(*><)
BRUKER

WIN-EPR Si ‘Fonia
USER'S MANUAL

\\
WIHERH Shitoski - [LHAHG 3 M Py
Sk Faameter  [gersii Pragrsodan ey (pfers  Wingoa
) kel (3% 1@iw|" ] |sandan |4 |TIH0S] =00]
=15 5
J




WIN-EPR
SimFonia
MANUAL

Dr. Ralph T. Weber
EPR Division

Bruker Instruments, Inc.
Billerica, MA USA

Manual Version 1.0 Software Version 1.2
Part Number 6130860 May 30, 1995




WIN-EPRSimFonia User’s Manual
Software Version 1.2
Manual Version 1.0

Copyright© 1995 Bruker Instruments, Inc.

The text, figures, and programs have been worked out with the utmost care. However, we cannot
accept either legal sponsibility orany liability for any incorrect statements which may remain,

and their consequences. The following publication is protected by copyright. All rights reserved.

No part of this publication may be reproduced in any form by photocopy, microfilm or other proce-
dures or transmitted in a usable language for machines, in particular data processing systems with-
out our written authorization. The rights of reproduction through lectures, radio and television are
also reserved. The software and hardware descriptions referred in this manual are in many cases
registered trademarks and as such are subject to legal requirements.

This manual is the original documentation for Bruker’s WIN-E3#RFoONia Version 1.2.




Preface 0

Bruker strives to supply you with instructional and accurate doc-
umentation. We encourage you to tell us how we are doing.
Please send us your suggestions for improvements, corrections,
or bug reports. If there is anything you particularly liked, tell us
as well. With your input and assistance, Bruker can continually
improve its products and documentation.

You can send your messages and correspondence via e-mail,
FAX, telephone, or mail. It is important to include the document
name, product name, version number, and page number in your
response. Here are the addresses and numbers to which you can
send your messages.

e-mail:  rtw@bruker.com
FAX: 508-670-8851
Tel. 508-667-9580 ext. 137

mailing  Dr. Ralph T. Weber
address  EPR Division
Bruker Instruments, Inc.
19 Fortune Drive
Manning Park
Billerica, MA 01821 USA

Thank you for your help.
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Introduction 1

Purpose 1.1

The scope of this manual encompasses many purposes. The first
objective is to guide you through a successful installation of the
program onto your computer. The second objective is to assist
you in becoming proficient and productive with the program.
The last objective is to supply you with a complete reference list
and description of the menus, commands, and messages.

WIN-EPR SimFonia 1.2

WIN-EPRSimFonia is a fast, easy to use EPR spectral simula-
tion program that runs on a PC under Microsoft-Wind®vihe
simulation algorithm is based upon perturbation theory. Both
solution and powder spfa can be simulated. Simulated spectra
can be saved in a WIN-EPR compatible format for sophisticated
post-processing with WIN-EPR.

WIN-EPR SimFonia User’'s Manual
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Features of WIN-EPR SimFonia 1.3

Program + Mouse driven simplicity: easy access pull down menus and
dialogue boxes.

« Hardcopy of spectrasing any output device supported by
Microsoft Window$.

« Comparison of experimental spectra with simulated spectra.
« Elementary data processing.

« Easy transfer of simulated spectra to WIN-EPR for sophisti-
cated post-processing.

+ Choice of Gauss, MHz, or Tocmt for parameter units.

¢ Simulation of both solution and powder spectra via an effi-
cient perturbation theory algorithm.

WIN-EPR SimFonia User’'s Manual 1-2
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L]

Solution Spectra which are adequately described by the spin hamilto-
Simulations nian,

H=gugBpS+aS.l+guyBgl, [1-1]
can be simulated. (i.e. rapidly tumbling radicals in solution.)

« Choice between first order or third order perturbation theory
to simulate both weak and strong hyperfine splittings.

* Many-lined spectra can be quickly calculated because of the
efficient FT (Fourier Transform) algorithm.

¢ Up to 20 inequivalent nuclei with a virtually unlimited num-
ber of equivalent nuclei can be simulated without large
amounts of memory because of the efficient FT algorithm.

« Lorentzian, Gaussian, and \Voigt lineshapes can be simulated.

