on a 2D file. When executing a Link not in a macro, always do a GA on
the starting file just before executing the Link.
In Macros:
When using the Set command to specify a file name, the default path name is the current

working directory. The current working directory is established each time a GA or GB
command is completed. Therefore, always execute a GA after an Ask FileA command:
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Ask FileA
GA

This establishes the working directory, and subsequent Set FileX commands will use that
directory.

If the user wants to specify a different path for a file in a Set command, use
Set FullFileA name

Note that if a new path is specified for file A or B, the working directory will be changed
when a GA or GB command is next executed.

See also: Linked Command Lists, 2D Processing, Importing data, Exporting data
GA -- Get data set A

Opens the dialog box for reading a file. The last name used for File A, if any, will be the
default selected name.

If the file name entered corresponds to a file which is not in the NUTS CDFF format, a
dialog box asks if the file should be imported. If the user answers Yes, NUTS will
attempt to detect the file type and apply the appropriate translation. This is the same
operation performed by the Import ( IM ) command.

GA can be used in a Link for processing a 2D data set or a series of 1D spectra. In this
case, the Link will end with an IN command, which causes the processing to loop back to
the beginning of the Link and will increment either the slice number (for a 2D file) or the
file extension (for 1D files) so that the next slice or spectrum is read in.

See also: Long command names, Importing data, Linked command lists, 2D Processing.
GB -- Get data set B

Opens the dialog box for loading a file. The last name used for File B, if any, will be the
default selected name.

SA -- Save dataset A

Saves the current data set under the File A name or a different name. This command is
also available from the File menu.

SB -- Save dataset B
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Saves the current data set, allowing the entry of a different file name. The name of the
currently displayed file, designated as File A, is unchanged. This command is available
from the File menu.

EF -- Email File

On Windows versions only, a file can be emailed, provided an email client has been set
up. The current NUTS data file is attached to an email message, and the user specifies
the email address and can optionally add a message. The file is sent from the disk, so it
IS necessary to save the current file before executing the EF command. This command is
available from the File menu.

See also: Paperless data distribution
DI - Display a directory of the NUTS folder

(Windows version only) This command opens the Windows Notepad and displays a
directory listing of the files in the NUTS folder.

File Tailer

The peak list, integral list and some additional data are saved in the data file. (Originally,
this was saved in a file "tailer”, appended to the end of the data file. With conversion to
NUTS file format Type 3, this information is now stored in the file Header, but this
command retains its original name.)

A flag found in the File menu determines whether or not information is automatically
read from the tailer when a file is opened. This option can also be set in the nuts.ini file.

The NUTS commands which pertain to this are:

TA -- Read all information from file tailer.

TS -- Save tailer information to a separate ASCII file. An example is shown
below.

IF -- Enter other information to be saved in tailer.

T+ -- Replace the existing file tailer with the contents of a specified text file.
T- -- Remove file tailer

If integral regions have been defined at the time a file is saved, they are saved in the file
tailer. Similarly, if peaks have been selected in the DP subroutine, that peak list is saved.
The comment line (CO) and the path to the file are also saved in the tailer. The additional
information which can be saved, using the IF command, includes 3 lines of text, a
molecular formula and nucleus type.

Any inset plots or text notes which have been defined are also saved with the file.
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One note of caution: Because integral and peak lists, inset plots and notes are not cleared
when a new data set is opened, it is possible to save irrelevant information in the file
tailer of that new file when it is subsequently saved. Also, some peaks or integrals
previously defined may fall outside the spectral limits of the second file. In this case, the
invalid peaks are reset to the closest valid data point, and invalid integral regions are not
displayed.

File Header Type 3 provides for an expandable file header for parameters with a flexible
format. For Type 3 files, the "tailer" information is no longer saved in the tailer, but is
instead included in the header.

TA — Read Tailer

Reads all information from the file tailer. From within the Integration subroutine, integral
regions only can be recalled from the tailer from the Edit menu, or using the keyboard
command R.

TS — Tailer Save

Creates a text file containing the information which is saved in the file tailer when a Nuts
file is saved. A sample of a file Tailer, as saved using TS, is:

INFORMATION

Namel=data from Sam

Name2=stuff

Name3=CDCI3

Comment=Sample # K-47-B

Formula=C6H10N

Nucleus=H1

Path=D:\NUTS\DATA\sam\$DATA

END_INFORMATION

PEAKLIST

LINE HZ PPM INTENSITY REL INT XOFFSET YOFFSET HorV LABEL
1 2307.23 7.687 120753536 10.149 0.000 0.000 V 4
2 2097.74 6.988 111956936 9.410 0.000 0.000 V 5
END_PEAKLIST

INTEGRALS

REL_VALUE = 1.589616e-009

START_PT START_HZ END_PT END HZ VALUE LABEL POSITION
6394 8.432 6514 8.281 0.986642 1

6681 8.072 6814 7.905 1.000000 1

6912 7.782 7053 7.605 2.183908 1

7499 7.045 7638 6.870 2.465544 1

7243 7.366 7433 7.127 6.768002 1

END_INTEGRALS

END_TAILER

T+ -- Tailer add

A text file can be used to replace the tailer information of the currently displayed data set.
The file needs to be in the format of the example above. This feature can be used to edit
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information already in a file tailer, by first saving the tailer (TS), then editing it with any
text editor, saving the changes and then using T+ to read back in the modified tailer. As
soon as T+ is executed, the modified tailer is saved on disk, using the file name of the
currently displayed data set.

T- -- Remove tailer

IF -- File Information

This command brings up a dialog box which allows entry of supplementary information
which will be saved in the file "tailer" when the spectrum is saved. This information can
be retrieved later with the TA command or from the File menu when the file is opened
within Nuts. This information is also used when creating a searchable archive file.

User, date, comment and the path to the file are entered automatically from existing
information for the current data set.

See also: Creating a searchable archive

SV - Solvent

Enter text for solvent. This is saved in the file tailer.
DE -- Delete file

Brings up a dialog box allowing the user to select a file to be deleted. It does not ask for
confirmation before deleting the file.

RL — Read License File

This command reads a special encrypted text file and generates a new LICENSE.NMR
file. This is an attempt to aid users who want to get a new LICENSE.NMR file by email,
but who cannot handle attached binary files. Before RL is executed, any current
LICENSE.NMR in the same directory as the NUTS.INI file must be erased or (better)
renamed. RL will read a specially prepared file which MUST be named LICENSE.TXT
and MUST be in the same directory as the NUTS.INI file. When NUTS is started and the
RL command entered, a new LICENSE.NMR file will be created which will have the
information from the encrypted LICENSE.TXT file. This operation needs to be
performed only once.

UUEnNcode — Encode a binary file as text

UUDecode — Decode a uuencoded file
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Uuencoding is a common way of converting a binary file as text, facilitating sending the
file via email. The command must be executed from the non-2-letter command mode.
The command syntax is

uuencode filein fileout
uudecode filein fileout
Command log for recording processing

Starting Sept, 2001, NUTS has the ability to keep a record of commands used in
processing each data file.

cmdlog (or commandlog) — Command Log

This is a non-2-letter command which controls the command logging operation of
NUTS. Logged commands are stored in the NUTS header (only if NUTS Header Type 3
is used) when the file is saved. If a file is opened that already has a command log, the log
will be read and additional commands will be appended.

An example of the command log section of a NUTS header is shown below. The date
and time are the first entry. When the file is opened, the file name with complete path is
listed. The data was processed with 2 Hz of linebroadening, FT and quick polynomial
baseline correction.

##$CMD_LOG

Wednesday August 29, 2001 17:32:16
ga C:\nuts\data\geeb.fid

Ib 2.000000

em 2.000000

ft

gb

##SEND_CMD_LOG

The command log can be enabled or disabled by an entry in the NUTS.INI file:
NUTS_LOG_COMMANDS = TRUE

If this entry is commented out, set to anything other than TRUE, or is absent, then NUTS,
by default, will not log the commands.

The command logging can be turned on with the command
cmdlog on
and command logging can be turned off with the command

cmdlog off
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The "cmdlog" command without any argument will bring up a dialog box from which the
user selects a file, then notepad.exe will be started and the command log for the selected
file will be displayed.

Searching data files
HeaderSearch (or equivalently, hdrsearch) — Search files by keyword

This is a non-2-letter command that allows searching all NUTS files in a designated
directory for a specified value for one of the parameters in the file header.

The command syntax is:

hdrsearch keyword value
where keyword is any of the keywords in the NUTS header (type 3 files only).
A file-open dialog box is displayed, allowing the user to select which directory should be
searched. Select any file in that directory. The search results are saved as a text file
called uid_scan.txt in the default Windows temp directory. When the search is
complete, the search results are displayed using Notepad.
For example, to search for all files containing the word benzene in the title field,

hdrsearch ##TITLE benzene

The search is a sub-string search, so all files containing the word benzene in the title field
will be listed.

UID - Unique ldentifier
A new parameter has been created which can be used to identify individual data sets, or
to group related data files together by assigning them all the same UID. The UID is
displayed on the Acquisition Parameters screen. The identifier can be any text string. A
selected directory can be searched for a specified UID.
The UID is stored when a file is saved (type 3 header only) and is recalled when a file is
read, if it exists in the header. The UID can be entered from the Acquisition Parameters
screen or from the command line (in non-2-letter command mode), as shown here:

uid string

To search for all files with sub-string matched to "SearchUID" (non-2-letter command):

uid -s SearchUID
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and select any file in the desired search directory. The search results are saved as a text
file called uid_scan.txt in the default Windows temp directory. When the search is
complete, the search results are displayed using Notepad.

passwd - Password

Associated with the UID is the non-2-letter command "passwd". The idea is that the
user can choose to restrict editing of the UID field by requiring a password to change it.
If a password has been set, changing the UID requires the password to be input. The
passwd command allows a password to be defined.

Examples of usage:
passwd <new password> <old password, if password currently exists>

if no password has been defined, or if UID does not now exist, the UID can be set
regardless of password:
uid <UID>

if UID exists and password is set
uid <NEW_UID> <root passwd>

Eliminating paper

Time and paper can be saved by the NMR facility by sending data back to its customers
electronically. The key to gaining customer acceptance of this is making data viewing
easy for the customer. A Windows computer can be set up to launch NUTS and load the
spectrum when the user clicks on the file. NUTS can now email a file, making this even
easier for the NMR facility.

NUTS must be installed on the customer's computer or on a server to which (s)he has
access. The file extension must be Associated with the NUTS program on the customer's
computer. This is done from the Windows Explorer by clicking on the file to select it,
and then choosing Open With from the File menu. This lets you specify the application
which will be used to open this type of file. The same thing can be done from most file
managers, by selecting Associate under the File menu. Now, when the user clicks on a
file with this associated file extension, NUTS is launched and the data loaded. (Of
course, this requires that all NMR files have the same file extension.)

NUTS can be customized to automatically display the data in different ways, depending
on the customer's preference. Customization can be done using the nuts.ini file and by
creating an "auto-exec" macro, which is always run when NUTS is started. For example,
let's say the NMR facility processes the data, including defining integrals and picking
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peaks. The file is saved and emailed to the customer. The customer's copy of NUTS has
been customized to run the following auto-exec macro:

NUTSMacro for data display
; read the file "tailer”
ta

; display integrals

an

; display peak labels
"p

; define zoom limits
set zoflppm 12

set zof2ppm 0

set displayzoom

end

When the customer clicks on the icon for the attached file in his email message, NUTS is
launched, the spectrum loaded and displayed 12-Oppm with integrals and peak labels.
(S)he is then free to examine, plot, etc.

The NMR facility may prefer to send data directly from the spectrometer, rather than
from a PC running NUTS. This is complicated by the fact that most modern
spectrometers do not save data as a single file, but rather as a directory containing
multiple files and even multiple subdirectories. A simple solution may be to export the
data in JCAMP format, and email that single file to the customer. The customer can
Associate the JCAMP file extension with NUTS, and the file will be automatically
imported and displayed when the customer clicks on the file name or icon, as above.

Basic 1D processing details

Apodization - application of a weighting, or "window",
function to an FID

The time-domain signal (FID) of a lorentzian peak decays exponentially with time, due to
relaxation. The noise level is constant over the entire FID. As a result, the signal-to-
noise ratio (S/N) is greater at the beginning of the FID. The S/N of the resulting
spectrum can be improved by "weighting" the beginning of the FID more heavily than the
end. This is done by multiplying the FID by a decaying exponential function.
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Of course, you don't get something for nothing - the improvement in S/N comes at the
expense of resolution. The ability to resolve closely-spaced peaks requires "watching"
for long enough to allow their sinusoids to diverge, so the later data points are necessary

for resolution. Application of an exponential function broadens peaks and can obscure
small splittings.

For example, the 2 sinusoids shown below differ by a few Hz.
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An exponential is the most common function in processing 1D spectra. Other window
functions are designed to enhance resolution, with some loss in S/N.

FT

original FID ‘

Lorent-
Gauss
resolution
enhancement

function

after FT

apodization —_

Applying a window function involves a trade-off between signal-to-noise and resolution,
requiring an evaluation of the characteristics of the specific data and the information

desired from it.

See also: Details of these and other window functions.

Applying window functions in NUTS
This section describes the apodization options provided by NUTS.

See also: Introduction to apodization, Reference deconvolution, Creating custom
window functions, interactive application of window functions

Before applying a window function or doing an FT, the FID may need to be corrected for
any offset from zero.

BC -- Baseline Correction of the FID

If the data is time domain data (FID), this command averages the last 10% of the points
of a complex FID set and then removes that DC offset from each FID. (A different DC
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offset between the 2 channels can result in a glitch in the center of the spectrum, see
example below.)

Note that this command acts differently if the current data is a spectrum, rather than an
FID.

BA -- Baseline Average

This is an alternative to BC for removing DC offset between the real and imaginary
halves of the data. Instead of calculating the average of just the last 10% of the data (as
BC does), BA calculates the average of all data points, then subtracts this average from
each point. This command only makes sense for FID data.

A quick way to see the shape of a chosen function is to open the FID to which it will be
applied and execute the 21 command. This sets the value of all data points to one. Then
apply the chosen function to see its shape.

Note that some apodization functions are dependent on time, so the total shape applied
depends on the acquisition time of the FID. By contrast, the sine functions (MS) apply
one half of a sine wave over the entire FID, regardless of the acquisition time.

WV -- Window View

This command allows interactive adjustment of parameters defining various window
functions. The FID, the apodization function and the spectrum after apodization are
shown simultaneously. Parameters can be adjusted and the new window function
automatically applied, and the screen is updated. See details in the next section.

LB -- Linebroadening

This parameter defines the decay of the exponential weighting function applied to the
FID with the EM command, to enhance signal-to-noise. The value for the linebroadening
(LB) must be set first. LB is set via a dialog box brought up by typing LB or selecting
Conditions under the Process menu. The exponential multiplication is executed either by
typing EM or by selecting it from the Window Functions menu within the Process menu.

EM -- Exponential Multiplication

Applies an exponential weighting function to the FID to enhance signal-to-noise. The
value for the linebroadening (LB) must be set first. LB is set via a dialog box brought up
by typing LB or selecting Conditions under the Process menu. The exponential
multiplication is executed either by typing EM or by selecting it from the Window
Functions menu within the Process menu. Note the other available window functions
which are listed in this menu.
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The larger the value of LB, the faster the window function drops toward zero.

0 0.2 0.3 0.4 0.5 0.6 | SEec LB=1

0.1 0.2 03 04 0 06 0.7 sec LB=3

[y ]

GM -- Gaussian Multiplication

Apodization function for Signal-to-Noise enhancement. This is similar to exponential
multiplication (EM) but results in a Gaussian rather than Lorentzian lineshape. The
amount of line broadening is set with LB.

The GM command uses the following equation:

G(t) = exp[-(PI*LB*time)*2 / (4*In(2)) ]

Ref: equation [9], p543, in G.A.Pearson, "Optimization of Gaussian Resolution
Enhancement”, J.Mag.Res. 74, 541-545 (1987).

Do not confuse this with Lorentzian/Gaussian resolution enhancement.

As with EM, the larger the value of LB, the faster the window function drops toward
zero.
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SG -- Shifted Gaussian

Apodization function which is a gaussian shape centered at one-half the acquisition time.
The shape is determined by the value of LB. Larger LB results in faster roll-off of the
function.

04 0.2 0.3 04 0. 0.6 0.7 SEC LB=1

L |
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IG -- Incrementally Shifted Gaussian

This is a gaussian function for 2D data, in which the center of the gaussian is shifted
based on the slice number.

LG -- Lorentzian/Gaussian resolution enhancement

This command multiplies the FID by a function which combines a Lorentzian using a
negative line broadening with a Gaussian. The composite function has the shape shown
below. Two parameters must be specified before LG can be executed: LB (line
broadening, the same parameter used by the EM command) and GF (Gaussian factor).
LB must be negative for the Lorentzian/Gaussian function. If LB is set to a positive
number, NUTS will use the negative of that value. GF is a number between 0 and 1 and
defines where the maximum of the function will be, as a fraction of the acquisition time.
(This is the same as the Bruker GB parameter). Reasonable starting values are LB = -1
and GF = .3, and then adjust empirically.

This command is also available from the Process menu under Window Functions.

Reference: A.G.Ferrige and J.C.Lindon, J. Magn. Reson., 37, 337 (1978).

GF -- Gaussian Factor for LG command
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This is one of the 2 required parameters for Lorentzian/Gaussian resolution enhancement.
It must be a number between 0 and 1. (If its value is set outside these limits and the LG
command is executed, NUTS will reset the GF value.) The GF value sets position of the
maximum of the Gaussian function, expressed as a fraction of the acquisition time.

TF -- TRAF resolution enhancement

Performed on a FID. The function has the shape shown below. The user must input a
value for LB, which is an estimate of the natural linewidth. The TRAF function provides
resolution enhancement with minimal loss of signal-to-noise.

Reference: D.D.Traficante and D.Ziessow, J. Magn. Reson., 66, 182-186, (1986).
JT -- S-TRAF resolution enhancement

Performed on a FID. The function has the shape below. The user must input a value for
LB, an estimate of the natural linewidth. Shown below is LB =.3

MS -- Multiply Sine

Multiply the reals and imaginaries by a window function which is the first half of a sine
wave. Executing the command twice gives a sine squared window function. These 2
figures show the shape of sine and sine squared functions.
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The sine function may have a starting phase different from zero. This phase angle must
be set with the S# command before MS is executed. The next 2 figures show the shape
of sine and sine squared functions with phase (S#) of 45.

01 0.2 0.3 04 0.5 0.6 0.y sec
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The next 2 figures show the shape of cosine and cosine squared functions, which are sine
functions with phase (S#) of 90.

0.1 0.2 0.3 04 0.5 0.6 v SeC

01 0.2 03 04 0.5 0.6 o sec

This is also available from the Process/Window Functions menu. Note the other window
functions which are available from this menu.

S# -- Phase shift for sine multiplication

Used in conjunction with the Multiply Sine (MS) apodization function. The phase shift is
entered in degrees. This can also be set within a macro, for example, for 2D processing.
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The only valid values for S# are between 0 and 90, inclusive. Entering a value less than O
or greater than 90 will cause NUTS to set the value to 0 or 90, respectively.

TM -- Trapezoidal Multiplication

Multiplies FID by a trapezoidal shaped function defined by parameters T1 and T2. The
first T1 number of points are scaled linearly from zero to one. The last T2 number of
points are scaled linearly from one to zero to avoid truncation of the FID. Other points
are unchanged. This command is available from the Process/Window Functions menu.
Note the other available window functions which are listed in the menu, including sine
multiplication (MS), Lorentzian/Gaussian (LG) and Traficante function (TF) for
resolution enhancement.

—— —

T2

! data points Mpts

T1 -- Trapezoidal multiplication parameter
Defines the number of data points, starting from zero, to be scaled by the TM command.
T2 -- Trapezoidal multiplication parameter

Defines the number of points at the end of an FID to be scaled by the TM command.

Baseline correcting the FID

Both real and imaginary parts of the FID should decay to zero by the end of the
acquisition, but sometimes that “zero" level is not truly zero, and the offset may not be
the same for both channels. This mis-match creates a glitch in the center of the resulting
spectrum.

In the figure below, the red line is zero. Note that the imaginary half of the FID (in
green) decays to zero, but real half (blue) decays to a value that is slightly above zero.
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This "DC offset" appears to be small, but is large enough to create a significant “center
glitch" after FT, as shown below.

X.L.ll

12 10 g ] 4 2 a PR

A BC command, issued before the FT, is used to adjust the DC level of each channel to
real zero, and will eliminate the center glitch. Below is the same data, processed with BC
before FT.

e b

12 10 g B 4 2 0 P

There is an exception to this - if the FID has NOT decayed to zero (e.g., truncated 2D
data), applying a BC may create a DC offset, and cause a glitch to appear. A dramatic
example is shown for a 3D data set.
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Creating customized apodization functions

DB -- Data to Buffer

Copies current data to the convolution filter buffer. This is useful for creating and
applying customized apodization functions. (Do not confuse this with the Add/Subtract
buffer.)

An apodization function can be created in different ways. One option is to build it within
Nuts by first setting the current data points all equal to one with the 21 command.
Alternatively, the ASCII import routine could be used to import a function created within
a different application.

Once an apodization function is created, it can be copied to the convolution buffer with
the DB command. The function is then viewed with the Convolution View (CV)
command and applied with the Convolution Apply (CA) command. The latter 2
commands were created originally for use with functions created by the reference
deconvolution operation (CF), but are also used for the general case of applying a
function to an FID.

The data stays in the convolution buffer until replaced by another file or until Nuts is
closed. The data may be copied back to the current data file with the Buffer to Data (BD)
command.

BD -- Buffer to Data

Copies contents of the convolution filter buffer to the current data set, replacing the
current data. The buffer must first have been loaded with the Data to Buffer (DB)
command.

21 -- Convert spectrum to one

Replaces all data points in the current spectrum by one. The current spectrum is lost.
Note that the line may appear off scale vertically. If the line is not visible, reduce the
vertical scale with the right scroll bar, the Page Down key or the < key.

This command is useful for creating customized apodization functions. Once an
apodization function is created, it can be copied to the convolution buffer with the Data to
Buffer (DB) command. The function is then viewed with the Convolution View (CV)
command and applied with the Convolution Apply (CA) command. The latter 2
commands were created originally for use with functions created by the reference
deconvolution operation (CF), but are also used for the general case of applying a
function to an FID.

2L -- Convert spectrum to line
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Replaces the current spectrum with a line having a DC offset from zero. The actual value
of the data points is 4096. The current spectrum is lost. Note that the line may appear off
scale vertically. If the line is not visible, reduce the vertical scale with the right scroll bar,
the Page Down key or the < key.

This command is useful for viewing apodization functions to optimize parameters. Dual
Display can be used to view a trial apodization function simultaneously with a FID by
first reading in the FID, placing it in the Add/Subtract buffer with the AL command and
typing DD. Then execute 2L, which puts a line on the screen, and apply your chosen
apodization function. Each time you want to display a different function, first type 2L
again to re-set the line. To apply an apodization function to a FID, you must first read in
the FID.

AD -- Add DC

Adds a constant to all data points. Unlike DC, this command actually changes the data,
not just where it is displayed on the screen. The amount added is equal to one-third of the
difference between the largest and smallest point in the data set.

See also window functions, reference deconvolution

Zero-filling, shifting and shrinking data
ZF -- Zero Fill

This command doubles the 1D data size by adding zeros to the end of the current data set.
If the number of data points collected is not a power of 2, ZF zero-fills to the next higher
power of 2, rather than doubling the number of points. This is useful for resolution
enhancement and in processing 2D experiments where few data points were collected.
(Note that if the data size is not a power of 2, a zero-fill operation is automatically
performed when an FT is executed.)

If the FID has not decayed to zero, executing ZF will introduce a discontinuity, resulting
in distortion of the spectrum.
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When the FID shown above is zero-filled, a discontinuity is created, as seen below.
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After FT, the peak has "sinc wiggles" resulting from FT of the discontinuity.
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To avoid this, a window function should be applied (usually exponential multiplication)
to bring the end of the FID smoothly to zero before zero-filling.

Normally, ZF is used on time-domain data. If applied to frequency-domain data, the
values of number of data points, sweep width and offset frequency are updated to be
correct for the new data size.

See also: Linear Prediction (LN)
SH -- SHrink data

Reduces the number of data points in a 1D data set. By default, the size is reduced by half
the number of points, and the last half of the data is lost. This is (sort of) the reverse of
zero-filling. The data can be reduced by a different number of points, as determined by
the S@ parameter.

S@ -- Shrink by

Sets the number of data points by which the current data set will be reduced on execution
of the SH command. If S@ is set to zero or a negative number, SH will reduce the data
size by a factor of 2, its default operation. This default can be altered by setting the S@
parameter to a positive number.

The particular situation for which this was added was 2D data consisting of a number of
slices not equal to a power of 2, which had been automatically zero-filled out to the next
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power of 2 by the spectrometer, introducing truncation artifacts. SH (with non-zero value
of S@) can be used to discard the zeroed points, allowing Linear Prediction (LN) of the
data to avoid truncation.

/2 -- Reduce spectrum by factor of 2

The number of data points is halved, by discarding 25% of the points at each end of the
spectrum. This obviously only makes sense for frequency-domain data. It is common to
acquire data with a larger spectral window than needed, to reduce baseline artifacts. This
command allows the excess baseline to be discarded and the file size reduced. The
reported value for spectral width is adjusted. The operation can be un-done with the
following command.

In the non-2-letter command mode, a parameter can be used to specify a different number
of points to be discarded from each end, rather than using the default.

The command brickwall is equivalent to /2.
Note that the command behaves differently when applied to an FID.
*2 -- Expand data by factor of 2

The number of data points is doubled by adding zeroes at each end. This obviously only
makes sense for frequency-domain data. This is the inverse of the previous command.

In the non-2-letter command mode, a parameter can be used to specify a different number
of zeroed data points to be added to each end, rather than using the default.

RD -- Rotate Data

Performs a circular shift of data points a specified number of times. A circular shift
means that a point is removed from one end of the spectrum, the data are shifted by one
data point, and the point is added to the other end of the data. (Do not confuse RD with
left shift (LS) and right shift (RS)).

This is normally used for Bruker data from the Avance series of spectrometers (DnX
models) which have been digitally filtered and "decimated" prior to saving the FID. The
initial points of the FID are zero. A circular left shift must be performed before the FT.
The number of points to shift is calculated from the Decimation Number found in the
Bruker file header, but the user can change the number of points.

When RD is executed directly, a dialog box appears allowing the user to adjust

parameters. When RD is included in a Link or Macro, the default or last entered value is
used, without prompting for user input.
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Note that any zero-filling or apodization must be performed before the RD. See details
on how to process data with RD.

See also: Special considerations for Bruker data
LS -- Left Shift data

Shifts the real and imaginary data left one point and assigns the last point the value of
zero.

RS -- Right Shift data

Shifts the real and imaginary data right one point and assigns the first point the value of
zero.

Fourier Transform commands

Conversion from time domain data (FID) to frequency domain data (spectrum) is
accomplished via a forward Fourier Transform. There are 3 types of forward transforms,
but NUTS should be able to determine which is appropriate for the current data set, and
will apply the correct function when Fourier Transform (FT) is selected.

FT -- Fourier Transform

Does a forward Fourier Transform of the current data set. If the data set is real, a Real FT
is performed. If the data set is complex, a Complex FT is performed. If the data is a
complex interleaved data set (acquired as alternating real and imaginary points, rather
than as simultaneous pairs), a Bruker FT is performed.

Using the non-2-letter command mode, the type of transform can be specified by entering
FT followed by one of the following arguments:

complex
complex_norotate
complex_nosort
hilbert

inverse

real

sequential

BT -- Bruker Transform

Bruker data from older spectrometers (using the Aspect computer) are usually acquired
using a single A-to-D converter, so real and imaginary points are acquired sequentially,
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rather than simultaneously. The data is sampled at twice the sampling rate and the data
points are placed alternately into the 2 channels to achieve quadrature detection.
Therefore, the n™ real data point and the n" imaginary data point are not acquired at the
same time. This necessitates performing the FT differently. If the data set was converted
properly, NUTS will correctly identify the data as "TPPI" (Time-Proportional Phase
Incrementation) and typing FT automatically performs the appropriate transform. Typing
BT forces NUTS to do a "Bruker Transform™ regardless of how the data were acquired.

See also: Special considerations for Bruker data
DF -- Digital Filter and FT
This command is an alternative to RD plus FT for digitally filtered data.

First, some background: Digitally filtered FIDs have zeroes at the beginning of the data,
and FT creates a very wiggly baseline that requires very large linear phase correction
(hundreds or more degrees). To avoid this, the zeroes are removed by a cyclic rotation,
performed with the RD command. NUTS determines how many points to rotate from
parameters found in the original data file.

However, sometimes the information found in the data header is incorrect or insufficient
for NUTS to determine the correct number of points. The DF command examines the
beginning of the FID to determine where the "real” start of the data should be, and
calculates the linear phase correction needed, then executes an FT and applies that phase
correction. This will not work properly for all data, so users are advised to experiment.

See also: Rotate Data (RD)
TJ -- Transform JEOL

JEOL spectrometers also have the option of acquiring data using a digital filter (see
explanation for DF command, above). Newer versions of the Delta software manipulate
the data to compensate for the distorted ends of the spectrum. The Delta software
"knows" that 10% of the spectral window at each end will be distorted. To avoid
possible loss of peaks at the edge of the window, the spectral width actually acquired is
increased automatically. After the FT, 10% of the data points at each end are
automatically discarded, so the resulting spectral width is the value originally input by the
user. However, this results in a reduction of the number of data points in the final
spectrum from the user's settings. For example, if the user sets a spectral width of 6000
Hz and 16384 data points, the spectral width acquired will be (6000 / 0.8) = 7500 Hz.
After FT, 10% of the data at each end is discarded, giving a final spectral width of 6000
Hz, but the final number of data points is reduced to 13107. This is a consequence of
needing to perform the FT on data which is 2" number of points. The digital resolution
the user intended was 0.37 Hz/pt but the final spectrum is 0.46 Hz/pt. Note that this may
create problems in homonuclear 2D experiments if it is desired to perform
symmetrization, as the number of data points is changed in the process.
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The TJ command in NUTS performs the same operation as the Delta software does
during processing. As described above, the early data points are zero, but we have not
identified a parameter in the data header that would let NUTS know how many points
need to be cyclically rotated, using the RD command. NUTS examines the early data
points in the FID to determine where the "real" start of the data is. An FT is performed,
and then a linear phase correction is applied based on how many zeroed points were
found at the beginning of the FID. Lastly, 10% of the data points at each end of the
spectrum are discarded.

CT -- Complex Fourier Transform

Forces NUTS to execute a complex FT, regardless of the nature of the current data set.
Normally, it is better to use FT and let NUTS apply the type of Fourier Transform which
IS appropriate.

RT -- Real Transform

Performs a forward real Fourier transform of the current data set. Any data in the
imaginary part of the current data set will be zeroed and ignored. Normally, NUTS
correctly identifies when data are real and applies a real FT when the FT command is
given. Typing RT will override this and apply a real FT regardless of the nature of the
data.

IT -- Inverse Transform

Performs an inverse complex transform of the current frequency domain data set to
generate an FID.

HT -- Hilbert Transform

Hilbert inverse Transform allows the creation of a complex FID from a reals only
spectrum.

Phasing
NUTS offers several different tools for phasing, including automatic phasing routines that
use Simplex optimization, phasing of the entire spectrum using the mouse, phasing using
an expanded display of 2 spectral regions and applying specific numerical phase values.

Follow the links to see a step-by-step illustration of the phasing commands, illustrated
with screen captures.

Summary of phasing commands:

AP Auto Phase. Automatically adjusts zero- and first-order phase.
QA Quick A Phase. Automatically adjusts zero- order phase only.
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QP Quick Phase. Automatically adjusts zero- and first-order phase.

PA Phase A. Input zero-order phase correction to be applied with PC.

PB Phase B. Input first-order phase correction to be applied with PC.

PC Phase Correction. Adjusts the phase of spectrum by the values in PA and PB.
Pl Incremented phase. Applies phasing equal to PA and PB multiplied by the slice
number.

PE Phasing Expanded. Mouse phasing routine using 2 expanded regions.

PH Phasing using mouse. Left & right mouse buttons control A and B phase
parameters.

PS Phase Same. Applies previously determined phase correction to the current
spectrum.

TP Total Phase. Displays values of phase correction which have been applied.
ZP Zero Phase. Sets both zero- and first-order phases to zero.

See also: Phasing 2D data, Auto-phase details

Often the best first step in phasing is to make initial phase correction using only zero-
order correction, until the phase is close to correct. This is most easily done either with
QA (automatic phasing, zero-order only) or with PH, using only the left mouse button to
apply zero-order correction. Adjust phase until the spectrum has approximately the
correct phase, then use PH or PE to make final adjustments. This avoids the possibility of
inadvertently entering too large a value for the first order phase correction, resulting in an
undulating baseline. (If that happens, use ZP to reset the phase and start over.)

Spectral baselines can be improved and phasing simplified by adjusting data acquisition
parameters so that the first-order phase correction needed is close to zero. This is done by
adjusting the delay before the first data point is acquired (DE in Nicolet or Bruker
software).

Users who prefer up/down mouse movements to left/right mouse movements can select
this in the NUTS.ini file.

AP — Automatic phasing
QP — Quick Automatic phasing
QA — Automatic phasing of zero-order only

There are several ways to phase a spectrum with NUTS. The first way is to use the QP
(Quick Phase) or AP (Auto Phase) command which adjust the zero- and first-order phase
corrections. The 2 commands use slightly different algorithms, and one may work better
than the other for any specific spectrum. These routines work well if there is a lot of
baseline (no peaks) at the ends of the spectrum, if there is no DC offset for the spectrum
and if the baseline is reasonably good. There is also an automatic phasing command
(QA) which adjusts the zero-order phase only, which is best used to give a good starting
point for additional phasing. If the phase obtained is not perfect using the automatic

80



routines, manual phase adjustment becomes necessary. Automatic phasing does not work
very well when the spectrum contains very narrow lines (eg., a *C spectrum). A simple
way around this is to process the spectrum with 3-4 Hz of linebroadening, FT and phase.
Then recall the spectrum, reduce the linebroadening, FT and phase using PS, which
applies the previously determined phase parameters.

The auto-phase routines were re-written and improved in March, 2003. See details
below.

PH - Mouse phasing

The spectrum phase can also be adjusted using the mouse. The user can start the mouse
phasing routine from the menu selection Process / Phasing by Mouse or with the PH
command. This is usually applied to the entire spectrum at once, but can be used on an
expanded region if that is the current display when the PH routine is entered.

On entering the phasing routine a "reduced data point"” display of the data will be shown
to make screen updates faster. When the left mouse button is depressed, dragging the
mouse left and right adjusts the zero-order (or A) phase of the spectrum. When the right
mouse button is depressed, dragging the mouse left and right adjusts the first-order (or B)
phase of the spectrum.

By default, the phasing pivot point for the B correction is the left end of the spectrum
display. This can be changed, but must be done before entering the PH routine. From the
Nuts base level, hold down the left mouse button, place the cursor where the pivot point
should be, and type P. When the phase is properly adjusted, the user types the <ENTER>
key and the new phase adjustments for the spectrum are applied, and the PH routine is
exited. Under some conditions there is a slight difference in the phase for the full data
point spectrum and the "reduced data point" display. Repeating the PH command will
usually correct the problem.

The coarseness of the mouse adjustment of phase can be reduced by 3x by holding down
the Control key while phasing. A default setting can also be made in the nuts.ini file.

See details below on how to use PH.

The PH routine was modified to allow a second-order correction to be applied. When
second-order phase correction is applied, the pivot point is always the far left edge of the
spectrum, for simplicity. To use this, type 2 on the keyboard while in the PH routine.
Any mouse movement will result in application of second-order correction - Use
Caution! Pressing either mouse button returns to the normal mode of applying zero- and
first-order correction.

