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Introduction

SpinWorks has two functions: The first is to provide easy basitinaffprocessing of 1PD2D

and 3D NMRdata on personal computers. SpinWorks other function is the simulation and
iterative analgis of complex second order spectra including dynamic NMR problems and certain
solid-state NMR problems, in a manner similar to olarUNIX Xsim program.

SpinWorks 3.0was the first release of SpinWorks intended to run under the Microsoft .NET
environment.  Full support is included for Bruker (XwinNMR/UXNMRYarian (Unix
VNMR/VNMRJ) and Anasazi (CDFF type 2ata formats.JCAMP-DX format issupported for

1D only. JEOL 2D0s now supported buteedsmoretesting Includedindirectdetection modes
include StatesTPP| StatesTPP| Single Detection (QF), and echatiecho

Bruker DISNMR and DISMSL format data are no longer supported.

While the program is tthe point where it should (I hope) be useful, there will, no doubt, be bugs
and there are things that don't yet work. The aim of the program is to make a program easy
enough for undergrads to process magnitude C&®¢ttra (for example) with single mouse

click, and yet still be flexible enough for research use.

SpinWorks currently handlegp to7 data setat a time.
Things that don't yet work, or need improvement in SpinWorks4:

1. The .NETversion is a bit of a memory hog. §his because all of the data remains memory
resident. This does, however, greatly speed up the proce&ingmaginary quadrants can
be cleared from memory after transform and phasRig.matrices up to 2k by 1k shouldn't
create problems on a machinghw256 MB of ram. You may ant to watch how many other
programsyou have running, however. A 4k by 1k TPREQC uses up about 32 MB of
memory Considerable additional memory is used transiently during transform and display
conburing.

2. Not enough OS/printer/print@river combinations have been tested. In particular, I would
like to hear from anyone having printing problems wiiifux.

3. 2D MQMAS shearing transforms still neatbre testingvith Bruker data.

4. Linear prediction is it slow compared to earlier versions. However, the LP routines are
now .NETcleanand should run under other .NET environments (e.g. Mono).

5. For Varian data, the referencing values imported with the datesgbe off by one data
point. This is not nor@ly noticeable for data with a large number of points (usually 1D),
but may be annoying on smaller (usually 2D) datasets. Using the Spin\Waliksate
function will correct this problem.

6. For nor mal pr ocess.iraifthere ne blankmbeddsed indtiee patntd t ca
the data. For example,ybuputy our NMR data in the AMy Docu
bl ank between AMYyo Spndh Widbksumemtbs o c a-r e. F
deriveddynamic NMRsimulation routine4DNMR3 and MEXICO)wo n 0 lératet btanks in

1
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a file path ( b é&keblanks & a tildNgatX) Sal id yos anedrunnin@PNMR
or MEXICO simulations with experimental data present, the datd beus a folder with no
blanks in the entire pathFor example, create a foldéke C:\nmrdata (or whatever), put
your data there, and everything will be finlote that somerendoisd software now allow
blanks in file names, but I thinkpractice should be discouraged.

7. The autophase routine really sucks! Does anyone have a guwdhah that they want to
share?

8. The Linux version still needs a lot of work. Or, | might say, the nmandime needs a lot of
work. Onmay printers, the Linux ver si olimerechasn 6t s e
been a r e opytoIntehBaxof ¢ attume doesndt work wunder
been able to reproduce this problem.

9. The simulation modules still need to be compiled for Linux.

Fonts

In this manual Arial is used for menu éims and other text that you see the screen.Bold
italics means: listen up, this is important!

Timings

Sample 2D transform timings (with image mode display) or8& GHz CoreDuo2 GB (Dell
Precision390)under WirXP:

1 4k by 512 States HSQW@ith phasing applied inj& 6 sec.

1 1k by 1k State TOCSY with phasing applied imF ca 2 sec.

9 Contour display of 1k by 1k TOCSY (Strychnine): ca 2 to 3 sec.

What does the message fiRisegl anhebdfioeor ! exmesda

It means that t lowest display level (contour or image) is too low. Simply clickRluer +
button putton pangl You may have to click several times is the level was much too low.

Computer Requirements

SpinWorks rguires a Pentium class processor running WindowsVWiRdows Vista Windows

7 or Windows 8 Installation currently requires abdl® Mbytes of disk space exclusive of NMR
data. 512 Mbytes or more of RAM are recommended, depending on NMR data set and
simulation sizes.Of course, more memory is required for 2D and 3D!

SVGA 1024 x 768 or better display required (1280 x 1024 or better recommended).

Release 2.0 (or higher) of the .NElintime environment is required.This an be downloaded
from Microsoft and is also included on the SpinWorks ftp siteelease 4 or higher is
recommended.

For 2D you should also have your display set to at least 16 bit colour, otherwise the image and
I ———————
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contour level colours will be strange.

A threebutton mousés ideal, but SpinWorks will work just fine with a twWmtton mouse. Note
that on "Wheel Mice" the mouse wheel can serve as the middle mouse button. The mouse wheel
can also be used for vertical scalitmag of 1D s

64 vs 32 Bit Operating Systems

SpinWorks seems to work just fineder32 bit versions of Windows, as well &4 bitversions
of Windows 7Windows 8 and 64 bit Vista.le default foldefor 64 bit systemss CAProgram
Files (X86)SpinWorks 4. In order to use the simulation modutes32 bitversions of
Windowsyou must update thExternal Module Path entry Options menu,Set Start-Up
Opt i oselscéon) taC:\Program FilesSpinWorks_4 taeflect thisdifference If you have
installed SpinWorks in a nedefault location them you must also edit Erdernal Module
Path to reflect the actual install location.

It turns out that there is a bug in .NET for Window64 bit (maybe Vista 64 bitRaybe

Windows®) i n that the Print Dialog box doesndot w
button in the Print Preview dialog. Starting3iri.8beta 4, an option has been added to use an

alternate Print Dialog. Thisan be selected with tt&et Start-u p  Op t dialag & ée

Options menu.

Mono

| am hopingthat the program will run under other releases of .N&Ith as the open source
mono project under LINUX or MacOZX. | am currently testing SpinWorks mimg under
MONO 3.0.6 on OpenSUSE 13.1 A slightly modified version of SpinWorks also seems to
compile justfine with MonoDevelop 3.0.@under OpenSUSE13.1 Testing sefar has been
encouraging, but there are still a few minor snags to be straightenetheuéxternal simulation
modules have not yet been compiled for Linux.

Spi nWor ks seems t @arallei®ro r|j diBto o fon Maes ragdidinedron A
Linux.

Download

The program is wrrently available by anonymous ftp from ftp://davinci.chem.umanitoba.ca in
the pub/marat/SpinWorks/ directory. The current release is SpinWi@@gip. The
documentation, available as a pdf file, is available for separate download, but is also iicluded
the zip distribution.

Installation

Run the setup.exe program in the unzipped folder and follow the instructions. In most cases, it is
safe to use the default settingBlease read the license agreement and agree with the aosmditio
before proceedingThe installation procedure will add the program to the Start menu and make
a shortcut on the desktop.

I ———————
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Windows Command Line StartUp

SpinWorks can be staddrom the Windows command lirend gven thefull path tostartup
data set as a command line argument. For example, a command line entry like:

SpinWorks.exe C:\nmrdata\cyclosporin\1\fid

will start SpinWorkson and load the fid for experiment 1 on the cyclosporine datalk#ie
path tothe data contains any blanks, it will be necessary to enclose the path in quotation marks.

E.g.SpinWorks.exe fiC:\my nmrdata\cyclosporin\1\fido .

| f the fAautol oado feature is turned on and da
This feature can be very useful if one wants another program or web browser to display an NMR
data set by launching SpinWorks.

Registry Entries

SpinWorks4 uses a different set of registry entriasn earlier(release 2and 3 SpinWorks
versions This means that you will probably want to go to @@ions menu and use th8et

Pr ef er edabgts aonfigure you stacp preferences. Usually, this will mean just setting
yourstatup data path and a f ew dmast Display cadoarfandi | t s é
the recent files list are also stored in the registry.

Redistribution

You are free to redistribute this software to others, provided that:

f You dondét charge anything for it.

T You dondt modify it.

1 You distrikute it in its entirety.

1 If you download the source code and make your own modifications, you are free to
distribute the modified version providéhat youclearly indicate that this is a modified
version. If you make modifications that you think might bseful to others, please
forward them to me and | will try to include them in the trunk version.

Registration

Although SpinWorks is currently being distributed faseware, and there are no license keys
required.l do, however, requegtat a SpinWorks user register their use by email to:

marat@mts.net

Please include: an email contact, the machines and OSs that you are running it i@n3(é.g.
GHz, Win 7 Prg, and a note of any problemscethat you had with the download and
installation.

More detailed comments, questions, bug reports, etc. can be also directed to the above address,

1
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mailto:kirk.marat@.umanitoba.ca

and arealways(!) appreciated
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Obligatory Disclaimer (Lawyer Talk)
SpinWorks is beinglistributeda s ffame® i n the hope that it wil

The author disclaims all warranties with regard to this software, including all implied

warranties of merchantability and fitness. In no event, shall the author or the University of
Manitoba be liable forany special, indirect or consequential damages, or any damages
whatsoever resulting from loss of use, data or profits, whether in an action of contract,
negligence or other tortuous action, arising out of or in connection with the use or
performance of tlis software.

All trademarks mentioned (e.g. XwinNMR,opSin, VNMR(J), Windows, etc.) are property of
their respective owners.

Referencing SpinWorks

Please heck the Alnstruct i on dyod are whting for,dut s shouldor wh «
be something like

SpinWorks4.2.0, Copyright © 25
Kirk Marat
University of Manitoba

If you make use of the simulation modules (DNMR3, MEXICO, NUMMRIT or SIMPSON) you
must, of courseaeference the original authorsvork as well These references are given in the
corresponding section of this manual

Online Help

PDF and Word formatnanualsare available. The standard windowselp has beerphaseebut,
andmay bereplaced with and XML or HTML basdtelp system.The manual can also be viewed
directly from SpinWorks inPDF format (requires Adobe Acrobat reader) or in Word format
(requiresaword processor).
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Error Logging

SpinWorks logs exceptions and other error conditionsarty file (SW_error.login the folder
definad as the scratch folder (usually\Temp). This is the first place to look if there is a
problem with the program. Additionaloredetailedprogram tracing information can be
generated by selectirigxtended Debug Logging in the Options menu.

FTP Clients

Bruker and Varian data seta are directory (folder) structures containing a mixture of binary data

and ASCII parameters and text. FTP transfer of binary data with the ftp client set towAIBCII

result in a corrupt data set. Some FTP clients (notably FilgZilllh av e an viheEhut 00 set
unf ortunately doesndt drFertthese tlientskettheltransfertypetod at a
binary (or bin) and evetlying should be fine. In FileZilla this is thensfer type setting in the

Transfer menu. Transferring the ASCII parameters in binary mode creates no problems.

New (or different) in version 3 relative to version2.5.5

1. New, stramlined, more colourful user interfacgl got tired ofthe Microsoft battleship

gray.)

RequiresNET 2.00r higher

More options and flexibility for stacked and inset plots.

More options forcolours,font sizes, etc

Provisions forautomatipr ocessi ng and peak picking of Var

L e

Sever al selections have been movePdakfand m one
Matchdo has b e e nOptiooswoevibw.f r o m

7. The keyboard shortcuts for recalling regions of inteteste ben changed to<Alt>1,
<Alt>2 and <Alt>3.

8. Added FID math toolbox.
9. Added support for ICAMIDX FIDs produced by XwinNMR/TopSpin.
10. Added support for JCAMIDX Spectra produced by Tecmag NTNMR.

11.Added support for solid state simulatiofsgpectra and FIDsproducel by the SIMPSON
program.