* Isotopic mixtures of nuclei are easily and quickly simu-
lated.The Bruker ENDOR table with natural abundance, spin,
and nuclear g value data is implemented with a user-friendly
periodic table interface for convenigabtope data entry and
access.

* The effect of magnetic field modulation amplitude as well as
time constant can be quickly and accurately simulated. This
feature is very useful as an instructional aid for beginners.

« Both g and a values for first order spectra can be interactively
entered by placing cursors at the appropriate locations in an
experimental spectrum.

* m; dependent linewidths from inowpletely averaged aniso-
tropic interactions can be simulated by a polynomial approxi-
mation. A least squares fitting routine to determine the
polynomial coefficients from experimental spectrum line-
widths greatly aids in these calculations.

WIN-EPR SimFonia User’'s Manual 1-3
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Powder Spectra which are adequately described by the spin hamilto-
Simulations nian,

L]

H= pg Bp.0.S+SD.S+SA.l +I.Pl +pyBognl, [1-2]

can be simulatedi.e. samples consisting of many small
crystals or a glass.)

¢ You can choose between first order or second order perturba-
tion theory to simulate both weak and strong hypersiolé-
tings.

* No assumptions are made regarding the orientations of the
principal axes of), A, P, andg,. It is assumed tha andD
have coincident principal axes.

« Lorentzian, Gaussian, and \Voigt lineshapes can be simulated.

« Up to 20 inequivalent nuclei with a large number of equiva-
lent nuclei can be incorporated into the powder simulations.

« Anisotropic linewdths can be simulated by entering the line-
widths along the principal axes gf

WIN-EPR SimFonia User’'s Manual 1-4



Getting Started 2

Using this Manual 2.1

How to Find Things 2.1.1

Getting Started

For those of you who need to install the program on your com-
puter, this chapter is the place to begin.

Theory Both beginners and advanced users should read Chapter 3
regarding the theory used in the simulation algorithms. Approxi-
mations are made and it is important to understand under which
conditions it is appropriate to uiee approximations.

A SimFonia Much of the program can be learned by exploring the many

Tutorial  commands and menus. Chapter #tarial, offers a more struc-
tured approach to becoming proficient with the program.

Command  After you are comfortable with the program, Chapter 5 can be

Reference  consulted for details regarding all the commands and features of
the program.

Typographical Conventions 2.1.2
Special fontsaare used in the text to differentiate between normal
manual text and text displayed in the program.
Times This is the font used for the normal text in the manual.
Helvetica This is the font used for text that is displayed by the program or

must be entered into the program by you.

WIN-EPR SimFonia User’'s Manual
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BROKER Installation Procedures
Installation Procedures 2.2
System Requirements 2.2.1

Hardware ¢ minimum 4 M Byte RAM.
e arithmetic coprocessor.
e 1.2 or 1.44 m Byte floppy disk drive.
¢ minimum 80 M Byte hard disk.
¢ VGA graphics.
« Microsoff® compatible mouse.
e 1 parallel (Centronics) port.

« Microsoft Window& supported printer.

Software MS-DOS® operating system (version 3.3 or above.)

« Microsoft Window& (version 3.1).

WIN-EPR SimFonia User’'s Manual 2-2



B;{H{‘j" Installation Procedures
Installing WIN-EPR SimFonia 2.2.2

The BRUKER WIN-EPRSimFonia program is a protected soft-
ware package. You may run it only if a dongle (WIBU-Key) is
connected to the parallel (Centronics) port of the PC. The dongle
is completely transparent for all command sequences directed to
a printer, that may be connected to the same interface.

Installing the dongle is simple. Exit Windows and turn the com-
puter off. Once you have turned it off, locate the parallel printer
connector. You may have to refer to the documentation for your
PC to find it. Disconnect the printer cable (if connected), insert
and screw the donglato the 25 pin parallel port concier and
insert and screw the printer cable onto the dongle. In order to
avoid future problems, we highly recommend tightening the
screws of the software protection key and the printer cable. Turn
the computer back on.

Note: Before you start the automatic installation of WIN-EBRFo-
nia, you must be sure that MS-WINDOWS 3.1 is installed and
running without problms.

1. Make sure that the dongle (WIBU key) is properly
installed on the parallel port of your PC.

Start Microsoft Windows in 386 enhanced mode.
Insert the WIN-EPR SimFonia disk in drive A.