The values of zero-, first- and second-order correction are shown at the left edge of the
screen during phasing.

81



PE —Phasing expanded regions

The spectrum phase can also be adjusted with the Phase Expanded (PE) routine, in which
2 regions of the spectrum are phased in turn. This is usually the best choice of phasing
routine for larger data sets, especially to do a "touch-up" after automatic phasing, because
it more easily allows careful examination of the phase. (Since the total phase is defined
by 2 parameters, determining the correct phase in 2 spectral regions is sufficient to
calculate the phase for the entire spectrum. This is similar to Bruker’s and Nicolet/GE’s
cursor phasing process.)

To begin, two regions of the spectrum are selected using the Zoom routine. First, display
the entire spectrum using Ctrl-F. Then, enter Zoom, select a region by holding down the
left mouse button and wiping across the spectrum. Type "1" to select this as region #1.
(Don't expand the display to the selected region, just highlight the chosen region and type
1.) Then select another region and type "2". This defines the 2 regions to be phased.

Now, exit Zoom and enter the Phase Expanded routine with the PE command. Region 1
is displayed first by default. Press and hold the left mouse button and adjust the phase of
region 1 with left and right mouse movements. The pivot point (where linear correction
is zero) is automatically set to the tallest peak in region 1. Adjusting the phase with the
left mouse button applies a zero-order correction to the entire spectrum. Then, press and
hold the right mouse button and, likewise, adjust the phase of region 2. When both
regions are adjusted properly, exit with an <ENTER>. The NUTS program will calculate
and apply the proper A and B phase correction to the full spectrum. The selected regions
will remain in effect until re-defined, they become invalid, or the NUTS program is
exited. Typically, two regions with easy to phase peaks at opposite ends of the spectrum
are selected for this operation. In some cases, care needs to be used to keep the B phase
correction from getting too large (> 360 degrees) which results in an undulating baseline.
You can check this by typing TP (Total Phase). The B phase parameter should be small,
and should definitely NOT exceed 360 degrees. Should this happen, the Zero Phase (ZP)
command can be used to reset the phases to zero so you can start over.

The coarseness of the mouse adjustment of phase can be reduced by 3x by holding down
the Control key while phasing. A default setting can also be made in the nuts.ini file.

See details below on how to use PE.

PS — Phase same

For a series of spectra acquired with the same spectrometer conditions, the phase
correction is usually the same for each. After the phase correction has been determined
for one spectrum, use the PS (Phase Same) command to apply the same correction to
subsequent spectra. Some minor adjustment may be necessary, which can be done using
any of the above methods.

PC - Specifying numerical phase values
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The spectrum phase can also be adjusted manually from the keyboard. The amount of
phase correction for the A and B phasing parameters (zero- and first-order corrections,
respectively; the pivot point is at the far left end of the spectrum) can be entered with the
PA or PB commands or from the Process / Conditions menu selection dialog box. After
values for A and B phase correction have been entered, the PC command (or the Process
/ Phase Correction menu selection) will apply those phase corrections each time the
command is issued. That is, PC adds to any phasing which has already been done. The
total amount of phase correction done to the spectrum will be noted in the Process /
Conditions dialog box (view with the TP, Total Phase, command) and will be saved with
the spectrum when the file is saved to disk.

Some filters on Varian and JEOL spectrometers create spectra which cannot be phased
with only a zero and first order phase correction. The NUTS phasing routines were
modified to include a second-order phase correction. In the non 2-letter command mode,
the PC (and PhaseCorrect) command can take 3 arguments. The first argument is the zero
order phase amount, the second argument is the first order phase amount and the third
argument is the second order phase amount. This takes practice!

PA - Phase A. Input zero-order phase correction to be applied with PC.
PB - Phase B. Input first-order phase correction to be applied with PC.
Pl — Incremented phase

Some solids multidimensional experiments (such as MQ-MAS) require a phase
correction which is proportional to t;, rather than being the same for all slices. The Pl
command applies phasing equal to the values of PA and PB multiplied by the slice
number. PI can be used in the non-2-letter command mode to specify the phase
correction on the command line. If one argument is given, it is used as the A phase value
when doing the phase incrementing. If two arguments are given they are used as the A
and B phase values when doing the phase incrementing. If three arguments are given they
are used as the A, B and C phase values when doing the phase incrementing.

Pl is also used in processing Bruker Sates-TPPI data. These 2D data require inversion of
every other slice, which can be done by setting PA to 180 and applying PI.

The PI command was modified to implement diagonal peak suppression in COSY data
(ref: The NMR Newsletter, August, 2000). If the first argument is "-cosy", the command

does a special case of phase incrementing which allows the diagonal of a 2D data set to
be phased to the desired addition three arguments as above.

TP - Total Phase. Displays values of phase correction which have been applied.

ZP - Zero Phase. Sets both zero- and first-order phases to zero.
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How audio filters can affect phasing

Audio filters serve to exclude signals at frequencies greater than the spectral width. The
ideal filter would have no effect on signals within the spectral window (the "pass-band™),
and would eliminate all frequencies outside it (the "stop-band™). A sharp cut-off
minimizes the amount of noise that folds back into the spectrum, maximizing the signal
to noise ratio. Real filters fall short of this ideal, and can be the source of phase,
amplitude and baseline distortions.

The two most common types of filters used in NMR spectrometers are Bessel and
Butterworth. A Butterworth filter yields the flattest amplitude response in the pass-band
with a sharp cut-off when entering the stop-band. This gives the best integration, but its
slower pulse response time leads to distortions of the first few points in the FID, causing
baseline distortions.

A Bessel filter has more amplitude roll-off in the pass-band than a Butterworth filter,
meaning that peaks near the edges of the spectral window are attenuated, resulting in
inaccurate integration. However, the better pulse response time of the Bessel filter causes
less distortion of the early points in the FID and gives flatter baselines.

In addition to the amplitude response in the pass-band and the response time, filters also
distort the phase in the pass-band. Bessel and Butterworth filters have typically been
used in NMR because these distortions are of low order, and can be corrected with zero-
and first-order phase correction. Residual distortions can be observed as slightly out-of-
phase peaks near the filter pass-band cut-off (near the ends of the spectrum), usually
avoided by widening the spectral width so these distortions do not interfere with peaks of
interest. This type of phase distortion can have significant detrimental effects on NOESY
spectra - see illustration.

In the course of providing technical support to NUTS customers, we receive sample data
sets whose origins run the gamut of spectrometer models and manufacturers. We have
observed spectra with much more severe phase distortions than described above. After
phasing with the normal zero- and first-order correction, the remaining out-of-phase
peaks are not observed merely at the extreme ends of the spectrum, but well into the
spectral window.

In the spectrum of ethylbenzene below, note that the aromatic and methyl peaks are
correctly phased, but TMS and methylene peaks have phase distortions of opposite sign.
(The spectrum is shown with increased vertical scale so the phase irregularities are
clearly visible). It is not possible to phase all peaks simultaneously using zero- and first-
order correction. The distortion in this case is approximately 7 degrees, and is clearly
sufficient to interfere with integration. Note that both ends of the displayed integral are
flat, meaning that the commonly employed "drift and tilt" integral adjustment cannot
compensate.
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Plots created by processing on the spectrometers often appear correctly phased, leading
us to surmise that the spectrometer software is doing something in addition to
"traditional™ phase correction. The obvious first attempt at resolving this is addition of a
second-order term to the phase correction.

The spectrum above resulted from zero- and first-order phase correction of —121 and 37
degrees, respectively. The pivot point is the downfield edge of the spectrum.

The same spectrum is shown below after phase correction using zero-, first- and second-
order values of —155, 185 and —130 degrees, respectively. It appears that addition of one
more term is sufficient to yield an acceptable spectrum.
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It appears that in the search for ever-increasing signal-to-noise, sharper cut-off filters,
which cause undesired phase shifts in the pass-band, are being used. As with many other
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aspects of NMR hardware, this is a trade-off, and each spectroscopist needs to be aware
of the choices being made.

Magnitude and Power Calculation
MC -- Magnitude Calculation

Computes the magnitude spectrum of the current data set so all peaks appear positive.
Useful when data is not pure absorption phase. The magnitude spectrum is calculated as

SQRT(Re2 +Im2)

where Re and Im refer to the Real and Imaginary parts of the complex number,
respectively.

Below are shown a contour plot of part of the HMQC spectrum of codeine, and the slice
through the methoxy peak, processed with MC as the last step. Compare to the same data
processed with M2, below.
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Slice # 345

M2 -- Power spectrum

An alternative to a Magnitude Calculation (MC). The power spectrum is calculated as

Re2 + Im2

where Re and Im refer to the Real and Imaginary parts of the complex number,
respectively.

Below are shown a contour plot of part of the HMQC spectrum of codeine, and the slice
through the methoxy peak. This was processed using M2 as the last step. Compare to
the same data processed with MC, above.
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The M2 command actually does a calculation which converts a time domain signal
directly to a power spectrum without the need for an FT. This will work properly only
with standard complex data sets, not with real or Bruker TPPI data sets. This was done to
speed up 2D processing.
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RO -- Square Root of data

This command takes the square root of the data points of both the reals and imaginaries.
If the data points are negative the point is replaced with the negative of the square root of
the negative of the points value.

Auto-phasing

The autophase routines (QA, QP and AP) were re-written to give faster and better

results. In the course of testing algorithms, several parameters for the AP command were
created. While in most cases, users have no need of these extended commands, they are
available, and are described here for completeness.

Each spectrometer generates characteristic distortions of phase and baseline, so finding
an algorithm that works in all cases is difficult. The user should experiment with
commands and parameters to see what works best for his/her data.

Part of the process involves a decision as to which data points are baseline and which are
peaks. One option is to ignore points at each end of the spectrum, which is useful for
data that is digitally filtered, because these spectra commonly have badly distorted points
at each end (see example).

In the descriptions below, "A" phase refers to zero-order and "B" phase refers to first-
order phase correction terms.

QA adjusts only the zero-order phase parameter. QP

The AP and QP commands can take arguments, when executed in the non-2-letter
command. mode. They are described here for AP, but can be applied in the same manner
with QP.

QP is a subset of AP and therefore somewhat faster and slightly less accurate.

AP ?
will display possible arguments.

AP log
will do the AP process and log the steps the AP routine takes, written to a file in the
current data directory.

AP stepA #
sets the initial step size for the zero order phase.

AP stepB #
sets the initial step size for the first order phase.
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AP A
will phase only the zero order phase.

AP look
will exchange the current data for the automatically generated reduced data point data
buffer used by the AP routine.

AP enhanced #

will set the AP routine to use advanced baseline detection when # is one. When # is zero
the AP process will not use advanced baseline detection. This feature works better with
spectra which having peak-free baseline at each end.

AP IgnorePts #

will set the number of points on each end to ignore in the phasing process to #. By
default (IgnorePts = -1) the AP process ignores 5% of the data points on each end of the
spectrum. When the data set to be phased has peaks close to the ends it is better to set this
number to the minimum allowed by the data's baseline.

AP RMS #
will set the number of RMS noise multiples to use in the advanced baseline peak
detection mode. Default is 100 times.

AP Pts2Ave #

will set the number of points to average when making the reduced data set for the AP
process. The default value is zero which allows the AP process to automatically
determine how much to reduce the data based on initial data sizes. QP reduces the data
more than AP. If this argument is set to one, then the data is not reduced and the process
is slightly better, but a lot slower.

AP quality
does not do an automatic phase process but returns the value used by the AP process for
the quality of the current spectrum's phase.

AP Simplex
does the AP process using the Simplex method and creates a log to the current data
directory.

AP map

sets the first order phase to -360 degrees and does a zero-order optimization. It then
increases the B phase in 10 degree steps and optimizes the zero order phase at each step
until the first order phase reaches positive 360 degrees. It then corrects the current data
set to the best phase values it found in this mapping process. This process also creates a
log to the current data directory.
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Phasing using the mouse (PH)

This subroutine allows the user to adjust the zero-order and first-order phase correction
using the 2 mouse buttons. Users with a single button mouse should hold down the shift
key, then press the mouse button when instructions call for use of the right mouse button.
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Start with a spectrum that requires phasing. The first step is to set the pivot point, which

is the point in the spectrum at which the first-order phase correction is zero. A peak

located at the pivot point can be phased with only the zero-order phase.
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To set the pivot point:

1. Press and hold the left mouse button to display a full-window cross-hair cursor
2. Place the cursor on a chosen peak (on the aromatics in this figure)
3. While still holding the mouse button down, type P on the keyboard to set the

pivot point.
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Enter the PH routine by typing PH or from the Process/Phasing menu. Adjust the phase
of the peak at the pivot point by holding down the left mouse button and moving the
mouse left and right.
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When that peak is correctly phased, phase another part of the spectrum by holding down
the right mouse button and moving the mouse left and right. You can go back and forth as
necessary to adjust both regions of the spectrum. Exit the PH routine and apply the
correction by typing <ENTER>.

Phasing with expanded display (PE)
This routine allows adjustment of phase using an expanded display of 2 spectral regions

to adjust the 2 phase parameters. The expanded display can provide a more detailed view
for slight phase adjustments.
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Starting with a spectrum which needs phasing, the first step is to define 2 regions which
will be used for phasing.

P WinNuts - D:ANUTSADATAM eeb. fid

File Edit Dizplay Phasing Help

12 10
?
>
[ [Zoom [ [ | P
Kl [ aw

Enter the Zoom routine and select a region toward the downfield (left) end of the
spectrum.
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Select by holding down the mouse button and dragging. Do not expand to these display

limits.

Type 1 to assign this to be region 1.

B winNuts - D:ANUTSADATAVD eeb. fid

Eile Edit Dizplay Phazing Help

I Zoom | | | 4>

] = Ay

Choose a second region near the other end of the spectrum, again by dragging while
holding down the left mouse button.

Do not expand to these limits.

Type 2 to assign this to be region 2.
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Enter the PE routine by typing PE or from the Process/Phasing menu. The pivot point is
automatically set to the tallest peak in this region. (This is the point at which the linear
correction is zero.)

Press and hold the left mouse button. Region 1 is displayed, and its phase adjusted by
moving the mouse left and right while holding down the mouse button. This applies a
zero-order correction to the entire spectrum.
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Once Region 1 is phased, release the left mouse button and press and hold the right
mouse button. (Users with a single-button mouse should hold down the shift key then
press the mouse button when right mouse button operations are called for.)

When the right mouse button is pressed, the display jumps to Region 2. Phase this region
by holding down the right mouse button and moving the mouse left and right.

You can go back and forth by alternating pressing left and right mouse buttons, until
phasing looks correct for both regions.
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Exit the phasing routine by typing <ENTER>.

The entire spectrum is displayed, with the phase correction.

Baseline correction
Factors affecting baselines

The more information a spectroscopist tries to extract from a spectrum, the more
important a flat baseline becomes. Examples of areas where baseline distortion creates

unwanted difficulties are:

Small signals in the presence of larger signals
Spectral integration

Difference Spectra

Water Saturation

2D experiments, especially NOESY

In some cases, "baseline distortion™ can arise from real NMR signals. Broad signals,
which can be wider than the observation sweep width, create "distortion”. Examples of
this are probe background, wide-line ?H spectra of solids or *'P surface coil spectra.
When these special cases of "real signal™ are identified and eliminated from the
discussion, there are still many cases where instrumentally induced baseline distortion
complicates data interpretation. Examples of sources of these instrumental baseline
distortions are:
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Digitizer overload (Clipping)

Preamp and/or receiver overload

Audio filters

Slow recovery of RF stage from overload
Probe acoustical ringing

These are difficult problems to diagnose and often more than one problem is present at a
time. The approach is to isolate each variable as much as possible and repair or replace
the offending module or find a work-around solution. An easy one to find and eliminate
is clipping of the digitizer. Every spectroscopist knows how to detect and eliminate this
one, but let's use it as an example of a particular type of baseline distortion which arises
from "overloading”. Using a simple sample such as Ethyl Benzene while observing
protons, when the digitizer is not overloaded, the spectrum has a normal straight baseline.
If the signal amplitude is increased to the point where the first few points of the FID are
clipped, the signals will appear to sit in a shallow "hole" in the baseline. The more the
signal is clipped, the deeper the hole.

Other areas of the spectrometer's receiver can "clip" or overload besides the digitizer.
When there is too much signal for an amplifier or mixer to handle and remain in its linear
range, the high amplitude areas of the FID are suppressed relative to the low amplitude
areas. This creates an amplifier "clip” which results in a baseline distortion similar to
digitizer clipping. Another problem with this type of overload is the creation of “extra"
peaks in the spectrum by intermodulation mixing of signals from the probe. For the
simple case of two strong signals in the spectrum with this type of overloading, the two
signals will mix to yield sum and difference signals as well as the main signals. This can
be easy to see with wide sweep widths when the signals are confined to a small region
near the center of the spectrum. In other cases, it is more confusing since the signals can
"foldback™ from outside the spectral window and not appear to be either a sum or a
difference. But for this discussion, the main area to notice is the shallow well around the
peaks. This type of RF overload occurs most easily when running strong samples such as
proteins in water. Very slight RF or digitizer overload has been used to create a very
slight "hole™ around the residual water signal to reduce the water "tail" in water saturation
experiments.

Another type of baseline distortion arises from the distortion of the first few points of an
FID. This can come from probe acoustical ringing or, more commonly, filter distortion. If
the first few points of the FID are distorted, then during the mathematical processes of
Fourier Transform and phase correction, a baseline roll is introduced. When there is one
large signal (water) in the spectrum, its small distortion leads to a very curved baseline
when examined at the amplitude of most of the interesting spectral peaks.

To minimize this problem, it is best to use a good Butterworth filter set at least 50%
wider than the acquired spectrum. A Bessel filter has a better impulse response and
produces even less distortion but with it's more gradual rolloff there is a slight reduction
in signal to noise.
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Either with the proper audio filter or without, a reduction in the baseline curvature can be
obtained by adjusting the time between the end of the pulse and the digitizer trigger (DE
in Bruker, GE and Nicolet terms) such that the B (first order) phase correction is near
zero. For an FID with a distorted first point, this will reduce the mathematical outcome of
phasing to a DC offset of the baseline, which is easier to correct. If the digitizer does
sequential, rather than simultaneous, data acquisition for each channel during quadrature
detection (some Brukers), the transmitter phase also needs to be adjusted to give an A
(zero order) phase correction near zero to achieve a similar result.

Linear baseline corrections

NUTS has several commands for correcting baselines that need only DC correction
and/or linear tilt. (DC refers to an offset of the spectrum's baseline from true zero that is
not dependent on frequency; in other words, the entire spectrum has the same offset.) In
most cases, the baseline also has curvature, so linear correction is not sufficient, and a
polynomial correction is necessary.

BC -- Baseline Correction of the spectrum

If the data is frequency domain data (spectrum), this command averages the first and last
64 points of the real half of the data and removes the DC bias and linear tilt between the
start and end. This may or may not be sufficient to give good integration.

Note that this command acts differently if the current data is time domain data (an FID).
BF -- Baseline Flatten

This removes the DC component of the baseline and any linear tilt within the Zoom
frequency limits. This is done by averaging points at each end of the zoom region, the
adjusting so that these average values are at zero. The user can set the number of points
to be averaged (with 2A) or use default values.

Data outside the Zoom frequency limits are adjusted, with DC correction only, to remain
continuous with the Zoom region (see also FR). Note that the display does not need to be
expanded to apply BF. The region just needs to be defined with the cursor or with Zoom
subcommand F. The same operation as BF can be performed within the Zoom
subroutine using the B subcommand.

See example of BF application below.

FR -- Flatten Region

This command is almost the same as BF, with one exception:

In contrast to BF, data outside the Zoom frequency limits is not changed. This can result
in discontinuities in the baseline at both ends of the Zoom region. One situation in
which this is preferable is when baseline correcting and integrating selected regions of a
spectrum. The FR command can be used to correct a chosen region, without affecting
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integrals in any other part of the spectrum.
See example of FR application below.

2A -- Number of points to average

Lets the user control how many points are used to by the BF and FR commands. An
entry of zero lets the program automatically determine the number of points to average,
according to the following:

If the selected region is more than 256 points then 16 points are used for averaging.

If the selected region is less than 256 points and greater than 64 points then 8 points are
used for averaging.

If the selected region is less than 64 points and greater than 16 points then 2 points are
used for averaging.

If the selected region is less than 16 points then the end points are used directly without
averaging.

If the number of points set by the user is greater than the entire selected region then the
entire selected region is averaged.

This can be set in a macro using Set Points_to_average.

BR -- Baseline correct Bruker digitally filtered data

This command performs an operation similar to BC, but ignores the extreme ends of the
spectrum when choosing points on which to base the correction. This is needed with
digitally filtered data, due to the distortion of the ends of the spectra. By default, 2% of
the data points at each end are ignored. See details below, including description of
additional options.

JE -- Baseline correct JEOL digitally filtered data

This performs the same operation as the BR command, but discards 5% of the data points
at each end, instead of 2%, as with BR.

See also: TJ, /2

Correcting selected spectral regions

Baseline correction with BF and FR

It is important to understand the differences among the choices for baseline correction.
The page illustrates the results of 2 similar commands, BF (Baseline Flatten) and FR
(Flatten Region). Both remove DC and linear tilt within the current Zoom limits, but they
differ in how the remaining parts of the spectrum are affected.

Both commands act by adjusting the Zoom region to bring both ends of the region to

zero. FR does not alter parts of the spectrum outside the chosen Zoom region. This can
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result in severe discontinuities at the ends of the Zoom region. BF avoids these

discontinuities by applying a DC offset to the parts of the spectrum on each end of the

Zoom region, such that the baseline remains continuous. It is important to understand that

applying correction with BF will change the baseline of the entire spectrum, which will

affect integrals.
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Start with a spectrum with a severely rolling baseline.
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A small section of the spectrum is selected with Zoom. (Note that it is not necessary to

expand display to these Zoom limits.)
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Results of applying FR.
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Results of applying BF. (Same spectrum and same Zoom limits.)
See also:

2A — To Average — This allows the user to specify how many points are averaged at each
end of the Zoom region to determine the adjustment required to flatten the chosen region.

FB - interactive polynomial baseline correction
QB - quick (non-interactive) polynomial baseline correction

BC - Baseline Correction — removes DC and tilt of the entire spectrum.

Polynomial baseline correction
This section describes various options for correcting a curved baseline.
Sometimes, only a linear correction is required - see options.
In addition to linear and polynomial corrections, backwards linear prediction, which
corrects distortions of the first few points in an FID, can be used to flatten the baseline.

The baseline can also be corrected from inside the integration routine, using the
subcommand B. See tips for correcting really bad baselines.

FB -- Fit Baseline
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This command enters a subroutine which fits the baseline with a 5th order polynomial.
As a starting point, NUTS selects a set of baseline points as follows: The spectrum is
divided into 64 regions and those regions which contain just noise are selected. The data
points within each selected region are averaged to give one point for input into the
polynomial fit. The 64 selected regions are displayed in inverse video, usually red. The
decision as to what constitutes noise is based on the RM multiplier value (same parameter
as is used for peak picking). If the user finds that the regions being selected as noise are
not appropriate, the RM value may be changed. The user can also select or un-select
individual regions using the mouse. Place the cursor on a region of the baseline to be
selected and click once with the left mouse button. This is a toggle process, so clicking on
a selected region will un-select it. The S subcommand selects all regions, and the user
can then un-select regions containing peaks.

By default, the FB routine divides the spectrum (or expanded region) into 64 regions (or
fewer, if very few data points are displayed). It is possible to override this, and specify
the number of points in each region. This can be used to define narrower baseline
regions, useful when the spectrum is very crowded, with only small segments of baseline
between peaks. This is done in the non-2-letter command mode. The FB command will
accept either one argument, or 2 arguments. The first argument specifies the number of
data points in each region. If there is a second argument, it is a multiplier for the RM
parameter, used in the automatic determination of which regions contain peaks, and
which are baseline.

If an expanded region is displayed at the time the FB subroutine is entered, the fit will be
confined to only that part of the spectrum. This allows a spectrum with very a distorted
baseline to be corrected in sections. Be sure to execute a Ctrl-F first if the fit should be to
the entire spectrum.

For historical reasons, 2 options are available for calculating the best fit polynomial:
Simplex and Least Squares. Results from the 2 methods appear to be indistinguishable,
and the least squares method is more than 10 times faster. However, sometimes the least
squares method fails to converge, and simplex can be used instead.

To initiate the fitting process, type C for Simplex calculation or L for Least Squares, both
of which are available from the Edit menu. (Note that if Enter is typed before initiating a
fit, the routine is exited without altering the baseline.) The equation used is a 7th order
polynomial whose coefficients are adjusted to fit the spectrum. As the Simplex
optimization proceeds, the results of each cycle are displayed. The Error is the square of
the difference between the calculated curve and the curve formed by the set of input
points. This is displayed so that the user can monitor the process as the Error function
converges to a minimum. The iteration can be stopped by typing Q. The coefficients of
the calculated polynomial are printed on the screen at the end of the fitting operation.

The calculated polynomial can be displayed by selecting Draw Polynomial from the

Display menu or by typing P. The region selection can be changed and the fit
recalculated by repeating the fit (C or L command).
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When satisfied with the calculated baseline, typing Enter will apply the correction and
exit the FB subroutine. To abort the process and exit without altering the baseline, choose
Quit from the file menu or type X.

If the correction is made on a part of the spectrum, rather than the entire spectrum, there
arises the question of what should be done to the rest of the spectrum. If no adjustment is
made to the data outside the displayed region, discontinuities may be introduced at the
ends of the corrected region. A logical way to address this is to apply a DC correction to
the adjacent regions to avoid discontinuities. However, that would result in changing the
baseline, and therefore to the integrals, in parts of the spectrum other than the selected
region. The best choice in this case depends on the characteristics of the spectrum and
the information being extracted from it, so NUTS allows the user to choose how this
situation should be handled.

The option to keep the baseline continuous, and avoid discontinuities, can be set in the
nuts.ini file, with the following entry:

CONTINUOUS_BASELINE = TRUE

To prevent any changes to the spectrum outside of the displayed region, use the following
entry in the nuts.ini file:

CONTINUOUS_BASELINE = FALSE

Changes to the nuts.ini file do not become effective until NUTS is restarted. To change
this option while NUTS is running, the following non-2-letter commands can be used:

FB -c on
enables the DC adjustment of the baseline to eliminate discontinuities.
FB -c off

disables the DC adjustment of baseline, so that regions outside the current display region
are unchanged.

These settings apply to both FB and FX.

It is possible to save a "mask™ describing which regions of a spectrum should be used in
calculating a polynomial baseline correction. This would be used for automated
processing of very similar spectra. The user selects the regions in the usual manner, then
saves those selections to a text file with the sub-command M or by selecting File/Save
Mask on the menu while in the FB routine. The mask is then applied with the FX
command.
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If FB is used in a Link or macro, the automatically selected regions are used, the fit is
calculated and the resulting correction applied, all without user interaction. Normally,
the type of fit used in this automated mode is polynomial fit using least squares.
However, the user has the option of changing this to either Simplex polynomial fit or
Fudge mode (equivalent to F subcommand). This is set in the nuts.ini file.

To perform polynomial baseline corrections in arrayed mode, use the FX command. In
arrayed mode, the FB command acts only on the displayed slice. This is useful for
correcting baselines of selected slices.

FB also has the option of correcting the baseline by forcing each region to be flat by
removing DC and tilt separately for each region. This is done with the subcommand F
(stands for "fudge™). This is useful when the baseline distortions are of too high order to
be corrected with a polynomial. See example below.

See details below on how to use FB.
Subcommands:

C Calculate Simplex fit to 5th order polynomial

L Perform Least squares fit to 5th order polynomial

F Fudge baseline by correcting DC and tilt for each region separately
3 Linear spline baseline correction

A Apply default correction and exit FB

M Save selected baseline regions as a "mask” to a text file
R Read a previously saved "mask" file

P Draw polynomial

Q Quit Simplex optimization

S Select all regions

U Un-select all regions

X Exit without applying correction

<ENTER> apply correction and exit

FX -- Fit Baseline
Polynomial baseline correction that works in arrayed mode.

For 1D spectra or when not in arrayed mode, FX is equivalent to QB. It applies a
polynomial correction to the displayed slice using default parameters.

When applied to a 2D spectrum while in arrayed mode, FX will execute a polynomial
correction independently for each slice.

When in the non-2-letter command mode, the FX command accepts an argument which is

the file name of a "mask" file to use when calculating the polynomial fit. The mask must
first have been created in the FB subroutine. The mask must be for the same 1D data size
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as the current data. If the mask was created while in a zoomed display mode, this
command will use the same display region for the polynomial fit and NUTS will end up
displaying that zoomed region when the command completes. The mask can be applied
to 1D or 2D data.

Why use a mask? More reproducible baseline correction can be obtained, useful in
defining a protocol for processing QC data, to insure that the same conditions are used
each time. In the case of 2D data, the automatic selection of baseline regions can result
in poor choice of baseline regions for some slices, causing serious baseline distortion.
The recommended procedure is to examine slices using View (VW) to determine which
regions represent "good" baseline throughout the dataset, and then use FB to select those
regions and create a mask. The mask is then applied with

2f
fx maskfile <ENTER>
2n <ENTER>

where maskfile is the file name supplied when the mask was saved to disk.

By default, the "fx mask™ command performs a polynomial fit. This can be invoked with
any of the following 3 equivalent commands:

FX mask
FX —p mask
FX -1 mask

Optionally, linear baseline "fudge™ can be performed instead, identical to the FB routine’s
F sub-command, with either of the following equivalent commands:

FX —f mask
FX -2 mask

A third option is linear spline correction, identical to the FB routine’s 3 sub-command,
with either of the following equivalent commands:

FX —s mask
FX =3 mask

QB -- (or BASELINE) Quick Baseline correction
When executed as a 2-letter command, this performs a least squares polynomial baseline
correction, just as would be done within the FB subroutine. There is no user interaction

with this command.

In the non-2-letter command mode, QB can take optional parameters and performs a
different kind of correction. If no parameters are given, then the routine automatically
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selects regions and corrects the baseline by a least squares fifth order polynomial. If
other parameters are supplied, QB performs a different type of baseline correction,
involving "deducing™ a baseline much as the user might do "by eye", and then subtracting
that baseline from the spectrum. To do this, the spectrum is divided into segments, and
each segment is compared to the rms noise level to determine if it contains peaks.

Use of QB for this type of correction takes up to 3 parameters, as follows:

The first parameter specifies the number of data points for each segment into which the
spectrum is divided. (In the default QB and FB corrections, the spectrum is divided into
64 segments). A multiple of rms noise used to distinguish peaks from noise; by default,
this is the value of the RM parameter, set in the peak picking routines.

If a second argument is entered, it is used as the multiple of rms noise, instead of using
RM, to distinguish peaks from noise.

The only valid value for a third argument is "show", which displays the "deduced"
baseline. This action replaces the current data set with the deduced baseline.

This correction is illustrated below.
Illustrated example of polynomial baseline correction

This subroutine calculates a 5™ order polynomial fit to the baseline.

B winNuts - C:ANUTSADATAASFID1D FID
File Edit “iew FProcess 20 Procesz Toolz - Help
FRm
>
| |Base Level | | Murn | lni
KN M
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This is the most practical way to correct a baseline which needs more than simple tilt

correction.

Type FB or select Fit Baseline from the Process menu.

FA winNuts - C:A\NUTSADATAASFID1D.FID

Eile Edit Dizplay Help
I
Polynomial Coefficients
0 =0.000000
1=0.000000
2 =0.000000
3 =0.000000
4 = 0.000000
a =0.000000
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On entering the subroutine, NUTS divides the spectrum into 64 regions. Those regions

which consist of only noise are colored red.

The decision as to what constitutes noise is based on the RM multiplier value (same

parameter as is used for peak picking). Regions can be selected or de-selected by clicking

with the left mouse button.
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Perform a least squares fit by typing L or by choosing Calculate Fit from the Edit menu.

The calculated polynomial can be drawn by typing P or selecting Draw Polynomial from

the Display menu.

If the match to the baseline is not sufficient, try selecting or de-selecting some regions,

and repeat the fit.

FA winNuts - C:\NUTSA\DATA\SFID1D.FID

File Edit “iew Process 20 Process Tools

Help

[
[
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Exit the routine with <Enter>, which applies the correction.
Exiting the routine with X quits without applying the correction.

See also: QB -- Quick polynomial baseline correction. This command performs the
same least squares fit to a 5 order polynomial, but no user interaction is possible.

Another option which works well in some cases is a "deduced" baseline.

"Deduced" baseline

Some baseline distortions arise from broad peaks due to exchangeable protons or a
polymer component in the sample. Even though they are "real", they can be undesirable
and interfere with integration. An example is shown here in the top trace.

FIWinNuts - D:ANUTS\DATAV\hump2_nmr
Eile Edit “iew Process 20Frocess Tools wopec Help

|3 B3| | baldlaslie]id ] @ =l

|

M |
- MUL

T 1
& 2 4 3 2 PP

>dd

>

|Eiase Lewel | | | Murm | g
JT [ 1V

A person can look at this spectrum and readily deduce where the "baseline™ should be.

The same process can be accomplished by software. Some of the steps are similar to the
procedure used by the FB routine.
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The process involves automatically distinguishing regions of just baseline from regions
containing peaks, interpolating where the baseline should go underneath each peak, then
subtracting this "deduced" baseline from the spectrum. The process of determining the
difference between noise and peaks requires an estimate of the noise level in the
particular spectrum. NUTS automatically determines the rms noise of the spectrum. The
spectrum is broken into segments, and a determination made as to whether or not each
segment contains any peaks. A segment of the spectrum is determined to contain a peak
if its (maximum - minimum) value exceeds a defined multiple of the rms noise. By
default, Nuts will use as that multiplier the RM value (same as is used in peak-picking),
but the user can specify a different value. By default, Nuts divides the spectrum into 64
segments, but the user can specify how many points each segment should contain.

This correction is implemented in NUTS as a modification of the QB command. When
issued without parameters, QB applies a non-interactive polynomial correction,
equivalent to that performed by FB using default parameters.

To use the "deduced" baseline correction, the user must first place Nuts into the non-2-
letter command mode, by typing 2F. There are 3 optional parameters:

The first parameter specifies the number of points for each segment. The smaller the
number, the more segments into which the spectrum is divided. If no other parameter is
specified, the current value of the RM parameter will be used to determine which
segments contain noise.

A second parameter can be specified, which is the value of the multiplier for the rms
noise.

When QB is used with 2 numerical parameters, the baseline is calculated and subtracted,
and the current spectrum is replaced by the corrected spectrum. (Users might want to
enable Un-Do, to facilitate trial-and-error adjustment of parameters.)

The lower trace in the figure above was obtained using the QB command with the
following parameters:

QB 328

In this case, each segment contained 32 data points, and segments were determined to
contain peaks if their (maximum - minimum) data values exceeded 8 times the rms noise.

To examine the "deduced" baseline itself, the QB command is issued with the optional
3rd argument of "show". The result is shown in the lower trace. The current spectrum
has been replaced by this calculated baseline. To apply the correction, the spectrum
needs to be opened again and QB applied without the "show" parameter, or use Un-Do to
back up one step.
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FIWinNuts - D:ANUTS\DATAV\hump2_nmr

Eile Edit “iew Process 20Frocess Tools wopec Help
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Care in parameter selection is important to avoid distorting the low level lineshapes of
peaks that can result in integration errors.

Really bad baselines

Some spectra have baselines that cannot be fit with a polynomial. The options for
working with such a spectrum are:

1. Backwards linear prediction to correct the early points in the FID
which are causing the distortion. As many as 12 points may need
to be corrected. Experiment with parameters to obtain the best
results.