12.Us e s Bruker AFnMODEO par ameter (i f defined
parameter was added with TopSpin (possibly XwinNMR3.5 as wdllFnMODE is not
defined then the MC2 parameter is usdithis is consistent with thway TopSpin handles
the data.

13. Added manual 1D and 2D peak picking using right mouse button.

14.Remov ed -cfildiocukbd et oggl e of Viewemenuaot A ea kegboar do
I ———————
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shortcut can be used instead.
15. Added support for 2D and 3D processed gataluced by NMRPIPE.
16.Added peak deconvolution (band fitting).
17.Added 1D and 2D Hilbert transforms.
18. Added manual picking of individual peaks.
19.Fi xed fiirbeleaon kf i | e path restriction for NUMMRI

20.Versions 3.1.1 to 3.1.5 add numerous small endraeats and bug corrections. Many of the
bug corrections <correct problems resulting

deci mal separator rat her Ndteg moweler, that allvaluess s e d |
entered into dialog boxes in@®Bi n Wor k s mu s t use the North
separator.

21.Plot sized and options (sizes and objects) are saved with the processed dataX3lafa)it
option for A4 paper size has also been added (3.1.3).

22.Added command line staup with a specific dta set (3.1.4).
23.Added error logging and tracing (3.1.5)
24.Increased number of workspaces to 7 (3.1.5).

25.Added keyboard shortcusz 6 f o rf éz ofooom f yand sfpleoc tfraurm | ast
(3.1.5)

26.Added Return (Enter) key as a shortcut to exit basekad pick minimum routines (3.1.5).

27.Added log spacing for 2D contours, and made this the defduhear spacing can be
selected in the View men(8.1.5)

Added in 3.1.6
28.Added support for JEOL 1D data (JEOL 2D is still under development).
29.Added cubic siine baseline correction.

30. Addedfi smo mode to the projection display and calculati®revious projection calculation
was Askylined only.

31.For band fitting x,y points files of the individual peaks as well as the synthetic spectrum can
produced.

32.Added summmg a stacked trace to the experimental.

Added in 3.1.7
33.Added support for Anasazi format daid(and 2D FIDs and spectra).
34.Many small (and not so small) bug fixes.

1
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35.The code is hopefudly more ALinux friendly

36.Improved JCAMPDX format handling. Packed, 8geze and Diff/Dup compression modes
are supported.

37.A Dual 2D display mode has been added.

38. mproved pr ocessionTg(diffusion, e)itypekexperiménts that arg e d
recorded as a pseu@® experiment in a ser file.

Added in 3.1.8
39.Thefulyaut omati ¢ baseline correction routine
smoothero routine is used.

40.The FID display has been improved, and the current window function is displayed with the
FID.

41.Font Size Options added. Standard menu and buttoh foateslightly bolder and
(hopefully)more readable.

42.Alternate print dialog boxSet Start-u p  Op t ) far Wisddws 7 64 bit.
43Added data Abinningo.

New (or different) in version4.05 relative to version 3.1.8
1. 3D ProcessingBruker and Varian/Agilent data only)

2. Workspace buttons as an alternative to the Workspaceddwwp (drop-down may be
deleted in future versions)

3. An option for coarse&s.fine contour level spacing (View menu). The coarse setting is the
default, and spesdip the 2D display.

4. Integration slope and bias added. Slight change in the way a current integral is defined.
5. Increasedlefault Whitt&er Lambda value for fully automatic baseline correction.

6. Peak Pick menu now includes an option for setting the nunfiloigits to the right of the
decimal.

7. Refegencing dialog includes buttons for setting the reference to common solvent tlues (
and*°C).

8. Fixed several bugs in the JCAMBPX file reading routines.
9. Option for setting number of digits for integral and pewipldy.
10.Integrals and peaks are automatically read in when loading processed data.

11.The increase and decrease Bruker experiment number buttons will now skip gaps in the
experiment number list.

1
SPINWORKS 4.2 MANUAL 12

ha:



12.You can automatically process and stack display a series oéBexperiment numbers (e.qg.
for a 1D NOE or ROE series or time study.

13.Scaling of metafiles has been changed internally as a-arotknd to a bugn MSWo r d 0 s
pdf creation procedure. These changes should be transparent to the user.

14. Startup defaults are stable for 64 bit operating systems (32 bit still fully supported).

Added in 4.1

1. You can drag the mouse to zoom a region of the spectrum in both 1D and 2D.
2. Vertical reset button added.

3. JEOL 2D is now supportghut still in testing phase)

4. Added support foMagritek data.

Added in 4.2

1. Added magnitude calculation in, Following transform in both dimensions. This is for
experiments like echantiecho HMBC which requingfb xf2m processing in TopSpin.

2. Added peak picking through a series of 3D planes. Thigypically for relaxation or
relaxationdispersion data recorded as pseG@o

3. Improved automatic data format detection. Options menu now clearly shows that automatic
detection is in effect.

4. Added vertical rest function to the button panel.

Added in 42.1

1. Integration regions can be maintained upon selecting new data. URetdia Integral
Regions with New Data selection in the Peaks and Integrals menu.

Added in 4.2.2

1. Custom plot options (font sizes, etc.) can be set asuwgtadefault with theSet These
Values as Defaultcheckbox i n the Edit Pl ot OptiEdths and
Menu).

Added in 4.2.7

1. Numerous small bug fixes. Most development is now for the Java version.

2. Improved handling of JEOL data, especially for processed data.

Use ofthe Mouse and General Display Manipulation
While the cursor is in the data window,left mouseclick can be used to mark one or two red

1
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reference lines on the spectrum. A third click will remove the linesfréhjeencyand frequency
difference of these lines is displayed on the screen and can be used to estimate shifts and couplings,
etc. These lines are also used by several routines that require defined reference points.

Spectracan be zoomed by dragging the mouse cursor over the desired with the left mouse button
down. Simply place the cursor at one end of the region of interest, press the left mouse button and
drag the cursor to the other end of the region of interest. é&mative (the old method) is to define

the region with two left clicks and then zooming with the zoom button, the z key or a middle mouse
click.

The function of theight mouse buttorfon both twe and threebutton mice)n 1D depends on the
presence of siulated data. If there is an exjpeental spectrum presebtit no simulated spectrum,

the right mouse button cére used for manual peak pickingjhe program will use the current peak
picking parameters (minimum intensity and noise threshold) to triinh a peak within a
reasonable distance from the current cursor location. If no peak is found (or interpolation is turned
off), the raw cursor location is used as the peak location. These manually picked peaks are
appended to the current peak list, sd thanixture of normally picked peaks and manually picked
peaks can be created. This can be very useful if you want a peak list to include peaks that are
difficult (broad and/or noisy) for the automatic peak picking algorithm to detect.

If thereis a simubted spectrum as well as an experimental spectrumgtitenousebutton isused
to assign calculated transitions to observed lines, but only when the pointer is actually within the
data window (the part of the screen displaying the spectra).

In 2D modetheright mouse button selects rows or columnshef 2D matrix (e.g. for phasing), or
can be used for interactive 2D peak labeling/picking.

Display colours can be setwiththed s p| ay @ialdg o theEditénenu.

1
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3 spinWorks 4 (2014/05/09) C\nmrdata\csa\1\ (===

File Edit View ROI Options Spin System Simulation Processing Peaks and Integrals  Help
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Ready Peak Pick Minimum = 0,845 <2g30> 16scans Mouse: (set cursor, zoom, pick nearest peak)

Figure 1. Typical 1D display

Spectral regions can be zoomed by defining two reference points and clicki.._ <%
button on the right hand button panel, or the middle button of althtemn mouse. Spectra can also
be zoomed with the keyboard shortcut.

Spectra an also be expanded and contracted with the buttons Iau .

A tracking vertical cursor line can be turned on/off with the appropriate selection\iietlignenu
of wi toh ktetydo@rd shortcut

The scrollbar at the bottom of the data window caundeel to pan through an expanded spectrum.

The spectrum baseline or zero can be moved by
experimental and simulated data.

A number of specific display limits or plot scales (e.g. 90t& ppm or 10 Hz/chnare available
through thevView menu. Thebutton paneFull buttonwill always show the full recorded spectral
width.

1D Spectra are scaled vertically with the button parehdi buttons. The yellow buttons are for
the experimental spectrum and theidiiuouttons are for the simulated spectrum. Spectra may also
be scaled in smaller steps with the keyboard up and down arrowMa@ysan also (and most
conveniently) adjust the vertical scaling with the mouse wheel (if you have owe)cariadjust

theexperimental spectrumith the cursor is in the bottom half of the screen, and you can #ugust
I ———————
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simulated spectrum with the cursor in the top half of the screen.

It is possible to expand regions of a 1D spectrum and display it in inset boxes. Sifimgythoe

region with the cursors and sel€bpy to Inset Box on theView menu. The cursedefined

region will be displayed in a +&izable box. Likewise, the button panel controlling the scaling of
the inset trace can be closed and thempened at anfme with theScale/Shift Stacked or Inset

T r a c essalaetion in thevView menu. Note that the vertical scaling of the inset is completely
independent of the regular spectrum scaling, but the relative scaling of the two is always shown in
the upper left cmer of the inset. The relative scaling of the inset can be set to be the same as the
regular spectrum by using the reset button orsttede and Shift Stacked or Inset Traces dialog

box.

Up to three regions of interest (regions that you might want toddb@gain) may be defined for

each spectrum. You can define these regions witlDteef i ne User Spéaogfi ed
from theView menu, and the saved region can be displayed witR@lemenu. You can also use
<ctrl>1, <ctrl>2 or ctrl<3> to define he current screen view as a region of interest. The regions
can then be recalled with the ROl menu or<iAét>1, <Alt>2, or <Alt>3 keys. These regions of
interest are saved with processed data saved by SpinWorks (whertdlsavdeature is on) and
recalled when the data is retrieved. These regionsasaved with data in JCAMBPX format.

In 1D mode, SpinWorks can display the experimental spectrum, a simulated spectrum, and a
series of stacked traces. It is important to note that there are diffgrtence between the
experimental trace, the simulated traaed the stacked traces

1. The size, spectral width and offset of simulated traceare equivalent to the experimental
spectrum. In essence, tlspectral characteristics of the simulated trace are tied to the
experimental spectrum.

2. The size, spectral width and offset of #tacked tracesre independent of the experimental
data. Each stacked trace is an independent object, and its spectratga@raneecopied from
the source spectrum when the stacked trace is creatad.allows ongo compare spectra
thatmayhave been recorded under different conditions.

Keyboard Arrow Keys

The keyboard left and right arrow key®we the simulated spectrum transition cursor from peak

to peak. Holding thectrl> key down while pressing the arrow keys moves the cursor in steps of
5. This is very useful for moving the cursor rapidly on a spectrum with many degenerate or near
degeneaite transitions.

The keyboard up and down arrow keys adjust the vertical scale of the experimental spectrum.
The scaling steps are smaller than those of the tosllaadi buttons. Holding thectrl> key
down while pressing the arrow keys scales bloghexperimental and calculated spectra.

1
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Keyboard Function Summary

Left and Right arrows

Up and Down arrows

=
Q
(@)
>
D
<

ARdo key
Nnzo key
Af o key
il 0 key

<Ctrl>1, <Ctrl>2, <Ctrl>3

<Alt>1, <Alt>2, <Alt>3

Toolbar

Move the simulated spectrum transition cursor. Holding<titg>
key down at the same time moves the cursor in steps of 5
transitians

Adjust the vertical scaling of the experimental spectrum. Holding
the<ctrl> key down at the same time adjusts the scaling of both the
experimental and simulated spectra. If you have a "Wheel Mouse",
you can use the mouse whée adjust the vertical scaling of 1D
spectra. If the pointer is in the bottom half of the data window the
scale of the experimental spectrum will be adjusted. If the pointer
is in the upper half of the screen the scaling of the simulated
spectrum willbe adjusted.