4, From the File menu in either the Program Manager or File
Manager, choose Run.

5. Typea:install
6. PresENTER
7. Follow the Setup instructions on the screen.

The program starts a dialog asking for the device name and the
full path to where the program filefiguld be copied. The
default isC:\EPR. If the WIN-EPR processing program or an

WIN-EPR SimFonia User’'s Manual 2-3



aRGRen Starting WIN-EPR SimFonia

earlier version of WIN-EPRIimFonia can be found on the hard
disk, its directory is proposed. You may also change both the
device name or path. To continue with the automatic installation,
click onInstall or stop it with a click orkExit. If the selected
directory does not exist, you are questioned whether it should be
created or not.

After copying the program files to their destination directories, a
new program group is generated in which you will find the icon
for WIN-EPR SimFonia. If you have WIN-EPR already
installed, the icon for WIN-EPRIimFonia appears in the
WIN-EPR program group.

The installation is now finished. The WIN-EFRMFonia pro-
gram can now be started.

Starting WIN-EPR SimFonia 2.3

1. In the Program Manager window, doebtlick the
WIN-EPR group icon or the group icon that contains
WIN-EPR SimFonia.

2. To start SimFonia, double-click the WIN-EBR1Fonia
icon.

WIN-EPR SimFonia User’'s Manual 2-4



Theory 3

This chapter is meant to be a brief description of the algorithms
and the features of tHsimFonia simulation program. It is not
meant to be an exhaustive treatise on the theory of EPR. We
highly recommend exploring the followingxts to familiarize
yourself with basic theories. In this way, you can fully benefit
from the simulation program.

Solution Weil, J.A. , J.R. Bolton, J.E. WertElectron Paramagnetic
Spectra Resonance, Elementary Theory and Practical Aygpions
Wiley-Interscience, New York, (1994).

« Atherton, N.M.,Principles of Electron Spin Resonance, Ele-
mentary Theory and Practical Applicatian@/iley-Inter-
science, New York, (1994).

Powder <« Abragam, A., B. Bleane¥lectron Paramagnetic Resonance
Spectra of Transition lonsClarendon Press, Oxford, (1970).
¢ Pilbrow, J.R.,Transition lon Electron Paramagnetic Reso-
nance Clarendon Press, Oxford, (1990).
Solution Simulations 3.1

The first question to ask is, “What is meant by solution?”. Solu-
tion in this case means a liquid sample. In a nonviscous liquid
the paramagnetic species which we want to simulate are tum-
bling very rapidly. In fact thewretumbling so rapidly that their
anisotropic interactions (interactions which change with the ori-
entation of the magnetic field with respect to the complex or rad-
ical) are averaged out. What remains are the isotropic
interactions (interactions which do not change with the orienta-
tion of the magnetic field with respect to the complex or radical)
such as Fermi contact interactions. In some cases, the tumbling
is not sufficiently fast to completely average the anisotropic

WIN-EPR SimFonia User’'s Manual



BEQ:/(ER Solution Simulations

interactions. This incomplete averaging results jrdapendent
linewidths. These two cases are treated in the solution simula-
tion part ofSimFonia program.

The algorithm used in th&mFonia program is based on pertur-
bation theory. Historically, perturbation theory has been used in
the interpretation of EPR spectra because of the speed of calcu-
lation and the intuitiveness of the results. It is an approximation
technique for finding the energy eigenvalues and the eigenvec-
tors of the spin hamiltonian (the equations used to described the
EPR spectrum of the sample). Perturbation theory is covered in
any introductory quantum mechanics text book.

As stated in the previous paragraph, perturbation theory is an
approximation. The assumption made is that there is a dominant
interaction which is much larger than the other interactions. As
the dominaninteraction becomes larger compared to the other
interactions, the approximation becomes better. The three inter-
actions considered in tf&mFonia simulation program for solu-
tion samples are the electronic Zeeman interaction, the nuclear
hyperfine interaction, and the nuclear Zeeman interaction. The
electronic Zeeman interaction is the interaction of the magnetic
moment of the electron with the externally applied magnetic
field (i.e. the magnetic field from the spectrometer magnet). The
nuclear hyperfine interaction is the interaction between the mag-
netic moment of the electron with the magnetic moment of the
nucleus. The nuclear Zeeman interaction is the interaction of the
magnetic moment of the nucleus with the externally applied
magnetic field.