2. Divide the spectrum into multiple sections, and apply polynomial
correction in the FB routine to each section separately. The
baseline curvature within each section may then be of sufficiently
low order to be corrected. The best procedure is to select each
section of the spectrum using the Zoom subcommand F, specifying
the sections by points, not by frequency limits. For example, the
first section would be point 1 to point n, and the second section
would start at point n+1. This should avoid discontinuities at the
edges of each section.
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3. Humps can sometimes be removed by subtracting a "deduced"
baseline. See example in the previous section.

4. Within FB, the F subcommand will remove DC and tilt for each
selected region separately, forcing each region to be flat. Note
that this correction cannot be un-done. This is illustrated below.

Not all spectra can be corrected with a polynomial, such as the spectrum below. The FB

routine includes a "fudge™ operation which can be used to improve the situation.

A WinNuts - D:ANUTS\DATA\bad fid
File Edit “iew Process 20D Frocess Tools wSpec Help
Al
[
T T T T [ T T T T [ T T T gl T T T [ T T T T [ T T T T [T T 17
200 100 0 =100 =200 =300 Il
>ga
>
| |Eiase Lewvel | | | Mum | A
Rl [ H

There is a "real" peak at -200ppm.
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A WinNuts - D:ANUTS\DATA\bad fid
Eile Edit Display Help
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Enter FB, use S to select all regions, then un-select the regions around -200ppm.

B WinNuts - D:\NUTS\DATA\bad fid
Eile Edit Display Help
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The F ("fudge™) subcommand applies a DC-and-tilt correction to each region separately,
forcing each to be flat. The un-selected regions are corrected based on adjacent regions,

to avoid discontinuities. Once F is applied, it cannot be un-done. It can be applied to
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part of a spectrum, but this will create discontinuities at the edges. Note that the results
of this type of correction are very sensitive to where the boundaries between selected and
un-selected regions fall. Integration of such a corrected spectrum should be viewed with
skepticism!

F WinNuts - D:A\NUTS\DATA\bad fid
File Edit ¥iew FProcess ZDFrocess Tools wopec Help
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Above is a before-and-after comparison, showing the results of the "fudge" operation.
Correcting baselines of digitally filtered spectra

An artifact of digitally filtered data is an abrupt curve at the ends of the baseline.
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A tilted baseline, as seen above, is normally easily removed with the BC command,

which removes DC offset and linear tilt by assuming that the ends of the spectrum are
zero. However, for spectra such as this, the ends are not zero and using BC results in a

spectrum whose baseline is not truly at zero, as shown below:
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The BR command performs an operation similar to BC, but disregards the ends of the

spectrum, so that the correction is based on points that are really zero. The result, seen

below, is a much better correction.

ﬁ WinMNuts - Chnutsi data’ ends.nmr - acetone = IDIEi
File Edit View Process 2DProcess Tools wSpec Help
@ |3 8|S w| walkla| il | ¢ =
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By default, the BR command (or equivalent non-2-letter command Bruker) ignores 2%
of the data points at each end. A similar command, JE (for Jeol) ignores 5% of the data
points at each end.

The command has some additional options that can be invoked in the non-2-letter
command mode.

If the number of distorted points doesn't match the 2% or 5% defaults for the BR or JE
command, it is possible to specify the number of points on each end to be ignored. This
requires 2 arguments: the first is "pts"” and the second is the number of points to be
ignored. For example, to ignore 350 data points at each end, the command would be

br pts 350
It is also possible to replace the distorted end points with zeroes. This requires 2
arguments: the first is "ZeroPts" and the second is either 1 (to turn ON zeroing of the end
points) or 0 (to turn OFF zeroing of the end points).
To choose to zero the ends points,

br zeropts 1
This command does not change the spectrum, it simply selects the zeroing option for

subsequent BR commands. The result of the BR command with zeroing turned on is
shown below:

P WinNuts - C:\nuts' data’ ends.nmr - acetone - |0}
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Once zeroing of the end points is turned on, it remains on for subsequent BR (or JE)
commands until turned off.

It is also possible to discard a specified number of data points at each end of the
spectrum, using the /2 command.

Integration
Overview

ID — Enter Integration subroutine

NUTS includes a manual integration subroutine and an automatic integration function.
This Overview is a description of the former. It is recommended that users read through
this section, as the manual tools are often useful to supplement the automatic method. A
summary of subcommands active in the integration subroutine is given below. See
details below on how to integrate.

The currently displayed region can be integrated with the menu selection Process /
Integrate, with the ID command from the NUTS base level or with the Zoom
subcommand I. After entering the integrate subroutine, the displayed region will have the
standard NMR integration line. The first time the integration routine is entered, the
integral extends over the entire spectrum and is automatically scaled such that the integral
will be full scale at the end of the display. Any changes which are made in scaling or by
defining sub-integrals are retained when the integration routine is exited and re-entered.
On entering the integration routine, the menu choices change to display commands which
are active. All commands can be accessed using the menus, with the exception of those
which involve using the mouse. The commands are also available as single-letter
keyboard commands.

Adjusting the integral scale -- The scroll bar on the left can be used to adjust the
vertical scale of the displayed integral. If the integral display goes off the top of the
display, it will wrap around to the bottom of the display. Note that changing the vertical
scale of the integral trace does not change the integral values.

While in the ID routine, the Z subcommand brings up another scroll bar on the left to
adjust the beginning level of the integral. A single <Enter> exits this offset adjustment
routine.

Plotting can be done from within the integration routine (P subcommand, or File/Plot
menu selection). Whether plotted from within the integration routine, or from the NUTS
base level, the plotted spectrum will have the integral plotted on it as it appears on the
screen.

The ID routine is exited with the <Enter> key.
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Defining separate sub-integrals -- Certain of the integral routine commands are initiated
by clicking the left mouse button to display a vertical cursor. For example, the integral
trace can be broken into sub-integral regions of interest using this approach. Click the left
mouse button once to produce the vertical cursor, click a second time at the beginning of
the region to be integrated, and click a third time at the end of the region of interest to
complete the sub-integral. Repeat as needed. Once a single sub-integral has been defined,
the integral is only displayed for defined sub-integrals. To toggle between this display
and the entire integral, type F. The sub-integrals are not lost on exiting the integration
subroutine.

Setting integral values -- The value of a chosen sub-integral can be set to a user-defined
value. Place the cursor on one of the sub-integrals (by clicking once with the left mouse
button) and type V, which brings up a dialog box in which you can set the value of the
selected sub-integral. Once a sub-integral value has been defined, each sub-integral is
labeled with its value. The integral values remain unchanged until a sub-integral is
explicitly set to a new value, regardless of changes in the vertical scale of either the
integral trace or the spectrum. Setting the value of a sub-integral to zero removes all
labels.

The integral labels can be displayed vertically, which reduces overlap of the labels. This
can be set in the nuts.ini file, or while in the integration subroutine. Integration
subcommand V displays the labels vertically, subcommand H displays the labels
horizontally. Note that the V subcommand is also used to set the value of a sub-integral,
but that command is only invoked when a vertical cursor is displayed and overlaps the
chosen sub-integral, so there is no conflict.

By default, the label appears just below the end of each sub-integral trace. The labels can
be moved to the top of the screen by typing M. This is a toggle command, so typing it
again moves the labels back to below the end of the trace.

The integral font can be set with FI or by choosing Set Fonts from the Edit menu. (The
user must exit the Integration subroutine to change the font.) Sometimes sub-integrals are
so close together that the labels overlap, making them hard to read. To remedy this, the
individual labels can be moved up or down slightly. Three positions are defined and are
chosen with the keys 1, 2 and 3, as follows. Place the cursor on the sub-integrals whose
label is to be moved (by clicking the left mouse button once). Typing 1 moves the label
up slightly from its initial position. Typing 3 moves the label down slightly from its
initial position. Typing 2 returns the label to its initial default position. See illustration
below on how to adjust label positions.

Removing sub-integrals -- Single sub-integrals can be deleted by placing the cursor on a
sub-integral (by clicking once with the left mouse button) and typing D. At any time in
the integral subroutine, typing C will clear the set of sub-integrals and display the entire
integral. Subcommand L will delete the last-created sub-integral.
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Saving integrals -- The positions of all sub-integrals and their values are saved with the
spectrum, so that when the spectrum is recalled at a later time, these integrals can be
displayed without having to be redefined manually. This information is saved in a file
"tailer”, meaning it is appended to the end of the file. See the description of file tailers for
more information. An example of the integration information contained in the tailer is:

INTEGRALS
REL_VALUE = 3.755704e-006

START_PT START_PPM END_PT END_PPM VALUE LABEL POSITION
809 7.560 951 6.636 5.593325 1
1540 2.801 1623 2.261 2.000000 1
1722 1.616 1767 1.323 1.923050 1
1769 1.310 1848 0.796 3.017987 1

END_INTEGRALS

The integral values listed in the VALUE column are the result of scaling all integrals by
setting the second integral to 2. Absolute comparison of integral values between different
spectra is possible using the "REL_ VALUE" parameter, which relates the absolute area to
the chosen scaled value.

Creating an integral list -- A list of all currently defined sub-integrals and their values
can be placed into the clipboard for pasting into a document, for editing, printing or
transfer to another application, such as a spreadsheet. The list looks like:

NUMBER FROM T0 VALUE
1 7.56 PPM 6.64 PPM 5.59
2 2.81 PPM 2.27 PPM 2.00
3 1.62 PPM 1.33 PPM 1.92
4 1.32 PPM 0.80 PPM 3.02

This is accomplished with the Integration sub-command T. All sub-integrals are included
in the list, whether or not they are currently visible on the screen. The T command orders
the sub-integral regions from largest to smallest chemical shift, so the list comes out in
order, regardless of the order in which the sub-integrals were defined. Once T has been
typed, the list can be pasted into the Windows Notepad or any word processing program
or text editor. From the NUTS base program level, after exiting Integration, the IL
command is another way to place the list of integrals into the clipboard. Note that if
changes are made to the integrals, the information in the clipboard is not automatically
updated - it is necessary to do this manually. Any text contents of the clipboard can be
displayed on the NUTS screen by typing Ctrl-B (or CB), which is a toggle, so typing it
again will turn off display of the text. This can also be done from the View menu.

The integral list can be created using either spaces or tabs to separate the columns. With
space-separated columns, when a fixed size font is used, the columns line up. (Best for
pasting into Notepad). Tab-separated columns are best for pasting into a spreadsheet
program. The choice is determined by a setting in the nuts.ini file, and can be toggled
between the 2 options with the TB command.
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Flattening the integral -- If the integral is not "flat" enough, the region must have its
baseline adjusted. NUTS provides several baseline adjustment options. Type <Enter> to
leave the Integration routine, correct the baseline with one of the options described in the
section on baseline correction. One more baseline correction option is available within
the Integration routine, which lets the user correct DC offset and tilt while viewing the
effect on the integral trace in real time. From within the integration routine, typing B
enters this baseline correction routine. Press and hold the left mouse button. Moving the
mouse left and right performs a zero-order correction (DC level). The same operation
with the right mouse button performs a first-order (tilt) correction. Type <Enter> to keep
the correction or Q to quit, both of which exit the baseline correction routine to
Integration. The correction is performed only on the currently displayed region. This
function applies a correction to the spectrum, rather than just adjusting the appearance of
the integral trace. Because the ends of the region are altered, this operation may have an
effect on adjacent regions. See illustration below on baseline correction within
Integration.

The easiest way to integrate an entire spectrum is to integrate expanded regions of the
spectrum separately, in order to be able to see spectral details. Expand a region using the
Zoom routine, enter the integrate routine and define the sub-integrals. Then either pan to
another spectral region using the scroll bar at the bottom of the spectrum or exit the
integration subroutine (with <Enter>) and select another expanded region. On re-entering
the integration subroutine, the previously defined sub-integrals are still there and defining
additional sub-integrals adds to those previously defined. After all sections are integrated,
plot limits can be selected, the integrals displayed (using Ctrl-1) and the fully integrated
spectrum can be plotted.

N.B. If any of the options which involve baseline correction of only the currently
displayed region are used, other regions of the spectrum are altered, and their integral
values will change. It is preferable to baseline correct the entire spectrum with FB before
beginning integration.

The alternative is to integrate each section of the spectrum separately, copying the
integral list to the Notepad for each section, and using the Notepad to build a complete
integral list of the entire spectrum. While in the integration routine, copy the current
region's integral information to the clipboard (T) and paste into the Notepad. Then clear
the sub-integrals (C) before moving on to the next region. This is because whenever T is
typed, all sub-integral information is copied to the clipboard, not just those in the
currently displayed region. If baseline correction is applied to the current region, it will
change the baseline (and therefore the integral values) in other parts of the spectrum.
Clearing sub-integrals does not affect the integral scaling.

Subcommands:
Left Mouse Button Click Displays a vertical cursor. Used to define sub-integrals

and to select a sub-integral.
V When typed while vertical cursor is displayed, brings up a dialog box allowing
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the user to sets the value of the sub-integral at the cursor location. If the value is
set to zero, the integral values are not displayed.

C Clears the sub-integrals, displaying one integral line for the entire spectrum.

D Deletes the selected sub-integral in the sub-integral list at the cursor location.

L Deletes the last created sub-integral.

Q Removes the cursor and aborts a sub-integral selection process.

T Transfers the current sub-integral list to the clipboard for pasting into Notepad
or other document.

R Read integral information from file "tailer". The integral information must have
previously been saved with the file (see TA command).

M Toggles location of the printed sub-integral label among the end of the integral
line, the top of the page and the bottom of the page. Applies to both screen display
and plot.

1, 2 & 3 Moves location of the printed sub-integral label at the current cursor
location to one of 3 vertical positions. Used to remove overlap of the labels of
closely spaced integrals. Applies to both screen display and plot.

V Displays sub-integral labels vertically

H Displays sub-integral labels horizontally

Z Brings up another left scroll bar to adjust the beginning level of the integral
line. An <ENTER> removes the second left scroll bar. Another <ENTER> exits
the Integration sub-routine.

F Toggles between showing the sub-integrals and the full spectrum integral.

B Starts an integral/baseline correction process to provide a zero order and first
order correction to the integral display. A BF or FB command before entering the
integration routine is recommended to get a flat integral. If these don't work, the B
sub-command of the ID routine allows use of mouse movements to correct the
integral display to make it flat. If the B sub-command is typed while displaying
sub-integrals, the system is toggled to full integral display ( See F sub-command
). Within this baseline correction routine, the baseline is adjusted as follows:

Left Mouse Button Down Mouse movement left and right does zero order
integral correction.

Right Mouse Button Down Mouse movement left and right does first order
integral correction.

Q Aborts the process and ignores corrections made.

<Enter> Applies the baseline correction and exits the B sub-command.

See illustration below for how to use the B routine.

Unlike other integral correction routines, this operation changes the baseline of the data,
rather than just tilting the integral trace. The changes are permanent, not limited to the
integral display. Because the integral is so sensitive to subtle baseline imperfections, this
can be a very useful way to correct the baseline.

Al -- Automatic Integration

This command displays an integral of the entire spectrum, with the integral broken into
integral regions, and labels each region with its relative value. When this command is
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executed, any previously defined integral regions and scaling are overridden, whether
they were created with Al or manually within the Integral Display (ID) subroutine. This
command is available from the Tools menu. It is advisable to correct the baseline (with
FB) before attempting integration.

NUTS determines where to break the integral in the following manner. The spectrum is
divided into 256 equal segments (with the requirement that each segment contain at least
16 points; if not, fewer segments are chosen). NUTS determines the RMS value of all
points in each segment and selects the minimum of those values as representing the noise
level. Only segments whose RMS value is at least 10 times this noise level will be
considered to contain peaks and are included in an integral. Starting from the left end of
the spectrum, the first segment found to contain a peak will set the start of an integral
region. Each subsequent segment will be included in that integral region if it contains a
peak. When a segment is encountered which does not contain a peak, the integral region
is ended. This procedure continues for the rest of the spectrum.

The smallest integral so defined is assigned a value of 1 and all other regions scaled
accordingly. Following automatic integration, it is possible to enter the Integral Display
subroutine and make changes, such as deleting unwanted integral regions, defining new
regions or rescaling by setting the value of a chosen region. See the description of the ID
routine, above, for details.

Display of the integral trace can be toggled on and off by typing Ctrl-I or selecting Show
Integrals from the View menu. This works whether integral regions have been defined by
either the automatic or manual methods. The commands AN and AF can also be used to
turn On and Off the integral display, respectively. The latter 2 commands can be used in
Links and macros. Ctrl-I is active at all program levels, including within subroutines. To
use Ctrl-1 in a Link or macro, use .

IL -- Integral List

Transfers a list of sub-integral values to the clipboard, from which it can be pasted into
the Notepad or other document for editing and printing. This is equivalent to the sub-
command T within the Integration subroutine. All sub-integrals are included in the list,
whether or not they are in the currently displayed region.

Control-1 -- Toggle on/off integral display

This is the same as the Display Integral option under the View menu. This can also be
accomplished with the commands AN and AF, which turn integral display on and off,
respectively. To include this in a Link or macro, use " I ™.

Note that the Tab key executes a Ctrl-I, and so performs the same function.

AN -- Turn on integral display
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Displays the integral trace. If integral regions were previously defined, either
automatically (with Al) or manually in the ID subroutine, these regions will be displayed.
Otherwise, the integral trace will encompass the entire spectrum. The integral trace can
be turned off by typing AF. This operation can also be performed by selecting Show
Integrals from the View menu or by typing Ctrl-1, both of which function as a toggle.

AF -- Turn off integral display

Removes display of the integral trace. The integral trace can be turned on by typing AN.
This operation can also be performed by selecting Show Integrals from the View menu or
by typing Ctrl-1, both of which function as a toggle.

lllustrated example

Before attempting integration, it is usually necessary to correct the baseline, so that the
integral trace is flat. See baseline correction commands BC, BF and FB.

Other topics within Integration:

Changing the position of the integral labels
Baseline correction within the integration routine
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Enter the Integration subroutine by typing ID or by selecting Integrate Display from the
Process menu.

127



A continuous integral trace is displayed covering the entire spectrum. If the integral goes

off scale, it will wrap around to the bottom of the screen, as seen here at for the most

upfield peak.

The scroll bar on the left adjusts the vertical scale of the integral trace.
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Defining subintegrals
Click the left mouse button once to display a vertical red cursor.
Place the cursor on one side of the chosen peak (either side is OK)

Click the left mouse button again to define one end of the subintegral (green)

Move the cursor to the other side of the peak and click the left mouse button again

Notice that the location of the cursors is displayed at the bottom of the screen, along with

the value of the subintegral being defined.
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As soon as the first subintegral has been defined, only subintegrals are displayed, not the
full trace. (Display can be toggled between display of subintegrals and full trace by
typing F, also available from the Edit menu.)

Additional subintegrals are defined in the same manner.

All subintegrals can be deleted using the C command. A selected integral can be deleted
by placing the vertical red cursor on that integral and typing D.
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To assign the value of a chosen subintegral
Click the left mouse button once to display the vertical red cursor

Place the cursor on the chosen subintegral and type V (Value) on the keyboard, which
displays a box allowing a value for relative area to be entered.
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Once a subintegral’s value has been assigned, all defined subintegrals are labeled with
their relative areas. These labels can be removed by setting the Value of any subintegral
to zero.

The displayed integral values remain unchanged, even if the vertical scale of the
spectrum or of the integral trace is changed, until explicitly reset by the user.

Subintegrals remain defined when the integration subroutine is exited, and even when a
new data set is opened.

As with all subroutines, typing <ENTER> exits the integration routine.

Display of the integral trace can be toggled on and off without entering the integration
subroutine by selecting Show Integrals from the View menu, or by typing Ctrl-I.

Repositioning integral labels
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By default, numerical integral labels are placed just below the end of each integral trace.
The labels can be repositioned to avoid overlap.
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Each label can independently be moved vertically a small amount. To do this, select the

chosen integral by clicking the mouse button once to display a vertical red cursor, and

placing that cursor on the chosen integral. There are 3 vertical positions available, which

are set by typing the chosen number (1, 2 or 3).
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The above figure illustrates the 3 positions, 1,2 and 3, from left to right. 1 is just above

the end of the integral trace. 2 (default) is just below the integral trace. 3 is slightly
lower still.
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The labels can also be placed below the spectrum or at the top of the screen. The

subcommand M toggles among the 2 positions (end of trace, top of screen, below
spectrum).
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Labels can also be displayed vertically, which can be useful in reducing overlap of
labels. Integration subcommand V displays labels vertically, and subcommand H

displays the labels horizontally. The default orientation can also be set in the nuts.ini file.

Using integral display for baseline correction

When the integration line is not flat, it means the spectrum's baseline is not flat. This can
be corrected using one of the NUTS baseline correction tools, but it can also be corrected
from within the integration subroutine. The integral is very sensitive to slight tilt in the
baseline, so viewing the integral while making the correction is often very helpful. It is

important to understand that this operation does not just adjust the displayed integral

trace to be flat. It actually changes the data, permanently.
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This spectrum clearly needs baseline correction.
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On entering the Integration routine, the integral trace is far from flat.
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Enter the Integration baseline correction routine by typing B.

The left mouse button controls zero-order correction (DC offset of the baseline, which

appears as a tilt of the integral trace).



The right mouse button controls the linear correction (linear tilt of the baseline, which
appears as a curved integral trace).

Start by holding down the left mouse button and move the mouse left and right to try to
make the integral trace flat in regions of the spectrum that have no peaks.

Clearly, this baseline requires more than just zero order correction.
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Hold down the right mouse button and move the mouse left and right to try to make the
tilt the same over the entire spectrum.

The curvature that was evident above is now gone.

Users with a single-button mouse should hold down the shift key and use the mouse
button when the instructions call for use of the right mouse button.

(Caution should be exercised when applying a linear correction, as large curvature can
inadvertently be entered.)
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The final correction is made with the left mouse button to remove the tilt seen in the

pI’EViOUS screen.

When a satisfactory integral trace is obtained, type <Enter> to exit the baseline correction

routine and apply the correction to the spectrum.
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Notice how much flatter the baseline is than in the first screen.
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Zoom expansion routine
ZO - Enter the Zoom subroutine

The Zoom subroutine allows the user to expand a spectrum horizontally to view details
more easily. That is, you can "zoom" in and out. The user can enter the Zoom routine of
NUTS in several ways: from the menu View / Zoom selection, from the command line
with the command "ZO™ and by double clicking the left mouse button.

Use of the Zoom subroutine is illustrated in the Introduction section, above.

On entering the Zoom subroutine, the menu choices change to display commands which
are currently active. All commands can be accessed from the menus, with the exception
of those which involve using the mouse.

Once in the Zoom subroutine, the mouse cursor changes into a small crosshair labeled
Z0O. While pressing and holding the left mouse button, "drag"” the mouse and a region of
the screen will be selected in inverse video. To jump to this expanded display, click the
right mouse button or type Ctrl-E. The display window can be shifted left and right using
the horizontal scroll bar at the bottom of the screen. The speed of this process depends on
how many points are in the currently displayed region and on the speed of the computer.
This may be impractical with slower computers. The horizontal scroll bar can be turned
off in the NUTS.INI file.

The right mouse button toggles between full and expanded display while in the Zoom
subroutine. While viewing an expanded region, the left mouse button can be used to
select a still smaller region, and the right mouse button will then jump to this new
expansion (Zoom within Zoom). The user can switch the display (from the Zoom routine
or the NUTS base level) using Ctrl-F for full display or Ctrl-E for the expanded region
display. While in Zoom, a specific frequency range of interest can be entered from the
keyboard by typing F, which brings up a dialog box for entry of frequency limits in
points, Hz or ppm.

The Zoom routine is exited with the <ENTER> keyboard key, returning the user to the
NUTS base level. The current expanded region remains displayed on exiting Zoom.

Subcommands:

B Baseline Flatten by removing the DC level and linear tilt between the zoom
limits. See also correcting the baseline.

F Brings up a dialog box allowing entry of specific points or frequency limits for
the expanded display.

I Enter the integral ( ID ) subroutine. <Enter> will return to Zoom from the ID
routine.

D Tilt right end of displayed region Down. Use upper case D for larger changes,
lower case d for smaller changes.
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U Tilt right end of displayed region Up. Use upper case U for larger changes,
lower case u for smaller changes.

Baseline tilting in Zoom is illustrated below.

Ctrl-Z Zero the data in (reals and imaginaries) between the start of the Zoom
region and the end of the Zoom region. See also zeroing data.

1 Select current Zoom region for region 1 in PE phasing routine.

2 Select current Zoom region for region 2 in PE phasing routine.

0 -9 Select the current Zoom region and assign it an identifying number 0-9.
The region can be later recalled with the corresponding command Z0-Z9.
Enter Exits the Zoom subroutine

EZ -- Enter limits for Zoom regions

Opens a dialog box for setting the frequency limits of the 10 Zoom regions. This
accomplishes the same thing as setting regions within Zoom using 0-9.

Control-E -- Expanded display

Toggles the spectrum display to expanded display using the previously selected Zoom
region. This is also available by selecting Type from the View menu. Control-F returns
the display to the full spectrum.

Control-F -- Full display

Displays the entire spectrum (all real points). To jump to an expanded display, using
previously defined frequency limits, type Ctrl-E. These commands operate in all
subroutines and from Base level of program. This is also available by selecting Type
from the View menu.

LZ -- Last Zoomed region

Changes the left and right frequency limits to the previous values. This allows zooming
in on a peak and then jumping back to the previous view.

Z0 - Z9 -- Display a previously defined spectral region
Recall one of ten separate, previously defined zoom regions. Up to 10 such regions can
be defined, and those frequency limits saved for later recall. The frequency limits are
defined in one of 3 ways:

1. with the EZ (Enter Zoom limits) command

2. within the Zoom subroutine using subcommands 0 - 9

3. inside a macro with the command Set Zoom_Region
Commands Z0-Z9 recall the corresponding region. This is useful in designing automated

processing.
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RO - R9 -- Register spectra
This routine " registers™ an arrayed set of 1D spectra, so that the chemical shift scale of

all spectra is the same. This would be used, for example, when a series of spectra are
acquired without a field/frequency lock, resulting in the spectra not lining up properly, as

shown here:
N QML
|

117
puil

First, choose a region of the spectrum whose largest peak will be used to align the
spectra. The desired region is selected by setting the region while in ZOom with the # key
where # is a digit between 0 and 9 (or, equivalently, by using the EZ command). The
corresponding R# command will find the tallest peak in the region, and left or right shift
the remaining spectra to make the tallest peak in this region of each subsequent spectrum
have the same chemical shift. The ends of the shifted spectra are lost or set to zero. The

data set above now looks like:
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This routine works in the non-arrayed mode or Complex Arrayed Mode.
Y0 - Y9 -- Sum block averaged spectra

These commands work in the Arrayed Mode only. "Block averaged" data are collected
as a series of 1D spectra and stored as slices of a 2D file. The series of files needs to be
summed to yield a single spectrum, but it is necessary to compensate for any field shifts
that might have occurred during data acquisition, so that peaks line up correctly before
being summed.

In the Zoom routine, select a region containing a peak which can be used for chemical
shift registration, and assign it to a numbered Zoom region using one of the Zoom
subcommands 0 - 9. Exit Zoom. Execute the Y# command (# is a number with the
same value as the chosen zoom region). This performs the sum with appropriate
adjustment so that the tallest peak in the chosen Zoom region lines up for each spectrum.
The result will be a 1D spectrum, which has not yet been saved to the disk. When the
summing is complete, NUTS also exits the arrayed mode, because the data has been
converted to a 1D file, and arrayed mode is no longer appropriate.

The data set shown above results in this summed 1D spectrum:
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Baseline tilting in Zoom
Zoom subcommands D, U, d and u

These subcommands, while useful in special situations, are not commonly used.
However, they can be executed accidentally, and it is important for the user to understand
what has occurred. One common case is typing DD (for Dual Display) while within the
Zoom routine. The result is not the desired one.

These subcommands operate only on the currently displayed region. They act to tilt the

right edge of the displayed region up or down in large or small steps, depending on
whether upper case or lower case is used.
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The aromatic region is selected for expansion.
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The chosen expansion was displayed by typing Ctrl-E.
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The U key was typed several times to make the effect very obvious. The right end of the

spectrum has been tilted up.
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After exiting Zoom and displaying the entire spectrum, the total result can be seen.

The expanded region was tilted, and the upfield part of the spectrum has been offset so

that the baseline is continuous.

Peak picking
PP — Peak pick
Commands and parameters that affect peak picking (details below):
MH - Minimum Height, the threshold for selecting peaks
RM - RMS noise parameter, to distinguish between a peak and noise
ZL - Zero Peak Pick List, clears the list of peaks
Ctrl-P -- Toggle on/off display of peak labels
PN - Peak labels on, to display peak labels
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PF - Peak labels off

CB or Ctrl-B -- Toggle on/off display of clipboard text on the screen (see also: Notes
subroutine)

The Define Peaks subroutine provides more options for peak picking and labeling.

This operation selects all peaks in the displayed region, indicating which peaks have been
selected with vertical lines on the display. Peaks are selected if they meet 2 criteria: peak
height must exceed the minimum height (MH) value and the peak must decrease by RM
multiples of RMS noise after reaching a maximum. (This latter is to avoid picking
multiple "peaks" for a broad peak in a noisy spectrum.)

When PP is executed, a peak list is placed into the Clipboard. For example,

Interpolated Peak Listing
PEAK POINT  HEIGHT REL._HT HZ PPM

1 1574 113459 43.49 776.17 2.586
2 1578 120172 46 .07 768.21 2.559
3 1746 217882 83.52 439.81 1.465
4 1789 136120 52.18 356.09 1.186
5 1793 266988 102.35 348.20 1.160
6 1797 127982 49.06 340.29 1.134

Height is peak height in absolute units, Rel. Ht is peak height relative to the tallest peak
in the spectrum set to 100. Peak frequency is reported in Hz and ppm.

The peak list can be created using either spaces or tabs to separate the columns. With
space-separated columns, when a fixed size font is used, the columns line up. (Best for
pasting into Notepad). Tab-separated columns are best for pasting into a spreadsheet
program.

The choice is determined by a setting in the nuts.ini file, and can be toggled between the
2 options with the TB command.

When the file is saved, the peak list is saved in the file "tailer”, so it can be recalled later.

This information can be pasted into and edited or printed from any text editor or word
processor, such as the Notepad. The peak list (or any other text in the Clipboard) can be
placed on the screen (in the upper left corner, by default) using the Ctrl-B command,
which displays the contents of the clipboard on the screen. The font for the clipboard
display is set with FC, from the Edit menu or within the NUTS.INI file. The list will be
easiest to read if the font is a fixed-width font, such as Courier, so that the columns line

up.
The PP command also displays peak labels on peaks. By default, the labels are placed at

the top of the screen, but this can be changed in the nuts.ini file. The display of peaks is
toggled off (an on again) using Ctrl-P. The peak labels can be edited and other parameters
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selected using the DP subroutine. The list can be removed with the Zero List (ZL)
command.

By default, NUTS uses interpolation to find the peak maximum, which gives a more
accurate value for the peak frequency. The interpolation can be turned off from the dialog
box which allows setting of the chemical shift reference. From the NUTS base level,
press and hold the left mouse button and type O to bring up this dialog box.

Peak frequencies or other text labels can be displayed above each peak. To do this, the
peaks must be selected within the DP subroutine, rather than with the PP command.

Setting the threshold (minimum height, MH) -- The Minimum Height value is
expressed as a percentage of the tallest peak in the spectrum. The simplest way to
determine the optimum value for MH is by using the cursor from the base level of NUTS
(not in Zoom). Press and hold the left mouse button and place the horizontal cursor line at
the height you want for the threshold and type M. Note that if Fixed Scaling (FS) of the
display has been turned on, setting Minimum Height with the cursor will not work
properly. Minimum height may also be entered by typing MH, which brings up a dialog
box and allows a value to be entered. If the peak selection misses peaks which have small
splittings, try a smaller value of RM.

As of April, 2000, the MH command has been modified to allow use in the non-two
letter command mode. The command can be MH or MinHt. If it has no arguments, then
the standard dialog box comes up and allows the user to enter an MH value. If it has one
argument, that argument is converted to a number between zero and 100.0 and the MH
value is set to that number. If it has two arguments, and the second argument is "rms",
then the MH value is set to the first argument times the current rms noise of the
spectrum.
For example,

mh 5 sets the Minimum Height to 5

mh5rms sets Minimum Height to (5 * rms value)
Zeroing data
ZE -- ZEro data set

Replaces all data points with zeroes and the previous data are lost. A dialog box requests
confirmation before executing.

BZ -- Baseline Zero
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Zeros the region within the Zoom frequency limits without changing the rest of the data.
Applies to both the reals and imaginaries. The Zoom subcommand ~Z (Control-Z) does
the same thing.

ZR -- Zero Reals

Replaces the real half of the data by zeroes. Useful for some types of 2D processing.
Zl -- Zero Imaginaries

Replaces the imaginary half of the data by zeroes. Useful for some 2D processing.
ZN -- Zero Negative points

This command zeros all negative data points of both the reals and imaginaries.

The Z subcommand of the View routine will zero all points in the displayed slice. It does
not ask for confirmation.

See also: editing 2D data

Miscellaneous tools

FP -- FID Play

Creates a .wav file from the currently displayed FID and plays it through the computer's
speakers. You may be surprised at how much you can tell about your data just listening.
This works whether the data is an FID or a spectrum, but it only makes sense to use it
with FIDs. This is only implemented on the Windows versions greater than version
971106, not on the Mac or OS/2. Obviously, your computer needs to be equipped for
sound.

SR -- Spectrum Reverse
Reverses spectrum right-to-left.
RI -- Exchange Real & Imaginary data

This can be performed on both FIDs and spectra. When performed on a FID, the
spectrum after FT will look different, depending on whether the data were acquired by
simultaneous acquisition of data points into the 2 quadrature channels or by sequential
acquisition of data points alternately into the 2 channels (as is done on many Bruker
spectrometers). In the former case, the spectrum will be reversed. In the latter case,
artifacts will appear in the spectrum which resemble quadrature images. A flag can be set
in the Nuts.ini file which causes RI to be executed automatically whenever data is
imported.
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See also: Special considerations for Bruker data
Il -- Invert Imaginaries

Performs a 180 degree phase shift on the imaginary half of complex data. This is useful if
the sense of direction with the mouse movements while phasing seems backwards. If
performed on an FID, this will reverse the resulting spectrum after FT.

SN -- Signal to Noise

Calculates the ratio of the tallest peak in the currently defined Zoom region to the RMS
noise of the baseline. The user must first define the zoom region, to be sure which peak
is being used in the calculation. Even if the entire spectrum is displayed (with Ctrl-F),
the calculation is performed on the tallest peak within the current Zoom frequency limits.
Nuts automatically determines the RMS noise of every spectrum, so the user does not
need to define a noise region.

NF -- Calculate system noise figure

Measurements must first be made as described:

First replace the NMR spectrometer’s probe with a 50 Ohm metal film resistor. At the
gain and frequency settings of interest for the NMR instrument take one scan of data with
the resistor at room temperature and save the file with a file name like "HOT.NMR".
Cool the resistor in liquid nitrogen and take another scan and save this file with a file
name like "COLD.NMR".

In NUTS, enter the NF command and follow the directions. NUTS will load the two data
files and calculate the system noise figure. In the non-2-lettered command mode the user
can also enter the name of the hot file as argument 1 and the name of the cold file as
argument 2.

More information on system noise figure can be found in the Hardware section below.
IV -- InValidate the data

NUTS uses a sophisticated data compression algorithm to minimize the time required to
display data on the screen. Occasionally, NUTS fails to redraw the screen following some
operation. 1V can be used to force NUTS to recalculate and redraw the screen.