Toggles the tracking cursor (2D crdsair pointer) on or off. This
is an alternative to using tl@ptions menu. Double clicking in the
data area will also do this.

Assigns the transition pointed to ltlge transition cursor to the
nearest observed line. This function uses the peak picking
algorithm, so is influenced by the peak picking threshold and noise
discrimination factor.

Deletes any assignmefiar the currently pointed to transition.
Zooms the region between the cursors.

Displays the full spectrum

Displays the last expansion

Defines the currently display as a region of interest thatbean
recalled later. You can also define these regions from the View
menu.

Recall a previously defined region of interest. The ROl menu
from themenu barkcan also be used.

The toolbar is displayed acrosstlop of the application window, below the menu bar. The
toolbar provides quick mouse access to several SpinWorks functions:

g &

Open an existing NMR data set. SpinWorks displays a dialog for

selecting data sets.
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Workspacel -~ 1 2 3 4 5 6 7

Selects the current wkspace. Ter are 7 available workspaceStarting
in SpinWorks 4 there are a series of workspace selection buttons to the
right of the Workspace putlown.

1 Decreasesr increases the prriment number for Bruker data

3D- 3D+
Decreases or increments the current 3Déelammber.

1 |@| Print the current NMR spectrumy/arious plot options can be set with the
Pl ot Opti ons a diadogBvailadermghEditmsné.

1 |E Save the processed spectrum in JCADIR format in the current data
folder. The file will be namedi s pector,.um.ldnx or der to
with a particular name, use ti®a v e  Aedeétion in thd-ile menu.

This button is most useful for saving 1D reference spectra to plot along the
axes of 2D spectra.A copy of the processedath is also saved in
SpinWorks own format as well.

1 Saves a copy of the current output as a Windows enhanced migatf)e
in the Windows clipboard These files can be used to include $pectrum
in documents, etc.

q Last Constants * Lorentz ~ LB: .3 GF: 5

Define the praransform window(weighting) and postransform phasing
to be applied with a 1D Fourier transform.

Button Panel

The button Panel at the right of the data window can be used for display manipulation and
processing. The number and identity of these buttons will changeheitburrent state of the
program. The buttons are grouped and colour coded according to function. Cyeagréblueis

for display functions, green in for processing and yellow starts-gosessing dialogand
routinessuch as interactive phasing.

1
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1 The- - buttons scale the spectra vertically. The colour of the symbol on the
button matches the colour of the spectrum. In 2D mode, these buttons control the
scaling of any displayed rows or columns. If you have a "Wheel Mouse" you can use
the mouse wheel tadjust the vertical scaling of 1D spectra. If the pointer is in the
bottom half of the data window, the scale of the experimental spectrum will be
adjusted. If the pointer is in the upper half of the screen the scaling of the simulated
spectrum will be djusted. In 2D mode, the buttons with tBeale: label to the left
adjust the scaling of any displayed rows or columns.

1 Them m buttons are used in 2D mode to highlight a particular overlaid row or
column. In an arrayed experiment (Varian) selects thexrafehe array.

1 The ﬂ buttons contract and expand the spectra horizontally. Usually, it is

easier to use the cursors and t.._<°om button, but some routines (e.g.
integration) preempt the cursor for their own purposes. Not available in 2D mode.

 The M Zoom  and  LastE#e - puttons Zoom the spectrum between red
two cursor Ilnes return to the full spectral width, or return to the previous expansion,
respectively. Note that if you have defined a region with two cursors lines, you can
use the middle mouse button (if yoave one) or th& keyboard shortcuto zoom in
place of the blueZoom button. The F keyboard shortcut will display the full
spectrum while thé& keyboard shortcut will display the last expanded region.

§ The 1D Display |/ _20issl | pytton switches between 1D and 2D displayden for
2D data. The label on the button described the action of the button, and not the
current display state of the program. i.e. If you are displaying 2D data in contour or
image mode, the button will be label&d Display in order to switch to 1D nuate for
displaying individual rows.

1 The _FeosOnb | j __Fosieg | button switches the 2D contour and image displays
between displaying only positive intensities (e.g. for magnitude mode spectra) and
displaying both positive and negative intensities (e.g. for phase sensttye da

T The _EdiPars | tron starts the processing parameter dialog (1D and 2D).

1 The M (1D) button is used to process the data with the current processing
parameters. The pteansform window (weighting) function and the pasinsform

phasing can be set with theol-bar dropdown menus. In 2D mode, t_Fc Both
button will process both dimensions according to the current processing parameters
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1 The M button starts the interactive phasing routine. (1D and 2D)
 The _Iiegrate_| button starts the integration routine. (1D and 2D).

1 The % button calibrates the spectrum. To calibrate a spectrum: define a
point with a cursor line, click the Cal button, and then enter the correct value in Hz. or
PPM (depending on the current axis units). In 2D mode, you will be asked for the
calibrationin bothdimensions.

 The = BLFaint | button starts the baseline point routine. Not available in 2D mode.
After all baseline points have been defined click the button (now labeled)rataim
or hit theEnter key to exit the baseline routine.

f The =imuists  pytton startshe popup simulation panel.

1
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Getting Started: Basic 1D NMR Processing

1. Setting the Data Format(not normally necessary)

SpinWorks 4 can identify the most common formats (VNMRwinNMR/UXNMR /TopSpin

JCAMP-DX, JEOL Anasazi and Magritelk autonatically. In order to process data other

supported formater processed data from NMRPIPHEse theData Format... selection in the

Options menu.  The Varian/Agilent settingis for Varian Unity, Unity+ Mercury, Inova

VNMRS, DDR, DDR2 and MR400spectrometers. VXR/S data will probably also work with this
setting, but this hasnét been tested. TheVXR, C
Bruker setting is appropriate for data from a Bruker AMX, ARX, ASX or Avance sserie
spectrometer. DISNMR / DISMSL data are no longer supported EOL data support isurrently
limtedtothefl jod ff gr mat

1D FIDs in JCAMPDX format written by XwinNMR or TopSpin can be read and should be
automatically recognized by the gram. 1D Processedatacan also be read and saved in JCAMP
DX format.

Part of the design philosophy of SpinWorks is that it uses the data in the format provided by the
spectrometer. Any and all format conversions are internal to the program and atm@llgsse
transparent to the user. This also means thataimgetedata set must be transferred to your PC!

For UXNMR/XwinNMR data, the entire data tree from the experiment name down should be
transferred. This is important, since SpinWorks gets refgrgrand processing information from

the proc and procsfiles, and expects to find them in the same relative place that they were on the
spectrometer. For Varian data, SpinWorks expects to find the fid, procpar and text files under the
experiment_name.fidirectory The easiest way to transfer entire directories with contents to your
PC is with one of the smart ftp programs such as WS_FETP98ZF | braimilar. Note that the

file transfer mode must be set to binarf¥his seems to be a particuissuewith FileZilla.

Tip for JEOL and Anasazidata: Bruker, VarianNMRPipeand Magritekdata sets are actually
folders contain a number of data and parameter filginWorks writes processed data, simulation
files etc. intothis folder. JEOL and Anasazdata can be problem in that the data sets are single
files, whereas many features of SpinWorks assume that a data set is aXoléasy work around

it to create a folder for each JEOL data set. For example, if you have aetlatallsd
brucine_1D1H.jdf just place the file into a folder called brucii&lH. All SpinWorks created
files will then be placed into the folder with the raw data set.

2. Selecting the Data

Data selection is done wifQpen... selection in thd=ile menu.You will then be presented with a
standard Windows file selection menu. Navigate through directory system and select your data. For
Bruker AMX and Avance data, navigate from the experiment name directory to the experiment
number directory and select thei | e named " fi d". A fAirecent fi
bottom of theFile menu and can be used as a shortcut for data selection. If you have selected a
valid data set then it will be displayed on the screen after closingilthenenu. JEOL files will

have a n.jdfo extension while AnaMasazidatddal es wi
I ———————
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be either time domain (fids) or processed spedta. Anasazi 2D, it may be necessary to specify
that the data are 2D after selecting the datgData Format selection inOptions menu).

Tip: TheDefault Data Path setting in theSet Start-Up O p t idialog snéheOptions menu
is a convenient way to short cut selection of your data.

Data on CD SpinWorks occasionally writescratch files, processed data or other information,
usually in the same folder as the experimental data. This creates a problem for datqd@ra@ps
other writeprotected file systemyvhere you cannot usually (except for &W) write data.
Thereforedata on CDmustbe transferred to the hard disk before processing with SpinWolks.
also means that you must have write permissiothe folder where the data are located.

3. Processing Data

1D data processing involves apglion of a window function (Exponential Multiplication)
followed by Fourier transformation. These two processes are combinedumdttzev+ft selection

in the Processing menu. The other selections are for more advanced processing. The line
broadening pameter for the exponential multiplication can be set in Brecessing

Parameters... selection of theEdit menu or the E9Pas | ption on the button panel, but a
reasonable parameter is set by default. After processing, ausp&dtt be displayed on the screen.

The M button on the right hand button panel will process the spectrum with the window
function and phasing options selected by the -dimpns on the menu baNote that it isnot
necessary to feead a data set to repess it. Once a data set has been selectegl (e.g.via the

File menu) then one can just issue processing commaiésprogram will automatically neead

the raw data from disk each time.

Sometimes, there is a DC biasthe FID,which can cause a zero frequency spike in the spectrum.

This can be removed by checking ti® bias correctioninthel D Pr ocessing Param
dialog. FID bias correction is not the defaéttingfor two reasons: Low frequency signals near

the cente of the spectrum (usually water) can cause problems with the algorithm; Modern
spectrometers have very little DC bias in their receiveBystems with digital receivers (Bruker

Avance, Varian VNMRS) should hawe DC bias in the signal.

However, for spctra with a low number of scans, especially if the number of scans is not a multiple
of the phase cycle, &8 correction might be required on older systems.

A pronounced baseline offsit the spectrumcan usually be coroted by adjustment of theirst

Point Correction parameter (1D or 2D processing parameter dialogs.). Typical values will be in
the 0.4 to 0.6 rang@he theoretical value is 0.5Note that any baseline offset in the spectrum as
well as reasonable amosnbf baseline curvature can also be removed after processing with the
baseline correction features in fcessing menu.

Resolution enhancement may be applied by settingitigiow type toLorentz to Gauss. ThelLB
parameteshould be sdb anegative value, with the negative of the natural line width being a good
starting point. Th&F parameter should be set to the relative fraction oFtbewhere the signal
decays into the noise. For example, it the spectrum has peaksnaitira linewidth of Hz, and
I ———————
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theFID is gone 1/3 of the way into the acquisition time, them.Bdb 7 1.0 andGF to 0.33. Set the
Window function toLorentz to Gauss and Process the data Some experimentation may be
required Note that resolution enhe@ment may alter the relative integrals of the signals.

The TRAF function provides resolution enhancement as described by Traficante and Zieskow
Magn. Reson66, 182 (1986). This function uses the Iparameter to alculate 5. Optimum
performance is usually achieved when LB is set to the linewidth of the peaks in the absence of any
apodization, but some experimentation may be required. Usually, a smaller value of LB will be
needed for an acceptable signal to naig®. For routine organic samples in CRGh value of 0.5

to 1.0 Hz seems to work well. A larger value will provide more enhancement, but a poorer signal to
noise ratio.

The TRAFS functionis a modification of the function whicbptimizes both the resolution and
signal to noise ratio, as described by Traficante and NeméttvMiagn. Resorv1, 237 (1987).

The Gaussian selection in the processing panel applies a pure Gaussian window functien to th
time domain data. This function uses tli2 paramete(not GF). In this case, theB parameter
specifies the width of & in the normal distribution, and is slightly closer to the baseline than half
height.