The assumption made in the simulations is that the electronic
Zeeman interaction is the largest, followed by the hyperfine
interaction and the nuclear hyperfine term is the smallest. The
approximations start to break down if this is not true. Perturba-
tion theory works best when the ratio between the successive
interactions is at least ten. For example, if the electronic Zeeman
interaction is 10 GHz, the nuclear hyperfine interaction should

WIN-EPR SimFonia User’'s Manual 3-2



B{;’Q:/(\E;R Solution Simulations

be at most 1 GHz, and the nuclear Zeeman interaction should
have a maximum value of 100 MHz. If these limits are
exceeded, perturbation theory still gives a “good” picture of the
EPR spectrum; however, itight not be suitable for quantitative
analyses.

Perturbation theory can be carried out to different orders of
approximation. As the order of the approximation increases, the
accuracy of the approximation increases. The default order for
the solution simulations is first order. If you need to simulate an
EPR spectrum with large hyperfine interactions, you can select
third order perturbation theory to increase the accuracy of the
simulation.

Only “allowed” EPR transitions are simulated. Under some cir-
cumstances, “forbidden” transitions can appear. These corre-
spond to a simultaneous flip of the nucleus and a flop of the
electron and the forbidden EPR lines occur between the allowed
transitions. These forbidden lines are not simulated e per-
turbation theory is not the optimal method for calculating their
positions and irnsities. Extra lines can also appear in a spec-
trum if there are several nuclei which are equivalent. These lines
appear as a consequence of higher order perturbation theory
terms. If you choose third order perturbation theory in the simu-
lation software, these extra lines are simulated.

The SimFonia solution simulation program simulates EPR spec-
tra for spin 1/2 electronic systerasly. There are essentially no
restrictions on the spin of the nuclei. All naturally occurring
spins have been programmed.

There are two commonly occurring lineshapes in EPR, Lorentz-
ian and Gaussian. Lorentzian lineshapes occur when the line-
width of the signal is dominated by relaxation effects. Gaussian
lineshapes usually occur when there is unresolved hyperfine
structure SimFonia can simulate both types of lineshapes, as
well as a combination of the two. It was mentioned in the first
paragraph of this section, that you can also obsefvdepen-

WIN-EPR SimFonia User’'s Manual 3-3



RORER Solution Simulations

dent linewidths when the anisotropic interactions are not com-
pletely averaged out by rapid tumbling. Quite often, you can
express théinewidths as a polynomial in mFor example, the
linewidth can be described as:

Linewidth(m;) = a+ bm, +cmi2 . [3-1]

In these cases§jmFonia can simulate the plinewidth depen-
dence if you supply the coefficients, a, b, and c. You can obtain
these values interactively by using the Autocalc routine that fits
the a, b, and c values by least squares.

SimFonia uses a Fourier transform technique to generate the
EPR spectra. The technique has many advantages for simulating
solution spectra. The first advantage is that complicated spectra
can be simulated very quickly and with very little computer
memory by performing convolutions in frequency space. There
are essentially no limitations on the number of lines which can
be simulated. In fact, the efficiency of the algorithm increases as
the number of nuclei increasé&mFonia can handle up to
twenty different nuclei with an unlimited number of equivalent
nuclei.

The Fourier technique introduces some consequences which
may seem counterimtive to you.For example, it requires more
time to simulate an EPR spectrum with narrow linewidths than
to simulate an EPR spectrum with broad lines. (Remember that a
wide line in time or field space is a narrow line in frequency
space and vice versa.) This is particularly evident when the line-
width of the EPR linewidth is equal to or less than the field step
size in the EPR spectrum. Also, it is faster to simulate a “whole”
spectrum than to simulate just part of it. This must be so in order
to avoid problems with foldover.

A second advantage of the Fourier method is that the effect of
the isotopic abundance of the nuclei can be calculated very

WIN-EPR SimFonia User’'s Manual 3-4
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guickly when using first order perturbation theory. All possible
statistical distributions of the isotopes are easily generated. For
third order perturbation theory calculation, all the statistical dis-
tributions must be explicitly calculated, hence resulting in a
longer calculation time.