See also: UD

XL -- Extract Line

Extracts the real and imaginary sections of a spectrum defined by the zoom region such

that the tallest peak in the zoom region is at the center of the NMR spectrum. Points
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outside the zoom region will be zeroed. This is useful in creating a reference
deconvolution function. See details below on how to use XL.

XT -- Extract Spectral Region

This command uses the currently defined frequency limits to extract a spectral sub-region
from a spectrum. Use Zoom to set the frequency limits and type Ctrl-E to display the
chosen region. On executing XT, this region is extracted. (Note that this may result in a
data set whose size is not a power of 2). The values of Sweep Width, Offset and Number
of Points are therefore modified. See details below on how to use XT.

This command was created for a specific problem, as described below, but is available
for the user to implement for other uses as needed.

A set of kinetics data had been acquired over time on a spectrometer operating without
lock. Some field drift occurred during the course of the experiment, so that successive
spectra did not line up properly in a stacked plot. In each spectrum, the region 10ppm to 0
ppm was selected after setting the shift reference, and XT was executed. Each resulting
spectrum was saved under a new file name (using SB) with sequential file extensions.
The complete data set was converted to a 2D file* and when plotted with SP, the peaks
were displayed with the correct chemical shift and lined up nicely.

* Viewing a series of 1D files is often best done with utilities available only for 2D files.
(These utilities are available in both 1D and 2D versions of NUTS.) Converting a series
of 1D spectra to a 2D file is simple, provided they have sequential file extensions (such
as file.004, file.005, file.006, etc). Create and execute Link consisting of the command
string

GA SCIN

NUTS will prompt for the file name for the first 1D file and for the file name for the
resulting 2D file. To view the file, first read in the 2D file with GA.

X0 - X9 -- Extract pre-defined spectral region

These 10 commands each perform an extraction (similar to XT command) of a region
previously defined by the corresponding Zoom region (defined using 0 — 9 while inside
Zoom, with the EZ command or by the macro command Set Zoom_Region). To
perform an extraction from inside a macro, use the Do Extract. PPM command.

2S -- 2-Point Smooth
Performs a 2-point running average to reduce apparent noise in the currently displayed
data set. This is useful, for example, to remove the "wiggles" at the base of narrow peaks

following resolution enhancement. This command is available only as a keyboard
command. A similar command, 3S, performs a 3-point smoothing operation.
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3S -- 3-Point Smooth
Performs a 3-point running average to reduce apparent noise in the currently displayed
data set. This is useful, for example, to remove the "wiggles" at the base of narrow peaks

following resolution enhancement. This command is available only as a keyboard
command. A similar command, 2S, performs a 2-point smoothing operation.

SO -- Smooth

This two letter command (non-2-letter command SMOQOTH) was added to allow more
flexibility in a smooth operation. With no arguments (or in the 2-letter command mode),
a three point smooth is done. In the non-2-letter command mode, the first argument is
used as the number of points to smooth. An optional second argument is the number of
times to repeat the smooth operation.

CH -- Chloroform lineshape display

Used for viewing the lineshape at the base of the peak. This command performs two
actions: The frequency scale is adjusted to make the largest peak in the currently
displayed region equal to zero (see SZ command) and the vertical scale is increased by a
factor of 80.

CL -- Chloroform lineshape

Displays horizontal lines on the screen and plot at 0.55% and 0.11% of the largest peak in
the currently displayed region. The command is a toggle, so entering it a second time
turns off the displayed lines.

With the lines displayed, the cursor can be used to read off width at each height.

AO - All subroutines off

Exits all subroutines and returns NUTS to the Base Level

XX — Exit NUTS

Closes the NUTS program.
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Advanced 1D Features
Automation
Command "links"

LI - Linked Command Lists
This section describes the use of "Links", a simple form of automated processing.

Sequences of commands can be strung together and executed with a single command.
This can be used as a shortcut for frequently used command strings or for processing 2D
spectra or a series of 1D spectra. The current version of NUTS provides for 10 such
command strings, labeled LO through L9. Typing LI or L# (where # is a number between
0 and 9) brings up a dialog box and allows editing of the command strings. Spaces are
ignored when the string is edited, but can be inserted to make the list more readable. The
Linked Lists can be defined in the NUTS.INI file, in which case, their definitions are
established each time NUTS is run.

Note that the following description applies only for NUTS in the "2-letter command"
mode. Versions of NUTS newer than 5/15/99 have the option of longer commands,
which requires that all commands be terminated with <ENTER>. An explanation of
modifying Links for this new command mode is given below. See also detailed
description of this new command mode in the Commands section at the beginning of this
manual.

A command string can be executed by clicking on the corresponding button in the dialog
box and then clicking OK. Equivalently, the command string can be executed by tying
the command A#, where # corresponds to the chosen L#. A simple example of a useful
Link would be

BC FT AP

which performs baseline correction of the FID followed by an FT and then automatically
phases the spectrum, with a single command.

For processing 2D data or a series of 1D spectra, the Link is terminated with the IN
command, which loops back to the first command in the Link and increments the slice
number (for 2D data) or the file extension (for 1D spectra). By default, the link will
continue to loop until no more files are found.

It is possible to limit the number of times a Link is executed by setting the Link Limit.
This can also be set for Links embedded in macros.

Control characters in Links and Macros are input using the  character (shift-6). For
example, I (to represent Ctrl-1) can be used to toggle integrals on and off.
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M is used to execute a carriage return, as is needed to exit a subroutine.
To import data in a Link, use the IM command, rather than GA.

When using GA in a Link where File A is a 2D file, always execute a GA manually just
before executing the Link. The reason for this is to force NUTS to read the file header so
that all parameters will be set correctly.

Packing 1D spectrainto a "2D" file

The following link will create a 2D file from a series of 1D files. The 1D files must have
sequentially numbered file extensions.

GA SCIN

NUTS will prompt for the first in the series of 1D files to be read, and then will ask for a
file name under which to save the 2D data file it will create. It will stop when it cannot
find the next file in the series. The new 2D file must be opened to view the data.

LO - L9 -- Edit Link

Displays the current links (command lists) for examination and editing. A chosen
sequence is executed with the command A#. These command sequences can also be set
in the NUTS.INI file.

A0 - A9 -- Execute Link

Executes the commands in the corresponding link. The links have default values which
are set by the NUTS.INI file. If there is no NUTS.INI file or if the links are not set in the
NUTS.INI file then all links are set to

BCEM FT PS

To edit one of the links, type L# (eg., L8 ). This opens up a screen showing the current
definitions of all 10 links and allows them to be edited. Spaces make the list more
readable and are ignored.

IN -- INcrement slice number or file extension

Used in Links for incrementing file names and looping back to the beginning of the Link.
It is always the last command in a Link which is executed multiple times. IN behaves
slightly differently depending on whether the files being read and written are 1D or 2D
files. When the file is a 1D file, IN causes the file extension to be incremented. When the
file is a 2D file, IN increments the slice number. When all files or slices have been
processed, the IN command beeps and exits the link.
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By default, the Link will be repeated until NUTS fails to find the next file or slice.
However, it is possible to limit the number of times the Link is executed by specifying a
Link Limit in the Link dialog box. For Links embedded in macros, this is set with the
command

Set LinkLimit
See also: 2D Processing
IA -- Increment slice for file A

Advances the slice counter of a 2D file. This command was created for use in processing
interleaved hypercomplex (States type) 2D data, in which pairs of FIDs are processed,
then combined. After the first FID of a t1 quadrature pair has been processed, the counter
must be incremented before reading in the second FID. After the reconstructed t1
interferogram is stored with ST, the linked command list is terminated with the IN
command, which both increments the file counter and loops back to the start of the link.

In Arrayed Mode, the IA command advances the slice counter and makes that the current
slice.

IE -- Increment file Extension

Used in Links to increment the file extension. This operates on FileA and FileB. This
should not be confused with the IN command, which both increments the file extension
and loops back to the start of the Link. If all files are to be processed in the Link, the IN
command is used. The only time one might use IE is to perform multiple increments
within a single loop of the Link.

For example, start with a series of 40 1D files with sequential extensions. The user
decides he/she only wants to process every other file. The link would then look like

GABCEMFTSCIEIN

The 2D file created by this Link would have 20 slices, corresponding to every other file
from the 1D series.

(Added 8/21/00) When used in the non-two-letter command mode, IE (or IncrementExt)
can now take arguments. With no argument, the command acts as described above
(increments the file extensions of FileA, FileB and the Import File name if they have
numerical file extensions which can be incremented). The new functionality allows the
use of arguments. If IE is followed by either "A" or "B" with no second argument, then
the extension for file A or B, respectively, will be incremented by one. If there is a
second argument it will be used as the amount by which the file extension is incremented.
If the second argument is "2" the file extension will be incremented by 2, etc. Negative
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numbers are allowed as long as the decremented (negative increment) extension will be
greater than zero.

IE [A or B] [amount]
IncrementExt [A or B] [amount]

It is important to understand the subtle distinction between the commands "IA™ and "IE
A". 1A increments the slice counter of a 2D file to the next slice. "IE A" changes the
current name of file A by incrementing its file extension (provided file A's name has a
numerical file extension).

The use of IE in this mode is illustrated in a sample macro below.
El — increment extension for file export

A separate file name can be set as the target for file exports. The EI command is used to
increment the numerical file extension, so exporting a series of files can be accomplished
in a Link or Macro

Using Links in non-2-letter command mode

When NUTS is operating in the new command mode, which allows use of commands
longer than 2 letters, Links must be modified to tell the program to insert <ENTER> after
each command. This is done by inserting a comma after each command. Spaces
between commands are ignored. For example, the following link will run correctly in the
new command mode:

GA,BC,EM,FT, AP,

Macros
NUTS has the capability of executing a series of commands contained in a text file.
RU — Run macro
The macro is executed from the File menu or using the keyboard command RU. Several
sample macros are available below and at http://www.acornnmr.com/. Note that these
sample macros require that NUTS be operating in the 2-letter command mode. The
newer command mode, which allows use of commands longer than 2 letters, requires that
each command be terminated with <ENTER>. Commas must be inserted following each
command, which NUTS will interpret as an <ENTER>.
The text file can be created in the Windows Notepad or any word processor and saved as

an ASCII file. To execute a macro, type RU or choose Run Macro from the file menu.
For convenience, the macros can be mapped to Control-Fx keyboard keys. The
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assignments are made in the Nuts.ini file. A macro can also be executed automatically
when Nuts is started. The macro to be run is set in the Nuts.ini file, with a line such as

AutoExecMacro = C:\NUTS\MAC\GET_EB.MAC
The first line of a NUTS macro must be
NUTSMacro

A line can be any valid NUTS command or command string, the same as those used in
Links. NUTS will ignore blank lines or any line which starts with a space or semicolon.
The last line of the macro should be END.

NUTS looks at the first word on each line of a macro and expects to find either a valid
NUTS command or SET, ASK, DO, LOOP, CALL or QUESTION, as described
below.

Set is used to set the value of some parameter. The format of the Set command is
Set parameter [value]

Some parameters require a value to be specified; others do not. For a list of valid
parameters, see below.

Ask is used to request user input. The format of the Ask command is:

Ask parameter  where "parameter” can have one of the following
values:

FileA, FileB, FileC, Filelmport, ExportFile, Shift, SL, LB, GF, T1, T2 and
S#

When a value for SL (2D slice number) is entered with the Ask operation, the slice will
be read with the next GA command, not immediately.

When a value is entered for Shift, the shift value is not set until a PR command is
executed. PR sets the largest peak in the displayed region to the value which the user has
previously entered.

Do is used to perform an action. The following are valid uses of Do in a macro:
Do DeleteFile filename This deletes a file with name "filename™.
Wildcards are allowed on the Windows versions but only a single name is

allowed on the Macintosh versions. Note that NUTS does not ask for
confirmation, so use with caution!
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Do Extract_ PPM f1f2  This is used to perform an extraction of a
spectral region defined by f1 and f2 (in ppm). This is similar to the XT
command.

Do Sleep This command causes the macro to pause. The amount of
time must first be specified with Set Sleeptime X, where X is time msec.

Do increment_If_get filename Increments file extension for file used
by LF routine to open an existing file.

Do increment_If write_filename Increments file extension for file used
by LF routine to write a file.

Do increment_export_filename Increments file extension for file used
by export commands

Do Math -- performs Math functions. There are numerous commands
which perform automated calculations. These are described in the Math
section.

Loop is used to execute several lines in a macro a certain number of times. The format is

Loop xy  where x is how many times the loop is executed, and y is how
many macro lines comprise the loop

Call is used to lauch an external program. NUTS calls a .pif file, which must be
"windowed" (no window will be shown). When specifying the path for the .pif file, all
backslashes must be doubled. This is available on in the Windows version of NUTS.
Example:

call c:\\copyfile.pif

Question - It is possible to have a macro pause during execution to display a question
and wait for user response.

Each question needs to start with one line which is "QUESTION". The following lines
are for the question - up to 15 lines - then four addition lines

First line starts with YES_BUTTON <desired action>
Next line starts with NO_BUTTON <desired action>

Next line starts with CANCEL_BUTTON <desired action>
4th and LAST line needs to be END_QUESTION

<desired action> can be one of three things
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1. ABORT
2. CONTINUE
3. New macro name to start

Sample macro:

nutsmacro

QUESTION

Click YES to continue the macro execution with the next line after this
question.

Click NO to abort the macro execution.

Click CANCEL to abort the macro execution.
YES BUTTON CONTINUE

NO_BUTTON ABORT
CANCEL_BUTTON ABORT
END_QUESTION

ft

end

Control characters in Links and Macros are input using the ~ character (shift-6). For
example, N (to represent Ctrl-1) can be used to toggle integrals on and off.

M is used to execute a carriage return, as is needed to exit a subroutine.

Sample macros are supplied which can be used as a starting point for creating customized
macros. When writing a new macro, it is advisable to test each new part (by commenting
out parts not needing testing) to be sure it does what the user expects. The display is not
updated during macro execution (to save time), so it is not possible to see the results of
each step (although commands are echoed on the command line); hence the
recommendation for testing.

Some of the sample macros perform operations which result in files being written at
intermediate stages. The macro sets default names for these files so the user does not
need to enter them. Any such macro will overwrite those files the next time it is run, so
files which the user wishes to save must be renamed before the macro is run again.

Adhering to two rules in writing macros will help avoid problems:

1. Always follow "Ask FileA™ (or "Ask FileB") with a line consisting of "GA" (or "GB").
See explanation below.

2. When using GA (or GB) in a Link where File A (or File B) is a 2D file, always
precede the Link with a line consisting of "Set SL 1". The obvious reason for this is to be
sure the slice pointer is set to the beginning of the 2D file. See complete explanation
below.
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Sample macros are included with NUTS and are in a subdirectory of the NUTS directory
called mac.

Rule 1:

When using the Set command to specify a file name, the default path name is the current
working directory. The current working directory is established each time a GA or GB
command is completed. Therefore, executing a GA after an Ask FileA command:

Ask FileA

GA

establishes the working directory, and subsequent Set File commands will use that
directory.

If the user wants to specify a different path for a file in a Set command, use
Set FullFileA name

Note that if a new path is specified for file A or B, the working directory will be changed
when a GA or GB command is next executed.

Rule 2:

The user needs to be aware that the command GA (open file A) when applied to a 2D file
behaves slightly differently in macros or Links from when it is entered directly. The
difference lies in whether NUTS reads just a slice of the 2D data or reads both the slice
and the data header. While in a Link (either by itself or within a macro), NUTS reads the
data header only once, for the first slice. This makes reading subsequent slices faster.
When GA is used to read a 2D file in a Link, NUTS assumes that the user loaded the first
slice manually (with GA) immediately before executing the Link. This reads in the file
header and all is well. If the same Link is embedded in a macro, NUTS can be forced to
read the file header by inserting the following line just before the line containing the
Link:

SetSL 1
FF - Find File

This command allows batch processing of an entire directory of NMR data files. This
only makes sense if used in a macro, such as the following:

NUTSMacro batch processing
ff ft sa in
end
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When the macro is executed, NUTS will ask for a file to open. By selecting a file, the
user defines the directory whose data is to be processed in batch mode. NUTS will
attempt to identify and open each file in that directory. If a file is encountered that cannot
be opened, NUTS will display an error message, then continue. The processed data is
saved into a subdirectory of the chosen directory called _Target.
Some spectrometer software (eg, Varian) does not save data as a single file, but as a
directory which contains several files. The FF command will open each subdirectory of
the selected directory and look for identifiable NMR data files, and will import any it
finds. This does not work with Bruker XWin data, because the fid file is 2 directory
layers down.
The FF command can run into initialization/de-initialization problems if it does not
complete its operation of opening every file in the directory. A FF command line
argument (reset) can be used to force the FindFile status to be de-initialized.
SET parameters
Parameters which can be set in macros with the SET command.
File names:

FILEA File A; current working directory will be used; See note below

FILEB File B; current working directory will be used; See note below

FILEC File C; current working directory will be used; See note below
(File C is used for 2D processing)

ExportFile Name of file to be exported by E1, E2, E3, E4 or E5
command.

FILEIMPORT To set the file name of data to be imported

FULLFILEIMPORT To specify a complete path name for data to be
imported

FULLFILEA To specify a complete path for File A; See note below
FULLFILEB To specify a complete path for File B; See note below
FULLFILEC To specify a complete path for File C; See note below

LF GET_FILENAME To specify filename used by LF routine to read
an existing Lines file
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LF_WRITE_FILENAME To specify filename used by LF routine to
write a Lines file

Display:

Fonts:

AXis:

DC To set the DC (vertical display) offset of the data
DISPLAYALL Display both real and imaginary points
DISPLAYFULL Display real points
DISPLAYIMAG Display imaginary points

DISPLAYZOOM Expand spectrum to previously set frequency limits

FONT_AXIS +10 To change the font size of the clipboard displayed on
screen (in this case, by one point)

FONT_CLIP +10 To change the font size of the clipboard displayed on
screen (in this case, by one point)

FONT_PEAK_HORIZONTAL +10 To change the font size of the
horizontal peak labels (in this case, by one point)

FONT_PEAK_VERTICAL +10 To change the font size of the vertical
peak labels (in this case, by one point)

FONT_INTEGRAL_HORIZONTAL +10 To change the font size of
the vertical peak labels (in this case, by one point)

FONT_INTEGRAL_VERTICAL +10 To change the font size of the
vertical peak labels (in this case, by one point)

FONT_CmdLine +10 To change the font size of the screen's command
line (in this case, by one point)

AXISHZ Set axis units to Hz
AXISNONE No axis label

AXISPPM Set axis units to PPM
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AXISPT Set axis units to points

Zoom limits:
ZOF1PT Set left hand frequency limit in units of points for Zoom region
ZOF2PT Set right hand frequency limit in units of points for Zoom region
ZOF1PPM Set left hand frequency limit in units of ppm for Zoom region

ZOF2PPM Set right hand frequency limit in units of ppm for Zoom
region

ZOF1HZ Set left hand frequency limit in units of Hz for Zoom region

ZOF2HZ Set right hand frequency limit in units of Hz for Zoom region
ZOF1SL Set lower slice limit in second dimension for 2D Zoom region
ZOF2SL Set upper slice limit in second dimension for 2D Zoom region

ZOF12DPPM Set bottom frequency limit in ppm in second dimension for
2D Zoom region

ZOF22DPPM Set top frequency limit in ppm in second dimension for 2D
Zoom region

ZOF12DHZ Set bottom frequency limit in Hz in second dimension for
2D Zoom region

ZOF22DHz Set top frequency limit in Hz in second dimension for 2D
Zoom region

ZOOM_REGION Allows the user to define up to 10 Zoom regions,
similar to Zoom sub-commands 0-9. Syntax is

Set Zoom_Region n f1 2
where n is the region identifier (0-9) and f1 and f2 are frequency limits in

ppm.

Window functions:
GF Gaussian Factor used in Lorentzian/Gaussian resolution enhancement.
LB Linebroadening used with EM, GM, LG _and TF commands

S# Set phase shift for sine apodization (MS).
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Linear

T1 First point for trapezoidal multiplication (TM)

T2 Second point for trapezoidal multiplication (TM)

Prediction:

LNpts Number of points to be predicted by Linear Prediction (LN)
LNmdim Number of points on which Linear Prediction (LN) is based

LNnsig Maximum number of frequencies to be predicted by Linear
Prediction (LN)

LNdirection (FORWARD or BACKWARD) used by Linear Prediction
(LN)

Integration:

Other:

INTEGRAL CLEAR clear all defined integral regions
INTEGRAL 3.0 5.0 to define an integral region (in this case, from 3 to 5)

INTEGRAL 4.2 1.5 5.0 to define and integral (in this case from 4.2 to
1.5) and also assign its value (5, in this case)

AC Set value for Amplitude Change (AC) command.
AM Set value for Add/Subtract multiplier (AM) command.

ARRAY _ON Enter Arrayed Mode for 2D (original arrayed mode only,
does not initiate "pairwise" arrayed mode)

ARRAY _OFF Exit Arrayed Mode for 2D

DP_INFO_STRING Enter text which will be entered in the Label field
for all peaks when DP is executed.

LINKLIMIT To specify the number of loops for a Link containing IN.
The default is to loop until no more files can be found.

MH Minimum height for peak picking

OF1 Sets the ol frequency (the frequency of the center of the spectrum) to
the specified value, in hertz.
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Note:

OF2 Sets the 02 frequency (the frequency of the center of the spectrum in
the second dimension) to the specified value, in hertz.

PA Zero-order phase correction used with PC

PB First-order phase correction used with PC
POINTS_TO_AVERAGE Sets the number of points to be used with
baseline correction commands BF and FR. This is the same as the 2A
command.

RDpts n where n is the number of pts to rotate with RD command
RDdirection left (or right) used by RD command

RM RMS noise multiplier used in peak picking

S@ Number of points by which SH will reduce the data set

SHIFT 2.5 To set the chemical shift of the largest peak in the current
region (in this case, to 2.5 ppm). If a second value is supplied, separated
by a space, this command can be used to set the shift in both dimensions at
the same time. The values specified must be in ppm.

SL sets 2D slice number

Sleeptime x Sets the number of milliseconds that the macro will pause
when Do Sleep is used.

SPPLOTX Sets x offset for an SP plot.

SPPLOTY Sets y offset for an SP plot.

When using the Set command to specify a file name, the default path name is the current
working directory. The current working directory is established each time a GA or GB

command is completed. Therefore, it is a good practice to execute a GA after an Ask

FileA command:

Ask FileA

GA

This establishes the working directory, and subsequent Set FileX commands will use that
directory.
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If the user wants to specify a different path for a file in a Set command, use
Set FullFileA name

Note that if a new path is specified for file A or B, the working directory will be changed
when a GA or GB command is next executed.

Sample macros

This file contains NUTS macros for automated processing. Note that these macros
require that NUTS is operating in the 2-letter command mode. The new command mode,
allowing use of commands longer than 2 letters, requires that all commands be terminated
with <ENTER>. This new command mode provides additional flexibility in creating
macros, but NUTS must be in the older 2-letter command mode to run the macros shown
here. This can be done by executing 2N before running these macros.

The following macros included below. Others can be found on the web site.

Completely automated 1D processing, including integration and inset plots of
downfield regions

Example of Looping and Sleep in a macro

Summing slices of a 2D data set

See also:

description of macros

Arrayed Mode 2D processing
processing Varian 2D data
processing TPPI data

processing magnitude hetcor data
DEPT editing for Varian data

This macro was created to process a large set of *H data to create "survey" spectra. See
Help on each command for details.

NUTSMACRO

;FT, auto-phase and baseline correct

set Ib 0.2

; set zoom region 5 to 10->0 ppm, for plotting
set zoom_region 5 10 O

;set zoom region 6 for aromatics (7 to 10 ppm)
set zoom_region 6 10 7
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;set zoom_region 7 to downfield region (10 to 15 ppm)
set zoom_region 7 15 10

; First, clear previous integrals and inset plots
; then import, FT and phase

; the next line must be changed, to set the number of times the loop
will be executed

loop 100 44

pf idc™m isc™m " af mf

ff bc ft ap it em ft gb

; Initialize size & position for first IS inset
2f

is xsize .55,

is ysize .5,

is xpos O,

is ypos 0,

2n,

; display aromatics full scale and create inset
z6 ~e mfF Isa™m

; Initialize size & position for downfield IS inset
2f

is xsize .25,

is ysize .1,

is xpos 1,

is ypos 0,

2n,

; increase vertical scale 3x and create inset
set ac 3

ac

z7 e i1sa™m

; display 10->0, adjust scale, PP and enter integration
z5 e

set ac 0.1

ac

; set MH for peak picking
set mh 10

pp

; auto-integrate
set mh 1

ai

an

;save processed File
sa

end
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This macro steps through planes of a 3D data set, allowing 1 sec between display of
planes. The Loop command takes 2 parameters: the number of times the loop is repeated,
and the number of lines that comprise the loop. So this macro executes the 2 operations
(sleep and ] ) 48 times.

(The "] command increments to the next plane. Note that this command is active only in
Arrayed 3D Mode.)

NUTSMacro display planes
; First, set time to sleep, In msec
set sleeptime 1000

; define loop, execute the next 2 lines, 48 times
loop 48 2
do sleep

1

end

The command sum requires that NUTS be in the "non-2-letter" command mode. This is
set/unset with the 2F and 2N commands, respectively. The sum command takes 2
arguments, which are the first and last slices to be included in the sum. Note that the
sum becomes the current data (1D) set. If in arrayed mode, save the data before
performing the sum.

NUTSmacro sum slices
; request name of 2D data set, and open it
ask filea

ga

; turn off 2-letter command mode
2f

; sum slices 3 through 10, inclusive
; note that each line iIn this command mode must be terminated with ","
sum 3 10,

; return to 2-letter command mode
2n,
end

And another example, illustrating use of the IE (increment file extension) command to
perform a series of sums. This creates 4 1D files (sum.001 thru .004), each of which is
the sum of 3 slices from the original 2D data.

NUTSMACRO sum by 3s
ask filea

set sl 1

set fileb sum.001
ga

2f

sum 1 3,
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sb,

ie b,
ga,

sum 4 6,
sb,

ie b,
ga,

sum 7 9,
sb,

ie b,
ga,

sum 10 12,
sb,

2n,

end

Processing Varian DEPT data

Varian's automated DEPT pulse program generates an arrayed experiment with 4 slices,
acquired with phase of the last pulse equal to 45, 90, 90, 135 degrees. The macro below

FTs all slices, then combines them to yield an edited stacked plot.

=

FlWinNuts - DANUTS\DATA\demo\deptidept.2d

File Edit Display Help _

S |2 2o kel | o A
| 1 I L

| | [

[ _
| L || LA

| T T T T 5gl[:l T T T T 8'[:] T T T T _III|![:| T T T T 6![:] T T T T E]l[:l T T T T l:I:IF:IIMI

>Sp

>

Stacked Flat | | | Num | i

4 | »

After FT but before "editing", the slices are (top to bottom):
CH, inverted, CH and CHg; up (final pulse = 135)
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CH only (final pulse = 90)
CH only (final pulse = 90)
all carbons (final pulse = 45)

s Qv nnmEmn

Pl wWinNuts - DANUTS\DATA\demo\dept\e_dept.2d
File Edit Display Help

S |H| =S| il ds] il | & | &

X I

| A
S L O O S A N N N PO O . O PO O O O O PO
40 g0 70 G0 50 PF

>sp
>
Stacked Flat | | | Num | A
A >
After "editing", the slices are

CHs only

CH; only

CH only

all carbons

Before running this macro, import the data, FT and phase the first spectrum, to determine
the phase correction.

NUTSMacro edited DEPT

; for Varian std DEPT sequence

; where slices 1 thru 4 are acquired with angle of last
; pulse = 45, 90, 90, 135

; First, import arrayed data, FT 1st slice and phase

; Final result is stacked plot with slices

; displayed, from top to bottom:

; CH3
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CH2

CH

all protonated

; macro asks for file name for imported FID array
ask filea

ga

set sl 1

set filec dept.2d

; First, FT all slices

ga bc em ft ps sc in

set filea dept.2d

ga

set sl 1

ga

; 1st slice contains all peaks positive
; multiply it by 3 and save

set am 2

al

as

set fileb dept.1

sb

; slice 4 + 1.3*slice 1 removes CH2
ga

set sl 1

ga

set am 1.3

al

set sl 4

ga

as

; slice 2 minus this leaves only CH3
; but inverted

set pa 180

set am -1

al

set sl 2

ga

as

set fileb dept.4

pc

sb

; slice 3 minus 2*slice 4 eliminates CH peaks,
; leaves CH2 up, CH3 down

ga

set sl 4

ga

set am -2

al

set sl 3

ga

as

; nhow add this to inverted CH3 only
set am 1

al

set sl 1

set fileb dept.4

gb
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as
set fileb dept.3

sb

; save 2 x slice 2 for CH only
set filea dept.2d

ga
set sl 2

ga
al

as

set fileb dept.2

sb

; Finally, combine edited slices into 2D file
set filea dept.1

set filec e_dept.2d

ga
ga sc in
set filea e _dept.2d

ga
Ss

mf

set ac .5

ac

set spplotx O
set spploty 2
Sp

end

Add/Subtract and Dual Display

This section describes how to display 2 spectra on the screen simultaneously (Dual
Display) and how to add and subtract 2 spectra.

See details below on how to use Add/Subtract.
DD -- Dual Display

Toggles dual display on and off. A spectrum must have previously been placed into the
Add/Subtract buffer using the AL command. Dual Display is also available from the
View menu. When DD is activated, the spectrum previously stored in the Add/Subtract
buffer is displayed above the current spectrum. The spectra can be vertically scaled
together in the same manner as for single spectra, and Zoom can be used for expansion.
The spectrum in the DD buffer can be scaled by typing AM. This brings up a dialog box
that allows a multiplying factor to be entered. Within this same dialog box, the horizontal
and vertical offsets of the spectrum in the buffer can also be adjusted. Be careful to exit
Zoom before executing this command, as NUTS will interpret DD as 2 baseline
adjustment operations.

AS -- Add/Subtract Subroutine

This is a subroutine that allows addition and subtraction of the current spectrum and a
second spectrum which has been loaded into the add/subtract buffer. First, a spectrum (or

170



FID) is loaded into the Add/Subtract buffer with the command AL. Then a second
spectrum is opened with GA. Note that the spectrum in the buffer remains in the buffer
and unchanged until another spectrum is loaded into the buffer with AL.

Typing AS or choosing Add/Subtract from the Tools menu enters the Add/Subtract
subroutine. The menu choices change to those that are active in the subroutine. The
spectrum in the buffer is displayed above the current spectrum. Subcommands (listed
below) within the subroutine are single letter commands executed immediately, and are
available either from the keyboard or from the menus. Typing <Enter> exits the
subroutine.

AS can be used in a link or macro, but behaves differently. In this case, the subroutine is
not entered. Instead, addition of the buffer spectrum and the current spectrum is
automatically executed without further input from the user. The current value of the
buffer multiplier (AM) is used. To perform subtraction, set AM to -1 before running the
link or macro.

The spectra can be added or subtracted by typing + or -, respectively, or by choosing Add
or Subtract from the Edit menu. The resulting spectrum (sum or difference) becomes the
current spectrum. The spectrum in the buffer is unchanged. This operation can be un-
done by executing the inverse operation.

The difference between the spectra (current spectrum minus buffer spectrum) can be
displayed "on the fly" by typing D or by choosing Difference from the Display menu.
With the difference spectrum displayed, parameters such as Multiplier and left/right
offset can be adjusted and the difference spectrum is updated in real time to reflect the
changes. Note that Difference mode affects display of the data. Use - (minus sign) to
make the subtraction permanent.

The buffer spectrum can be scaled by entering a multiplying factor. The initial value is
one. It can be changed by typing M or choosing Change Multiplier from the Edit menu.

The buffer spectrum can be shifted left or right by one point using the left and right
cursor keys. To shift it by larger steps, hold down the shift key while using the left and
right cursor keys, which moves the buffer spectrum in steps of 10 points. The buffer
spectrum can also be shifted by any desired amount by typing O or choosing Change
Offset from the Edit menu, which brings up a dialog box allowing the user to set the
offset (in points).

The vertical offset of the buffer spectrum can be adjusted by typing V or choosing
Change Vertical Position from the Edit menu. The offset is expressed as a percentage of
the screen, so that 10 displays the buffer spectrum 10% above the bottom. The vertical
offset of the current spectrum can be changed by exiting the AS subroutine, typing DC
and adjusting the offset using the left scroll bar. When the desired adjustment has been
made, type Enter to exit the DC routine and re-enter the AS routine.
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Subcommands

B -- Display Both buffer spectrum and current spectrum

D -- Display Difference between the spectra in real time (current spectrum minus
buffer spectrum)

M -- Change Multiplier for buffer spectrum

O -- Change horizontal offset of buffer spectrum (in points)

S -- Display current Spectrum only

V -- Change Vertical offset of buffer spectrum

+ (plus sign)-- Add spectra and make resulting sum the current spectrum

- (minus sign) -- Subtract spectra and make resulting difference the current
spectrum

Ctrl-C -- Copy screen to Windows clipboard as bitmap. See copying spectra.
Alt-C -- Copy screen to Windows clipboard as Metafile

AL -- Load Add/Subtract buffer
Places the current spectrum into the buffer.
AM -- Add/Subtract Multiplier

Enter the value by which the spectrum stored in the Add/Subtract buffer will be
multiplied.

See also: Buffers subroutine
lllustrated example of AS routine

Dual Display allows 2 spectra to be displayed simultaneously. They are scaled together
and Zoom expansion applies to both.

The Add/Subtract subroutine allows 2 spectra to be added together or subtracted, and the
result becomes the current spectrum.

To display more than 2 spectra, create a 2D data set containing the desired files, and use a
stacked plot.

Note that these features are not included in NUTS Lite.
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B WinNuts - C:ANUTSADATANA.002
File Edit “iew Procesz 20 Proces: ML Help

Add / Subtract Routine

Automatic [ntegration
Convolution Edit A5 parameters
Databaze Make
[Databaze Search
Dal Dizplay Toggle
[rata Beduction
Define Peaks:
Extract Spectrum

Eutract Bottom Projection

s —— Eutract Right Projection
T T T T T T Clear Extracted Projections
14 12 10 g Get Relaxation Data
sdd Eead Hela:-:atiu:un [1ata File
Lire Fit
> MR Simulation
|i:u|au:| current zpectrum to A5 A DD buffer Meta Dbjects

Calculation Type

Open the first spectrum to be compared.

Select Load AS buffer from the Tools/Add Subtract Routine menu, or type AL.

This places a copy of the current spectrum into the Add/Subtract buffer.

173



FA winNuts - C:\NUTSA\DATAAdd.002

Eile  Edit Procezs 20 Procesz Tool: Help
Spectral Parameters _*_J
Type...
Show All Beals “F
Show Zoom Begion “E
Shaow |ntegrals “
Show Peak Labels “P
Start Zoom Dperation 20
Yertical Offset DC [
Amplitude Change... ac
take Full Scale kF “
werida—ef—k | Beeet Soaling to 50
T T T T ;' T LI R L B
14 Tatal Phase TF 5] 4 0 ppm
SDD Parameters to Clipboard  LP
5 Show Clipboard Test B
Im; Fis .ﬁ.utu.:u Scaling Fau:tn.:ur FS IBase Level | | Num | L
ﬂ _I Clear Fised Auto Scaling C5 v

Open the second spectrum to be compared.

The contents of the buffer can be displayed above the current spectrum by selecting Dual
Display from the View menu, from the Tools menu or by typing DD. The buffer is shown

in green.

The DD command is a toggle, so executing it again will turn off display of the buffer

spectrum. The data remains in the buffer, however.
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B wWinNuts - C:ANUTSADATAADD 002
Eile Edt “iew FProcess 20 Procesz Tool: Help

M JUL.,_M

1'-1.1'1 1'1.2 1'-1.|:| ) ) 3 1'1 ppm
>dd
|> | | [Num |
Baze Level MHum e
Kl ik, P

Use Zoom to expand the two spectra together.