HOGWASH resolution enhancement is left for a later section.

4. Linear Prediction
There are two situations where backward linear prediction may be useful for 1D spectra.

The first is where the first few points are corruptedpbybe ringdown, wideline background,
acoustic ringingetc In this procedurghe first few points of the FID are discarded and replaced
with a backward extrapolation of the remaining data. After selecting a data set, the parameters
for backward LP maydset inthee d i t Pr ocessi ndalo®a theEditemerur s é
The number of points to predict will typically #to 16, and should be an even number. The
number of coefficients will typically be 16 to 32, while the number of input points used for
prediction must be greater than or equal to twice the number of coefficients. Generally, the more
input points the better. However, specifying too many will result in noisy regions of the FID
being used in the calculation of the coefficients. 64 Inputtpaire suitable for many cases. The
linear prediction itself is applieds part othe next transform.The cutoff parameter specifies a
significance level for the coefficients. The default value is usually good, but may be raised to
speed calculationThe FID can then be processed normally with any of the usual 1D processing
functions in theProcessing menu or thd’rocess button If the selection of LP parameters was
inappropriatemake the necessary changes anproeess. Note that backward LP in8fforks

always uses the SVD algorithm.

The second situation occurs with spectra recorded with very wide spectral widths, typically in
solid state NMR. Here, the first data point is sampled after many dwell times, although the
Fourier transform assumes tltlag first point is at zero time. For example, with a spectral width

of 2.5 MHz, the dwel |l time (time per data poi

[l 500 is about 8 pus. This means that the first data point (which should be at timdszero)
I ———————

SPINWORKS 4.2 MANUAL 23



sampledabout40 dwell periodg8 ps)too late. This creates a huge §900°) first order phase
correction which then results in baselineé s sues 0. The trick here 1is
right shift) the dateso that the first sampled dagtaint occurs at the proper time in the fid. an
normalright shift, the points at beginning of thigl are filled in with zeros whilehte points at the

end of the FID are lostHowever, the zero points at the beginning of the fid can also be replaced

by backpredicted points based on the remainder of the fid. In SpinWorks, this is accomplished

as follows:

1. For Bruker dsp filtered data (essentially all recent Bruker instruments)mystifirst
convert the data from fAdi dgcoavdt a® damma m
TopSpin or XwinNMR. This must be done with the Bruker software, as there is
currently no equivalent function in SpinwWorks.

2. For Bruker data, divide the DE value by the dwell time (DW = 1 / (2*SW).the
example above, s / 200 ns= 40 points. If the number is not evemound down to the
next even whole number This is in theory,the number of points to right shift.In
practice, a number slightles$s than this may be requirededio the finite length of the
pulse and propagatiodelays in the instrumné For the above values, we falithat 38
points rather than 40 pointgasoptimum. Enter thenegativeof this number as theeft
Shift Points value in the processing parameter dialdg. SpinWorks a negative left
shift is a right shift.

3. Varian/Agilentdatacan be treated on the same wéty.onesampledata set with a SW of
5 MHz (DW = 100 nsand an AD value of fis (RD = 0)it was found that the optimum
shift was 4Qpoints (4us / 100 ns). Note that the AD and RD parameteist enly within
the ASolidsPacko | ibrary.

4. Set the linear prediction type (drop box)Back Complex, and thePred: value to the
same number used for the right shifo§itivethis time!).

5. Set theCoef: value toa fairly large number, 256 would be a typigalue. Values nuch
larger than this make the calculation fairly slow.

6. Set thelnput: value to a fairly large value bubf course, no larger ¢hTD value.
Currenty, SpinWbrks limits this value to 1024. If;Tis very short, you may be able to
getawaywith a fairly small value, but it should be greater than or equal to the number of
coefficients Coef).

7. Process the data. The optimum right shift vatuéhe one thagives the smallest first
orderphasecorrection.

8. Adjust theCoef: andInput: values, i necessary, for optimum baseline.
Thanks to Martine Monette at Bruker Canadapiointing this method out to me!

Forward linear prediction has very little application in 1D NMR, but is used extensively in the

indirect dimensions of muHilimensional NMR gperiments. 1D Forward LP is included in the

1D routines of SpinWorks for instructional purposes, and for the rare time when the acquisition

time must be cut shortror the use of forward LP in tadimensional spectra, please see the 2D
I ———————
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section of this ranual.

Linear Prediction

) e - Cna'. 1 E
Input: 64 Pred: O
Cutoff: 00100

Figure 2. LP parameters

5. Phasing Data
After processing, the resulting spectrusuallymust be phased. The phasingde is entered by
clicking on the__Pase | putton on the buttopanel.

Interactive Phasing
coarse G
fine U 00 | ph0
coarse D
fine D (0.0 N
First Order
[ -180 ] [ +180 ] [ Cancel ] [ Apply + Bt ]

Figure 3. Interactive Phasing Dialog

A phasingdialog box will be displayedand the zer@rder reference point will be markég an

orange bar on the axig\djust the zero order phase sliders to give a properly phgseght peak at

the reference mark and adjust the first order sliders to phase the peaks that are furthest from the
reference line.Should a large first order correction be required, therdwattens to adjust phl in

180 steps. This should rarely becassary in 1D spectroscopy liquids, but may be useful in

some solid state experimenti$ necessary, the spectrum may be zoomed or scrolled. When you are
satisfied with the phase of the spectratick on theApply and Exitb ut t o n . Nott e t ha
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edit the values displayed in the phO and phl boxbey simply display the values determined by
the sliders. If you want to manually enter phase constants, ukelitHerocessing Parameters
dialog(Edit menu) or thé=dit Pars button.

Some pectra INJCAMP-DX format do noincludethe imaginary part of the data. However, these
data can still be phased by performing a Hilbert trans{®nmcessing menu) on the data.

6. Baseline Correction

For accurate integratioor for other reasonst may be necessary to apply a baseline corred¢ton

the data.For most spectra you can simply use Fody Automatic Baseline Correction function

in the Processing menu. There are some adjustable paramétatscan be found in the Edit
Processing Parameters dialog, but the default values are good for mostTtesesgorithm used
(Whittaker smoothéy has a habit of treating very broad peaks @seline, and large groups of
closely clustered peaks may be overcorrected a tinyithit a slight negative baseline offset. These
problems can often be corrected ibgreasingthe filter Lambda valueRrocessing Parameter
dialog). If you want to treatoroad peaks as baseline (e.g. to remove probe background) then
decreasehe filter Lambda valueYou may need to reduce the lambda value by a factor of 1000 or
more for the removal of broad peaks.

If you need or want to define your own baseline poirisk ¢the ~ EL Foint | button on the button

panel. Then use the cursor to define at least 6 baseline points in the spectrum. —
button to exit theBL Point mode. Then, sele®aseline Correction (Least Squares) in the
processing menu. A third order polynaintorrection will then be applied to the data. If necessary,
the default correction parameters can be changed iRrteessing Parameters... dialog in the
Edit menu.

The polynomial is defined such that increasing curvature is to the right or lavefi@g(high field)

end of the spectrum. If your data has significant baseline curvature at the left end of the spectrum,
simply reverse the spectrum, correct the baseline, and then reverse the spectrum to its correct
orientation.

A cubic spline baselineocrection is also available with thBaseline Correction (Spline)
selection.

7. Integration

To integrate the spectrum, select Lm button from the button panel. A pop
integration dialog box will appear on the screen. The iiat®y regions can then be selected by
using the cursor to define the starting and ending points of the integral. An integral can be deleted
by selecting it with a single cursor and clicking Beete Current button in the integration dialog.

The integation can be calibrated by selecting an integral with the cicsorent integral trace

1P, H. C. EilersAnal. Chem.75, 3631 (2003); J. C. Cobasal.,J. Magn.Reson183 145
(2006).
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changes to redentering a calibration value into the box in the integration dialog (default is 1.0),
and clicking on the integration dial&@glibrate button. The itegration traces can be scaled up and
down independently of the spectrum scaling by using the appropriate buttons in the integration
dialog. Clicking Close in the integration dialodut will retain the defined integral regions.
Integration regions are shed when reading a new data set. This can be useful when it is
necessary to integrate a series of spectra over the same region. If this is not desired simply use the
Delete All button of the integration dialogl'heintegration regions are saved inila fvith the data

on disk, and can be read in if you wish tgprecess the data with the same integration regions.

It is possible to adjust the slope and bias of individual integrals, using the sliders on the integration
dialog. First select the integralith a left mouse click the integral colour will become red to
indicate that this is the current integrallhen adjust the slope and bias with the sliders. The
sensitivity of the sliders can be adjusted with+thendi sensitivity buttons.The integal can then

be unselected by lefflicking or by selecting another integral. The integration slope and bias values
are saved in the integration regions file.

However, adjusting the slope and bias @ an in
you are adjusting the integral to the number you want, not what it actually is. Properly phased
spectra with good baselines rarely need any adjustment on the integrals. Slope and bias adjustments
shouldnotnor mal | y be used towrlagpmg peakd [Bant deconvaldtiangsr a |l s
much better for this.

SpinWorks3.1 addedthe ability to integrat@D spectra. After selecting a region of the 2D file to
integrate, it is necessary to click tiéegrate button to add th region to the integrals list. It is also

possible to attach a label to the region by filling inlthbel field before integrating the region. 2D

integrals can be calibrated and deleted in the same fashion as 1D integrals.

The integrals can be listenh (Notepad or whatever other program is associated with a .txt file) with
theList button or an equivalent selection in feaks and Integrals menu.

To retain a set of integral regions for use on another data set, Uetaire Integral Regions on
New Data selection in théeaks and Integrals menu.

1
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Integration Dialog

[ Cumert ] [ List ]
| A | | Read |

Bias

Slope
20 Integration and Label

[ Imtegrate ]
Label:

Figure 4. Integration dialog (1D and 2D)

8. Peak Picking
Peak frequencies are pickedmihePick Peaks and Append to List selection in théeaks and

Integrals menu. The minimum intensity for peak picking can be set by clicking cﬂwl
button on the button panel. The desired minimum can be set by clicking in the data window. A line
will then be drawn at the selected height. When the desired height has been selected, click the

- button on the button panel. If desired, the peak picking minimum intensity can also be
setinthdPr ocessi ng PdalbgimiecEdd mene This dialog caalso be used to set

the noise discrimination threshold for peak picking. Each peak pick appends to the current peak list.
This enables one to pick certain regions of the spectrum and omit others. The list may be cleared
with the Clear Peak List selectimm of the Peaks and Integrals menu. Specific peaks can be
deleted with th&€lear Peaks in Region selection.

The number of digits displayed to the right of the decimal can be set from a dialogPieatte
and Integrals menu.

A text file list of frequenciesnay be generated with tlhést selection of thé*eaks and Integrals
menu. This list may then be printed or saved to disk if desildxk Units selection is used to
choose between Hz. and PPM (default) for the peak display and print.

The Interpolation selection is used to set whether the raw cursor frequency is used for the
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calibration and assignment routines or whether an interpolated peak frequency is used. The default
is ON.

The Sign submenu can be used to selectetiter peaks of both positive and negative intensity
only positive peaksor only negative peaks should be displayed. The default is for both intensities
to be displayed.

It is possible to manually add peaks to the peak list by clicking near a peakeviilght mouse

button. If a peak matching the peak pick parameters (minimum intensity and noise threshold) is
found near the cursor frequency, it is added to the peak list. If no peak is found near the cursor
frequency, the raw cursor frequency and isitgris added to the list. This can be very useful if you
want to add broad and/or noisy peaks to the peak list.