A third advantage of the Fourier method is that different instru-
ment response functions can also be included. For exaSipte,
Fonia can simulate the effect of overmodulating your EPR
spectrum or using too long of a time constant.

Powder Simulations 3.2

A powder means a sample composed of many small single crys-
tals or a glass. The paramagnetic species are moving so slowly
that their anisotropic interactions (interactions which change
with the orientation of the magnetic field with respect to the
complex or radical) are not averaged out. The resulting spectrum
is called a powder pattern.

As stated in “Powder Simulations” on page 5, the algorithm used
in theSimFonia program is based on perturbation theory. Histor-
ically, perturbation theory has been used in the interpretation of
EPR spectra because of the speed of calculation and the intu-
itiveness of the results. It is an approximation technique for find-
ing the energy eigenvalues and the eigenvectors of the spin
hamiltonian (the equations used to described the EPR spectrum
of the sample). Perturbation theory is covered in any introduc-
tory quantum mechanics text book.

As stated in the previous paragraph, perturbation theory is an
approximation. The assumption made is that there is a dominant
interaction which is much larger than the other interactions. As
the dominaninteraction becomes larger compared to the other
interactions, the approximation becomes better. The five interac-
tions which are considered in tB&nFonia simulation program

WIN-EPR SimFonia User’'s Manual 3-5



BEQ:/(ER Powder Simulations

for powder samples are the electronic Zeeman interaction, the
zero field spliting, the nuclear hyperfine interaction, the nuclear
guadrupole interaction, and the nuclear Zeeman interaction. The
electronic Zeeman interaction is the interaction of the magnetic
moment of the electron with the externally applied magnetic
field (i.e. the magnetic field from the spectrometer magnet). The
zero field splitting occurs in electronic systems in which the spin
is greater than 1/2. The nuclear hyperfine interaction is the inter-
action between the magnet moment of the electron with the mag-
netic moment of the nucleus. The nuclear quadrupole interaction
is the interaction between the quadrupole moment of the nucleus
with the local electric field gradients in the radical or complex.
The nuclear Zeeman interaction is the interaction of the mag-
netic moment of the nucleus with the externally applied mag-
netic field.

The assumption made in the simulations is that the electronic
Zeeman interaction is the largest, followed by the zero field
splitting, hyperfine interaction, nuclear quagole interaction,

and the nuclear hyperfine term is the smallest. The approxima-
tions start to break down if this is not true. Perturbation theory
works best when the ratio between the successive interactions is
at least ten. For example, if the electronic Zeeman interaction is
10 GHz, the zero field siping should be at most 1 GHz. If these
limits are exceeded, perturbation theory still gives a “good” pic-
ture of the EPR spectrum; however, it might not be suitable for
guantitative analyses.

Perturbation theory can be carried out to different orders of
approximation. As the order of the approximation increases, the
accuracy of the approximation increases. The default order for
the powder simulations is first order. If you need to simulate an
EPR spectrum with large hyperfine interactions, you can select
second order perturbation theory to increase the accuracy of the
simulation. The zero field splihgs are alwayseated to second
order because they do not produce a non-zero first order term.

WIN-EPR SimFonia User’'s Manual 3-6
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Note: all cross terms between the different interactions have
been implemented.

Only “allowed” EPR transitions are simulated. Under some cir-
cumstances, “forbidden” transitions can appear. These corre-
spond to a simultaneous flip of the nucleus and a flop of the
electron and the forbidden EPR lines occur between the allowed
transitions or @AM = 2 electronic transition. These forbidden
lines are not simulated because perturbation theory is not the
optimal method for calculating their ptiens and intensities.

The SimFonia powder simulation program simulates EPR spec-
tra for spin 1/2 to spin 7/2 electronic systems. For spins greater
than 1/2, D and E zero field splitting terms are implemented.
There are essentially no restrictions on the spin of the nuclei. All
naturally occurring spins have been programmed.

The anisotropic interactions possess a principal axis system.
This axis system is a choice of axes in which the interaction
matrix (or tensor) is diagonal (simplified). The principal axes of
the electronic Zeeman interaction and the zero field splitting are
assumed to be coincident. No assumptions are made regarding
the principal axes of the other interactions.