Use the right hand scroll bar, Page Up/Down keys or < > keys to scale the spectra

vertically.

Use the scroll bar at the bottom of the screen to pan both spectra.
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Bl winMuts - CANUTSADAT AL D02
File Edit “iew FProcess 20 Procesz Tool: Help
=
Add Spectra Parameters
Multiply AS Buffer Spectrum By: 1.0000
-q,-m-n-ﬂ -'-Mm_l
Horizontal Offset of Buffer: II]
: S 33.0000
. | Vertical Offset of Buffer Baseline: I
—r—— 0.0 = Bottom of Display 100.0 = Top of Display ——
. Fpm
>dd
>Am Cancel | Ok -
|>EIITI ,.-"_."f: -
Al _ M

Use the AM command to

1. Enter a scaling factor for the buffer spectrum
2. Enter a horizontal offset, for use in cases where the spectra do not line up exactly
3. Change the vertical position of the buffer spectrum

ﬂ'w'inﬂuts - C:AMUTSADAT Aldd. 002
File Edit Yiew Procesz 20 Process

Subroutin
Automatic [ntegration Al
LConvolution b Edit AS parameters Abd
[Matatase i atke {74
[atabasze Seanch [
v Dual Dizplay Togale (10
[rata Beduction oA
Detine Peaks OP

Eutract Spectrum =T
Extract Bottom Projection  #EB
Eutract Right Projection =R

e e LI S B S B e | Clear Extracted Projections *C

44 472 4.0 Gel Relaxation Data R
sAS RBead Relaxation Data File  RA
Y Lire Fit LF
|Enter &dd / Subtract Subroutine HMR Slmulatlnn NS
ﬂ Meta Objects k0

Calculation Type TC
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The Add/Subtract subroutine provides more options than the Dual Display mode.

Enter the subroutine from the Tools menu, or by typing AS.

Once in the subroutine, you can change the buffer spectrum's multiplier, horizontal offset

and vertical position from the Edit menu, (just as was done with the AM command

above).

B wWinNuts - C:ANUTSADATAAJA.002
Eile Edit Dizplay Help h
Offset=6pts  2.21 Hz =
[

T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T

4.4 4.2 4.0 3B 3k 3.4 pprn
>as
>
|Hea|:|_l.l |.-5'-.S | | M | I
A _ M

It is also possible to shift the buffer spectrum horizontally using the left and right cursor
arrow keys. Each key click moves the buffer spectrum one point. Holding down the shift

key and using the same cursor keys moves the spectrum 10 points at a time.
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P winMuts - C:A\NUTSA\DATA\dd 002
File Edit Dizplay Help
Oftset = 6 pis 2.21 Hz =
[

T T T I T T T T I 1 T T T I T T T T I T T 1 1 I T T T T I T T

4.4 4.2 4.0 3.8 3B 3.4 ppm
>as
>
|Fieady |45 | | Mum | el
5 _ AW

From the Display menu, you can choose to display the difference (current spectrum
minus buffer spectrum). This is the most convenient way to make adjustments to the
vertical scale and horizontal offset to match the 2 spectra for good subtraction.

Choosing Both from the Display menu reverts to display of the buffer spectrum in green,
instead of the difference.

Once all desired adjustments have been made, select Add or Subtract from the Edit menu
to replace the current spectrum with the sum or difference (current minus buffer). Either
operation can be undone while still in the AS routine by performing the opposite
operation.

Once addition or subtraction has been executed and the routine exited (with <Enter>), the
current data set has been replaced by the sum or difference.

Text annotation
NO — Notes subroutine
This allows the user to define multiple text boxes, which are "tied" to a point in the

spectrum, but can be repostioned with the mouse. NO enters the routine (also from the
Tools menu).
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A WinNuts - C:A\NUTS\DATA\geeb.fid

Eile Edit “iew Info
al
[

LWM&;—J"
T | T T T T | T T T T | T T T T | T T T T | T T
3.0 25 2.0 1.5 1.0 PPM

>NO

b3

| |Enter M otes | | | o

A _ M

Click with the left mouse button or type A. This brings up the dialog box below, allowing
the user to enter desired text.

water]

Delete Choose Font Cancel 1] 4

Text can be multiple lines. Click on Choose Font to select font for this note only. The font
does not change in this display, but will be correct on the screen.
Click OK to close this box.
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FA winNuts - C:ANUTSADATA\junk_nmr

Eile WXs[W *fiew |nfo

Add a Mate [Left Mouze Click] & LI
Clear All Motes C
Parameters to a Mate F

A

_
1 1 I 1 1 1 1 I 1 1 1 T I 1 1 1 1 I 1 1 1 1 I 1 1
3.0 24 2.0 1.5 1.0 FPM
>no
*
| |EnterNDtes | | | el
A _ W 4

Additional notes are added in the same manner. An existing note can be edited by clicking

on it with the right mouse button.

A chosen note can be moved by pressing and holding the left mouse button and dragging to
a new position. The note box cannot be resized,; its size is determined by its contents.

All notes can be cleared by typing C or from the Edit menu.

Typing P creates a special note box containing the acqusition parameters (equivalent to LP
from the NUTS base level)
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B WinNuts - C:ANUTS\DATA\qeeb._fid
File Edit Yiew Info

A
H
F?:-LFT ?
3 [
|

12 10 g8 B 4 2 PP
>NO
b
|Hea|:|_l,l |Enteantes | | | g
EX| _ 2

Notice how the text boxes are repostioned when Ctrl-F is typed. Each note is "attached" to a
point in the spectrum, so moves when the displayed region is changed. This means it is
possible to select a display region such that some notes are not displayed. This is different
from the way other objects are positioned, such as the clipboard text display and objects
created in MO. In those cases, the object is tied to a position on the screen, regardless of
which part of the spectrum is displayed.

Text which has been copied to the clipboard can be pasted into a Notes box with Ctrl-V
(Windows 95/NT) or Command-V (Mac). (This does not work under Windows 3.11).

<Enter> exits the subroutine, leaving the notes displayed.
All notes can be toggled on/off from outside the NO routine using Ctrl-N.

Subcommands:

A -- Add new notes box

C -- Clear all notes boxes

P -- create new notes box containing acquisition Parameters

S -- toggle on/off display of all notes boxes

Ctrl-V -- Paste clipboard contents into an open text box (Command-V on the
Mac)

click right mouse button on a notes box to edit

<Enter> to exit the subroutine
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Inset plots (IS)
IS — Inset plots subroutine
Note that inset plots can be created only with 1D data.
This subroutine allows the user to define multiple inset plots, which are "tied" to a point
in the spectrum, but can be repositioned with the mouse. IS enters the routine (also from

the Tools menu). Inset plots can also be accomplished from the MetaObjects routine, but
the IS routine is more flexible and should work better for most situations.

FA WinNuts - C:ANUTSADATA\qeeb. fid
File Edit Display Phasing Help

| Zom ||| 4z

A = 2y

Begin by selecting, with Zoom, the region that will be the inset. It works best NOT to
expand to these limits, so type Ctrl-F before entering the IS routine.
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A WinNuts - C:A\NUTS\DATA\geeb.fid
Fil= Edit “iew Proce:s QR-E Help
Add # Subtract Boutine 3 ﬂ
LCanvalution 3
Searchable Archive k
Relaxation k
Extract r
Automatic [ntearation Al
Define Peaks OP
Line Fit LF
HEB Simulation M5 _J
teta Ohbjects L]
Calculation Tupe TC
Stacked Plot Sp |
T T T T T Inzerts [Inzet Plots] T T T T T
12 10 Notes NO 2 PPM
>7Z0
>
| !Base Lewvel | | | e
Kl [ iy

Enter the IS subroutine from the Tools menu or by typing IS.

B WinNuts - C:A\NUTSADATA\qeeb. fid

File Edit “iew Info

Al
[

'“J'-—m—-—rn---h-

[~
T | T T T | T T T | T T T | T T T | T IM\C:.‘I | T T T |
12 10 a 2] 4 2 PP
>is

| |Er'|ter Inserts| | | i
Rl o AW

Typing A (or selecting Add region from the Edit menu) creates the inset, which can be
moved and resized with the mouse.
Display of all defined insets can be toggled on and off with S or from the View menu.
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Zero is arbitrary

Hzfcm on plot !m

'"AXiS_ ...........

* PPM Percent error in printer
= ;ﬂnz Printer Fudge ; 1.000

" Points

" Mone

Delete Insert Choose Font Cancel 0K

Clicking on a chosen inset with the right mouse button displays this box, allowing the
properties of the inset to be set. The axis font can be set by clicking on Choose Font. The
axis units can be selected independently for each inset.

The scale of the inset can be set to a specific Hz/cm. Since the frequency range of the
inset has already been fixed, entering a value here will cause the size of the inset to be
changed. This could result in the inset being displayed with an undersireable size (tiny, or
off the screen), in which case, the scaling value needs to be reset.

The Printer Fudge box lets you enter a correction factor so that the inset plot is correctly
scaled on your printer. Once this fudge factor is determined, it can be set in the nuts.ini
file.
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A WinNuts - C:A\NUTS\DATA\geeb.fid
Eile Edit Yiew Process Tools ﬂ%:u
TIT[IT T [TA T T[T T[T T[T TTT[TT1T
28 27 26 258 24 PPM
ﬁ )
T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
3.0 2.5 2.0 1.5 1.0 05 PPM
?
| |Base Lewvel ! | | vl
Kl _ iy

It is important to understand that each inset is "attached" to the data point corresponding
to its left edge. Therefore, its position on the screen will change as the displayed region is
changed. For the case shown above, if the zoom limits are changed to display from 2 to 0
ppm, the inset will not be displayed.

Any DC offset the displayed spectrum had when the inset was created is carried over to
the inset. In addition, the offset (of the inset's spectrum relative to its axis) can be
adjusted after the inset is created, using the "[" and "]" keys to increase and decrease the
offset for the currently selected inset.

<Enter> exits the subroutine, leaving the insets displayed.

The insets remain defined when a new spectrum is opened. Each inset is dynamically
created, so that it displays the data in the region selected. If the data in that region
changes, so does the inset. For this reason, it is usually best to clear all insets before
opening a new file.

The insets are saved when the file is saved, and can be recalled when the file is opened,
using the TA command or by selecting Auto Tailer Read from the File menu.

Arguments for inset plots have been added to allow the user to change the default
position and size of insets when they are added. The values for the arguments are
fractions of the screen's size. For example, "IS xpos 0.01" would change the default
position of the insert to be 1 percent of the screen from the left. The syntax is:
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IS xpos fraction
IS ypos fraction
IS xscale fraction
IS yscale fraction

where "fraction" is entered as a number between 0 and 1. These commands set the
size/position; they do not create an inset. (0,0) is the top, left corner of the screen.

These commands can be used in macros, for example, this section of a macro initializes
insets to be positioned in the top, left corner of the screen and to be 50% of the screen
size in each dimension:

; initialize size & position for IS inset
2f

IS xsize .5,

IS ysize .5,

is xpos 0,

is ypos 0,

2n,

Subcommands:

A -- Add new inset

C -- Clear all insets

S -- toggle on/off display of all insets

click right mouse button on an inset to edit its properties
<Enter> to exit the subroutine

Manual peak picking and labeling

DP -- Define Peaks

This subroutine allows manual peak picking using the cursor, and allows the user to place
labels on the peaks. (Note that DP is not included in NUTS Lite.) A summary of the DP
subcommands is given at the bottom of this section. See illustrated example of DP,
below.

The DP routine operates similarly on both 1D and 2D files. For 1D files, DP is an
alternative to the automatic peak picking (PP) command for creating a list of only
selected peaks. Once peaks have been selected in DP, a chemical shift or other label can
be placed above the peak by typing Ctrl-P. On entering the DP routine, the cursor
changes to a small crosshair labeled DP and the menu selections change. Commands are
single-letter commands which are executed immediately. With the exception of functions
which require the mouse, all commands can be accessed via the menus.
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Position of peak labels -- By default, peak labels for 1D spectra are displayed at the top
of the screen, with short lines drawn to show which peak corresponds to each label. The
labels can alternatively be displayed just above the top of each peak. This can be set for
all peaks in the nuts.ini file, or for each peak from within the DP routine by bringing up
the parameters of a selected peak (see editing labels, below). NUTS now has some
"smarts"” to attempt to avoid overlap of labels on adjacent peaks. Labels can also be
moved using the mouse (see moving labels, below).

Selecting peaks -- When the DP routine is entered, peaks can be selected by clicking the
left mouse button. For 1D spectra, a vertical red line is drawn showing the point that was
selected. For a contour or intensity map of a 2D file, a small cross is placed on the peak.
Once selected, the peak labels can be displayed by typing Ctrl-P. By default, NUTS
chooses the nearest maximum point (positive or negative) which it can find. This "Snap
to" feature can be turned off from the Edit menu to allow picking shoulders, etc.

Automatic peak picking -- Automatic peak picking of 1D spectra is also available
within DP from the Edit menu or by typing A. This uses the minimum height (MH) and
RMS noise factor (RM), in the same way as PP. Automatic peak picking of 2D spectra is
only available with the new Arrayed Mode option, which allows the entire data set to be
placed into memory. A set of peaks from one 2D spectrum can be overlaid on the display
of a different spectrum. See 2D compare.

Deleting peaks -- Any peak can be deleted by placing the cursor on or near the peak to
be deleted and typing K (Kill). (Note: Do NOT click the mouse button to do this, just
position the cursor.) The K command will always delete a peak, whichever one is closest
to the cursor at the time K is typed. All peaks can be deleted by typing C or choosing
Clear Selected Peaks from the Edit menu.

Labels in Hz or ppm -- To display the peak position in Hz instead of ppm, type H. To
display the text label instead of the chemical shift, type 1. By default, the text label is the
number of the peak, in the order selected. This is to allow correlation between peak labels
and a peak list generated by PP. Both commands are also available from the Edit menu.
Selected labels can be displayed as text even if all others are labeled with Hz or ppm.
This is done by displaying the parameter dialog box for the selected peak (see editing
labels, below) and checking the box labeled "Show Info label only". Note that this causes
the text label even when other peak labels are toggled off with Ctrl-P or PF. This can be
used to put multiple text labels on the screen, which need not be associated with a
specific peak.

Creating a peak list -- The peaks selected are entered into a list containing shift, peak
intensity and a peak label (eg., descriptive text) in the order the peaks were selected. The
list can be reordered from largest to smallest chemical shift by selecting Reorder from the
Edit menu or by typing # (number sign; shift-3 key). The list can be placed into the
Windows clipboard for pasting into another document such as the Notepad by selecting
Type List to Clipboard from the Edit menu or by typing T. If peaks are added, deleted or
reordered, be sure to execute the T command again to update the clipboard contents
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before pasting the list into another document. If the clipboard display feature is enabled
(by typing C or Ctrl-B or from the Edit menu), the T command displays the list on the
screen. Repeat the T command as peaks are added, deleted or reordered to see the current
list.

Editing peak labels -- The information about each peak can be viewed by placing the
cursor on or near the peak of interest and clicking the right mouse button. The dialog box
shown below is displayed which shows the peak frequency, relative intensity, etc.

PEAK INFORMATION

Peak Number —~Horizontal— —¥ertical
1 1569 Point 0
-2 783.8 Hertz 0.0
0 2.611 PPM
Absolute Intensity: 39422 Absolute AreafYolume: NA

Relative Intensity:  15.1 Relative AreafYolume: INA

v Label at P T
™ Show info field only ¥ Vertical Font I Label at Page Top

[~ Show line to peak [~ Show first argument only
Label [Info Field)

1]

Cancel 1] .4

The bottom line is a label that can be edited for each peak. By default, the peak number is
placed in the label box, but this can be edited to be any other text label. There is a check
box which allows the user to choose to display the peak labels either horizontally or
vertically for each peak independently. This preference can also be set in the nuts.ini file.
There is a check box labeled "Show first argument only". This is for situations where
extensive information has been input in the text label box, which can be too long to
display above each peak. If this box is checked, only the characters up to the first space
are used to label the peak. This could be the case if the user enters extensive comments
such as substructure codes and assignments to be saved in the file's tailer.

This dialog box is the same whether the current spectrum is a 1D spectrum or a 2D
contour map. (Slices from a 2D data set are treated the same as 1D spectra.) The box
labeled "Relative Area" is used for volume integrals of 2D peaks. Enter a value for a
chosen peak and the volume of all other peaks will be scale appropriately. See the
description of volume integrals for details.
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Font -- The font used for peak labels can be changed by typing FV or FH (for vertical
and horizontal fonts, respectively) or selecting Set Fonts from the Edit menu.

Moving peak labels -- Beginning with version 5.09, it is now possible to adjust the
position of each peak label using the mouse. Position the cursor on the label of interest,
press and hold the left mouse button and drag the label to the desired position. The
position of any peak label can also be changed in small steps up, down, right and left. To
do this, place the cursor near the peak whose label will be moved and type U (up), D
(down), L (left) or R (right). Do not click the mouse button to do this, just position the
cursor. A label can be moved multiple steps in each direction. Note that the labels may
look slightly different on the screen and on plots.

The list is not lost when the DP routine is exited, so it is possible to exit DP, choose a
different region and re-enter DP to add more peaks to the list. Note that, for this reason, it
is a good idea to delete all peaks (with C) on entering DP to operate on a new spectrum,
so that peaks selected in the previous spectrum aren't carried over.

Saving peaks with the spectrum -- The list of selected peaks is saved with the file, and
can be recalled at a later time with the TA command. The list of peaks can also be saved
to a text file by choosing Save to File from the File menu or typing S. A peak list can be
loaded from a previously saved file by choosing Get File from the File menu or by typing
G. This command retrieves a set of chemical shifts from the file and applies those peak
positions to the current spectrum, drawing red lines on the screen to indicate selected
peaks.

Subcommands:

A -- Automatically pick peaks (Minimum Height must be set before entering DP)
C -- Display contents of clipboard on screen (same as Ctrl-B command)

G -- Get peak file. Recalls previously saved peak list and displays the
corresponding peaks, deleting any peaks which had been selected.

H -- Label peaks with Hz, rather than PPM

| -- Label peaks with text label, rather than chemical shift.

K -- Delete the selected peak closest to the cursor location

S -- Save peak file.

s -- Save peak file in format consistent with SpecMan (from Spectrum Research)
T -- Copy peak list to the clipboard

Z -- Zero out all selected peaks.

# -- Re-order the peak list, from highest to lowest chemical shift

Ctrl-C -- Copy screen to Windows clipboard as bitmap See copying spectra.
Alt-C -- Copy screen to Windows clipboard as Metafile

The need for the following 4 commands has been removed, now that peak labels can be

moved with the mouse. However, at this time the commands still work. Each command
operates on the selected peak closest to the cursor.
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D -- Move peak label Down a small amount
L -- Move peak label Left a small amount
R -- Move peak label Right a small amount
U -- Move peak label Up a small amount

Volume Integrals of 2D peaks

The Define Peaks subroutine is used to select peaks whose information is entered into a
list. This information includes chemical shift in both dimensions, an editable peak label
and relative peak volumes.

Begin by entering DP and select peaks of interest by clicking with the left mouse button.
Choose one peak whose volume is to be assigned and click with the right mouse button
on or near that peak. Enter a value for volume in the box labeled Relative Area. Areas
(volumes) of other peaks will be scaled to this value.

The Arrayed Mode allows automatic peak picking, including volume integrals.

Several points must be kept in mind when using this feature. The limits used for
integration are determined by the minimum height (MH) command. The integral is the
sum of all points in the vicinity of the peak whose intensity is greater than the minimum
height value. This is done by starting at the peak maximum and "walking" in each
direction, summing each point until the minimum height is reached. This summation is
performed at the time the peak is selected, and is the value shown for Absolute Area.
Setting the value of a chosen peak merely enters a scaling factor to give "nicer” numbers
for the peak volumes. If a new value for MH is entered, the list of selected peaks must by
cleared (by typing Z) and peaks reselected. Care must also be taken that a chosen peak is
resolved from neighboring peaks at the level of the minimum height.

Control-P -- Toggle peak labels on/off

Peaks which have been selected in the Define Peaks subroutine can be labeled with their
chemical shift or a text label by typing Control-P. This is a toggle, so typing it again
removes the labels. In Links or macros, use " P ".

PN -- Turn peak labels on

Peaks which have previously been selected in the Define Peaks subroutine can be labeled
on the screen and plots by typing PN. Display of the labels can be turned off by PF.
These commands perform the same function as Ctrl-P, which acts as a toggle.

PF -- Toggle peak labels off

Peaks which have previously been selected in the Define Peaks subroutine can be labeled

on the screen and plots by typing PN. Display of the labels can be turned off by PF.
These commands perform the same function as Ctrl-P, which acts as a toggle.
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Automatic 2D Peak Picking (Arrayed Mode only)

Automatic peak picking of 2D data is how available in the Arrayed Mode. While in
Arrayed Mode, with an intensity plot displayed, enter the DP routine and type A to
perform automatic peak picking, shown below, including automatic volume integration.

DANUTSADATAVdemo\smallZ2.2d
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List generated by automatic peak picking:
LINE POINT SLICE PPM1 PPM2 INTENSITY AREA
LABEL
1 36 15 79.876 3.401 96.783 0.77 1
2 101 29 68.982 3.074 79.186 1.22 2
3 131 13 64.077 3.439 60.209 1.02 3
4 146 21 61.703 3.254 79.742 0.97 4
5 155 35 60.209 2.920 55.281 1.21 5
6 156 32 60.043 2.997 112.151 2.15 6
7 164 46 58.733 2.666 79.937 0.82 7
8 175 51 56.891 2.538 92.602 1.50 8
9 217 33 49_866 2.977 79.109 1.17 9
10 223 40 48.950 2.811 78.639 1.00 10
11 230 33 47.787 2.982 84.700 1.26 11
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lllustrated example of DP

Using the Define Peaks Subroutine (DP)

This subroutine allows peaks to be selected manually with the mouse, and provides
options for displaying peak labels. See also Peak Picking (PP).

(Note that DP is not included in NUTS Lite. However, peaks can still be labeled using
the PP command.)
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Enter the DP routine from the Tools menu or by typing DP.

To select peaks manually with the mouse, place the cursor at the top of the peak and click
once with the left mouse button. By default, NUTS snaps to the closest peak maximum,
but this can be turned off from the Edit menu.

Peaks can also be selected automatically by typing A or from the Edit menu. Peaks
exceeding the Minimum Height threshold (MH) are selected in the same manner as for

PP.
A small, red line shows each peak which has been selected.

All selected peaks can be cleared by typing C or from the Edit menu. A selected peak can
be deleted by placing the cursor on the peak (don't press the mouse button) and typing K

(kill).
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PEAK INFORMATION

Peak Mumber ~Horizontal— —¥ertical
1 1569 FPoint ]
-2 763.0 Hertz 0.0
0 2.611 PPM
Absolute Intensity: 39422 Absolute Areaf¥olume: NA

Helative Intensity: 15.1 RHelative Areaf¥olume: IMA

v Label at P T
[ Show info field only ¥ Vertical Font I Label at Page Top

[T Show line to peak [ Show first argument only
Label [Info Field]

1

Cancel | oK |

To view information for a selected peak, place the cursor near that peak and click with
the right mouse button, which displays the box shown here. (Users with a single-button
mouse should hold down the shift key and click the mouse button.)

The peak’s frequency in Hz and ppm is displayed in the box labeled "Horizontal”. (The
box labeled "Vertical" is for the second dimension of 2D data. The values for
Area/Volume refer to the volume of 2D crosspeaks. These items are not relevant in this
case.)

By default, NUTS will label all peaks with chemical shift in ppm, but it is possible to
display the text label instead for a chosen peak, by checking the "Show info field only™
box. It is also possible to label all peaks with Hz or text -- see below.

The peak label can be displayed either vertically or horizontally using the check box
labeled Vertical Font. The default orientation of all labels can be set in the nuts.ini file.
Note that Macs do not have the ability to display fonts vertically on the screen.

The list of selected peaks, including peak labels, is saved with the spectrum, in the file
tailer. It is sometimes helpful to enter extra text in the text field for future reference, but
not display all of that text on a plot. The check box labeled "Show first argument only" is
used to display only the beginning of the text label, up to the first space encountered.
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Display of peak labels is toggled on and off from the Edit menu or by typing Ctrl-P
(which is active even after leaving the DP routine). By default, NUTS displays the
chemical shift, in ppm, as the label. The other options are peak frequency in Hz
(subcommand H, available from the Edit menu) or text label (subcommand I, also
available from the Edit menu as Show Peak Information Label).

NUTS attempts to avoid overlap of peak labels, but this may not be possible for a very
crowded spectrum. Labels can be placed either at the top of the page (shown above) or
just above each peak, as shown below. This can be set as the default for all peaks in the
nuts.ini file, or can be set for individual peaks by displaying the peak's information dialog

box and selecting/unselecting "Labels at page top".
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Individual labels can be moved by placing the cursor on the chosen label, holding down
the left mouse button and dragging the label. Note that usually the label takes up less
space when printed than on the screen, due to the increased resolution on the printer.
Selecting a smaller font size, such as 6, will also help in avoiding overlap of labels.

A peak list can be placed into the clipboard by selecting Type Peak List to Clipboard
from the Edit menu (subcommand T) from which it can be pasted into a text editor for
printing or displayed on the screen by typing Ctrl-B. The peak list can also be saved to a

text file from the File menu.
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Exit the DP routine by typing <Enter>. The red lines and boxes around the labels are no
longer displayed. Here, 2 of the peaks have text labels displayed, using horizontal font,

positioned above the peaks rather than at the top of the page. Each of these options was
selected from within the peak information dialog box.

After exiting DP, the set of peaks is still defined, and can be edited by re-entering the DP
routine. They also still exist even if a new data file is opened, whether or not peaks exist
at these frequencies in the new spectrum.

Display of the labels can be toggled on and off with Ctrl-P. Labels for peaks which have
the "Show info field only" box selected will continue to be displayed even if display of
labels is turned off.

Relaxation Analysis
See illustrated tutorial below showing analysis of T, data.
To use the automated relaxation data processing capability, the original 1D data files
must have sequential file extensions to allow NUTS to process them using either a Link
or a macro. Most of the useful tools for displaying and analyzing a series of 1D files
require that they first be converted to a 2D data set.

This can be done as a 2-step process or all at once. For the 2-step process, execute a Link
such as:
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IMBCEMFTPSSB IN

This imports each FID, does an FT and phases the spectra, then saves them as a series of
1D spectra. NUTS will prompt for a file name for the spectra. Remember to set LB and
phasing on one of the files before executing this Link. The IN command increments the
file extension and loops back to the first command in the link. It will continue until it fails
to find the next file. The spectra can then be converted to a 2D data set with a link such
as:

GASCIN

The SC command creates a 2D file.

To process the FIDs and save them as a 2D file all in one step, execute a link such as
IMBC EM FT PS SC IN

NUTS will prompt for the file name of the first file of the original data and the file name
to save the data to, which will be a 2D file.

Use GA to read in the first slice of the 2D file, making it the current data set. The data
can now be plotted as a stacked plot with SP or slices can be viewed with VW. This
process is useful for any series of 1D files, such as kinetics data.

For a Ty or T, experiment, NUTS also provides the capability of plotting the integral
value of a chosen peak as a function of time, and also calculates Ty or T,. The time values
are saved in a variable delay list and can be viewed and/or edited by typing D1. Be sure
the time values are correctly entered in this list before attempting to calculate T1s. If the
list is edited, type UH to update the file header and save the corrected values.

First, use Zoom to display just the peak of interest. Exit the Zoom subroutine and type
GR (or choose Get Relaxation data from the Tools menu). This command measures the
integral of the chosen region for each spectrum in the data set. Next type DR (or choose
Data Reduction data from the Tools menu). NUTS displays a plot of integral value vs.
time for the chosen peak. By default, Nuts assumes the data are T1 data, but this can be
changed from the Fit menu. The curve displayed is a first guess, not a fit to the data. An
exponential can be fit to the data by typing O. The resulting curve is displayed and the
calculated T1 value printed on the screen. Note that good phasing and flat blaselines are
necessary to get good integration and therefore, a good T1 recovery curve. The phasing
and baseline of individual slices in a 2D data set can be corrected and the corrected slice
saved back into the 2D data set with the S2 command.

For details of the T1 calculation, see DR.

A sample set of T, data (**C spectra of sucrose) is available on the Acorn NMR web site,
and is called Sucrose.t1.
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As an alternative to the automated approach, in which NUTS automatically integrates the
peak for all time values, it is possible to create a table of time vs. amplitude values, saved
as a file, and then fit these values to the T; equation. See description of RR command for
details.

D1 -- Time values for arrayed experiment

Opens a dialog box for display and entry of a list of time values (in sec) used in an
arrayed experiment, such as a T, experiment. If NUTS can identify a list of variable delay
values in the data header, it will place the values in this list. Otherwise, the user can enter
them manually. After entering a list of values, close the dialog box and type UH to update
the file header, saving the list. Space is provided for up to 64 values.

These values are used in calculating T1 . In the event that one or more spectra in a T, data
set are corrupted, and the user would like to eliminate those values from the T;
calculation, the corresponding delay value can simply be set to a negative number. NUTS
will ignore the corresponding spectra for its calculation, although the values are still
displayed on the plot, in a different color.

GR -- Get Relaxation data

Used in calculating T1 or T2 from a series of spectra. This command integrates the
chosen region for each file in the data set and creates a list of time and area values which
will be fit to a T1 equation. (The user does not have the ability to edit this list, but as an
alternative, can create his/her own list of values saved as a file. To use this file to
calculate T1 instead of the automated approach, use the RR command to read in the
Relaxation data file.)

To use GR, the data must first be transformed, phased and saved as slices in a 2D data
set. The user first selects a peak using Zoom to expand the spectrum so that only the peak
of interest is displayed. Exit the Zoom subroutine using Enter. Type GR (or choose Get
Relaxation data from the Tools menu). NUTS measures the integral of the displayed
region for each spectrum in the data set. Note that the baseline and phasing in the
expanded region must be good in order to obtain a realistic value for the integral. The
baseline may need to be corrected for each spectrum in the data set and the corrected
spectra saved. The simplest way to do this would be to execute a link such as the
following, having already expanded the spectrum to display the region of interest:

GABF SCIN

Be sure that the slice number (SL) is set to one before executing the link, so that the
process is performed on the whole data set. The BF command removes DC and tilt for the
currently displayed expanded region. The SC command saves the corrected data. A
different name must be supplied for the corrected data set. See help on each command for
more information.
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To correct phasing or baseline of just single slices within the data set, make the changes
and save the corrected slice with the S2 command, which saves the entire data set with
only the currently displayed slice being changed.

The T, data can be displayed by typing DR (or choosing Display Relaxation data from
the Tools menu). The entire process is repeated for each peak of interest.

DR -- Data Reduction

Plots integral vs. time for relaxation data on a chosen peak. The data can be fit using a
choice of functions for T, or T, relaxation.

Three steps must precede the DR command:

1. The data must first be processed and saved as a 2D file (see Example).

2. A peak is selected by using Zoom to expand the spectrum so that only the chosen
peak is displayed.

3. The GR command must be executed, which measures the integral of that peak in
each of the spectra. (Alternatively, peak heights can be used; see below.) The GR
command is also available from the Tools menu.

As an alternative, the data to be fit can be read in from a file consisting of time, amplitude
data points. See Read Relaxation data file (RR) for details.

Typing DR (or choosing Data Reduction data from the Tools menu) displays a plot of
integral vs. time with each data point represented by a small square. An initial guess at an
exponential curve is displayed, but this does NOT represent a fit to the data.

By default, the data are assumed to be T1 data, and a 3-parameter fit is used. The fitting
function can be changed from the Fit menu. Choosing Fit Function brings up a dialog box
which allows the user to select the fitting function. The choices are

T1 Inversion Recovery
T1 Inversion Recovery fitting 3 parameters (default)
T2

Equations are shown below.

Also from this dialog box, the user can choose to use peak heights rather than integrals.
Peak height can be chosen with or without interpolation. If this option is changed, it is
necessary to exit the DR routine and re-execute GR to make the new measurement.

To perform a fit, type O or select Optimize from the Fit menu. NUTS displays the curve
determined by fitting the chosen equation to the data points, and also displays the values
calculated in the fit process. A sample plot is shown below. If the integral for the longest
delay value is set to 100, the integrals will be given as a percentage; otherwise, it is in the
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absolute integral units internal to the program. The plot can be printed by typing P or
selecting Print from the File menu. The whole process is repeated for each peak of
interest.

A table of time and integral values can be placed into the Windows clipboard by typing T
or selecting Data to Clipboard from the Edit menu. The integral values will be listed as
relative values if the integral has been assigned a value; otherwise it is given in the
absolute units internal to the program. This table can then be pasted into the Notepad or
other document. Like any other text in the clipboard, this can also be displayed on the
screen by toggling on clipboard display by typing S or selecting Show Clipboard from the
Edit menu (equivalent to the CB command).

The list of delay values used in the experiment can be displayed and edited by typing D1
from the NUTS base level or from within the DR subroutine by typing D or selecting Edit
Time Data from the Edit menu. NUTS attempts to identify this list of values in the data
header of the source data. If this attempt was unsuccessful, the user can simply enter the
values. Executing a UH command (Update Header) saves the list in the header of the 2D
data set. In the event that the user wishes to eliminate one or more spectra from the T,
calculation, this can be done simply by changing the corresponding value in the D1 list to
a negative number, in which case NUTS ignores that point in the fit.

The equations used to fit the data are:
T13IR (3-parameter Ti-Inversion Recovery)
Yy=A*{1-[1+W*(1-exp(-KIT))]*exp(-x/T)}
where
T =T, relaxation time
A = peak integral at time x >> T
K = total time between scans in the 180-t-90 sequence (equal to acquisition time
plus relaxation delay time)
x = delay time t in the 180-t-90 pulse sequence
W = -(integral at time x=0/ A)
The parameter W is determined in the fitting process, as inversion in this experiment is
not always perfect. This gives better results than assuming that the integral at time x=0 is
simply the negative of the integral for infinitely long x.
ref: G.Levy and I.Peat, J.Magn.Reson., 18, 500 (1978).

T1IR (Inversion Recovery)

y=A*{1-[2-exp(-K/T)]*exp(-x/T)}
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where

T =T, relaxation time

A = peak integral at time x >> T

K = total time between scans in the 180-t-90 sequence (equal to acquisition time
plus relaxation delay time)

x = delay time t in the 180-t-90 pulse sequence

ref: Levy et al, J.Magn.Reson., 11, 58 (1973).
T2

y=A*exp(-x/T)

where

T = T, relaxation time
A = peak integral at time x >> T
X = delay time t in the pulse sequence

Subcommands:

D Display/edit list of time values

F Choose fitting function

K Peak pick method: integrals, peak heights or interpolated peak heights
O Optimize fit to data points

P Print

S Show contents of clipboard on screen (must execute T first)

T Copy table of time and integral values to the clipboard

X Expand x-scale. Allows expansion to see details of early time points.
Ctrl-C Copy screen to clipboard for pasting into other applications
Enter Exit program

—1
1 [ A [ S N (Y () A S A [ A I N N (N SO B A |
[ 1T 17117 1T T"171T"1T"1T"T"1T"1T"1T"1T"1T"1T 1T T"1
T1l = 3.944018 seo
Bel. imwmp. at Infinity = 101.01
Inversion = 23.68 %
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T1-Inversion Recovery plot of Integral vs time
RR -- Read Relaxation data file

Reads in a file containing time and amplitude values to be fit to the T, equation. This is
an alternative to the Get Relaxation data (GR) command, which automatically measures
integrals of the selected region for each file in the data set. After reading in a file with
RR, the fit is performed with the Data Reduction (DR) command. These commands are
also available from the Tools menu.