The Calibrate selection is used to reference the spectrum. Select the reference peak with the cursor

(a red line will be diplayed) and then use tBalibrate selection (or th._ =3¢ | hutton on the

button panel). A dialog will then ask for the calibration frequency. The value is entered in Hz. or
PPM, depending on the currently used axis ulibu can automatically select O dret chemical
shifts of common solvents with buttons.

For some applications (e.g. metaboloritss often convenient to divide the spectrum into a series

of equally spaced bins, and then report the integrated, averageionum value in that bin. This

can be accomplished with tBn Data selection in thd?eaks and Integrals menu. The binned

values will be listedand can be edited or saved to a named file if desired. The binning parameters
(start and stop points, binidth, binningmethod) can be set in tled i t Binning Pararm
dialog available from the Edit menuThe choices of binning methods are: integral (sum over

points in the bin), mean value of the bin, and the maximum valilne ibin.

9. Printing

Spectra are printed essentially as they are seen on the screen. Integrals will be printed if defined.
Peak frequencies will also be printed if peak pickiag been done afmkaks and Match in the

Options menu is turned on (default). Printidgfaults to landscape orientation. The plot orientation

can then be set to either portrait or landscape viRthegy e S edtalagprétheFile menu. This
selection remains until changedtbe program is exited. Seldetint Preview... in theFile menu

to confirm that the spectrum will print as desired. Phiat selection or the toolbdrint button is

then used to print the spectrum.

TheEdit Pl ot Opt i on selecian ohteBEditmenman be ussedéo customize the
plot. You can select objects to be printed, colours, font sizesYettcan also set custom values to
be default $et these Values as Default checkboy, or restore the original default values.

A plot title may be entered or edited with thed i t P | wdlectioniin theedié menu. The
existing plot title as defined on the spectrometer will be read, antecadied if desired. This
edited title is saved with any processed data.
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10. Printing to a MetaFile

TheCopy t o Meommadnd ih theédit menu can be used to produce a copy of the
spectrum as it is set up to print as a Windows Enhanced Netaleimf). This file can then be
imported into Word (e.g. witmsert: Picture: From File), PowerPoint, etc. This command opens

up a file save dialog, allowing you to save the file to any desired folder. The .emf extension will be
automatically addetb the file name. The various objects to be included in the metafile can be set
withtheEd i t P o tsel&fon in théds denu.

Note that there are two options for saving to the Clipboard. The first saves in a new .NET
Clipboard brmat, which is unfortunately not understood by many other applications. The second
uses the older Win32 Clipboard format, which is fine for applications like Word and PowerPoint.

Saving to the Win32 clipboard is not allowed in the Mono/Linux versiore .NET clipboard may
be supported under Linux, and printing to a Metafile works as expadtétux.
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SpinWorks 4: test Spectrum of CSA
PROTON CDCI3 {C:\Bruker\TOPSPIN1.3} Herbert 11

— w ~

o ~N o

(=3 o »

o S N
T

po6°1C

PPM 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
file: C:\nmrdata\Demo_Sample\1\fid expt: <zg30> freq. of 0 ppm: 300.130006 MHz

transmitter freq.: 300.131853 MHz processed size: 32768 complex points

time domain size: 65536 points LB: 0.300 GF: 0.0000

width: 6172.84 Hz = 20.5671 ppm = 0.094190 Hz/pt
number of scans: 16

Figure 5. Spectrum imported into Word.

JEOL Data

Support for JEOL data is currently limited to 8Dd 2Ddatainthe s&¢ a | [d®d ffor mat .
format can be identified y t h efile extepsobi. [bis recommended that a separate folder be
used for eaclsingle file data set For example, if you have a data set called brucine_1D1H.jdf,
then put it in afolder called brucine_1D1H.All of the ancillary files created by SpinWorks
(processed data, integrassmulation files etc) will thenremain associated with the dat@his

is automatic with Bruker and Varias these data sets are folders to begfin.)

Recent JEOland Tecmagpectrometers seem to be using digital filters similar to those used by
Bruker. That is, there is no compensatfor filter group delay. These data abaracterized by
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a fAbupio dperi od at t he b edra with iexirgme @rét ordeh ghasé=1 D a
requirements. SpinWorks should calculate the appropriate group delay and phase correction
from parameters in the JEOL data set.

However, if this does not workere are two ways to processskdata:

1. In the interactie phasing mode click thehl: +180 button repeatedly and take note of the
oscillation in the baseline and the phase of the peaks. You should see the frequency of the
oscillationdecreasand at some point the baseline will be flat and the peaks shotiavall
nearly the same phase. Then adjust the zero and first order phases until the spectrum is
phased properly.

2. The FID can also be lefthifted to compensate for the filter delay. The left shift can be set in
the 1D processing parameter dialog. Wit #ample data that | have, a 20 point left shift
was optimum.

Note that the two methods do not produce identical resulithough both methods are
acceptable. For Bruker Avance data, SpinWorks understands the characteristics of the digital
filters and aplies the necessary phase shift (as in method 1 above) automatically at the time of
transform.  SpinWorks doamt left shift Avance data, unless you want a left shift for some
otherreasonNot e t hat Bruker digital dnaat (EONMDTAX be ¢
in TopSpin) before left or righthifting in either SpinWorks oropSpin.

It is also possible to specify the group delay for a-stamdard digital filter by specifying
Custom DSP as theF, Detection Mode in the Edit Processing Parameter Dialog. The
value forGroup Delay can then be entered manuallyou can use this for JEOL and TECMAG
data, or for older Bruker data with a nstandard DSP firmware version. Recent Brukata
sets specifythe group delayor all available digital filters, and SpinWorks automatically uses
this value. Most EOL data seems to requiaegroup delay of 19.96, although some may require
a group delay of 19ote that sharper filters have higher group delBysker digital filters are
extremelysharp with group delays on the ordeft 70 points

You can also correct for filter group delay with a circular left shift, although this procedure is
mathematically identicalto applying a first order phase shifiNote that circular leéfshifting

doesnotr emove the fAsmil i e snes séem withihistypenoh dat,sas has s 0 me
been claimed by others.

There has been some discussion in various @fAb
correction, refmercagr ¢ ot ithreécefabalie et 5l cor r @
Whil e these met hods , they predude an oneaall lmaselind that ifis faét | i e s
much worse thathat resulting froma simple first order phase correction. With newer Bruker
systemsusi ng t he dyBRKXisErésBIF ha spectrum with a very flat baseline with
virtually no DC offset, no fismilieso, and no
from the group delay correction (360° x GRPDLY).

’Examples would include Brukerds ACONVDTAO cor

delay correction.
I ————
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SpinWorks 4: single_pulse
Top: group delay correction from JEOL parameters
Bottom: group delay correction from manual phase correction

L - ||

e -

PPM 11 9 7 5 3 1
file: ...JEOL\gibberellic_acid_proton-1.jdf expt: single_pulse.ex2 freq. of 0 ppm: 500.157414 MHz
transmitter freq.: 500.159915 MHz

processed size: 32768 complex points
time domain size: 32768 points LB: 0.573 GF: 0.0000

width: 9384.38 Hz = 18.7628 ppm = 0.286389 Hz/pt
number of scans: 16

Figure 6. Digital filter group delay correction for JEOL data
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Processing Arrayed Data

Varian and Anasazispectrometers can array parameters and produc€llrfile which is

actually a collection oFID blocks. An example would be s E x per i ment wher e ea
would be a different block. To process arrayed experiments, select the fid file as you would with

any other experiment. If SpinWorksrepli@&T hi s appears to be 2D dat s
click on No. The firstFID will be displayed, and you can process the data normally. Each
subsequent block can be automatically processed and displayed by clickingRom &mel Nxt

buttons on the button panelf the Phasing parameter (toolbar) is set kast Constants, each

block will be phased using the current phase constants.

You also process and display an entire arrayed experiment wifrdkcess Array selection in

the Processing menu. Each block will be processed and displayed in stacked display. The first

block will be thefirst stacked trace (in blue) while thetiae trace(in yellow) can be any of the

arrayed traces. You can select which of the stacked traces is the active trace Rithahd

Nxt buttons. The cursor frequency and intensityand the vertical scalingr e f er t o t he 0z
trace. Display ofactive trace can be turned off by the appropriate selection igve menu.

UsetheEdi t Pl ot Opt i on dialaiEdit mBra)rteatumreoff the axtiée trace in
the plot.
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SpinWorks 3 (C#.NET) C:hdataimarat\nmri12-07-06-CsB0.9-Cs133-T=100.
Options  Spin System  Simulation  Processing
- |LB: 100.000 GF: 0.000

File Edit View ROl Peak Pick Help

% |l 43 3 ||| LastConstants -~ Lorentz

©
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Figure 7. Stacked trace display
Properties such ascaling, offset and coloursfor the stacked traces can be adjusted with the
Stacked Traces Properties dialog, available from the View menu’he Rescale All to Main
Trace button resets the scaling of all oketktacked traces to be equal to that of the experimental

(main) trace.



EE Stacked Trace Properties | = | | 23 |

Stacked Trace Y Offset picels): <0
Stacked Trace X Offset pixsls): 0

Stacked Trace X Size (piels):
Auto X Size:

Vertical Scaling

Trace Number: ! > E] E
All Traces: E] E

Rescale Allto Main Trace ]

Display Colour:
Prirt Caolour:

Labeling

@ MNumeric () Title ("1 File Path

) Mone

| Apply | ‘ Close ‘ ‘ OK ‘

Figure 8. Stacked trace dialog

Bruk er arrayed (2D) data processing

T, and similar experiments from Bruker spectrometers ax@ded as pseueD experiments in
a fAnsero file. These experiments can be proce

1. Select the ser file just as you would for any other 2D file.

2. Use theEdit Pars button (button panel) to check the processing parameters. ilcupart
check that the window function i, I5 reasonableLorentz with appropriatd.B parameter)
and the size in Hs bigger than the number of individual experiments or shegsot
greatly larger. In many cases you can use the minimum size oflé chief problem here
is that if you inherit an excessively large F1 size from the data set, the resulting processed
data will be huge.

3. Process the data with tReocess Array (Bruker) selection in thé’rocessing menu.

4. Thedata will then be displayed instacked trace fashion. Thettom(yellow) trace is
I ———————
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call ed t he nAall IDtdisplag manipukatore i pedormed on this trace. Above

this is a stack (blue) of all the traces. You can make any stadloked tracet® be the active

trace by umg thePrv andNxt buttons on the right hand button pan€he trace number of

the active trace will be displayed in the upper left hand corner of the s@esiay of he

active trace can beitned off,if desiredpy unchecking th&how Spectrum seting in the
Viewmenu.UsetheEdi t Pl ot Opt i on dialag Editmena)rtoadumeotf e r s é
the active trace in the plot.

5. The offset, scaling, colour, etc. of the stacked traces can be adjusted Vigfitie
St acked Tr ac ediaBg, avalas from taeyiéw menu.

6. You have three choices for baseline correction of arrayed data. If you pick baseline points in
the active trace, you can do either a polynomial or a spline correctioneftthearray from
the Processing menudast Squares Baseline Correct Array or Spline Baseline Correct
Array). Remember to click the reReturn button to exit the baseline points mode before
doing the actual baseline correctiorf-or certain spectra, you can also useAht®
Baseline Correct Array selection tdbaseline correct the data without defining the points.
The fully automatic correction works well for spectra with sharp-gefined peaks (e.g°C
spectra)pbut maynot do well with digitally filtered data #isometimedavea sharp
curvature at eacme of the spectrum.

7. You can peak pick an array of spectra by placing a single cursor on top of a peak in the active
trace and then using tieak Pick Stacked Array selection in thé?eak Pick menu. If you
use two cursors to define the left and right edgespeak then this function will provide the
area (integral) under the peak. This cam$eful for noisy spectra or broad peaks.