There are two commonly occurring lineshapes in EPR, Lorentz-
ian and Gaussian. Lorentzian lineshapes occur when the line-
width of the signal is dominated by relaxation effects. Gaussian
lineshapes usually occur when there is unresolved hyperfine
structure SimFonia can simulate both types of lineshapes, as
well as a combination of the two. Quite often, the linewidths can
vary as a function of the direction of the externally applied mag-
netic field. For example, the linewidths can be described as:

. . _ 22, 22, 202
Linewidth( L, 1, 1,) = Jw2IZ + w22 + w22,

[3-2]

where |, |, and | are the direction cosines of the magnetic field
on the electronic Zeeman principal axes agdwy, and w, are
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the linewidths along the principakes. In these casédmFonia
can simulate the orientational dependence of the linewidth.

Calculating powder spectra requires sampling many orientat

of the magnetic field (often called spherical integration).
Because of time reversal symmetry, we need consider orienta-
tions in one hemisphere only. For a specific valu®, afie num-

ber of  angles is chosen for proper statistical weighting. The
values to be entered into the program are the number of steps in
0 from 0 torv2 and the number of steps@ralong the equator. In

this manner, if all interactions are axially symmetric, the number
of @ angles can be set to 1 and the integration is very quick. The
number of@ and@ values required for a given simulation
depends on how anisotropic the spectra are compared to the line-
widths. A common oaarrence when simulating highly anisotro-

pic spectra with narrow linewidths is the appearance of “grass”
in a simulated spectra. This happens because we have not
included enough orientations in the simulation and we are in fact
resolving the spectra due to individual crystallites having a spe-
cific orientation in the powder. Increasing the number of angles
alleviates this problem.

The FFT technique is too slow for powder simulations. This
technique is mostfiicient for many lined complicated spectra,
but solids usually do not exhibit such sfra. Therefore, a stan-
dard lineshape algorithm is used to generate the spectra.
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A SimFonia Tutorial 4

This chapter is a brief tutorial in usiSgnFonia to simulate EPR
spectra. It does not cover all the details of all operations (That is
the purpose of the next chapter.) but will get you started in learn-
ing how the software works. One of the quickest and easiest
means of learning how to use the program is to use it and
explore the many features. The tutorial consists of three exam-
ples that require the use of the most important features of the
program.

Starting WIN-EPR SimFonia 4.1

In order to follow the tutorial you will need to start the program
running. You should have MicrosaeftWindows™ already run-
ning. Consult your Windows™ documentatifum details. Dou-
ble-click the WIN-EPR program group icon and then
double-click the WIN-EPRSimFonia application icon(See
Figure 4-1.)

=l Proayrom Mg [= -]

PDla [ztoss Window Help

~II! - W E o)

?» & H
it SimFonia
il Icon
i
1 Program | s
m | Gop W W W m
e lcon ==
B momom @

Figure 4-1  The WIN-EPRSimFonia application icon.
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RUKER Durosemiquinone Radical Anion

Durosemiquinone Radical Anion 4.2

Quinones are important in many biological processes because
they easily change oxidation state. The radical anions are easily
prepared by dissolving the compound in an alcohol or DMSO
(Dimethyl Sulfoxide) and adding some KOH. The oxygen in the
atmosphere oxidizes the quinone. The example we shall look at
here is durosemiquinone in DMSO. It serves as a good example
for solution spectra and ag@irate simulation requires many of
SimFonia’s features such as interactive entry of g- and a- values,
isotopic abundaces, and comparing experimental and simulated
spectra.

HaC CH,

HaC CH,

O_

Figure 4-2  The structure of the durosemiquinone anion.
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The major feature of the durosemiquinone anion EPR spectrum
is the thirteen line splitting caused by theetve equivalent pro-
tons of the four methyl groups. (See Figure 4-2 and
Figure 4-3.) The relative intensities follow the familiar Pascal’s
triangle or binomial coefficients and are:

1:12:66:220:495:792:924:792:495:220:66:12:1.

Another thing to notice is that there are a number of less intense
lines between the proton lines. These signals arise from natural
abundancé3C in the radical. One pair dfC “satellites” comes
from the equivalent carbons of the four methyl groups. Another
set originates from the four equivalent ring carbons to which the
methyl groups are attached. The third type of carbon site in the
molecule are the two ring carbons attached to the oxygen. These
13c’s do not exhibit a hyperfine splitting kegse there are fewer

of them (only two) and the lines may be broadened owing to
incompletely averaged anisotropic hyperfine interactions.