The format of the relaxation data file must be as follows:
Relaxation Data
timel valuel

time2 value2

time n value n
END

The file can be created with any text editor and must be saved before it can be read into
NUTS. Extra spaces are ignored, as is any line beginning with a semi-colon, allowing
comments to be inserted to identify the source of the data. The first line must be
Relaxation Data and the last line must be END.
N.B. Be sure to read a spectrum into NUTS before executing RR and DR. This serves to
initialize the display parameters. If RR and DR are executed immediately after the NUTS
program is started, erroneous display and calculation result.

lllustrated example

Analysis of Relaxation Data

The data must be saved as a NUTS 2D file. Data which consists of a series of 1D files
can be converted to a 2D file using the following Link, provided the 1D file names have
sequential file extensions (e.g., file.001, file.002, etc):

GASCIN

You will be prompted for the first 1D file and for a name for the newly created 2D file.
When the Link finishes, read in the 2D file.

Note that this feature is not included in NUTS Lite.
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The T data has been saved as a 2D data set, shown here using a stacked plot display.

Be sure each slice is phased correctly and has a flat baseline.

B WinNuts - C:ANUTSADATAVold_data\WARIANATIDATA.FIDAH 2d

File Edt Labelz Bazelne Help

| Al
r
4 -
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| |Integral | | | ¥l
K1 | v
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Select the peak whose T is to be calculated, and use Zoom to expand so that only the

peak is displayed with just a small amount of baseline on each side.

It will make the numbers easier to read if the last slice in the data set has its integral set to

a convenient number, such as 100.

Exit the lintegration and Zoom routines, leaving the expanded region displayed.

Eile Edit “iew Process 2D Proces: E6EE Help
Add / Subtract Boutine
Autamatic |ntedgration

LCorvolution

[atahaze Make

[Matatrase Search

Daal Digplay Toogle

[rata Beduction

Define Peaks
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Extract Bottam Projection
/—/ Extract Right Projection

Clear Extracted Projections

rrr T 1T rrr 1 GetRelasation Data

1.55 1.50 1.45 Bead Relazation ['ata File
sdr Line Fit
5 MEB Sirnulation
| teta Objects
ﬂ Calculation Type

&)

[k
]
Do
DA
DR
o7

B

R
#C
GR
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LF

NS
MO
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[}

5, 1.20 ppm

0 |

-

7

Choose Get Relaxation Data from the Tools menu (or type GR). This causes NUTS to
read in each slice in turn and measure its integral for the expanded region. The display

does not change when this operation is performed.
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Choose Data Reduction from the Tools menu (or type DR). This enters the relaxation

subroutine and displays a curve of area vs. time. The green curve does not represent a fit,

just a quick first estimate.
To perform a Simplex fit, choose Optimize from the Fit menu (or type O).

See section on relaxation for equations and other options.
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The fit has been performed.

To create a table of time vs. area, choose Data to Clipboard from the Edit menu (or type
T). This list can be displayed on the screen by choosing Show Clipboard from the Edit
menu (or type S or Ctrl-B).

Meta-objects (structures and other graphics) on plots
MO -- Meta Objects on plots

This is a subroutine for the addition and manipulation of graphical objects on the screen.
(In the Windows version, these objects are Windows Metafiles, hence the name Meta
Objects.) Graphical objects can be inset plots, chemical structures, logos or others. They
can be pasted from the clipboard or imported from files. More than one object can be
displayed on the screen, and each can be independently moved and resized using the
mouse. The program keeps track of them in a linked list. To select which object to
operate on, move through the list, forward or backward, until the desired object is
indicated with a box with handles. See subcommands below. See illustrated example
below of how to use MO.

Another subroutine (Insets) has been added for creating inset plots. The Insets routine
creates the inset plots differently, and may work better.
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A different subroutine has been added to display structures from previously saved
molfiles.

As an experiment, MO subcommands are not presented in menus, but instead in a
movable Helper window. The commands can be entered via the keyboard or via buttons
in the Helper window. Display of Helper windows can be toggled on and off from the
Help menu at the base program level, and can be set in the nuts.ini file.

Inset plot --To create an inset plot, first expand the spectrum to display just the region
which will comprise the plot inset. Type MO to enter the subroutine, and then A to add
this display to a linked list of graphical objects. The chosen region can be resized and
moved with the mouse in a manner similar to standard graphics applications. It is
possible to display multiple insets. Exit the MO subroutine, then select and expand a new
region, and repeat as needed.

In the Helper window, you can set a multiplying factor for the axis font size, so that the
numbers can be made more readable. This must be set before the inset is captured. Text
such as the integral labels and peak labels may be too small to be read easily when the
viewing area is reduced to form an inset plot. It may be helpful to increase the size of
such text before capturing the inset. This can easily be done with the Windows version
of NUTS using a macro such as the one shown below. (Changing font sizes in a macro
does not appear to work at this time on the Mac).

Importing -- A graphical object can be read from a file which is an enhanced, standard
or placeable metafile. Objects can also be copied to the clipboard from another
application and pasted into NUTS while in the MO subroutine. (Note that enhanced
metafiles are not supported under Win3.11, and metafiles are not supported on the Mac.
The Mac version uses PICT files.) The objects are displayed until explicitly deleted or
until Nuts is closed, even if another data file is opened.

When a file is saved, any objects which were pasted from the clipboard or created as inset
plots are not saved with it, as these are memory-resident only. In the case of an object
which was placed by reading a file, the path to that file is saved in the file's tailer, and can
be recalled later using the TA command.

Subcommands:

A - Add currently displayed region as an inset plot
C - Paste the clipboard contents

D - Delete currently selected Meta Object

I - Import a graphical object from a file

N - Move to next Meta Object in linked list

R - Move to previous Meta Object in linked list
Shift-F1 - brings up Help for the MO subroutine
<Enter> - exit the MO subroutine
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There is also the option of defining one or more graphical objects in the nuts.ini file (such
as a company logo) which will be displayed on the screen automatically. This is
demonstrated by the display of the acorn in the upper left corner of the screen. This can
be removed by editing the nuts.ini file or, while Nuts is running, by deleting it from
within the MO subroutine.

MetaObject macro

The following is a useful NUTS macro for adjusting font sizes for inset plots. The reason
this becomes desirable is that font sizes chosen in Nuts assume a full-sized plot. When
this is scaled down for an inset plot, the fonts can become too small to read. The strategy
is to increase the font sizes, capture the plot, then reset the fonts. This is somewhat
tedious to do manually, but can be done with a single command, using the following
macro. See description of macros for a general explanation. This appears not to work on
the Mac at this time.

NUTSMacro for adjusting font sizes for inset plots

; Assumes you have first chosen expansion for inset plot

; SET FONT commands increment/decrement font size

; Increment must be set to 10x desired size change

; (+20 will increase font size by 2 points)

; font sizes are increased before capture of the inset plot,
; then reset afterwards

SET FONT_AXIS +40
SET FONT_integral +40

; enter MO subroutine, capture displayed region as inset, then exit

MO
A
M

; reset font sizes, display full spectrum, reset vertical scale
SET FONT_AXIS -40

SET FONT_integral -40

~F

mf

end

lllustrated example of MO

Using the MetaObjects (MO) subroutine
This subroutine is used for placing graphical objects on the screen, moving and resizing

them. The graphical object can be imported from a file, pasted from the clipboard or can
be an inset plot of the currently displayed spectral region.
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There is also another subroutine for handling inset plots (IS, available from the Tools
menu).

A different subroutine (ML) can be used to display a structure from a molfile.
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- Murmber of Meta Objects = 0 :l
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Enter the MO subroutine by typing MO or from the Tools menu.

Instead of menus, the MO routine uses a Helper window. Commands can be entered by
clicking on buttons in the Helper window or by typing the corresponding commands from
the keyboard. The Helper window can be moved on the screen by placing the cursor on
the blue bar at the top and dragging. Note that "Meta Objects" appears on the gray status
bar at the bottom of the screen to indicate that this subroutine is currently active.
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- Mumber of Meta Objects = 1 :l

Choose I to import a graphical object (such as a chemical structure) from a file. The file
must be a Windows Metafile (or a PICT file on the Mac).

Choose C to paste a graphical object which has been copied to the clipboard.

The object can be moved with the mouse by placing the mouse within the red rectangle,
holding down the left mouse button and dragging.

The object can be resized by placing the mouse on one of the "handles™ on the edge of the
red rectangle, holding down the left mose button and dragging

Several objects can be placed on the screen at one time. Nuts keeps track of them by
placing them in a Linked List in the order in which they were created. To select which
object to adjust, move backwards and forward through the list with the N and R buttons
or keyboard commands.

Any selected object can be deleted with the button or keyboard command.

Exit the MO routine by clicking on the Exit MO button or by typing <ENTER>. The
object which was added remains on the screen.
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Inset plots

- Mumber of Meta Objects = 0 =

Use Zoom to display the region desired for the inset.

Enter the MO routine and select the Add View button or type A.
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Mumber of Meta Objects = 1 =
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The displayed region is captured and displayed bounded by the red rectangle, and can be
moved and resized as above. The Helper Window includes a mutiplier for the font size
of the axis labels. This can be increased to make the labels larger, but must be set before
the inset is captured.

Exit the MO routine.
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The inset is displayed here after typing Ctrl-F to display the entire spectrum.

Text, such as peak labels or integral values, may appear too small in the inset. To
compensate for the font size being scaled down, try increasing the font size

Molecule display from molfiles
ML - Molfile display
This is a subroutine for displaying structures based on a previously-saved molfile. Most

drawing programs have the option of saving the structure as a molfile, which is a text file
listing each atom and bond. A brief description of the molfile format is given below.
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>ml
>
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R 7| M

Typing ML enters the Molecule subroutine. Note that "Molecule™ is displayed in the
gray status bar, and the menus have changed. A File/Open dialog box is displayed,
allowing the user to select a .mol file to be displayed. The molecule can be moved and
resized in the usual way. As with all subroutines, typing <ENTER> or choosing Exit
from the File menu will exit the subroutine back to the NUTS base level.
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More than one molfile can be displayed. Typing G or choosing Get Molfile from the File
menu allows additional files to be displayed. Typing I or choosing Increment from the
File menu allows each structure, in turn, to be selected. The selected molecule can be
deleted by typing D. All molecules can be cleared by typing C or choosing Clear

Molecule List from the Edit menu.
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The Edit menu contains several options, which can also be entered from the keyboard.

Commands operate on the currently selected molecule. The + and - keys allow the bond

line width to be changed. The font can be changed by typing F or selecting Choose

Molecule Font from the Edit menu.

1 ID Number
0

Symbol
Position
0.385 3¢

-1.111 v

0.000 z

Previous

Next

Cancel

OK

The A command displays atom properties
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x
ﬂ Bond ID Previous

3

Atom 1 ID Number Next
Atom 2 ID Number

Valence

Cancel 0K

The B command displays bond properties
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The # key toggles on/off display of the numeric atom labels.

The preliminary steps are in place to be able to search a chemical shift database by
clicking on a specific carbon atom. This is done by generating a text-based code for the
atom, and then searching a pre-existing text database for matches. Right click on a
carbon atom to display matches found in a small database included with NUTS. The
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code for the atom can be displayed by placing the cursor on the chosen atom and typing
? Note that this feature is incomplete.

See also: Displaying a structure as a MetaObject, *3C chemical shift searching,
substructure coding

Sample molfile

A molfile for 2-butanone

looks like:
ChemWindow
5 4 0 0 0O O OO O O 1 Vv2000
2.2994 2.0277 0.0000 O 0O 0 O OOOOO O O 0O
3.2617 0.3611 0.0000 C O 0 O OOOOO O O 0 O
2.2994 0.9166 0.0000 C 0O 0 O OOOO OO O O O
1.3372 0.3611 0.0000 C 0O 0 O OOOO O O O o0 o0
0.3750 0.9166 0.0000 C 0O 0 O OOOO OO O o0 o0
3 1 2 O
3 2 1 O
4 3 1 O
5 4 1 O
M END

The first 2 lines are unimportant for our purposes. The next 5 lines are the atom table,
one line per atom. The first 4 columns are the atom's X, y and z coordinates and atom
type. Because this was generated from a 2D drawing program (ChemWindow), all z
coordinates are zero.

The next 4 lines comprise the bond table, 1 bond per line. The first 2 columns list which
2 atoms are connected by the bond. The third column indicates whether the bond is
single (1), double (2), triple (3) or aromatic (4).

Details of the MolFile format

First line of table is the "Counts Line":

aaa bbb Il FFF ccc sss xXxx rrr ppp jjj mmm vvvvv
aaa = number of atoms
bbb = number of bonds
11l = number of atom lists
ff = obsolete
ccc = chiral flag: 0O=not chiral, 1l=chiral
sss = number of stext entries
Xxx = obsolete
rrr = obsolete
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ppp = obsolete
JiJ = obsolete
mmm = number of lines of additional properties,including

the M END line.

No longer supported, the default is set to 999.

vvwvwv is the version number - this software accepts V2000
or V3000

The next block of lines is the Atom Block:

XX.XX Yyy.yy zz.zz aa dd cc ss hh bb vwv HH rr ii mm nn ee
X = X atom coordinate
y = y atom coordinate
z = z atom coordinate
a = atom symbol ( this software supports strings less than

10 in length

mass difference

charge

atom stereo parity - O=not stereo, l=odd, 2=even,
ither

hydrogen count

stereo care box

valence

HO designator - O=not specified, 1=no H atoms allowed
Not Used

Not Used

atom-atom mapping number

inversion/retention flag

exact change flag - O=property not applied,
=change on atom must be exactly as shown

L1 1 1 1 1 A A > T | I

The next block of lines is the Bond Block:

11 22 tt sSs XX rr cc

First atom number

Second atom number

Bond type - 1=Single, 2=Double, 3=Triple, 4=Aromatic
Bond Stereo - O=Not Stereo, 1=Up, 4=Either, 6=Down
Not Used

Bond Topology - O=Either, 1=Ring, 2=Chain

reacting center status

O X0 m"NPRF
[ L I | | A 1|

Detailed description of the molfile format can be found at
http://www.mdli.com/downloads/public/ctfile/ctfile.jsp. Note that not all drawing
programs adhere strictly to the published format.

Line-fitting (deconvolution)

LF — Line fit
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This section describes the deconvolution subroutine. A summary of subcommands is
given below. See example below of how to use LF.

Deconvolution, or line fitting, is a subroutine which adjusts parameters of a set of lines to
fit peaks in a real spectrum. The parameters adjusted for each input peak are frequency,
height, width at half height, and ratio of Lorentzian/Gaussian lineshape (expressed as
percent Lorentzian). The user enters a set of initial peaks which will be varied in a
Simplex optimization to find the best fit. Note that in more complex cases involving
overlapping lines, this process may require an iterative approach with user input along the
way.

The subcommands described below are single-letter commands which are executed
immediately. All subcommands can be accessed via the menus, except those which
require the mouse, and most can alternatively be executed from the command line. The
menu selections list the single-letter commands for the user's information.

N.B. Before entering the LF subroutine, it is recommended to perform a Baseline Flatten
(BF) operation on the displayed region of the spectrum, to be sure that the baseline in the
region being fit is flat; otherwise, the fit will not be very good.

To begin, use Zoom to expand the spectrum so that only the peaks of interest are
displayed, and then exit Zoom. Type LF or select Line Fit from the Tools menu to enter
the fitting subroutine. Note that the menu bar has changed to display commands which
are active in this subroutine. The first step is to pick a set of peaks as a starting point.
Hold down the left mouse button, place the crosshair cursor at the top of one of the peaks
and then release the mouse button. A red Lorentzian line will appear superimposed on the
spectrum. To adjust its width, place the cursor at the peak’s half height at the desired
width of the line and click the right mouse button. To view the parameters for this line,
type I, which brings up a dialog box containing all the information about the line. Any
parameters except the absolute intensity and area can be adjusted, and the changes
applied by clicking the Apply button. The areas are more easily compared by setting
Relative Area of a chosen peak to a value such as 1. To do this, display the parameters for
the chosen peak, then using the cursor, wipe across the box labeled Relative Area and
type in a new value. All peaks will now have values expressed relative to this value.
Close the dialog box to return to the spectrum.

To perform a Simplex fit to this line, type O (for Optimize). The red line will display the
result of the fit. The new parameters can be viewed using the dialog box or they can be
placed into the Windows clipboard by typing T. The parameters can then be pasted into
the Windows or any other word processing program or text editor for editing, or can be
displayed on the screen by typing Ctrl-B. Note that, to display the most recent
parameters, not only must they be placed into the clipboard with T, but the screen display
must be updated. This happens whenever some operation is performed which causes the
screen to be re-drawn, but an update can be forced by typing Ctrl-B twice.
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More lines can be added in the same manner as the first. Note that the current line is in
red and all others are in green. A quicker way to enter the starting lines is to let the
software find the peak maximum. Instead of placing the crosshair cursor on the peak
maximum, place it directly below the peak, below the axis, and release the mouse button.
NUTS find the peak maximum and positions the line at that frequency, provided the
cursor is placed within +/- 2 data points of the position of the peak maximum. A still
simpler method is to let the peakpicking function of NUTS find the peak positions and
heights. Typing P performs peakpicking in the same manner as the PP command used at
the base level of NUTS, and displays Lorentzian lines at the position of each peak. If not
all peaks are selected, the user can adjust the parameters for minimum height (MH) and
RMS noise factor (RM) by typing M, which brings up a dialog box for adjusting these 2
parameters. Lines can also be added or deleted manually.

As lines are entered, they are placed into a list. To move to the next line in the list, type F
(for Forward) and to move to the previous line, type B (for Back). The easiest way to
keep track of which line is which is to start with the peak farthest to the left and enter
them in order from left to right. At any time, the peaks can be reordered from largest to
smallest chemical shift by selecting Reorder form the Edit menu or by typing R. The
current line (in red) can be deleted by typing D. Note that if the third line out of a list of
5, for example, is deleted and then a new line added in its place, the new line will be fifth
and last in the list, until the list is Reordered. When the parameter dialog box is opened
(with 1), the parameters displayed correspond to the current line, shown in red. The
parameters for any other line can be displayed by entering its line number or by clicking
the Previous or Next buttons.

Starting with NUTS versions dated May, 2000, it is possible to "freeze™ chosen
parameters so they are not adjusted during the fit process. While the parameter dialog
box is displayed (with command 1), there is a check box labeled "Iterate™ next to each of
the 4 parameters. Removing the check mark will prevent the corresponding parameter
from being adjusted during the fit.

Once all lines have been initialized and adjusted to some reasonable starting parameters,
typing A initiates the Simplex fit on all lines. This can take a minute or more if the fit
consists of several lines, as the dimensionality of the problem is large (4 times the
number of lines). To fit a group of overlapping peaks, it works best if the starting point is
as close as possible. Try optimizing each line individually (with O) before starting the
complete fitting routine (A). The Simplex routine has been implemented to perform a
fairly quick fit so that the user gets an indication of the progress. After one iteration,
adjustments can be made to individual lines as needed and then the optimization
performed again. Since the starting point for the second iteration is closer, the result will
be better. During the optimization, NUTS displays a decreasing Error value as each
Simplex loop is completed to allow the user to monitor how the optimization is
proceeding.

There are several choices for viewing the calculated spectrum and comparing it to the real
spectrum. Typing S displays the sum of the lines, which should overlay the real spectrum.
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Typing the plus sign displays both the sum and the individual lines. Typing L displays
the individual lines. Typing the period key toggles the display of individual lines between
a solid and a dotted line. Typing the minus sign displays the difference between the real
and calculated spectra. To perform the fit to the real spectrum, the LF routine first
digitizes the theoretical line to match the real peak point-for-point. The digitized
calculated spectrum can be viewed by typing C.

Exiting the line fitting subroutine (with Enter) does not delete the calculated lines.
Therefore, LF can be exited and changes made to the frequency limits and then LF re-
entered. The calculated lines will be adjusted to reflect the new display. Note that this
could result in the fit operating on peaks which are not displayed.

NUTS provides the option of saving the calculated spectrum and/or the list of parameters
which define the calculated peaks (position, height and width for each line). Once a
calculated spectrum has been saved, it can be opened and manipulated exactly as any real
spectrum. A previously saved list of parameters can be opened and the resulting
calculated spectrum will be displayed. This allows the user to save a "template” for
repeated use on a series of spectra. These options are available under the File menu.

New macro commands were added to set the file names for these operations:
SET LF_GET_FILENAME = XXXXXXX.yYyy
SET LF_WRITE_FILENAME = XXXXXXX.yyy

Another set of Macro Commands were added to increment any filename extensions for
these file names (xxx.001 to xxx.002):

DO INCREMENT _LF_GET_FILENAME
DO INCREMENT_LF WRITE_FILENAME
Subcommands

A -- simplex fit to All lines

B -- move Back to previous line

C -- display digitized line Calculated from current Lorentzian (displayed in grey)
D -- Delete current line

F -- move Forward to next line

| -- display parameter Information dialog box

G -- Get (open) a lines information text file

L -- display individual Lines

M -- display Minimum height dialog box for peakpicking

O -- Optimize fit to current line

P -- Pick peaks for starting point

R -- Reorder peaks from low to high field. Remember to type T again to copy the
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new list to the clipboard.

S -- display Sum of individual lines; this toggles between the sum and the
individual lines

T -- Type parameter list into the Windows clipboard

W -- Write a lines information text file

Z -- Zero all lines

.(period key) -- Toggle display of individual lines between dotted and solid line.
+(Plus sign) -- Display both individual lines and sum of lines

-(Minus sign) -- Display difference between real and calculated spectra (displayed
in grey)

% -- Set default percent Lorentzian lineshape (default is 1, or 100% Lorentzian).
ENTER -- exit LF subroutine

lllustrated example of LF

Using the Line Fitting (LF) subroutine.

This subroutine performs a Simplex fit to a set of peaks. The user must define a starting
set of peaks before starting the fit process.

The parameters adjusted are each peak's frequency, intensity, width at half height and
ratio of Lorentzian to Gaussian lineshape. Starting with NUTS versions dated May, 2000,
it is possible to "freeze" chosen parameters so they are not adjusted during the fit
process. See below.

Note that LF is not included in NUTS Lite.
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Because these 2 peaks overlap, integrating does not give an accurate ratio of their areas.

Start by expanding the spectrum to show just the region of interest. Enter the
deconvolution routine by typing LF or by selecting Line Fit from the Tools menu.

FAWinNuts - D:ANUTS\DATA\data.nmr
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Begin by creating a set of peaks that match the real spectrum reasonably well, as a
starting point for the fitting routine.

There are 3 different ways to enter a set of peaks.

As shown above, place the cursor on the top of a peak and click once with the left mouse
button.

FAWinNuts - D:ANUTS\DATA\data.nmr
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A red Lorentzian line is drawn at the location chosen in the previous step.

A second way to input a peak is to place the cursor below the axis at the chosen
frequency. NUTS will find the closest peak maximum and put a peak there.

Notice that the second peak which was entered is red, and the first peak has changed to
green. NUTS builds a list of peaks as they are entered, and the "current” peak is always in

red.

A third method, not shown here, is to let NUTS select peaks using the same criteria as
normal peak picking. To use this method, type P or choose Peak Pick from the Fit menu.
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It is possible to select a different peak to be the current peak by moving through the list,
by typing F (Forward) and B (Back) commands, which are also available from the Edit

menu.
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The broader peak has been selected as the current peak, so it is now shown in red.
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The default peak width did not match the actual width of this peak. The fit will proceed
better if its width is adjusted.

Place the cursor on the peak at half height, and click the right mouse button. The width of
the red peak changes.

(Users with a single button mouse should hold down the shift key and use the mouse
button when instructions call for use of the right mouse button.)

Once all starting peaks have been created, and line widths adjusted, we are ready to start
the fitting process. By default, 4 parameters are adjusted during the fit for each peak:
amplitude (intensity, or height), width, position (frequency) and ratio of Lorentzian to
Gaussian lineshape. Any of these parameters may be "frozen", so that it is not adjusted
during the fitting process (see below).

The fit is performed by typing A or selecting Optimize All Lines from the Fit menu. This
is a Simplex optimization. The optimization can be aborted by typing Q

The parameters for each peak can be examined by typing | or selecting Information on
Line from the Fit menu. This brings up the box shown below.
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LF Parameters
Line # %
1
Absolute Relative
Area ‘ 14131892.00
1499048 Intensity ‘ 50.003 ¥ Iterate
Hy PPM
2389.12 .
Shift 7.960 ~ lterate
Width (Hz) 343 v lterate
Fraction Lorentzian 1.000  Iterate
Apply ‘ Delete ‘
M Next Cancel Ok

Intensity and Area are reported in two ways, as absolute and relative numbers. The
relative intensity is relative to the tallest peak in the spectrum equal to 100, so is usually a
more convenient number. The absolute numbers can be used to compare different
spectra.

Shift is shown in both Hz and ppm.

Each peak is fit as a combination of Lorentzian and Gaussian lineshapes, expressed as
Fraction Lorentzian, which is always a number between 0 and 1.

The user can change parameters by entering values in any field except Absolute Area.

When a value is changed, and Apply or OK is clicked, related values are updated to
reflect the change, and the peak is changed accordingly.
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It is usually helpful to set the Relative Area of a chosen peak to a convenient number,
which is done by entering the desired value in the box for Relative Area. All area values
are then scaled relative to this.

Note the 4 check boxes labeled "lterate™, next to the Intensity, Shift, Width and Fraction
Lorentzian values. A check mark in a box indicates that this parameter will be adjusted
during the fit. To "freeze" a chosen parameter, remove the corresponding check mark.

The parameters for each peak can be placed into the clipboard by typing T or by selecting
Type Peak List to Clipboard from the Edit menu. This can then be pasted into any text
editor, or displayed on the screen using Ctrl-B. The resulting table looks like the
following:

LINE HZ PPM HEIGHT REL_HT  WIDTH AREA  REL_AREA
FRACTION LORENTZIAN

1 2401.33 8.000 2716201 90.602 2.36 6408714 37.71
1.000

2 2389.61 7.961 1521459 50.750 11.17 16996376 100.00
1.000

A wWinNuts - D:ANUTS\DATA\data nmr
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The sum of the calculated peaks can be displayed, rather than the individual peaks, by
typing S or choosing Sum from the Display menu. The sum is shown above.

The Display menu provides other display options, including the difference between real
and calculated peaks.
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Spectrum simulation

NS - NMR Simulation

This NUTS subroutine calculates and displays a spectrum based on user-input values for
chemical shifts and coupling constants. NUTS makes the assumption that in most cases,
the user wants to fit a calculated spectrum to a real spectrum. Therefore, the NS routine
uses the values of Spectrometer Frequency, Sweep Width, Spectrum Offset and Number
of Points from the current spectrum for its calculation. (It is possible to change these
values; see below.) Subcommands can be accessed via the menus or by typing single-
letter commands which can be found next to the corresponding operation in the menu
displays. See illustrated example below of how to use NS.

To begin, type NS or select Simulation from the Tools menu to enter the simulation
subroutine. From the Edit menu, choose Add/Edit Simulation Data. This brings up a
dialog box for entering data. First enter the number of spins, then enter chemical shifts (in
either Hz or PPM; set units in lower left corner). To enter coupling constants, click on the
button in the lower right corner. When finished, click on Accept and Recalculate, which
closes the dialog box, performs the simulation and displays the resulting spectrum.
Repeat this process to adjust the input parameters.

To enter data for degenerate spins (eg., a methyl group), enter each as a separate spin
with the same value for chemical shift and couplings to other nuclei. (The couplings
among degenerate spins are zero.)

Within the data input dialog box is a box labeled Nuclei. By default, all nuclei are taken
to be H, on the assumption that this is the most common situation. The actual label is
irrelevant; the only important point is whether or not all spins have the same label. If the
Nuclei labels of 2 of the spins are set to be different, second order interactions between
those 2 spins are ignored. (This can be used to compare the results obtained for a given
set of input parameters with and without consideration of second order effects.) To
simulate a heteronuclear case, simply make the chemical shift of the heteronucleus very
different from the others, and the Nuclei labels need not be changed.

To compare real and simulated spectra, choose Both from the Display menu. The vertical
scale of both spectra can be adjusted in the usual way, with either the right-hand scroll
bar, Page UP/Page Down keys or the < > keys. To adjust the scale of just the simulated
spectrum, type L or choose change LB/Amplitude from the Edit menu, which brings up a
dialog box allowing the linewidth and/or scale of the simulated spectrum to be adjusted,
without having to re-do the entire calculation. When the simulation subroutine is exited
(with ENTER), the input data are not lost. This means the simulation routine can be
exited and re-entered without losing data. It may be easier to view real and calculated
spectra if the DC offset of the real spectrum is adjusted so that the 2 spectra do not
overlap. It is possible to exit NS, change DC and re-enter NS. To change the
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Spectrometer Frequency, exit NS, type SF, enter a new value, then re-enter NS. The input
parameters are still active, but the spectrum is not automatically recalculated on re-
entering NS. To recalculate the spectrum, choose Recalculate from the Edit menu or type
R.

While in the simulation subroutine, the cursor readout works as usual. With both real and
simulated spectra displayed, the cursor can be used to measure shifts and coupling
constants from the real spectrum for input in the parameter input dialog box. This can be
repeated until all starting parameters are input before investing time to calculate the
spectrum by selecting Accept Changes in the dialog box.

Within the simulation subroutine, it is possible to enter Zoom to change the displayed
region. This is done by typing Z or by choosing Enter Zoom from the Display menu. The
cursor changes to the Zoom crosshair while in Zoom. Typing Enter exits the Zoom
routine and returns to NS. Note that not all Zoom options are available. The calculated
spectrum is not digitized in the way a real spectrum is, but the Zoom routine operates at
the current digital resolution. This means that if the real spectrum being fit is poorly
digitized, there may be limits on the ability to Zoom in on a narrow spectral region within
NS.

To experiment with spectrum simulations not matching a real spectrum, it may be
desirable to change the values of Spectrometer Frequency, Sweep Width, Spectrum
Offset and Number of Points. With the exception of Number of Points, these parameters
can simply be changed by bringing up the parameter dialog box from the Parameters
menu and entering new values. To change Number of Points, choose File New from the
File menu (or type FN), which brings up a dialog box allowing parameters to be set. On
re-entering NS, any previously calculated spectrum is displayed, but this does not reflect
the changes in parameters. Execute Recalculate to implement changes. Note that the time
required to calculate a spectrum is independent of the Number of Points.

The simulation data can be saved as a text file containing both the input parameters and
the calculated data as a list of frequencies and intensities. An example of such a text file
is shown below. A previously saved simulation file can be opened from within the
simulation subroutine and the resulting spectrum displayed. Note that if the current value
for SF is different from that which was saved with the simulation file, the 2 spectra (real
and simulated) cannot be compared until the simulation is recalculated. Regardless of
whether the chemical shifts were entered as Hz or PPM, they are saved in the simulation
file as PPM. This option is available from the File menu.

The simulated spectrum can also be saved as an FID. The resulting file can be
manipulated in the same manner as real data. The FID is created from the calculated
transition frequencies and intensities. The time required to generate the FID depends on
the current Number of Points. Be sure that the current digital resolution (Number of
Points/SW) is sufficient to adequately digitize the calculated spectrum, or artifacts may
appear in the spectrum generated this way.
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The spectrum can be printed by choosing Print from the File menu. Whatever is currently
displayed (eg., the simulated spectrum or both real and simulated spectra) is what will
appear on the plot. The currently displayed screen can also be copied to the Windows
clipboard for pasting into a document using the Copy Screen option from the Edit menu.

The simulation subroutine includes the option of performing a Simplex optimization of
spectral parameters to match a real spectrum. This is available from the Optimize menu
or by typing O. Be advised that this process involves a huge number of calculations and
S0 can be very time-consuming. It is best to adjust parameters manually first to be as
close as possible before attempting optimization. Note that the optimization is not
constrained to keeping shifts or coupling constants of degenerate spins the same, so that
after optimization degenerate spins may have slightly different values. These can be
adjusted manually and, if desired, the optimization repeated.

The time required to calculate a spectrum depends on the number of spins and on the
speed of the computer. Calculations involving up to 8 spins take just a few seconds. A
10-spin simulation just under a minute on a reasonably fast Pentium. (We have not had
the patience to time a 12-spin simulation!) Optimization is therefore practical only on
smaller spin systems.

Subcommands:

The following subcommands are active within the NMR Simulation subroutine. They are
single-letter commands which are executed immediately. All commands can also be
accessed via the menus.

A Add/Edit simulation data; opens a dialog box for setting shift and coupling
values

B Display Both simulated and real spectra

C Display Calculated spectrum only

D Display Digitized calculated spectrum

F Generate FID from calculated transition frequencies and intensities.

G Get simulation data from file

Q Quit drawing spectrum. Interrupts a slow drawing operation.

R Re-calculate spectrum based on input data

S Save simulated data to text file

Z Enter ZOOM subroutine to alter displayed frequency range. Not all ZOOM
functions are active.

~C Copy currently displayed spectrum to Windows clipboard

- (minus sign) Display difference between real and calculated spectra

Sample Simulation File
When a simulation is saved from within the NMR Simulation subroutine, a text file is

created which looks like the example below (which is for ODCB). This file can be read
into the Windows Notepad or any word processor for editing and printing. It includes the
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shifts and couplings from which the spectrum was calculated, and the transition

frequencies and intensities which resulted from the calculation. Chemical shifts, labeled

V(i) are in ppm. Coupling constants, labeled J(i,j), are in Hz. The Spectrometer

Frequency is included for reference only. When this file is read into the NS routine, SF is
not changed. The SF value can be changed by exiting NS, resetting SF, re-entering NS

and executing Recalculation.

NUTSsimulation
Scale = 10000.00
Spectrometer Frequency =
LineWidth = 0.250 Hz
Spins = 4
V(1) = 7.23 PPM
V(2) = 7.23 PPM
J(1,2) = 0.30 Hz
V(3) = 6.97 PPM
J(,3) = 1.50 Hz
J(2,3) = 8.10 Hz
V() = 6.97 PPM
J(1,4) = 8.10 Hz
J(2,4) = 1.50 Hz
J(3,4) = 7.50 Hz
Number
1 660.331
2 659.535
3 656 .446
4 656 .057
5 652.630
6 650.680
7 649.768
8 646.846
9 646.376
10 642.961
11 642.863
12 635.137
13 635.039
14 631.624
15 631.154
16 628.232
17 627.320
18 625.388
19 621.943
20 621.554
21 618.465
22 617.669

End NUTS Simulation File

OO0 NNNNNNNNSNNNNSNANAN

90.000000 MHz

Transitions(Hz) Transitions(PPM)

-3370
-3282
-2938
-2895
.2514
.2298
-2196
.1872
-1820
-1440
-1429
.0571
-0560
-0180
-0128
-9804
-9702
-9488
-9105
-9062
.8718
-8630

Intensities

OOFRPFPNFFPNMNMNOOOONNRFRPEFEPNRPFPEFLROO

121
-137
.241
.281
-886
-659
-863
- 759
.978
-501
.572
.572
.501
-978
-759
-863
-659
-886
.281
.241
-137
2121
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FN -- File New
Used in conjunction with spectral simulation, this command allows the user to change the
values of Spectrometer Frequency, Sweep Width, Spectrum Offset and Number of Points.
Choosing File New from the File menu (or typing FN) brings up a dialog box allowing
these parameters to be set.

lllustrated example of NS
Spectrum simulation from shifts and couplings (NS).

This subroutine calculates a spectrum, including second-order effects, from the user's
input values of chemical shifts and coupling constants.

(Note that this is not included in NUTS Lite.)

B WinNuts - C:ANUTSADATA\stuffnmr
File Edit Dizplay Optimize Help
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On entering the NS routine, the calculated spectrum (which does not yet exist) is shown
in red.

To display the real spectrum (in blue) also, select Both Spectrum and Calculation from
the Display menu, or type B.