8. The active trace can be integrated as any other 1D spectrum. If you change the active trace
with thePrv or Nxt buttons tle integrals will reflect the new active trace. After you have
defined the integral regions in the active trace you can obtain a list of the relative integrals in
all of the traces with thintegrate Stacked Array selection in the Processing menu. These
values are uncalibrated (raw) integral valu€be integrated values are listed in two formats:
The first ordered by trace number and the second ordered by peak number.

You can also process a consecutive d$ashiomes of
with theProcess Series of ExNo (Bruker) selection. An example would be a series of 1D

NOE experiments. You can then trangfegsespectra to the stack withe Copy Series of

Bruker Experiment Numbers to Stack selection in th&/iew menu.

Deconvolutionor Band Fitting

Sometimesi t is desirable to fit or Afdeconvol ut ea
position width and intensity. SpinWorks has this feature included istimellation menu.Note
that spectra to be deconvoluted should be well digitized and should haVbagadines.

Use the following steps teconvolute @et of overlapping peaks:

1. Define a sk of starting values. It is usually easiest to define the starting shifts by
generating a peak list with the manual peak picking by right clicking on the location of
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each suspected peakK.ou can also use the regular peak pick command, but most peaks
thaty ou woul d want to deconvolute dondét peak

2. Transfer this peaMist to a deconvolution list with the€Copy Picked Peaks to
Deconvolution List selection in theSimulation menu. This will generate and display
synthetic spectrum based on the shifts and intensities of the peak list. You can edit these
values or add other peaks with thBdit Deconvolution Pe a k P a r a setettienr s é
in the Simulation menu. At this point you Wiwant to enter estimates for the peak
widths as the initial list will have default values only. Each parameter has a check box

3. Start thelnteractive Deconvolution Panelé from theSimulation menu. In this panel,
individual peak parameters can be adjusted with+thand i buttons, ad can be
optimized with theOptimize buttons. The current RMS deviatibetweerthe simulated
and calculated spectra is shown at the bottom of the dialde Peak numberbox
selectswvhich peak to optimize.

4. A global optimizationof selected parametecan be performed with the Optimize button
at the bottom of the dialog. The actual parameters to be adjusted can be selected with
check boxes in thEdit Deconvolution P e a k P a r a oi@dy.eSeweml rounds of
optimization may b required for an optimum fit. Thét is optimumwhen the RMS
deviation is nolonger changingsignificantly. Note that the percentage of Gaussian
character in the peaks cannot emtty beglobally optimized (it correlatesvery highly
with the other parametersaseline offset and phas)ng

5. The List button will provide a tabular output of the peak information andStaek
button can be used to copy the individual peaks to a stadéed

6. The Rescale Display button sets the absolute scale of the simulated spectrum to be
equal to that of the experimental spectrum.

7. If desired, you can drag the vertical position of either the simulated or experimental
spectrum to overlay the spectraim$ly hold the left mouse button down on the zero
position of either spectrum and drag it to the desired position.

8. The Stack button can be used ftdisplay the individual peaks as stacked traces. The
properties ofthe stacked traces can de change with Define Stacked Trace
Pr o p e r dialogis theView menu.

9. You can use th€opy Simulated to Stack selection in thé/iew menu to calculate the
final simulated spectrum into the stack. This makes for a neaterydibpla displaying
the simulated spectrum along with the stack. You can then turn off display or printing of
the simulated spectrum.

10.The Dump buttoncan be used tdump the simulated spectrum as well as any stacked
traces to X,Y data files. These files will be located in the same folder as the fid file.

1
SPINWORKS 4.2 MANUAL 38



13574180 97
21519 15830361 .68

15122073 45

Figure 9. This dialog can be used to enter or edit peaks for deconvolution.
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Figure 10. Dialog that can be wed to interactively adjust the deconvolution parameters.
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SpinWorks 4: Phosphinamide ligand
MAS spinrate = 20 kHz
Deconvolution

PPM 28 24 20 16 12
file: ...enyltrimbenP-yellow-nt=256.fid\fid block# 1 expt: "xpolvtirhol" freq. of 0 ppm: 150.788465 MHz

transmitter freq.: 150.794336 MHz processed size: 65536 complex points

time domain size: 16384 points LB: 25.000 GF: 0.0000

width: 500000.00 Hz = 3315.7744 ppm = 30.517578 Hz/pt
number of scans: 256

Figure 11. Deconvolutiorof Phosphinamide ligand3C MAS)
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2D Processing

Introduction to 2D Processng

SpinWorks has the capability to process 2D data sets from UNIX/Linux and Windows based
Bruker (A?X and Avance)UNIX/Linux based VariafAgilent (DDR, DDR2,VNMRs, Inova,

Unity, Mercury, Gemini) JEOL, Anasaziand Magritekspectrometerd?rovision has éen made

for Hypercomplex(States StatesTPP| echeantiech9, TPPland Magnitude moddata. Every

attempt has been made to make the 2D nod@pinWorks as consistent as possible with the 1D
mode. SpinWorks also tries to set processing parameters and modes that are appropriate for the
data, resulting in very easy processing. However, inappropriate parameters (e.g. referencing,
detection modeetc.) may be inherited from the original data. In these rare cases, the parameters
can be overwritten in SpinWorks.

Selecting the 2D Data Set

SpinWorks shouldutomatically detect VariamBruker, JEOL,Anasazi,Magritekand NMRPipe

data formats, and can distinguish between 1D and 2D data. However, should this not work for
some reason, you can use thptions menu set théata Format according to the brand of
spectrometer that you are using and also seREhselection. The 3D selection needs to be
checked before selecting a 3D data set.

In order to read processed data fromNXihRPipeprogram, seleddMRPipe Processed Data
from theData Format submenu of theDptions menu.

In the File meny use theO p e n@g@mmand or the recent files list to select the appropriate raw
spectral data. Select ter file for Bruker datathefid file for Varian dataand the .jdf file for
JEOL data. If you use thé@dpen command, you will havéo navigate through the directory tree

to the correct file. Bruker data sets have the structure:e x n a me / while®Varsmre data
sets have the structuré:/ e x n a me..Whendydufaie dransferring data make sure that you
transfer the entire data ses SpinWorks requires information from the various parameter sets
that are stored with the raWID data (the procpar, acqus, procs, proc, title, etc. files).

You can use th8et Preferences selection in théptions menu to set the default data directory
fortheFi | e Cdmleq é

After the data set has been opened, the first FID (finshltie) will be displayed on the screen.
You can step through the individual FIDs with thev andNxt buttons.

Setting the 2D Processig Parameters

SpinWorks get most of the necessary processing paramétens the parameter files of the data
set. If you want to override these, or to simply checkthe parameters, you can use 2iie
Processi ng PselectiomttheEdisnéenu or the corresponding greEdit Pars
button on the button panel. Separate panes are available for the detegtdbméRsion and the
evolution (k) dimenson. The following parameters can be edited:
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Size

The number of complex data points in each dimension. This value must be a power of 2,
and wil |l be rounded up to the nearest power

Frequency of 0 ppm

The value (in MHz) used as the calibratiogference point in the spectrum and is
equivalent to the Bruker SF parametetf the data were properly calibrated on the
spectrometer, then this value should not need to begdd. Referencing can also be
accomplished (more conveniently) with fedlow Calibrate button on the button panel

Detection Mode

For R, this checkbox specifies whether the data were recorded in single (magmitude
Bruker QF mode) TPRIStates StatesTPPI or echeantiechg mode. SpinWorks can
normally determine this from the data set parameters. The sequential setting is not
currently used.Note that the Varian gHSQC sequence uses-aatiecho, and sequences

that the Varian documentation specifies as StBRRI, processes in SpinWorks as
States. The necessary correction to convert the data to States format has been applied at
the spectrorater. For Varian data,the& et ect i on mode i s deter mi
and Aphaseod parameters.

The Varian gHMBCADexperiment regires echeantiecho.

Bruker echeantiecho HMBCexperiments (e.gh mbcet gpé ) -antiechoui r e
followed by magnitude processing in following the transform ZD submenu of the
Processing menu).

Determining the Fdetection mode for JEOL data is still a bit problematic. SpinWorks
tries to guesat the detection mode, but you may have to experiment. COSY and HMBC
like experiments will probably use tH@OSY/HMBC setting, HSQC like experiments
will probably useEcho-Antiecho, and NOESY will probably usstates.

The R, detection mode is can be oné Simultaneous, Sequential or DSP, and is
normally determined correctly from the acquisition parameters.

Reverse

Check this box if you find that the; Flirection needs to be reversed. This is pulse
sequence and spectrotme model dependent. SpinWorks should set this correctly for
mostdata sets. An exception seems to be magnitude mode data (e.g. COSY and HMBC)
from Bruker AMX spectrometers. Data from Avance series spectrometers should be
O.K. Using the k(a.k.a. Y ordecoupler B) channel for HSQC type experiments on an
AMX spectrometer may also result in a reversed dimension. Avance series
spectrometers are OK.

Data from JEOL spectrometers may require F1 reversal, depending on the experiment.
Reversing Eshould rver be necessary.
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First Point Correction

Applies a multiplier to the first point of the FID. The default value of 0.5 is good for the
vast majority of data sets. Experiment with the value if you need to remove some
basdine offset in the transformed spectra. An alternative is to apply drift corre@iidn (
Processing submenu) after processing.

Bias Corr.

Determines whether a DC offset or bias correction should be applied to the FID. The
default value isOFF, and it should only be turned on if there is a noticeable zero
frequency fAcemred ¢hé spectrum.tThieis very unusual in modern
spectrometers.

Window Function

This is the preransform apodization functiorpplied to the data. Choices are: none,
Lorent z, Lorentz to Gauss (the Bruker i G M
TRAFS and Gaussian. Details of the TRAF and TRAFS functions can be found in the

1D processing section. The shift parameter is thé @hitlegrees) for the Sine and Sine

squared function, while the LBnd GBparameters are used by the Lorenz, Lorentz to

Gauss, TRAF, TRAFS and Gaussian functions. Note thatLdmentz to Gauss

selection uses tHeB andGB parametes, while theGaussian Selection usekB only.

For Bruker data, the window function and parameters specified on the spectrometer will
be used. For Varian data, SpinWorks currently selects window function parameters based
on the detection mode and pulse setpre name (if a standard Varian pulse sequence was
used). The reason for this is that the window function definition and parameters used in
SpinWorks differ significantly from those used by VNMR. Future versions will
hopefully select the window functioand parameters based on the values set in the
spectral parameters.

Linear Prediction

Specifies the parameters used for linear prediction of the data set. This is tygbally
used n the indirect dimensions whethe number of time domain data points is small.
You can specify the number of points to be predicted, the number of coefficients, the
number of input points used for prediction, and whether you want forward oseever
prediction. nly forward prediction is supported in;Fwhile onlybackwardsprediction

is supported in £ These parameters may require some experimentation, but the default
values are usually satisfactory.ou can usually double the number of time domaitad
points inthe indirect dimensionand the number of coefficients will typically be 8 to 16.
The number ofnput Points can usually be set to the one half the number of time domain
points in T, which is the default value. If you get what appearsetstbeaking in £ you

can increase the number of input points and/or the number of coefficientsCuldfé

value can be left at the default value for most cases, but raising it can speed up the LP
procedure.
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The newest LP addition is the ZBaxfi f or-lwac Bwar d 0 J.a&Mbgp.dResort. h m  (
100,202 (1992)). This routine seems better than the others, and can extrapolate the data
further than the others. For example, extrapolation from 128 to 512 points is possible for
data with a good signal to noise ratio. It is not recommended to raise the number of
coefficients above 16, and the input points parameter is not used for this algorithm (the
whole data set is used). Future releases of SpinWorks may have this asdhelstan

default LP algorithm.

Note: In mostcasessimply selecting=orward or Zhu-Bax and leaving all of the other
parameters at their default values will provide the best results.