L %

Figure 4-3  The durosemiquinone radical anion EPR spectrum.
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Loading an Experimental Spectrum 4.2.1

The first thing weneed to do is to load an experimental spectrum
into the application. We can then obtain the information neces-
sary for the simulation. We then have a spectrum with which we
can compare and contrast the simulation as well. Click on the
File menu and a drop-down menu will appeé&ee

Figure 4-4.)
— WINEPR SimFonia - $im1 [~ -
File Parameter Operation Processing Yiew Options Window Info
New Ctrl+N |
Open... Ctrl+0
Duplicate Ctri+D R
Close Ctrl+F4
Save Ctri+S

Save As...

Load Experiment Spectrum...

Print Setup...
Qutput Formating 4

1 CAEPR_BZNS\DEMO S\EMX_MAMFREM_SIM.PAR
2 CAEPR_BZNS\DEMO S\TEMX_MAMNIFREM_GLY.PAR .4 [G]
3 CAEPR_BZNS\DEMO S\EMX_MAMTEMP_3.PAR

4 CAEPR_BZNS\DEMO S\IEMX_MAMDURO_SIM.PAR

Exit Alt+F4

Create a new simulation spectrum with default parame| [NUM|

Figure 4-4  TheFile drop-down menu.

WIN-EPR SimFonia User’'s Manual 4-4



BRGRER Durosemiquinone Radical Anion

Click on theLoad Experiment Spectrum command and a dia-

log box will appear. (See Figure 4-5.) From this dialog box, you
can load a spectra from a diskette or a hard disk drive. To select
the appropriate disk drive, click on the arrow on bréves:
selector and click the appropriate drive icon. To select the appro-
priate directory or path, click on the appropriate paths in the
Directories: selector. The sub-directory in which the example
spectra are usually keptas...\winepr\simdata. The spectrum

is selected by clicking on the desired spectrum file or typing the
filename in the~ile Name selector. For this example, we need
the file duro_an.spc. Clicking OK loads the spectrum into the
program. Once the file is loaded, it will appear in a spectrum
window as a red spectrum.

=-‘ Load experimental spectrum
File Name: Directories:
".Spl: c:\win_appiwineprisimd

Ci I

crialaun.spc + [=EaY + l&l
cu_tpp.spc = win_app
dpph_ove.spc == winepr
dpph_tc.spc = simdata
duro_sim.spc RENOHCE
frem_gly.spc
frem_sim.spc + he
List Files of Type: Drives:
[Spectrum (= spo) [2] [=ciapin =]

Figure 4-5 ThelLoad Experiment Spectrum dialog
box.
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To ensure that all the proper dialog boxes for a solution simula-
tion (and not a powder simulation) appear, our first task is to
select theSolution option. Click on the arrow of the
Solution / Powder drop-down list in the tool bar and click on
Solution. (SeeFigure 4-6.)

Solution /

Powder
= WINEPR SimFonia - Sim1 [~ -
File Parameter Operation Z.{ngessing View Options Window Info

| [Solution El

Sim1 B

Instrument
Parameter
Button

3480 3485 3490 3495 3500 [G]

| [NUM|

Figure 4-6  Display ofthe experimental spectrum and Belution/Powder selec-
tor.
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Once a solutiosimulation has been chosen, we must enter the
instrument parameters used to acquire the experimental spec-
trum into the simulation program. To open timstrument
Parameter dialog box, click on thé button in the tool bar (See
Figure 4-6.) and the dialog box will appear. Click on Gt

Exp. Parameters button to set the instrument pareters (such

as center field, sweep width, modulation amplituste) for the
simulation to the parameters used in the experimental spectrum.
(See Figure 4-7.) CliclOK to return to the main application
window.

=-‘ Instrument Parameter

Operator: || | Date:[1985/04725 | Time: [12:25 |

Comment: | |

B Automatic field detection Get Field/Sweep... [ signal Channel
Center Field [0 e Modulation Amplitide [ |=ia]
Sweep Width l:l [G] Time Constant I:lE[msel:]
Resolution in X E Conversion Time I:lE[msel:]
MW Frequency 9.7500 [GHz] Harmonic II'E
Save as Default I | Get Exp. Parameters | OK I ‘ Cancel |

Figure 4-7  Thelnstrument Parameters dialog box.
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Determining the g-value 4.2.2

The first spin hamiltonian parameter that must be specified for a
simulation is the g-value. The g-value of a radical determines the
position ofthe center point of the EPR spectrum. One reason for
first entering a g-value is simply convenience. A more obscure
reason is given in the next section where we shall measure
hyperfine coupling constants. Most organic radicals have a
g-value very close to 2.00.