The cursor can be used to display chemical shifts and couplings, just as in the base level
of NUTS.
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Scale | 1000000
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Chemical Shift Units
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CAMNCEL

Accept & ReCalculate

| Enter Coupling alues

Typing A, or selecting Add/Edit Simulation Data from the Edit menu, brings up a dialog

box allowing entry of chemical shifts and other parameters.
First, enter the number of nuclei in the spin system in the upper left corner.
You can go back and forth between this box and the spectrum by clicking on Accept

Changes or Accept and Recalculate. Using Accept Changes does not calculate the
spectrum, so is the quickest way to enter an initial set of values. Use Accept and

Recalculate when you want to see the effect of newly entered values. To enter coupling

constants, click on the button in the lower right corner.
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Fill in coupling constants, then click OK to return to display of the calculated spectrum or

"Accept and Return to Chemical Shifts" to return to the previous parameter input box.
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The calculated spectrum is shown in red.
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The scale of the calculated spectrum can be adjusted without recalculating by typing L or

selecting Change LB/Amplitude from the Edit menu.

The normal scaling tools, such as the scroll bar, affect both spectra.
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Zoom can be used to view details. Enter the Zoom routine by typing Z (not ZO) or from

the Display menu.

Select the region to expand as usual by holding down the left mouse button and

dragging......
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... and type Ctrl-E to display the expanded region.
Values of shifts and couplings can be adjusted to optimize the match.

A Simplex fit can be performed, but due to the huge number of calculations involved, it is
best to get close manually before attempting a fit.

Other options include displaying the difference between calculated and actual spectrum
and saving the calculated spectrum as an FID.

Buffers subroutine

BU - Buffers

There are several methods within NUTS of placing data into a buffer for later use. Each
was created to address a specific need, but they may be useful for other purposes. An
effort has been made here to compare and contrast these tools to enable the user to apply
them effectively.

The Add/Subtract buffer (loaded with AL) is used with Dual Display as
well as the Add/Subtract subroutine.

The Data-to-Buffer (DB) and Buffer-to-Data (BD) commands were
created to facilitate customized apodization functions.

The Combine Buffers commands (B1, B2, B+ and B-) were created for
use in processing echo-antiecho 2D data, where pairs of slices must be
added and subtracted.
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The Buffers subroutine allows several spectra or sections of spectra to be
displayed on the same ppm axis even when acquisition parameters such as
spectral width, spectrometer frequency and number of data points are not
equal.

Buffers subroutine

This subroutine allows comparison of spectra in ways not permitted by the Dual Display,
Add/Subtract and Stacked Plot routines (see comments below). Spectra can be displayed
together even in cases where spectrometer frequency, sweep width and number of data
points are not equal.

The subroutine allows spectra, or sections of spectra, to be placed into a series of buffers,
each displayed at a specified vertical position on the screen. The buffer spectra are
displayed above the current spectrum such that the ppm scale is the same for all. NUTS
will adjust the display of each spectrum to compensate for different parameters.

The Buffers subroutine is entered by typing BU or from the View menu. The status
notation in the gray Status Bar at the bottom of the NUTS window is changed to "BUffer
Control". As with all subroutines, the Enter key will exit the routine. While in the
Buffers subroutine, the displayed region of the displayed region of the current spectrum
can be placed into a buffer using the subcommand A (or from the Edit menu). The
buffers are numbered in the order in which they are added. An option in the View menu
allows the buffer contents to be displayed after exiting the Buffers subroutine.

A chosen buffer can be selected, and its properties can be edited with the E command.
By default, the most recently added buffer is the selected buffer. A different buffer can
be selected by moving the mouse over the baseline of the buffer. When this is done, the
buffer spectrum will blink and that buffer becomes selected. While the mouse is over that
buffer's baseline, a right click or E command will display a dialog box showing that
buffer's properties, such as amplitude, vertical position, color, pen width and identifying
text.

The selected buffer can be moved vertically by pressing and holding the left mouse
button. When this is done a red line is displayed and can be moved with the mouse. When
the left mouse button is released, the buffer moves to that vertical position.

The selected buffer's vertical scale can be changed with the ">" and "<" keys. The Page
Up/Down keys and the right-hand scroll bar adjust vertical scaling of all buffer spectra
and the current spectrum simultaneously. Horizontal expansions (defined with the Zoom
subroutine) affect the current spectrum and all buffers.

The selected buffer can be deleted with the D command. All buffers can be cleared with
the C command. Both commands are also available from the Edit menu.
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The Math menu allows addition, subtraction and multiplication of the selected buffer
with the current spectrum.

The spectrum can be saved with all of the buffer spectra with command S or from the
File menu. When later opened, all buffer spectra will be recalled with their associated
properties. Saving from the NUTS base level (SA command) will not save the buffers.

Using the Buffers subroutine

] Nuts - CG\nuts\data\codeine\$codjn06_1.1 - Codeine_in_CDCE =10] x]
File Edit View Math
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When the buffers subroutine is entered by typing BU, note that the menus change and the
gray status bar at the bottom of the NUTS window shows "Buffer Control”. The
currently displayed spectrum or spectral region can be copied to a buffer with the A
command, or from the Edit menu.

The number 1 (because this is the first buffer added) is shown at the left end of the buffer
spectrum as an identifier, along with some text. By default, the comment line for the
spectrum being displayed in the buffer is the displayed text, but that can be changed. The
text remains displayed after exiting the BU subroutine, but the buffer number does not.

To edit a buffer's properties, move the mouse to the buffer's baseline and click the right
mouse button (or type E on the keyboard). This dialog box is displayed:
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Buffer Properties
Amplitude DC Offset
Fraction ; 0 = Hide
I-E 0.05 B Hide Buffer |1 1 = Show
height
Comment - lines starting with "!'"" not shown on display
[Codeine_in_CDCI3
Red Green Blue
Pen Color 1|] 0 265 Pen Width |1 Pen Style iu
. 0 = Solid
Color is defined as a number = o Pen Style valid only
between 0 and 255 for Red, 1=Dash  yith Pen Width = 1
Green and Blue 2 = Dot
3 = DashDot
GUI Color Editing | Cancel | 0K |

The vertical display (DC) offset and vertical scaling (amplitude) of the buffer can be set,
as can the text of the comment line displayed with the buffer spectrum. The color of the
spectrum can be set by entering RGB numbers or by clicking the Color Editing button.
Pen width and style can also be set.
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The vertical position of a buffer can be adjusted with the mouse. Place the cursor on the
chosen buffer, at the level of its baseline. Press and hold the left mouse button. The red
line indicates the position of the buffer spectrum. Move the red line to the desired
position, and release the mouse button. The buffer spectrum will be re-drawn at that
position.
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As additional spectra are added to the buffers, each is assigned a sequential number.
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If an expanded region of the spectrum is displayed when the buffer is loaded, the buffer
will contain only that region.

Comparison of Dual Display, Add/Subtract, Stacked Plots and Buffers

Dual Display and Add/Subtract are limited to 2 spectra. There is no limit for the Buffers
routine or for Stacked Plots.

Add/Subtract is the only choice that allows one spectrum to be shifted left and right
relative to the other.

The Buffers routine is the only option in cases where the spectra differ in number of data
points.

Add/Subtract and Dual Display will display spectra that differ in spectrometer frequency
and/or spectral width, but the frequency scale will be nonsensical. This is because the
spectra are aligned point by point, without regard to frequency. The Buffers routine is the
only way to display spectra differing in spectrometer frequency or spectral width with
correct frequency axis for all spectra.

The Stacked Plot routine does not allow independent scaling or vertical repositioning of
individual spectra.

Multiple spectra can remain displayed on the screen after exiting the Buffers subroutine
(not true of the stacked plot routine). This makes it easier to add annotations (with the
Notes subroutine) and otherwise compose a final presentation.

The 2 figures below show simulated spectra of ODCB at 100, 200 and 400 MHz using
the buffers and stacked plot routines.

246



Using Buffers, the spectra are aligned by ppm, even though spectrometer frequencies and
sweep widths differ. The ppm scale is correct for all.

1| ([

.1‘“1 IJUIII _I

| T
f30 725 YA Y5 Y0 Y0s YO0 BRES BHOPPM

Using a stacked plot, the spectra are aligned by points, not frequency, and the axis is
correct only for the top spectrum.
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For an example of a "creative" use of the Buffers routine, see Tricks with Buffers.

The following 4 commands are used to place data into buffers for later addition or
subtraction. Do not confuse this with the Add/Subtract subroutine, which has its own
buffer. This is used in some 2D processing, where pairs of slices must be added and
subtracted. The following 4 commands do not work in Arrayed Mode; see below.

Bl -- Load Buffer 1
Load current data set into buffer 1. Used in conjunction with commands B+ and B-,

which add or subtract data loaded into buffers 1 and 2. These commands were added for
use in processing gradient data. The contents of this buffer are not visible.

B2 -- Load Buffer 2

Load current data set into buffer 2. Used in conjunction with commands B+ and B-,
which add or subtract data loaded into buffers 1 and 2. The contents of this buffer are not
visible.

B+ -- Add Buffers

Adds the contents of buffers 1 and 2. Used in conjunction with commands B1 and B2,
which load current data into buffers 1 and 2. The sum becomes the current data.

B- -- Subtract Buffers
Subtracts the contents of buffers 1 and 2 (B1 minus B2). Used in conjunction with
commands B1 and B2, which load current data into buffers 1 and 2. The difference

becomes the current data.

See also: DB and BD commands, described in the section on customized apodization
functions.

Tricks with buffers

Here is an example of how the Buffers (BU) routine can be used to manipulate spectra.
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Let's say we want to "remove" the CH, peak from this spectrum of ethylbenzene,
replacing the peak with noise.
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First select a suitable region of noise with which to replace the peak. Use the Zoom
subcommand F to select a known spectral region, in this case 5.0 - 4.5 ppm.
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Expand to this region, exit Zoom, enter the Buffers routine (BU) and transfer the selected

region to a Buffer (buffer #2 here). Enable viewing of buffers from outside the BU
routine, from the View menu, so we can watch what we're doing. Exit Buffers.
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Because buffers are always aligned by chemical shift, we need to change temporarily the
shift reference of our spectrum, to line up the region around the CH, peak with the
captured noise region. We need a 0.5ppm region in this example. Using the cursor, set a
point to the left of CH; to be 5.0ppm.
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Then, use Zoom subcommand F to display 5.0 - 4.5 ppm. Use the Ctrl-Z command in
Zoom to zero out this region.
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Viewing the whole spectrum, it should look like this. Now, enter the Buffers routine and
add buffer #2 to the current spectrum, and exit.

After resetting the chemical shift reference back where it belongs, we see the final result:
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This is intended as an example of how NUTS tools can be combined to accomplish a
task. Obviously, this sort of manipulation should be applied with care!

Linear Prediction (LN)
LN - Linear Prediction

This command performs either forward or backward linear prediction, depending on
parameters set by the user. Backward prediction can be used to correct corrupted early
data points, which cause rolling baselines. Forward prediction is used to predict data out
to twice the actual acquisition time, and is used with severely truncated data, such as in
the indirect dimension of 2D experiments as an alternative to zero-filling. See illustration
of backward and forward linear prediction, below.

When the LN command is issued, a dialog box is displayed prompting for the following
values:

Forward or backward prediction

Number of data points on which to base the prediction
Number of points to be predicted for back prediction
Maximum number of frequencies to predict.

For backward prediction (which is the default), the user must set the number of points to
back predict, the number of data points upon which to base the prediction and the number
of frequencies to predict. The default value for number of points to back predict is 2 and
should usually be a small number (4 or less). Larger values may cause failure of the
prediction algorithm. The number of data points on which the prediction is based must be
less than half the total number of data points, or the algorithm fails. The larger this value,
the longer the prediction process will take. The number of frequencies to predict is
usually unknown, but usually a small value can be used. The larger the value, the higher
the chances that the algorithm will fail. The option has been added of allowing the
algorithm to determine the number of frequencies, by setting this parameter to -1.

For forward prediction, the user must select the Forward Prediction button at the bottom
of the dialog box. Forward linear prediction always doubles the number of data points.
The value for number of points to back predict is ignored.

LN can be used in Links and Macros, in which case the dialog box does not open. The
parameters must be chosen before starting automated processing, and the last set of
values will be used. It is advisable to experiment with parameters before initiating
automated processing.

The values of all linear prediction parameters can be explicitly set in a macro, using SET
commands, as shown in the examples below:
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SET LNpts =4

SET LNmdim = 64

SET LNnsig = 16

SET Lndirection = FORWARD
SET Lndirection = BACKWARD

Linear prediction takes considerable time (can take 20-30 min for a 2D data set, even on
a fast computer).

See also: Polynomial baseline correction

lllustration of forward prediction

Forward Linear Prediction (LN)

This is used to improve resolution in cases where the FID is badly truncated. This occurs
most often in 2D data, where time constraints limit the number of slices which are
acquired. Data which is truncated must be severely apodized to bring the end of the FID
to zero to avoid truncation artifacts. This amounts to throwing away data which was
acquired at great expense of time. As an alternative, we can use Linear Prediction to
generate additional data points and then apply a window function which acts mostly upon
these predicted points to bring the end of the FID to zero, preserving the real data points.
The result is prevention of the broadening and loss of signal that would otherwise result,
giving a net improvement in resolution and signal-to-noise.

Note that linear prediction is not included in NUTS Lite.
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This FID has not decayed to zero, and must be apodized to prevent truncation artifacts,

especially if zero-filling is desired.
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The FID above has been apodized with cosine squared and zero-filled one time.




Note that we have thrown away good data.

Linear Prediction Parameters %

Mumber of points to back predict IEZ
Mumber of points to use for prediction Iﬁq
Maximum number of signals in prediction |_1

* Forward Prediction [doubles data size ]

" Backward Prediction [Uses number of points from above ]

Cancel OK

The original FID has been opened and LN typed.

The first item, number of points for back prediction, is irrelevant for the present case of
forward prediction.

The prediction is based here on the last 64 points of the FID. This parameter cannot
exceed one half of the number of data points in the FID, 512 in this case. Using larger
numbers will make the calculation slower.

The LN operation will double the data size to 1024.
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This is the same FID as above after forward linear prediction to double the number of

points and then application of a cosine squared window function.

Note that there is much less loss of the original data points (the first half of the FID).
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This dual display plot shows the improvement in the resulting spectrum.
The top spectrum results from apodization and zero-filling.

The bottom spectrum results from linear prediction followed by the same apodization

lllustration of backward prediction

Backward Linear Prediction (LN)

The first few data points in an FID can become corrupted due to such things as probe
ring-down. This results in an undulating baseline. While this can be corrected using
NUTS tools such as polynomial correction of the spectrum (FB), it can also be corrected
using backward linear prediction.

See also: Forward Linear Prediction

Note that linear prediction is not included in NUTS Lite.
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Looking at the sinusoidal fluctuation of this FID, it is easy to see that the first point is not
at the "correct™ position.
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After FT of the above FID, the baseline clearly needs to be corrected.

Linear Prediction Parameters

Mumber of points to back predict Iz

Mumber of points to use for prediction |p4

Maximum number of signals in prediction |_1

" Forward Prediction [doubles data size )

i+ Backward Prediction [Uses number of points from above ]

Cancel | OK |

Taking the same FID, type LN (not available on menus) to bring up this screen for setting

the necessary parameters.



The values shown here are the default values and are usually appropriate for baseline
correction.

We are going to correct the first 2 data points, based on the periodicity of the next 64
points. Most linear prediction algorithms need to know how many different frequencies
are present in the spectrum, which is usually not known. By setting this value to -1,
NUTS will determine this value.

We have chosen backward preciction.
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After executing the backward linear prediction, the first data point is clearly in the correct
place.

260



A winNuts - C:ANUTSADATA\crooked. fid

Eile Edit “iew Process 20 Proces: Toolz Help
Al
[

L &LM o | . il |
" —— I =
T T T | T ] T T T | T T T T | T T T T | T T T T | T T T
200 180 100 ad ] ppm

>dc

>

| |Baze Level | | | i

< iy

After FT, the baseline is much flatter.

Stacked Plots (SP)
SP - Stacked plots
A stacked plot of 2D data or "arrayed” 1D data can be displayed. The spectra must first
exist as a 2D data file in NUTS. (This is included in 1D versions of NUTS.) See below
for instructions on creating a 2D file from separate 1D data.
To display just 2 spectra together, see also Dual Display. To display multiple spectra
with differing spectrometer frequency, spectral width and/or number of data points, see
Buffers subroutine.

Note that stacked plots are not included in NUTS Lite.
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Open the 2D data file. The first slice only is displayed.

Execute a Set Scale operation (keyboard command SS or from the 2D Process menu)
which looks at all slices to find the tallest peak so that the display can be scaled

appropriately.

Now, choose Stacked Plot from the Tools menu.

B winNuts - C:ANUTSADATAMold_data‘\VARIANATIDATA FIDAH . 2d

&)

il

IS [=] E3

262



B wWinNuts - C:ANUTSADAT Aol data\WVARIANAT1DATA FIDAH _2d
File  Edit gal=<ER Help
Amplitude Change A ..‘.J
Whitewazh Toggle W
[% Slice Offsets 0
— T T [
’—“WEH_H__
| 1 1 1 1 | T 1 1 1 I 1 1 1 T | 1 1 1 | 1 1 1 1 | 1 1 1 1 |
2.0 25 2.0 15 1.0 0.4 ppm
}SP
} T
| |Stacked Pla | | Mum | A
Al AW

All slices are displayed and scaled to be on screen.

The default offsets are set in the Nuts.ini file, but can be edited by choosing Slice Offsets
from the Display menu. The values used here are

X-Offset = 10%
Y-Offset = 1 (on a scale of 1 to 10)

The vertical scale of all slices can be changed in the same way as 1D data.
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The option of a "whitewashed" plot is available from the Display menu. In this mode,

lines which are behind peaks are not displayed.
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Compare this to the previous figure.
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It is possible to construct a stacked plot of only a part of the total data set. The plot limits
can be set in either of 2 ways:

For an actual 2D data set, display an intensity or contour plot and use 2D Zoom to select
the region. Exit the contour plot and display the stacked plot.

Alternatively, the plot limits can be set explicitly using the Zoom subcommand F. (You
must exit from the Stacked Plot display, with <Enter>, to enter Zoom.) The critical point
to understand is that you must explicitly set the range of slices to be displayed on the
right hand side of the screen (Vertical Dimension). Click on OK, then execute a Ctrl-E
command to implement the chosen range.
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The desired expanded region is displayed.
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Failure to set the desired range of slices will result in display of only 2 slices, rather than
the entire data set.

To build a 2D file from separate 1D spectra, the individual spectra must have sequential
file extensions. Start by opening the first of the 1D files. A 2D data set can be created by

running the following Link:

GASCIN

NUTS will first ask for the name of the first file to open, and then for a name for the 2D
file to be created. When the link has finished, open the 2D file.

Math functions (MA)
MA - Math functions in NUTS
(not included in NUTS Lite)
This is a subroutine for doing calculations. While the routine can be used as a calculator

from the user interface (entered with command MA), its utility is in use within macros.
The following definitions may make more sense if you examine the Math screen by

typing MA.
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There are 10 REGISTER, 10 MEMORY and 10 INTEGRAL locations. The REGISTERs
act like a stack, similar to an RPN calculator. When a math operation is done, it is
performed between REGISTER_0 and REGISTER_1 and the answer is put in
REGISTER_0 and REGISTERSs 2 thru 9 roll down one level. There is one comment field
which can be placed into a Note, along with the contents of Register 0, so results are
displayed on the screen. An example of a macro is shown below.

Related commands: Multiply and Divide data by a specified constant.
Macro commands

Use of the ENTER function puts the value in REGISTER_0 and rolls the stack up. For
example,
DO MATH ENTER 1

Any location can be set to a specific value, such as
SET MATH REGISTER x value Set Reg x to "value™

Clear all Registers, Memory and Integral values using
DO MATH CLEAR

The line below specifies the number of decimal places to show in calculations
SET MATH DECPLACES x

The math operations possible are:

add
subtract
multiply
divide
reciprocal
natural log
log base 10
exponential
power

The following operations are performed on Registers 0 and 1, and the result is then
placed into Register 0.

DO MATH +
DO MATH - Register 1 - Register 0
DO MATH *
DO MATH/ Register 1 / Register 0

DO MATH POWER Reg0**Regl

These operations are performed on the contents of Register O:
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DO MATH RECIPROCAL 1/Reg0

DO MATH EXP
DO MATH LN Natural Log
DO MATH LOG Log Base 10
The value of Register and Memory locations can be set from another location, using
DO MATH REGISTER x REGISTER y copy contents of Reg x to Reg y
DO MATH REGISTER x MEMORY y copy contents of Reg x to Memy
DO MATH MEMORY x REGISTER y copy contents of Mem x to Reg y
DO MATH INTEGRAL x REGISTER y copy contents of Integral x to Reg y
DO MATH INTEGRAL x MEMORY y copy contents of Integral X to Mem
Acquisition parameters can be set from Register 0, using
DO MATH SF1 Set SF1 to the value in Register 0
DO MATH SF2 Set SF2 to the value in Register 0
DO MATH SW1 Set SW1 to the value in Register 0
DO MATH SW2 Set SW2 to the value in Register 0
DO MATH OF1 Set OF1 to the value in Register 0
DO MATH OF2 Set OF2 to the value in Register 0

Acquisition parameters can be placed into Registers or Memory locations, using

DO MATH REGISTER x SF1 Put SF1 into Register x
DO MATH REGISTER x SF2 Put SF2 into Register x
DO MATH MEMORY x SF1 Put SF1 into Memory X
DO MATH MEMORY x SF2 Put SF2 into Memory x
DO MATH REGISTER x SW1 Put 1st Dimension sweep width into Register x
DO MATH REGISTER x SW2 Put 2nd Dimension sweep width into Register x

DO MATH MEMORY x SW1 Put 1st Dimension sweep width into Memory x
DO MATH MEMORY x SW2 Put 2nd Dimension sweep width into Memory x
DO MATH REGISTER x OF1 Put 1st Dim O1 into Reg x

DO MATH REGISTER x OF2 Put 2nd Dim O2 into Reg X

DO MATH MEMORY x OF1 Put 1st Dim O1 into Memory x

DO MATH MEMORY x OF2 Put 2nd Dim O2 into Memory x

The Zoom regions (Z0 - Z9) can be set from values in the Registers. The line below sets
Zoom Region i. The value in register x becomes the left end of Zoom Region i (in ppm),
and the value in register y becomes the right end (in ppm).

DO MATH ZOOM_REGION i x y

The following creates a Note (text annotation) consisting of the COMMENT and the
contents of Register 0, and displays it at specified screen position (X_pos, y_pos) (in
percent of display, a number between 0 and 100). The font used is the default Notes font,
set in the nuts.ini file.
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SET MATH COMMENT string Make "string™ a comment for output
DO MATH NOTE x_pos y_pos

To automatically measure pre-defined integrals, the integral limits must first be defined
using the Set Zoom Region command. (Do not confuse this with the Set Integral macro
commands.) After all regions are defined, a single command, DO MATH GET _INT,
measures all values and places them into the corresponding INTEGRAL locations. For
example, The following sequence defines 2 integrals (7.4 - 7 ppm and 6.2 - 6.0 ppm),
named as regions 1 and 2, and then the Get_Int command puts the integrals of those
regions into Integral locations 1 and 2. It is important to understand that the DO MATH
GET_INT command measures the integrals of all defined zoom regions.

set zoom_region17.47
set zoom_region 2 6.2 6.0
do math get_int

It is also possible to load areas resulting from a line fit in the LF routine. The command
Do Math get_If areas

will insert the area values of peaks 1-10 from the LF calculation into the corresponding
INTEGRAL locations.

These commands are used to request user to enter values at runtime. The entered value is
placed in the specified location.

ASK MATH REGISTER x Ask for a value for Reg x
ASK MATH MEMORY x Ask for a value for Mem x

Example: The following is a macro which measures the mole% of 2 impurities, relative
to the major component.

NutsMacro math test

; ask name of file to open
ask filea

ga

: clear any old Notes

no

C

m

; integrals of 1 proton each from major component
set zoom_region 1 7.17 7.04
set zoom_region 2 7.27 7.18

; integral of impurity #1
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set zoom_region 3 6.02 5.96

; integral of impurity #2
set zoom_region 4 2.72 2.68

; now get the integrals and place into Integral locations in Math routine
do math get_int

; average integrals of 2 protons from major component. Move integrals from major
component

; into registers 0 and 1, add them, divide by 2.

do math integral 1 register O

do math enter 1

do math integral 2 register 0

do math +

do math enter 2

do math /

; Put result into memory location for later retrieval
do math register 0 memory 7

; impurity peak #1 is from 2 protons, so move it to register 0, enter value of 2, divide,
then move to memory location

do math enter 1

do math integral 3 register 0
do math enter 2

do math /

do math register 0 memory 1

; calc mole % imp 1. Divide previous result by integral of main component, mult by 100
do math enter 1

do math memory 7 register 0

do math /

do math enter 100

do math *

; Set comment, output result at specified screen location
set math comment Mole % Impurity #1
do math note 35 10

; now do same for impurity #2
do math integral 4 register 1
do math memory 7 register O
do math /

do math enter 100
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do math *
set math comment Mole % Impurity #2
do math note 35 20

end

Multiply
Multiply the current 1D data set or the currently displayed slice by a constant. This takes

one argument, the factor by which the data is to be multiplied. In Arrayed Mode, only
the current slice is multiplied, not the entire data set.

Divide

Divide the current 1D data set or the currently displayed slice by a constant. This takes
one argument, the factor by which the data is to be divided. This can be helpful in
cleaning up 2D data which has t; noise "stripes"”, which consist of a few data slices with
high noise level. Display each slice and divide it to reduce the noise amplitude. This

command is not array-aware, meaning that even in arrayed mode, it acts only on the
displayed slice.

Copying spectra
Copying spectra to other applications
NUTS provides multiple options for copying spectra into other applications, either via the
clipboard or by writing to a file. On the Mac, the options are to copy a bitmap (Ctrl-C) or
PICT file (Alt-C) to the clipboard, also available from the Edit menu. In the Windows
versions, the choices are bitmap or metaile, and there are variations in the type of
metafile. The enhanced metafile is supported only on Windows.
The commands described below are
Control-C -- Copy to clipboard as bitmap
Alt-Shift-C -- Copy to clipboard as a standard metafile
Alt-Shift-E -- Copy to clipboard as an enhanced metafile

Alt-Shift-P -- Copy to clipboard as enhanced metafile with printer device context

Ctrl-Alt-C -- Copy to file as standard metafile
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Ctrl-Alt-L -- Copy to file as placeable metafile
Ctrl-Alt-E -- Copy to file as enhanced metafile
Ctrl-Alt-P -- Copy to file as enhanced metafile with printer device context

Choosing Copy Bitmap from the Edit menu (or typing Control-C) copies the currently
displayed screen to the clipboard, from which it can be pasted into other programs, such
as word processing programs. The "picture” created this way is a bitmap, and can be
edited with a Paint program. This is the quickest way to place spectra into reports and is
often sufficient. The drawback to a bitmap is that the picture is created pixel by pixel and
so is limited to screen resolution, whereas NMR data usually has much better inherent
digital resolution. The spectra can end up looking coarse, similar to a FAXed image.
Distortions can also result when the bitmap is re-sized. The quality of the final image will
be affected by the size of the NUTS window before executing Copy. A large window
will contain more pixels, so the resolution will be better. However, if the image is then
reduced in size, some pixels can be "lost", and the image can have gaps. It may work
better to set the NUTS window to the size of the final image desired, then Copy, and
don't resize after pasting.

The second method for placing a spectrum into a report is to copy it as a Windows
Metafile (or Mac PICT file), rather than a bitmap. A Metafile (or PICT) is a vector
drawing and can be edited with Draw programs. This type of drawing preserves the
digital resolution inherent in the data, so the spectrum looks as good as when printed
directly out of NUTS. The disadvantage is that it is slow and the resulting picture when
pasted into other programs can be very large. The more data points you have displayed,
the slower the operation is.

The appearance of the image after pasting is affected not only by NUTS, but also by the
target application (see comments below). NUTS offers multiple Metafile variants to give
the user the ability to experiment with what works best with his/her preferences and other
applications. Some trial and error is needed to determine the best way to paste spectra
into a particular application.

The Enhanced Metafile is supported only under Windows. This seems to avoid some of
the reported problems with printing from the target application, and seems to handle fonts
somewhat better. Also, any inset plots which have been created (with MO) are copied
along with the main plot, which is not true of standard metafiles. There are 2 types of
Enhanced metafiles available from the Edit menu, one of which requires a printer "device
context”. Using a printer DC means that the image is generated with properties
pertaining to a specific printer. If this is chosen, and a printer has not been defined in the
current Nuts session, a print setup box will appear when a metafile is copied.

Why use a Printer Device Context?
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When a metafile is copied to the clipboard, the coordinates are expressed as integers
(because you can't have a fraction of a pixel) and this can cause roundoff errors if the
number of points in the spectrum being copied exceeds the number of pixels. When the
resulting metafile is pasted into the target application and stretched, distortion can result.
The logical solution is to create the metafile at higher digital resolution. This is done by
using a "Printer Device Context" which means that the metafile is composed at the digital
resolution of the printer rather than the lower screen resolution. Most common printers
are 300 or 600 dpi, but you can install a printer driver that has much higher resolution (>
2000 dpi), even though you don't actually have such a printer. Add a "printer” (such as a
Linotronic) on your computer whose designated destination is FILE rather than a printer
port, and select this printer from inside NUTS (File/Printer setup). Then choose "Copy
Printer DC Enhanced Metafile to Clipboard™ from the Edit menu. When pasted, the
image should be essentially free of distortion. Note that many applications, such as
Word, allow you to edit a pasted metafile, but to do this, the application converts it to its
own internal graphics object, and this may re-create the very roundoff problem we had
avoided.

We have recently (September, 2003) noticed that the procedure described above no
longer yields high quality spectra in Word or PowerPoint. If you display the resulting
spectrum at 500% scale, the distortion is obvious. We assume changes in newer versions
of Office or perhaps Windows are responsible. There is a work-around. NUTS allows
copy the metafile to a file, rather than to the clipboard. Save the spectrum to a file, then
use Insert/Picture from file to place the spectrum into the document.

The added complication is that the target application into which the spectrum is pasted
also affects the final image quality. Using the higher resolution printer device context
solves the roundoff problem when pasting into Word or PageMaker. But pasting the very
same copied spectrum into Publisher or PowerPoint still gives a spectrum distorted by
roundoff.

A few additional points need to be noted regarding metafiles. Any text displayed on the
screen (with Ctrl-B command) is not copied when copying as a standard metafile or as a
PICT file, because placing the spectrum into the clipboard replaces the text that was
there. Text on the screen is preserved when copying as an enhanced metafile or bitmap.
Font sizes chosen in NUTS assume a full-page plot. If the spectrum is reduced when
pasted into another application, the fonts are reduced proportionately, and may become
too small. The font can first be changed in NUTS from the Edit/Fonts menu. This can
easily be done with a macro which resets the font sizes. Whether or not the font can be
changed after pasting into the target application depends on the specific application.
PowerPoint, Publisher and Word have the ability to break the image down into its
component parts, which allows you to edit parts of the spectrum (eg., change the font of
the axis labels, remove a specific integral trace, change colors of any single item).
However, this involves a conversion which can result in loss of image quality.

For documents which will ultimately be printed on a black and white printer, you may
want to set all colors in NUTS to black (from the File / Page Setup menu, choose
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monochrome display). Otherwise, from some applications (such as Microsoft Word), the
laser printer will "dither” the colors and the lines will come out dashed, not solid. Figures
for slides or posters may be more visible if the line thickness is increased before copying,
which is also done from the NUTS File/Page Setup menu. Depending on the graphcis
capabilities of the target application, annotations may be made after pasting. However, it
may be simpler to add a structure or text annotations in NUTS before copying.

A Metafile can also be written directly to a file, rather than placed into the Windows
clipboard, by typing Ctrl+Alt+C (for a Standard Metafile), Ctrl+Alt+L (for a Placeable
Metafile) Ctrl+Alt+E (for Enhanced Metafile) Ctrl+Alt+P (for Enhanced Metafile with
printer device context). These commands are also available from the Edit menu. The
Metafile will consist of the currently displayed region. NUTS will prompt for a file name
for the Metafile. (The file extension .WMF is suggested, as this will be recognized by
many other Windows applications.)

Another method of incorporating spectra into reports is to print to a file. Many
applications, such asWord, have import filters for these files which can be used to insert a
graphics object into the target application. Depending on the type of printer available and
the import filters in the target application, it is possible to print to a file in either HPGL
format or postscript format. To do this, choose Print Setup from the file menu and select
"HPGL Plotter to File" or "Postscript Plotter to File" as the printer. (If this is not one of
the printer options, the corresponding printer driver must first be installed. Then connect
that printer to file using the Windows Control Panel.) Use Page Setup from the NUTS
File menu to choose whether or not a box drawn will be drawn around the plot and
whether or not parameters should be listed. Then choose Print from the File menu and
supply a file name. The file can then be imported from within a word processing program
or other application. How well this works is dependent on the import filter of the program
into which the file is imported.

Window view for interactive apodization
WV - Window View
This subroutine allows experimentation with window functions while simultaneously
viewing the apodization function, the FID and the resulting spectrum. The spectrum can

be expanded with zoom so that the effects on lineshape can be more easily seen.

This subroutine is not included in NUTS Lite.
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File Edit View Process 2D Process
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Start by processing the data with no apodization, FT and phase.

Before entering the WV subroutine, this has been expanded to view the region of interest.

Type WV to enter the subroutine.

275



= WinMuts - test.ool v ).

File Edit View Process 2D Process Tools Help

o
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WV
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| [y | | Num_| 7l
« +

The grey line at the top is the apodization function.

The green trace is the entire FID, even when the spectrum is expanded. This allows
adjustment of the apodization to match the shape of the FID.

Most Nuts commands are active while in the WV subroutine, allowing the user to set
parameter values such as linebroadening (LB), gaussian factor (GF) and phase for sine
function (S#).

No changes are made until the chosen window function is applied. (EM, LG, TF, MS or
T™)
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= WinMuts - test.ool \ b

File Edit View Process 2D Process Tools Help
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Here, LB was set to 1 and EM executed.
The grey line shows the shape of the resulting function. The FID does not change.
The spectrum has changed to reflect application of 1 Hz linebroadening.

This operation can be undone by typing Ctrl-Z, causing the apodization function and
spectrum to be reset so that a different function can be applied.
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WinNuts - DANUTS\DAT Altest.ool .
File Edit View Process 2D Process Tools Help
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Here, LB was set to -1, GF was set to 0.1 and LG was executed (Lorentz-Gauss
resolution enhancement).

Exiting the routine with <ENTER> applies the current window function and displays the
resulting spectrum.

Exiting the routine with <ESCAPE> aborts the operation, and reverts to the spectrum that
was displayed before the WV routine was entered.

Note that commands ZF and SH cannot be executed while in the WV routine.

WV can be especially useful when optimizing window functions for 2D data.

Reference Deconvolution

We were intrigued by a poster presented at the 1994 ENC by Ken Metz (Poster # WP111)
entitled "Simple Technique for Improving Resolution in Heteronuclear NMR Spectra by
Deconvolution with the Measured By Field Distribution™. The poster demonstrated a
processing technique for removing lineshape distortions, based on an earlier paper by
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Morris (J.Magn.Reson., 80, 547, 1988 ) and showed some impressive improvements in
lineshape.