Note: Linear prediction works well wheanindirect dimension has beenkabviated in
order to save experiment timé&pplying linear prediction to a data set that has already
decayed to the noise will not provide any improvement in resolution, and will likely
result in poorer sensitivity.

For k (the detectionor acquisitiondimension) it isalways better to increase the
resolution by increasing the acquisition time (narrowing SW or increasingrTioP)

rather than by relying on linear prediction. This does not increase the experiment time, as
the increase in acquisition tinman be compensated by a reduction in the relaxation
delay.The only time when this may not be appropriate is when there is severe decoupler
heating during acquisition.

Phasing

Specifies the type of phas®rrection to be applied to the data during the transform.
Possible values argrone (you will phase the data interactively lategnstants (the
specified zero and first order corrections will be applied to the data during transform),
magnitude (approprate for the k dimension for magnitude COS3nd HMBC) and
power. Note that applying magnitude or power spectrum processing to the detection
dimension (k) would be pretty silly.

HOGWASH (F; only) parameters.
These are described separately in the HOGWASH section of this manual.
Solvent Filter (F, only)

This provides a higipass filter for removing a strong solvent signal (e.gO)XHrom the
centre of the spectrumGauss or Sine usually work best, and the number of points
determines the selectivity of the filter. A larger number of points creates a narrower
filter, with the default value giving good results for typical proton 2D spectra recorded in
water. However, you shild experiment to achieve the best resiiote that solvent
filtering is purely cosmetic and does nothingaictuallyimprove the dynamic range or
baseline of the original data.

F1 Ref Freq (F1only)
Specifies the frequency to be used for Hz to pponversion in the Fdimension.
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Buttons are available for the Observe transmitter, Decoupler or Decoupler 2. The
frequency can also be entered manually. These buttons are most often used to correct bad
Airefsourcelod or fAref satasets.e20 parameters in

Figure 12. F, (and 1D) processing parameter page
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Figure 13. 2D F; processing parameter page
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Processing 2D Data
Transform

Once you have selected your 2Btal and have set the processing parameters, you will need to
process it. In 2D mode the greBrocess buttons on the button panel will process the data as
specified by the current processing parameters. Although you can process #mel
dimensions gearately, it is usually easiest to click in tReoc. Both button to do a complete
transform of the data. For 2D data sets that do not require phasing (e.g, EOIBC and
HETCOR), clicking theBoth button may be the only processing that dla¢ga set requires. This

will be true if appropriate window functions and other processing parameters were set up
correctly at the time of acquisition. (For experiments run with IconNMR or with the standard
parameter sets, this will always be so.)

2DMQMASspectra require a special typ,eo oifn twhaincst
a T, dependent first order phase correction is applied to each row of the spectrum after the first

(To) transform. The phase constant or fAshearing angl eo
the quantum selection of the experiment. The angle can be calculated with tHdAEQ

T ool b diadog available in th&D Processing submenu of theProcessing menu. A

particdar angle can also be entered, if desired.

M0 MAS Toolbox x|
Shearing Phase Angle: ID-DDDU

Spin: [Cluantur;
[z =] |2 x| Calculste |

Referencing

F1 to Trans. | F2 ta Trans. |

Mote: it map be neceszary to change the
zigh of the calculated angle if the F1
direction has been reversed.

cancel [ ok

Figure 14. MQMAS shearing transform dialog

The referencing buttons adjust the referencing so that each of the dimensions can be referenced
to the transmitter, if desiredThe Calculate button is used to calculate the required shearing
angle after th&pin andQuantum values have been set.

The shearing transform for MQMAS data has only been tested on Varian data. Testing with

Bruker data is still required.
I ————
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Note that the scaling of the Bxis retains the scaling of the original unsheared data. There are
several conventions for the scaling and referencing of MQMAS data, and there does not seem to
be a consensus as to which one is best. Consult:

Y. Millot and P. P. ManSolid State Nuckr Magnetic Resonang@1 21-43 (2002)and other
solid state NMR literature for a detailed discussion.

Some other less frequently used 2D processing commands are also foun2DnRteeessing
sub menu of th@rocessing menu.

2D Display

The defaul't mode for the 2D display is fiimag
intensities will be displayed. For magnitude data and phased phase sensitivePdeat&)ray

mode can beelected from the Button Pandtisalsom s si bl e t o di spl ay the
mode and to select coarse or fine contour spacing. The lowest displayed contour and the highest

displayed contour can be adjusted withflber andrange buttons. Note that means moving

thefloor level down, or closer to the noise. Therefore click thebutton to see smaller peaks.
Similarly, moving therange up or down will control the number of levels displayed. As a
starting point, set the floor just above the noise (or artifact) level and adjuantie so that the
highest peaks are displayed in the most intense colours. For spectra with very large dynamic
range, lowering theange even further will give more contours on the smaller peaks at the
expense of the more intense peakbe normal corur level spacing is logarithmic, but may be
changed tdinear spacing with the appropriate selection in\treav menu.

Note that buttons that toggle between modes display whatctien of the button will be, not
the current state. For example, if thetton is labeledContour, clicking it will switch from
image modeo contour mode.

Floor:

Range:

Trace:

Scale:

Zoom

Last Exp.
10 Dizplay
FPaz Only
Canbaur

Cal Mode

Clear

Figure 15. 2D display buttons

Il n i mage mode, al | | ev el (srthe selecdad backigreundicbldug or 0
I ———————
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while all levels above the range or ceiling will be displayed in theucotiothe highest level.

The fAimageo display mode i s consi calwagshdbng f as't
in contour mode, irrespective of the display setting.

Clicking the left mouse button with the cursor in the data ardecaiilse a set of red crebair

lines to be drawn. Clicking again will cause a second set of lines to be drawn, and will thus
define a region. This region can be zoomed by clicking the middle mouse button (if available) or
the blueZoom button. The crashair lines can be erased by clicking the left mouse button a
third time.

Individual rows or columns of the 2D matrix can be selected and displayed with clicks of the
right mouse button. The selection Bbw Mode or Col Mode determines which will be
dispayed. Switching tolD Display mode will transfer the last highlighted row to the 1D
display. You can examine and plot individual 2D rows in this manner, using all of the 1D tools
of SpinWorks. You can select which of the rows is highlighted (in yellmmgelecting it with

the toolbar up and dawarrows. Currently (version 4,Zolumns cannot be transferred to the 1D
display mode. However, columns can be saved as JCBKIHles (see below), and then read

as 1D spectra.

Rows or columns selected withetliight mouse button can be saved as JCAMP_DX files by
using theSave Displayed Columns or Save Displayed Rows selections in thd-ile menu.

These spectra will be saved with names likev482.dx in the folder containing the folder
containing the current vadata. The titles in these files will have the chemical shift of the
extracted row or column attached. These rows and columns can then be read by SpinWorks in
1D mode

When extracted rows or columns are displayed on the screen, one will be highigpéidw,
while the others will be displayed in bhgeeen. The highlighted trace is one to which vertical
amplitude scaling will be applied¢ale: + andi buttong. The currently active trace can be
changed with théutton panePrv andNxt buttons.

Hint: If you have sufficient memory in your computer, you can stagandor third) copy of
SpinWorks for examination and printing of the extracted rows and columns. This allows you to
keep the 2D data in thedt copy.

A crosshairs cursor can be displayed on the screen by usirtgattieng cursor selection in the

Viewme n u . You can tou skee yt haes kae yshhoaarr tthaingion ot off. t o g g |
ADoubl e clickingo smairlcdrsora Speara carobg displyed amceprinted o s s
with the R axis horizontal by using thRotate 2D selection in theView menu. Note that
interactive phasing requires thag &xis be horizontal. Spectra can be rotated to the desired
format after phasing, afourse.

Phasing
2D data may be phased in several ways:

1 Phase constants set in tB® Processing Parameters dialog Edit menu) can be
applied at the time of transform. It the data have been previouslydolwabeXwinNMR
I ———————
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or VNMR, the phase constants read in with the data should work in SpinWorks.

1 Phase constants set in tB® Processing Parameters dialog Edit menu) can be
applied after the transform. This is accomplished with RBe(det.) F1 (evol.) or
Magnitude buttons in thd®hasing section of th&D Processing dialog.

1 The first increment~ID can be transformed and phased to give thga€quisition
dimension) phase constants. Note that this method will not work for experiments that
have zeo intensity in the first increment. For example, some phase sensitive COSY
experiments.

1 The 2D spectra can also be phased interactively. The method is essentially the same as

used in 1D mode. Note that t hehozmperdtarlad m
mode for interactive phasing. Use tWieew menu to turn thdRotate 2D option off if
necessary. Spectraghooam omd all @t antoedde tad ttehme |

To phase spectra interactively:
1. Select either the row mode or column madé&om the button panel.

2. Select rows or columns that contain peaks in diverse regions of the spectrum by
clicking on the peak with the right mouse button. The extracted row will be displayed
on the screen. The amplitude of the extracted traces celmabged with th&cale:

+ or 1 buttons on the button panel. The highlighted trace only will be changed.
Which trace is highlighted can be changed withRheandNxt buttons.

3. Select the peak to be used as the pivot point (the point where the finrspbede is
always zero) by marking it with the left mouse button.

4. Use the phase button on the toolbar to start the interactive phasing routine. Adjust the
zero order phase (ph0) on the selected pivot peak (it should be marked with a green
line) and adjusthe first order phase (phl) on the other peaks. Note that in column
mode, positive is to the right. When satisfied with the phase, click oipybly and
Exit button.

5. Now phase the other dimension, if required.

Note that most Varian pulse sequencesvartten so that the;fphase correction is zero (or very
close to zero). In such cases np@hase correction is usually required. However, due to
differences in processing algorithns@me(usually echeantiecho) data that have zerppghase
correctionin VNMR may require exactly a 90 degree correction in SpinWorks. SpinWorks can
recognize some of these sequences and set the phasing constant appropriately.

Many Bruker experiments calculate theghasing based on the delays and pulsgthenin the
sequence. These phase constants will work in SpinWorks with tiieaBing set t€onstants.
Data from newer Avance spegphasmgmeters wusually

For NMRPIPE datathe imaginary parts of the spextare not normally stored with the data. In
this case, use the; and R Hilbert transformfunction available in th&D submenu of the
Processing menu.
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Baseline Correction

2D spectra irorganic solvents rarely require baseline correctibiowever, if baseline correction

is required, it can be applied to either dimension withBhseline Correct F2 or Baseline
Correct F1 selections of th&D Processing submenu of theProcessing menu. A Whittiker
smoother algorithm is usedlhe default parameters are usually good, but can be adjusted in the
processing parameter dialog if necessary.

If the baseline is offsetresloped, but not very curved,may bebettert o use Adrift co
instead of baseline correction. This corrects any slope and bias in the baseline, and will be
familiar to VNMR users. The drift correction commands are also in2ibeProcessing sub

menu of theProcessing menu.

Note that the first point correctiovalue @D Processing Parameters dialog) will also affect
the DC offset of the spectrum.

F, and F, Reference Spectra
Proessed 1D reference spectra can be displayed and printed alon@titeR-dimensions.

1 Process the 1D data normally and save the processed spectra as-DBAMEs (File
menu).

91 After processing your 2D data, usefRee ad F1 ©oriRead e & 2 T buwtens ié
theFile menu to read in the JCAMBPBX files as "projections."

1 The vertical scaling can be adjusted by clicking near the 1D projection and usiBcgaike
+ and- buttons and the individual traces can be turned pofowith the dropdown menus
on the toolbar. The Fand F; reference spectra can also be scaled by placing the cursor near
the appropriate 1D spectrum and using the mouse wheel (if you have one).