The basic idea is that if you know the shape of the distortion, you should be able to
correct for it. To measure the distortion, you need a "reference" spectrum of a single,
isolated peak whose ideal lineshape is known, eg., chloroform or water. A comparison of
the reference spectrum and the ideal lineshape characterizes the shape of the distortion.
Both ideal and reference peaks are mathematically adjusted to be at zero frequency and
inverse FTed. An apodization function is created by dividing the ideal time-domain
function by the reference FID. This apodization function is then applied to a real FID.
The resulting lineshapes are substantially improved. The whole approach, of course,
relies on the assumption that all peaks have the same distortion.

To implement Reference Deconvolution with NUTS:

The first step in creating the function is to have a spectrum containing an isolated singlet
peak. This serves as a reference peak which characterizes the distorted lineshape. Use
Zoom to expand the spectrum to a small region with only this singlet displayed. Estimate
the real linewidth, in the absence of distortions, and set LB to this value (Type LB and
enter the chosen value in the highlighted box.) Suggested values are 0.3 to 1 Hz. Typing
CF creates the convolution function in 3 steps: It creates an FID from the displayed
singlet via an inverse FT (removing all other peaks that were in the spectrum). It also
creates an ideal FID corresponding to a Lorentzian line with width equal to LB. Finally, it
creates the convolution function as the result of dividing the ideal FID by the "reference"
FID created from the singlet peak in the real spectrum.

To apply this function, read in (with File/Open or GA) the FID to be corrected, and type
CA (Convolution function Apply), then FT and proceed as usual. If the base of the peak
appears distorted, it may help to repeat the entire process and use a larger value for LB.
The convolution function has a shape somewhat like other resolution enhancement
functions. It can be viewed (after being created by CF) by typing CV. The function can
be saved by selecting the Save Convolution Filter option under the Tools/Convolution
option. Similarly, a previously saved function can be recalled from the same menu.

Refs: K.Metz, Poster # WP111 presented at the 35th ENC, 1994

G.A.Morris, J.Magn.Reson., 80, 547 (1988).
A.Gibbs and G.A.Morris, J.Magn.Reson., 91, 71-83 (1991).

NUTS implementation of reference deconvolution
CF -- Create Convolution Function
Creates a convolution function relating observed lineshape to an ideal Lorentzian

lineshape. When applied to an FID , the resulting lineshape is improved. Commands
related to this operation can be found in the menus under Tools/Convolution.
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Ref: K.Metz, Poster # WP111 presented at the 35th ENC, 1994
G.A.Morris, J.Magn.Reson., 80, 547 (1988).
A.Gibbs and G.A.Morris, J.Magn.Reson., 91, 71-83 (1991).

The basic idea is that if you know the shape of the distortion, you should be able to
correct for it. To measure the distortion, you need a "reference™ spectrum of a single,
isolated peak whose ideal lineshape is known, eg., chloroform or water. A comparison of
the reference spectrum and the ideal lineshape characterizes the shape of the distortion.
Both ideal and reference peaks are mathematically adjusted to be at zero frequency and
inverse FTed. An apodization function is created by dividing the ideal time-domain
function by the reference FID. This apodization function is then applied to a real FID.
The resulting lineshapes are substantially improved. The whole approach, of course,
relies on the assumption that all peaks have the same distortion.

See step-by-step example below.

The first step in creating the function is to have a spectrum containing an isolated singlet
peak. This serves as a reference peak which characterizes the distorted lineshape. Use
Zoom to expand the spectrum to a small region with only this singlet displayed. Estimate
the real linewidth, in the absence of distortions, and set LB to this value (Type LB and
enter the chosen value in the highlighted box.) Suggested values are 0.3 to 1 Hz. Typing
CF creates the convolution function in 3 steps: It creates an FID from the displayed
singlet via an inverse FT (removing all other peaks that were in the spectrum). It also
creates an ideal FID corresponding to a Lorentzian line with width equal to LB. Finally, it
creates the convolution function as the result of dividing the ideal FID by the "reference”
FID created from the singlet peak in the real spectrum.

To apply this function, read in (with File/Open or GA) the FID to be corrected, and type
CA (Convolution function Apply), then FT and proceed as usual. If the base of the peak
appears distorted, it may help to repeat the entire process and use a larger value for LB.

The convolution function has a shape somewhat like other resolution enhancement
functions. It can be viewed (after being created by CF) by typing CV.

The function can be saved by selecting the Save Convolution Filter option under the
Tools/Convolution option. Similarly, a previously saved function can be recalled from
the same menu.

CV -- View Convolution function

Replaces the current spectrum with the calculated convolution function created with CF.
This command is also available from the Tools/Convolution menu. A previously saved
function can be recalled from the same menu.

CA -- Apply Convolution function
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Applies a convolution function created either using the CF command or placed into the
convolution buffer using the DB command. This command is also available

lllustrated example of reference deconvolution
This is a technique for correcting distorted lineshapes without loss of signal-to-noise. To

do this, we need to be able to characterize the nature of the distortion, which is done

using a reference spectrum. See description of reference deconvolution for details and
references.

Note that this feature is not included in NUTS Lite.

B winNuts - C:ANUTSADAT Aol data\MYRAASE ster 001
File Edt “iew FProcess 20 Procesz Tool: Help
T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I
14 12 10 a 5] 4 2 1] -2 pRm
>ol %
>
| |Base Lewel | | | il
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Start with a spectrum with poor lineshape.
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B winNuts - C:ANUTSADAT Aol data\MYRAASE ster 001
File Edt “iew FProcess 20 Procesz Tool: Help
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Expand to display just the isolated singlet. Enter a value for LB, the estimated linewidth
in the absence of distortion. LB used here is 1 Hz.

Typing CF (also available from the Tools/Convolution menu) performs three steps:

Creates a zero-frequency "reference” FID from the peak in the Zoom region
Creates a zero-frequency FID from an ideal Lorentzian line with linewidth equal

to LB.
Creates a customized apodization function by dividing the ideal FID by the

reference FID
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B winNuts - C:ANUTSADAT Aol data\MYRAASE ster 001
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Read in the original FID again and apply the function with CA (or from the
Tools/Convolution menu).

Compare the resulting lineshape with the first frame above.

Resonance Elimination (RE)
RE -- Resonance Elimination

This subroutine can be used to remove a single, dominant, low-frequency resonance from
an FID. This is done with a fitting routine, in which amplitude, frequency, phase and
Lorentzian/Gaussian linewidth are adjusted to match the actual data. This can be useful to
remove a residual water line in the center of a spectrum. Results depend heavily on
having a good, symmetrical lineshape, but can reduce the water resonance by more than
1000x in some examples. See details below on how to use RE.

Subcommands, available from the Edit menu, are:

D Delete (subtract) the calculated FID from the data
E Edit the fit parameters

F Perform fit

R Reset parameters to default settings

<ENTER> Exit the RE subroutine

See also: Eliminate Dispersion component

This subroutine fits an FID with a single frequency and then subtracts the calculated FID
from the data. The FID must be dominated by a single resonant frequency near zero.
Because the calculated FID will have ideal Lorentzian lineshape, the quality of the fit is
critically dependent on the lineshape of the data.

Note that RE is not included in NUTS Lite.
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B winNuts - C:ANUTSADATAVre_test fid
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This spectrum has a very large peak at the center (0 frequency) and some small peaks
very close to it. The goal is to remove the large peak without affecting the smaller ones.

(This is actually simulated data, with ideal lineshape.)

B winNuts - C:ANUTSADATAVre_test fid k
Eile Edit Help
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On entering the RE subroutine, a first guess at a matching FID is displayed

Linewidth Lorenzian Hz

Linewidth Gaussian Hz

P WinNuts - C:ANUTSADATAMe test fid
File Edit Help
2l
———— Hesonance Extraction Parameters — |
2.5 sec
Amplitude I 2966.4
>re Frequency | 0.0 Hz
>
Ready Phase IT degrees
I 2.0

Cancel | OK

These parameters can be adjusted to give a closer starting point by selecting Edit
Parameters from the Edit menu, or typing E.

This dialog box shows the parameters which are adjusted during the fit.
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B winNuts - C:ANUTSADATAVre_test fid

File Help

\ Copy Bitrmap ta Clipboard Chl C ;I
lll Copy ketaFile to Clipboard At Shift ©

1-.1 Delete Calculated Resonance D

y Edit Parameters E
T T T T ] T T T T | T T T T ] ..|....|..__!

05 1.0 15 20 2.5 sec

>re
>
| |Ease Level | | MHum | i
Al [ W o

To initiate the fit, select Fit to Data from the Edit menu, or type F. The Simplex fit may

take a couple of minutes.

When the fit is completed, select Delete Calculated Resonance from the Edit menu, or

type D.
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B winNuts - C:ANUTSADATAVre_test fid
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After FT, the major peak is removed. A small negative peak remains, because the fit was
not perfect.

B winNuts - C:ANUTSADATAVre_test fid k
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Comparison of spectra without (top) and with RE, using the Dual Display utility.
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Eliminate Dispersion
ED - Eliminate Dispersion

A routine to reduce residual dispersion lines at the center of a water suppressed spectrum
was added at the request of Jerry Dallas and Marc Alder at Berlex per the reference:

Adler M., and Wagner, G. "A New Technique for the Removal of Baseline Distortions
Caused
by Strong Water Signals.” (1991) J. Magn. Reson. 91, 450.

Often, 2D spectra acquired in H,O using water suppression have a large dispersion
component to the residual water peak. The dispersion line has large "wings" that extend
on each side of the peak, and this can create substantial baseline distortions. This cannot
be removed by digital filtering. By subtracting out the dispersion component, these broad
wings are eliminated, giving a much flatter baseline and contour plots with less
pronounced "zipper" appearance.

Compare the 2 pairs of plots below (single slice and stacked plots). The first plot shows
the broad wings caused by the dispersion component of the residual water peak. The
second one shows the much flatter baseline obtained after removing the dispersion
component. In the stacked plot, notice also the modulation in the amplitude of the peak
at 4.3 ppm caused by the variation in phase of the dispersion component of the water
peak, which is eliminated when the dispersion component is removed.

8 7 ) 1‘%5 4 3 '"2
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To use this command, zoom in on the residual water peak. That expanded region will be
used to fit a dispersion line:

I(w) = a*(Wo-w) / { (U/T2)* + (Wo-w)* }

using three parameters:
W, - frequency of the center of the water peak. The peak must be close to
zero frequency (center of the spectrum), as this parameter is adjusted over
only a small range.
T, of the water peak

a - amplitude

This fitted calculated dispersion line is subtracted from the entire spectrum (all real data
points).

The fit can be made faster by using default values of T, and/or w.
When ED is executed in the 2-lettered command mode, or in the non-2-lettered command
mode with no arguments specified, NUTS uses the displayed zoom regionto do a 1

parameter fit to amplitude using a fixed T, = 10.0 and w, = 0.0

The command will take arguments when operating in the non-2-lettered command mode.
Examples are:
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ED1 // same as default mode above

ED 120 /I 1 parameter fit to amplitude using T, = 20.0 and w,= zero.
ED 2 /I 2 parameter fit to amplitude and T, with w,= zero.

ED 3 /I 3 parameter fit to amplitude, T, and w.

This can be used in Arrayed Mode to perform the fit on each slice with the single
command.

Digital filtering
DH -- Digital High pass filter

This routine allows the user to define a frequency limit and apply it to an FID. Signals
above that frequency limit will remain unchanged and signals at lower frequencies will
be filtered out from the currently displayed FID.

This is done by creating a function in the frequency domain which is equal to one for all
frequencies greater than the cut-off value and equal to zero for all frequencies less than
the cut-off. The function is converted to the time domain using a Hilbert transform. This
time domain function is then correlated with the FID to remove high frequency
components.

The user can adjust the order of the function, which is the number of pts in the correlation
function. The more points, the sharper the cutoff, but the operation also becomes slower.
As the order approaches the number of points in the FID, the filter approaches being
perfectly square.

If the number of data points is not equal to a power of 2, it is important to execute a zero-
fill to next higher power of 2 before executing the digital filter. Failure to do this will
hang the program.

DL -- Digital Low pass filter

This routine allows the user to define a frequency limit and apply it to an FID. Signals
below that frequency limit will remain unchanged and signals at higher frequencies
(measured from the center of the spectrum) will be filtered out from the currently
displayed FID.

This is done by creating a function in the frequency domain which is equal to one for all
frequencies less than the cut-off value and equal to zero for all frequencies greater than
the cut-off. The function is converted to the time domain using a Hilbert transform. This
time domain function is then correlated with the FID to remove high frequency
components.
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The user can adjust the order of the function, which is the number of points in the
correlation function. The more points, the sharper the cutoff, but the operation also
becomes slower. As the order approaches the number of points in the FID, the filter
approaches being perfectly square.

If the number of data points is not equal to a power of 2, it is important to execute a zero-

fill to next higher power of 2 before executing the digital filter. Failure to do this will
hang the program.

D2 -- Decimate data by 2

This command is intended for use on an FID in conjunction with a digital low-pass filter.
The D2 command "decimates” the data by a factor of 2, meaning that every other point is
discarded. This reduces the data size by half and also reduces the spectral width by half
(by effectively digitizing the data a factor of 2 slower). This only makes sense for use
following application of a low pass filter set equal to half the spectral width.

See also: Extracting a spectral region (XT)

/2 -- Decimate FID

This command operates differently on time and frequency domain data.

When applied to an FID (time domain), this command reduces the data by half, similar to
D2, but instead of simply deleting every other point, pairs of points are averaged. So
each pair of points is replaced by their average.

When applied to a spectrum (frequency domain), one quarter of the spectral window on
each end of the spectrum is discarded. Number of data points and SW are both reduced
by a factor of 2.

The command will accept an argument (in the non-2-letter command mode) which is the

number of points to eliminate at each end of the spectrum. The argument is ignored if the
data is time domain.

Histograms (binning) (HI)
HI - Histogram
This is a new tool for reducing or digesting (also referred to as "binning™ or "bucketing")
a complicated spectrum for input into software that performs principal component

analysis.

Background
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Spectra such as *H spectra of biofluids are so complex that it is not possible to assign all
peaks, yet they still contain valuable information. The spectra must be reduced to a
simpler form that is more tractable to enable comparison of spectra and identification of
correlations.

This is done by segmenting the spectrum into narrow frequency regions, usually 0.04
ppm wide, and summing all points in each region. Each region is thereby reduced to a
single number, called a descriptor. This not only reduces the number of data points to a
more manageable number, but also allows for small differences in chemical shifts, such
as might be caused by variations in pH.

It may be desirable to eliminate some descriptors (such as the residual water peak, which
varies from spectrum to spectrum). The values are normalized, to allow comparison of
different spectra. The resulting data are output as an ascii text file consisting of 2
columns of numbers, chemical shift and intensity. This data can then be analyzed by
other software.

Using the HI command in NUTS

6/19/2002

HI - (or equivalent, non-2-letter command histogram) This command generates a text
file which is a list of intensity descriptors. The first item in each line of the descriptor file
is the PPM value of the start of the descriptor. The second item is a relative sum of the
intensity in the descriptor PPM range, which by default is 0.04 PPM wide. The descriptor
file has the following characteristics:

All negative sums are zeroed
The sum of all descriptors is 1.0

By default, the size of each descriptor is 0.04 PPM. By default the total spectrum is used
for the descriptor file and all data points in the file are used. It is possible to customize
this by having NUTS read a file containing the relevant information. This is done with
NUTS in the non-2-letter command mode. The command will take an argument which is
the file name for this descriptor properties template file. A sample file is shown here:

Histogram_Template
Descriptor_Size 0.1
Include 10.0 0.0
Eliminate 9.50 9.0
Eliminate 5.00 4.00

The ends of the spectrum can be ignored by specifying a region to be digested, with the
"Include” line. The regions specified by "Eliminate” are excluded from the descriptor
file.

References
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Extracting part of a spectrum
Extracting spectral regions (XL and XT)
There are two different tools available in NUTS for extracting part of a spectrum.
Extract Line (XL) -- This command extracts just the displayed Zoom region, places the
biggest peak in that region at the center of the extracted spectrum, and adds zeros to both
ends of the spectrum so that the final size of the extracted spectrum is the same as the
original spectrum. This was initially created for use with reference deconvolution.
Extract region (XT) -- This command extracts just the displayed Zoom region. The

resulting spectrum has a data size equal to the number of points in the zoom region. This
can be useful for overlaying spectra that were acquired with different offsets.
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A winNuts - C:\NUTS\DATA\geeb.fid

File Edt “iew FProcess 20 Procesz Tool: Help

[
_
, o ull
T I T T T I T T T I T T T I T T T I T T T I T T T I
12 10 8 B 4 2 pRm

>th

>

| |Base Lewel | | | el

Rl 1

Begin with a spectrum of ethyl benzene.

P winNuts - C:A\NUTS\DATA\qeeb.fid
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Use Zoom to expand so that just one peak is shown, in this case the water peak.
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Exit zoom with <Enter>.

B WinNuts - C:ANUTSADATAAqeeb._fid
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After executing XL, the spectrum consists of just the water peak, shifted to be in the

center of the spectrum (zero frequency), and zeros are added to both ends so that the final

data size is the same as the initial spectrum.
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This is a kinetics experiment run on a spectrometer without a field/frequency lock, so the
field moved during the course of the experiment.

The task was to create a display with the peaks correctly lined up.

A winNuts - C:A\NUTSADATAVold_data\MYBAASE ster. 001
Eile Edit “iew Process 20 Proces: Toolz Help
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Expand each spectrum to the same frequency limits, being sure that each spectrum is
correctly referenced.

Execute a XT operation on each spectrum, saving the resulting files.

B winNuts - C:ANUTSADAT Aol data\MYRAAT est? rx

File Edit Dizplay Help
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The extracted spectra were converted to a 2D file and now the peaks line up.
(To create a 2D file from a series of 1D spectra, run this Link:

GASCIN
and supply the name of the 1D files and an name for the 2D file to be created.)

See also: X0 - X9 to extract pre-set spectral regions.

Searchable Archive

not included in NUTS Lite

Overview
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This NUTS tool allows the user to create and search an archive file containing
information about a collection of Nuts spectra. The file is a text file consisting of several
fields, identified by keywords.

The information placed into the archive file is taken from the "tailer" of each file in a
directory or folder. When a spectrum is processed with Nuts and then saved, several
pieces of information are automatically saved in the file tailer. This can include:

a list of peaks defined by PP or within the DP subroutine

a list of integral regions defined via automatic integration (Al) or in the
integration subroutine (ID)

a pointer to a metafile (or PICT file on the Mac) containing a molecular structure,
imported into the MO routine

items such as multiple names, molecular formula and nucleus which are input via
the IF command

Creation of an archive file involves first processing each spectrum and saving the
processed data, all in the same directory or folder. The archive file is created within Nuts
using the Database Make (DM) command, which reads the tailers of all files in the
chosen directory and enters the information into a text file with appropriate keywords.
This file could be searched with any search tool, but is most easily searched from within
Nuts using the Database Search (DS) command. A dialog box is displayed allowing
search criteria to be entered in several fields. With the exception of the chemical shifts,
all searches are sub-string searches. For chemical shifts, a value is entered as well as a
range. When an entry is made in the Name field, the search operation looks for matches
in any of the 3 Name fields defined in the IF routine. Entries can be made in more than
one field, which causes the search to find entries which meet all specified criteria (logical
AND). Multiple entries can be made in the Name field, separated by a space, to search
for a name containing multiple sub-strings. For example, entering "methyl phenyl” would
search for occurrence of both methyl and phenyl in the name fields, and select only those
containing both.

After the Search button is clicked, a box displays the number of hits found, and clicking
on OK displays information about each file, in turn, that matched the search criteria.
When the desired file is located, the corresponding spectrum is loaded into Nuts by
clicking on the Load button. The information from the file tailer is automatically read,
and peak labels, integrals and structures (if any) are displayed. To select another file from
that search, use the View Search (VS) command. To perform another search, enter the
DS command again.

These commands are available from the Tools menu.
DM -- Database Make

This command is active only with the optional Searchable Archive accessory, which
allows the user to create and search a database composed of his own files.
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Windows version -- This command takes all the NUTS files in the selected directory and
constructs a text file from information saved in each file's tailer. This file can then be
searched. This file includes pointers to the NUTS spectra, so that files matching search
criteria can be loaded into Nuts. When the DM command is executed, a File Open dialog
box is displayed. The user selects any file in the directory containing the Nuts data. All
files to be included in the database must reside in that directory. The archive file has the
default name _master.ndb, which can be renamed only after it is created.

Macintosh version -- Due to limitations of the Macintosh operating system and the
Microsoft NT cross compiler for the Macintosh, the DM command does not operate in
exactly the same way as the Windows version. The problem is that the Macintosh is not
capable of creating a list of files in a folder in an automated way, which is used to create
the searchable file. Instead, the user must first create a text file consisting of a list of the
NUTS files, all saved in one folder, from which Nuts will construct the database. When
the DM command is executed, a File Open dialog box is displayed. The user selects this
text file, and then the command operates as for the Windows version. The default name
for the archive file created by DM is [space]master.ndb (so that it will be displayed at the
top of the list of files in that folder).

DS -- Database Search

This command is active only with the optional Searchable Archive accessory, which
allows the user to create and search a database composed of his own files. The archive
file is first created within Nuts using the Database Make (DM) command. Once the
archive file has been created, it can be searched using DS. Show me how to search.

The DS command brings up a dialog box in which the user selects the database file
created with the DM command. Then a screen is displayed in which the user can enter
search criteria for searching that database file. It is possible to search by user name, date,
compound name, comment line, molecular formula, nucleus, file name or chemical shift.
With the exception of the chemical shifts, all searches are sub-string searches. For
chemical shifts, a value is entered as well as a range. When an entry is made in the Name
field, the search operation looks for matches in any of the 3 Name fields defined in the IF
routine. Entries can be made in more than one field, which causes the search to find
entries which meet all specified criteria (logical AND). Multiple entries can be made in
the Name field, separated by a space, to search for a name containing multiple sub-
strings. For example, entering "methyl phenyl™ would search for occurrence of both
methyl and phenyl in the name fields, and select only those containing both.

After the Search button is clicked, a box displays the number of hits found, and clicking
on OK displays information about each file, in turn, that matched the search criteria.
When the desired file is located, the corresponding spectrum is loaded into Nuts by
clicking on the Load button. The information from the file tailer is automatically read,
and peak labels, integrals and structures (if any) are displayed. To select another file
meeting the search criteria, enter VS (View Search). To perform another search, enter the
DS command again.
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VS -- View Database Search

This command is active only with the optional Searchable Archive accessory, which
allows the user to create and search a database composed of his own files. The archive
file is first created within Nuts using the Database Make (DM) command. Once the
archive file has been created, it can be searched using DS. VS is used to return to the list
of files created by DS, without performing the search again.

Other Nuts commands which affect operation of the Searchable Archive include

Information Entry (IF) -- allows alternate sample or compound names and molecular
formula to be entered, and subsequently saved in the file's tailer. This information is
collected into the archive file by the DM command, and is searchable using the DS
command.

MetaObijects subroutine (MO) -- This subroutine allows one or more graphical objects,
such as a molecular structure, to be imported from a file (metafile for Windows, PICT
file for Macintosh). A pointer to this file is subsequently saved in the file's tailer, and is
incorporated into the archive file so that it is displayed when the spectrum is loaded
following a search operation.

Define Peaks (DP) -- A list of peaks selected within the DP subroutine are saved in the
file's tailer and is incorporated into the archive file. This allows searching by chemical
shift. Note that peaks selected with the PP command are not saved in the file's tailer.
Peaks must be selected using the DP subroutine.

Searching by chemical shift or substructure

JJ - 1*C Chemical Shift Searching

This feature allows the user to search a small collection of *3C spectral data based on
substructure, chemical shift range, name (or part of a name) or reference number. The
database resides in encrypted files installed with NUTS. The user can also create his/her
own database which will also be searched with this command. See details below.

Typing JJ displays the following dialog box, allowing one of 4 different types of search
criteria to be entered. The "pattern” option refers to a text-based system for describing
substructure. The search is initiated by clicking on the corresponding button to the right.
Only one criterion is searched, even if information is entered in other boxes. In the
sample shown, we are searching for carbon peaks between 190 and 192 ppm, inclusive.
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Carbon NMR Search Routines

Pattern | Search Pattern
Range |190-192 Search Range
Name | Search Name
Reference | Search Reference
Cancel

The following response is displayed, showing that the database contains 6 carbon peaks
in this range:

WinNuts i

!5 Hits =6 Min= 130.0PPM Max= 1920 PP

X

Clicking on OK launches the web browser (Windows only) and displays the following
report. (See below for how to configure NUTS to launch your browser.)

Carbon Chemical Shift Search Range Report
Carbon Shift Range is: 190.0 PPM - 192.0 PPM

SHIFT MOLECULAR FORMULA REF # NAME
PATTERN
191.4  C5H802 115 acetylacetone
5-APHJa
191.4 C5H802 115 acetylacetone
9-ALhl
190.0 C13H160 454 2,2,3,3-tetramethyl-1-
indanone (9)-(D)aadvhd
191.3 C8H803 292 vanillin
9-HVhh
191.6 C9H1003 346 3,5-dimethoxybenzaldehyde
9-HUhh
192.0 C7H60 229 benzaldehyde
9-HVhh

Suppose we now want to know more about vanillin. We can perform another search, this
time by reference number 292. The following report is generated.

Reference # Report
Reference # is: 292
56.0 C8H803 292 vanillin 1-0Ov
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191.3 C8H803 292 vanillin 9-HVhh
127 .4 C8H803 292 vanillin 10-HJaOa
109.4 C8H803 292 vanillin 10-HHPH
114.8 C8H803 292 vanillin 10-HHPH
109.4 C8H803 292 vanillin 10-HJhOaH
114.8 C8H803 292 vanillin 10-HJhOaH
129.5 C8H803 292 vanillin 10-JhHHP
147 .5 C8H803 292 vanillin 10-0aHPH
152.3 C8H803 292 vanillin 10-PHOaJh

Vanillin has 8 carbons, but notice that the report has 10 entries. This is due to an
ambiguity in the assignment of 2 of the peaks.

As an example of a substructure search, 3-AABc is entered and the Pattern Search button
clicked. (3-AABc represents a methine carbon bearing 2 methyls and a CH,-CH- group.
See coding explanation.) The following response is displayed:

WinMuts i

."'

Average= 262 Hits=58 Min= 248 Max= 306

In this case, the database contains 5 examples of this substructure. NUTS displays the
average shift of those 5 values, as well as the minimum and maximum values, giving the
user an estimate of the possible shift range for this carbon. Clicking on OK displays the
following report in the browser:

Carbon Pattern Report
Carbon Pattern is: 3-AABc

SHIFT MF REF # NAME PATTERN
24.8 C6H13N02 204 leucine (acidic) 3-AABcC
24.8 C6H140 214 4-methyl-2-pentanol 3-AABc
25.2 C6H13N02 203 leucine (basic) 3-AABcC
25.8 C60H92N12010 499 gramicidin S 3-AABc
30.6 C12H24 445 7,9-dimethyl-1-decene 3-AABc

Searching by substructure can be done automatically if a molfile is displayed.
Configuring NUTS to work with a web browser (Windows only)

NUTS must first know where to find your computer's web browser. This is set in the
nuts.ini file, in the [DIRECTORIES] section. Here are the default paths for WinNT and
Win98. You must un-comment (remove semicolon from) the line corresponding to your
OS, and verify that the path and file name are correct for your system.

; Default Directory for Window NT 4
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BROWSER = C:\\Program Files\\Plus!\\Microsoft Internet\\iexplore.exe
; Default Directory for Windows 98
; BROWSER = C:\\Program Files\\Internet Explorer\\iexplore.exe

Creating a database of your spectral data

NUTS searches both the supplied, encrypted spectral data and also some user-editable
files (with file names Imyshift.txt and 'mynames.txt). NUTS is supplied with sample
files (shown here) that can be edited with any text editor. Simply follow the syntax
shown. These files must be in the data subdirectory of the NUTS program.

MyShiftTable
; Users Carbon Pattern code and reference number list

;Code Shift Reference #
;1-Ban 23.8 515 ;This is a sample entry, remove seicolon

The syntax for the 'myshifts.txt file is

substructure_code shift reference#

with each item separated by a space. The syntax for the Imynames.txt file is
reference# molecular_formula name

with each item separated by a space.

MyNamesTable
; User Reference Number and names list

;515 C6H15N diisopropylamine ;Sample entry, remove
semicolon

Substructure codes

3¢ chemical shift searching is initiated with the command JJ. Searching from a
displayed molfile is in development.

The substructure code is a simple, text-based system for classifying carbons by their type,
nearest neighbors and next nearest neighbors. Each different type of carbon (methyl,
carbonyl, phenyl, etc) is assigned a number. Its substituents are indicated by upper case
letters, usually alphabetically. For each substituent, its substituents are, in turn, indicated
by lower case letters, usually listed alphabetically.

For main groups and their substituents that are part of a ring, the number or upper-case

letter is enclosed in parentheses. This does not apply to the ring systems designated
explicitly (numbers 10-15). See examples below.
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The following 2 tables show the numbers for each type of carbon, and the letters for each

substituent.

Partial codes can be entered for searching. For example, 2-B will return all CH,s which
have at least one CH; substituent.

For olefin, phenyl and pyridine (types 5, 10 and 11, respectively), it is necessary to use *
as a "wildcard". For example, 10-E*** will return all chloro-substituted phenyl carbons.

Try doing a Ref # or Range search first, and look at the codes returned to get a better idea

of how the coding works.

Main Groups
Group Example Code and Comments
1. CHs--R; CH3-CH,-OH 1-Bp
2-AP list substituents
2. CHo-Ruz CHa-CH,-OH alphabetically
3-BaBaP list substituents
3. CH--R123 (CH3-CH,),-CH-OH alphabetically
4-AAAP list substituents
4. C-Riza (CHg)s-C-OH alphabetically
List substituents starting with
directly bonded groups,
Rix s f‘RS Cng 5 /CI alphabetically, then gem, cis
fCZC\ /C=C\ and trans to the first group, in
that
Rf  Re |CHCHf  H Moo
. *5-ABaEH and 5-EHABa
List directly bonded
substituents first,
R; CHs alphabetically, then N
b o ® substituent
C=NR3 C=NH
R4 CchHg/ 6-ABaH for C=N carbon
6.

methyl: 1-Mb
ethyl: 1-Bm and 2-AMa
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CHa—C=CH

List directly bonded
substituent first

*7-AH and 7-HA

methyl: 1-Th

CH3-CH2-CN

8-Ba for the cyano C

ethyl: 1-Bm and 2-AM

CH;
0=C,
CH,CH;

9-ABa for the carbonyl
methyl: 1-Jb

ethyl: 1-Bj and 2-Ala

10.

CH;
« Cl

List directly bonded
substituent, then ortho
substituents, alphabetically,
then para substituent

*10-EAPF

The other ring carbons are,
clockwise:

10-PEHH

10-HFPA

10-FHHE

10-HAFP

10-AEHH

11.

Cl

4

List directly bonded
substituent first, followed by
ortho substituents,
alphabetically. (The report
will include a lower case
letter (a, b or g) following the
number indicating alpha, beta
or gamma. Don't use this a, b
or g in searching.)

11-AH for C alphato N
11-HAE for C betato N
11-EHH for C gammato N

rennrt will chnw 11-a-AH
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11-b-HAE and 11-g-EHH

12.

LA

*12-JhH

List directly bonded
substituent first, followed by
ortho substituents,
alphabetically. The report
will include lower case letter
(a or b) following the number
indicating alpha or beta (12-
a-JhH in this case).

13.

CH;

*13-AHH

List directly bonded
substituent first, followed by
ortho substituents,
alphabetically. The report
will include lower case letter
(a or b) following the number
indicating alpha or beta (13-
b-AHH in this case).

14.

Cl

L—&

*14-HEH

List directly bonded
substituent first, followed by
ortho substituents,
alphabetically. The report
will include lower case letter
(a or b) following the number
indicating alpha or beta (14-
b-HEH in this case).

15. Miscellaneous aromatic

*15-(quinolyl-4)-H

List directly bonded
substituent only. Indicate
ring system and position after
number, in parentheses.

Substituent Groups
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O
A. --CH3 I S. --S--
. e
B. --CHx-R; (|:|;1 T —C=C—
K. —C—0— -
C. —-CH--Ry, L. --C= U. --CN
D. --C--Ri23 M. --C=N V. phenyl
]E. --Cl |N. --N= \W. Misc. aromatic
F. —F 0. --O- or -0--> X. P
G. --Br P. --OH Y. Si
O .
H. --H o —O—(UJ— Z. Misc. atom
[ R. --NO, |

For a phenyl substituent, V, list its two ortho substituents in lower case letters,

alphabetically.

Note that K and Q are different, as illustrated below:

O
|
CH3;CH;—C—0—CHjs

Ethyl group codes are 1-Bk and 2-AKa
Carbonyl code is 9-BaOa
Methyl code is  1-Qb

7
CH:CH;—O—C—CHj5

Ethyl group codes are 1-Bg and 2-AQa
Carbonyl code is  9-AOb
Methyl code is  1-Kb

Cyclic structures

Some rings are encoded explicitly (groups 10-15, above). Other rings are indicated using
the codes described above, but using parentheses to indicate that the atom is part of a
ring. Only main group numbers and nearest neighbors (upper case letters) are so

indicated.
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CHs
|
CHz—CH>» —’%H —CH2-CHz3

The CH is coded as 3-ABaBa (A for methly, Ba for each CH,-CH3)

T
oM\ o

The indicated CH has the similar substituents as above (one methyl, 2 methylenes) but
they are now inaring. The CH is encoded as (3)-A(B)b(B)b  Note that lower case
letters are not in parentheses.

If a methylene is in a ring, by definition, both of its substituents are in the ring. Methyls
can never be part of a ring.

Another example:

The indicated carbon is coded as 5-(C)bbHHH because the attached CH is part of a
ring. The olefinic CH,is 5-HHH(C)bb

The other carbons in this molecule are coded as:

methyl 1-(L)bl

Ring carbons, starting with C bearing methyl and proceeding clockwise:
(5)-A(B)bH(B)c olefinic Cs are coded with attached, gem, cis and trans, respectively
(2)-(B)c(L)al

(2)-(B)I(C)bl
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(3)-(B)b(B)ILhl  C bearing the olefinic substituent
(2)-(C)bI(L)h

(5)-(B)cH(B)bA

Shimming Simulation
SM - Shimming Simulation

This command enters a subroutine which allows the user to practice adjusting the on-axis
(2) shims under ideal conditions. The "sample"” consists of a single peak. By default, the
peak is exactly on resonance, but this can be changed by adjusting the Z0 shim. The
value of each shim gradient is displayed in the upper right portion of the screen. A value
for the current lock level is displayed at the upper left, along with the lock level
corresponding to the previous set of shims, so the user can easily gauge the effect of a
shim adjustment. Perfect shims will give a lock level of 1000.

Eile Edit - Display - Set - Hely L
: “urrent Lock Lewvel = 1000 0 zo A
‘Previous Lock Lewvel = 1000 o Z1
5 0 z2
‘gensitivity = 1 o Z3
3 0 zd4

1] zZ5

0 )

1] z7

1] Z0 _I
:1 T T T | T
'5W =100.0 SAM Shimming Ain't Magic

Each shim value is changed using the number keys on the keyboard -- each time a
number between 0 and 8 is pressed, the corresponding shim is changed by a set
increment. By default, the increment is 5 units. To change to larger step sizes, use the
greater than key (>) to increase the Sensitivity, which applies a factor to the increment
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size. (Itis also possible to change the increment; see below). The number keys apply a
positive increment. Holding down the shift key while typing a number applies a negative
increment. These and other subcommands are described below.

Several parameters can be adjusted by selecting Edit Parameters from the Edit menu,
which displays the screen shown below.

The lineshape is calculated as the superposition of "mini-samples” located along the
length of the detector coil. In the case of a very broad resonance due to poor shims, the
peak shape can become distorted because of this "discrete” approximation. A series of
small, individual peaks ca