1 Note that the 1D reference spectrard have to have éen recorded with the same SW as
the 2D spectrum. Theshould normallybe recorded at the same fieltHowever, there is
now aConvert Field function Processing menu) which can be used if you want to use a
1D reference spectrum recorded at a differesid fi

Projections

As an alternative to displaying external 1D spectra along the edges of a 2D spectrum, it is also
possible to display projections of the 2D data. This can be very useful for a dimension where a
1D referene spectrum cannot be recorded. An example would bEGhdimension of HSQC,

HMQC and HMBC type experiments. For these experiments, data can often be obtained for
samples that are too dilute for conventioliél spectroscopy. The projections can bewated

and displayed with the F1 and F2 trace ddogvn boxes on the toolbar. The projections can be
scaled by placing the cursor near the appropriate 1D spectrum and using the mouse wheel (if you
have one), or by clicking near the projections and usia&cale: + andi buttons on the button

panel. The projections can also be calculated with the appropriate selectiorPnodhssing

Menu @D submenu).

When the projections are generated, copies are also saved in the current data folder as JCAMP
I ———————
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DX files. These have the names f1_proj.dx and f2_proj.dx, and can be read by SpinWorks in 1D
(JCAMP-DX) mode. They can then be peak picked, printed, etc. jdst asrmal 1D spectra.

F» and F; Traces(Scanning)

Interactive scanning of;Fand F traces can be displayed by clicking 2 Scan and/or the~1
Scan check boxes. The cressir cursor will also be turned on, in order to make it easier to see
where the trace is being extradt

F, Referencing

In a perfect world, spectrometer manufacturers would provide parameter sets for all of the
common 2D sequences with correct referencing information.irFRiling this,the facility staff

should set up the referencing information. Alas, the real world seems to be quite different.
Bruker data recorded with standard parameter sets, especially if recorded with ICONNMR, seem
to be reasonably good. Varian data sets seetmetonuch poorer, especially for indirectly
detected heteronuclear correlation experiments (HSQC, HMBC, etc.) Homegrown parameter
sets may or may not have correct referencing information.

A problem that often occurs wictehl 0V apraiftaanmed a&tr a
specifies the channel that is used for Hz to ppm conversion in evolution dimension. For

experiments | i ke HSQC, gHSQC, gHMBC, etc. thi
often i so0o.setlLitke viisfa,g some Bi oPack sequences
to Asfrgqgo whereas in this case i s shaanhed usua

selection, thé-1(evolution) panel of 2D Processing Parameters dialog has button®tset the
channel used for Hz to ppm conversion in An the Special Cases group box, there are
buttons to set the;Fehannel to the observer transmitter, the decoupler or the second decoupler.
The frequency can also be entered manually into the exlitdut this should rarely, if ever, be
required.

Once it is certain that;Hs using the correct frequency for Hz to ppm calculations, it may be
necessary to set the actual reference position. With properly edited parameter sets (on the
spectrometer endhis value is usually pretty good, but is rarely perfect due to differences in
concentration, temperature, solvent, etc. There are several ways that calibration of the indirect
(Fy) dimension can be accomplished:

1. If the shift of a peak is known (usuallyomm a 1D spectrum) then thellow Calibrate
button (button pangl can be used to set a peak to a known shift value. Simply select the
desired peak with the cursor, clithe Calibrate button and then enter the correct shifts in
the dialog box.

2. If the abslute frequency of O ppm is known, it can be entered into the appropriate box in the
F1 page of the2D Processing Parameters dialog. This value can usually be seen @n 1
plots produced by SpinWork¥XwinNMR or TopSpin(SF parameter). If this value is not
avail able for your particular sampl e, (ofter
the value from another sample in the same solvent at the same temperature will be very close.

3. An automatic referencing of;Hor manysolvents can be accomplished using theto
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Reference F1 sub menu in the Processing menu. Select thendeleus and solvent
appropriate to your data. This procedure assumes that tthenEnsion is proton, and has
been correctly referenced. Thefaerence values used are valid for dilute solutions at25
The homonuclear option will set the referencing inde the same as that in F

Note that even if the referencing in the 2D spectrum is identical to that in the 1D spectrum, there
may not beperfect alignment between the two in some experiments. There are two reasons for
this. In the E dimension of an HSQC or HMBC type experiment (grof a HETCOR or
COLOC experiment), the observed signals are due tt'&hisotopomer, while what is obsed

in the 1D proton experiment is th&C isotopomer. There is an isotope shift between the two,
which becomes more noticeable at higher fields. The second reason for a misregistration of
peaks between 1D and 2D experiments is due to the sample hehtolgmay occur from X
nucleus decoupling. This effect is most noticeable in solvents where the lock shift is temperature
dependent, usually . Adequate cooling air and newer low power (adiabatic) decoupling
sequences can reduce this effect.

Rememberthough, that with decent parameter sets on the spectrometer, manual adjustment of
the R referencing should only be required in special circumstances. E.g. different temperature
or pH, odd solvent, etc.

2D Integration

2D Spectra an be integrated with the same dialog used for 1D integratidowever, he
method used to define the integrals, though, is slightly different. After defining a region to be
integrated with two croskair cursors, it is necessary to click on thiegrate button to generate

the integral. You can also define a label for the integral by entering text intcakie box
beforeclicking the integrate button.

Dual 2D Display

It is possible to display two 2D spectra in a digeside dual display fashion. Theft hand

spectrum corresponds to the current workspace, and the right hand spectrum is a processed 2D
Ai mportedod from another workspace. The two
widths or sizes, but at least part of the chemical shfjea otthetwo data sets must overlap.

All display manipulation and processing commands work on the current workspace, et is

left hand data set. The display limits of the right hand data set will be automatically adjusted to
match the current wispace values. The following method can be used to display two data sets:

1. Select a workspace and then select and process a 2D data set in the normal fashion.

2. Move to another workspace. Select and process another 2D data set. Set an appropriate
contour hreshold, colour mapping, etc.

3. Return to the original workspace of step 1.

In theView menu use th®ual Display of Workspace submenuto choose the workspace
with the second data set. The frequency limits of this second data set will match those of the
first. If you zoomor expandn the first data set the display limits of the second data set will
be adjusted to match.
I ———————
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5. If you need to adjust theontouring levels in the second data set you must switch to the
second data set, make the necessary adjustpretirn to the first data set, and then use the
Dual 2D Display of Workspace sulbmenu again

+ SpinWorks 3.1.7 beta 3 (2010/03/19) C:\nmrdata\av500_dru\3\

Fle Edt View ROI Options SpinSystem  Smulaion Frocessing  PeakPick  Help

i | warkspace 1 |- |+ | Za | P2 Trace Ext ~ F1 Trace Ext. ~ || @ |

I

Ful
Zoom
Last Exp.
1D Display
Fos Only

Image

o

Clear

Edit Pars
Proc. Both

F2Orly
F1Orly

Applp PhF2
Apply PhF1
Magnitude

Phase

Integrats

B 14 10 068 PN 3 3 3 14 10 06

Calibrate:

Figure 16. Dual 2D display of Cyclosporine A with the COSY spectrum on the left and the
TOCSY spectrum on the right.

2D Peak Assignnent Tool (under construction)

When solving a structure, it is often useful to use the HSPGMQC spectrum as a

Awor ksheetd and use combi nHMBC i@ sjuhctionTwWiEnhQiRY |, NOI
HSQC data in order to piece together the carbon framewotkeaiblecule.SpinWorks has a

notebook tool that allows you to keep track of these peak assignments. Although this tool would
typically be used with a CH correlation (HSQC, HMQC or HETCOR) spectrum it could, in
principle, be used with any 2D spectruithe peak assignment tool is used as follows:
I ———————
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1. Click on theRow/Col/Label button (button panel) in order to get to the peal labeling
mode.

2. Theright mouse button can now be used to label epesks. Information on COSY,
TOCSY, NOESY and HMBC correlations tiois peak can then be entered or edited.

3. The compiled assignments can be listed withLikefunction in thePeak Pick menu.

Edit Peak Assignment

F2=1.8167 F1=25.8491
Assignment:

COSY:

Complete <invigstp> 32 scans Mouse: (set cursor, zoom, label peak)

Figure 17. 2D Label and assignment tool

2D Processing Tutorial

A numbe of 2D data sets are available for download, and contain data acquired on both Varian
and Bruker spectrometers, with a number of detection modes.

1
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Magnitude (COSY and HMBC type) Data

COSY data sets are usuplprocessed wittunshifted sine window functions in Fand F,
magnitude phase correction in @nly!) and "COSY/HMBC type detection mode. It should
not be necessary to specify whether the data are Varian, Bdl@t or Anasazi as the program
can idetify the data format automatically. It should also automatically determine whether the
data are 1D or 2D. For Varian data, a confirmation question wiisked beforswitching to

2D mode.

1. Use theFile Open command to navigate through the supplied sandpita and select either
theé g COS Y. fVaridr fife ordhee c 0 s y _ q Brulker fik.eAfter selecting the file,
the first block (FID) of the 2D data set will be displayed. If these data sets are not available,
any Bruker or Varian COSY, gCOSY or HMBtype data set could be used. Note that
Varian gHMBCADa nd Br uk er h pxperireensghowevet, sequieecho anti-
echo as the [rdetection mode.

2. Uset he Edit 2D Pr oc e setectionm théEalit naerrueotﬂ‘ on
the button panel to examine the 2D processing parameters. With the supplied sample data,
these will all be correct, and are typical of what would be used for a magnitude COSY
spectrum Note that fo Bruker data the processing parameters are read from the data set. If
the data set was set up correctly on the spectrometer, it should process on SpinWorks without
any adjustment of the processing parameters. For Varian data, the default processing
paranet er s are based on the nanke pdr atnheet ep u lasne
Aph@aspar amet er . | f Spi nWor ks recogni zes t
reasonable parameters$f SpinWorks doesn't recognize the pulse sequence, then you may
have to set some processing parameters yourself. Note that the COSY type parameters are
also suitable for HMBC spectra. However, the window functions should be changed to sine
or sine squaredith a 45 to 90 degree shift.

3. Process the data in both dimensions by cIickingﬂ‘ on the button panel. The
status of the transform will be displayed at the bottom of the screen, and when finished an
image mode 2D spectrum will be displayed on theestreThis can be changed to contour

mode by selectingﬂ‘ on the button panel. Note that the current contouring
algorithm in SpinWorks can be a bit slow on some machines. Since this is magnitude mode

data, mapping negative levels doesn't make any senberefdre, select th_ PesOnby_|
button to display the positive contours in a more complete set of coloursflodh@owest
contour) andange (highest contour) can be changed with the appropriate buttons.

4. Clicking the left mouse button in the data window willrknghe point with a set of red cress
hair cursors. Clicking the left mouse button in the data window a second time will define a

region that can be zoomed with t.._ €% button or by clicking themiddle mouse
button. Clicking the left mouse button in thealatindow a third time will erase the cursors.

5. Uset he Edit 2D Pr oc e sdectiongn the Bdit mene to esat Flidear
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prediction toZhu-Bax, the number of coefficients to 16 and the number of predicted points
to 512. Exit the dialog by clickinthe O.K. button. In th@D Processing and Display
dialog, click the Both button to reprocess the data. You should see a significant
improvement in the resolution in the éimension.

6. Print andPrint Preview in theFile menu work as expected.

7. If you wish to apply baseline correction or symmetrize the data, these functions are available
in theProcessing menu.

Figure 18 COSY spectruran an Avance 30processed with ZhBax linear prediction

Phase Sensitive (HSQ®ype) Spectra

There are several ways in which phase sensitive 2D data can be recorded. The data can be
purely hypercomplex (two FIDs recorded 98ut of phase, but with the samevilue - often

known as the Statemethod), TPP(t; and phase incremented at the same time), a hybrid called
StatesTPPl or the echeantiecho method, which applies to certain types of gradient
experiments. SpinWorks must know how the data were recordedéentorprocess it correctly.
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