In order to interactively determine the g-value of the exper-
imental spectrum, we need to openitaailtonian Param-
eters dialog box. Clicking on thél button in the tool bar
(next to thd button) will cause this dialog box to appear.

=-‘ Hamiltonian Parameters
Nucleus
Element #Nuclei Isotope  Spin Iso.Abd. g-Factor A [[G] 73]
| . == I | | (Be]
IO == | /1 |
\_I Lo =] | /1 |
| T I I =
Exp
Button [ mser || Detete |
rElectron
g-Factor [Exp | | [ Third Order [ o ][ cancea |

Figure 4-8 TheHamiltonian Parameters dialog box.
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The default g-value is 2.00232 (the free electron value) and is
displayed in the lower left corner of the dialog box. Click on the
Exp button next to the display to interactively determine the
g-value. (See Figure 4-8.) A new dialog box will appear with a
marker (verticalline) that moves with the cursor. (See
Figure 4-9.) The g-value calculated from the magnetic field
position ofthe marker and the microwave frequency is displayed
next toElectron G-Factor. The formula used is:

= v -
g_“BBO’ [41]

where h is Planck’s constant,is the microwave frequencyg
is the Bohr magneton, ang B the magnetic field.

In order to determine the g-value, place the marker in the center
of the EPR spectrum. Clicking the right mouse button fixes the
positions of the marker. ClickinQK entersthe g-value into the
hamiltonian window. The g-value for the durosemiquinone radi-
cal anion in DMSO is 2.00465.

Experimental Spectrum

N

3475.0 34775 3480.0 34825 3485.0 34875 3490.0 34925 34950 34975 3500.0 [G]

*2 I ‘ i? I ‘ Offset + I ‘ Oifset - I ‘ Scaling I | BReset I

Electron G-Factor: 2.00453 | Ok I | Cancel I

Figure 4-9  The interactive g-value determination dialog box.
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To facilitate more precise pitioning ofthe marker, you can use
the zooming and expansion features of this window. (See
Figure 4-10.) To zoom in on a particular area of the spectrum,
click theScaling button. When this option is active, clicking the
left mouse button toggles the cursor between the lower right and
upper left corner of the zoom rectangle. As you move the cursor,
the position othe rectangle corner moves with the cursor. Click-
ing with the right mousbutton expands the region encompassed
by the rectangle to fill the whole window. Clicking tReset
button will return the display back to its full range.

Experimental Spectrum

3475.0 34775 3480.0 34825 3485.0 3487.5 3490.0 34925 3495.0 34975 3500.0 [G]
Beset I

Electron G-Factor: 1.99995 I |

= |[ 2z |[ofsets | [ ofset- | [Scaling]

OK Cancel I

Figure 4-10 Zooming in on a portion of a spectrum.

A few brief words of warning are in order if you are trying to
measure the g-values of your samples. First, you need a fre-
guency counter to measure your microwave frequency. The
value in the display of the acquisition software is only an
approximate value. Second, if you are not using an ER035M
NMR Gaussmeter, you are measuring the magnetic field at the
Hall probe of the field controller and not the field at the sample.
The magnetic field at the sample can be three or four Gauss
higher than at the Hall probe, resulting in a discrepancy of about
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0.1%. If you need very precise g-value determinations, it is
important to use both a microwave frequency counter and an
NMR Gaussmeter.

Determining the Hyperfine Coupling Constants 4.2.3

Once the g-value has been measured, we can determine the
hyperfine coupling constants (also known as a-values) using the
experimental spectrum. The procedure is similar to determining
the g-value in the previous section.

Using the approximation of first order perturbation theory, the
magnetic fields at which EPR signals occur is given by:

hy am
By = v —1 4-2
0" gug Oug [4-2]

where a is the a-value,jnis the nuclear magnetic quantum num-
ber, and the other constants and variables are as defined in the
previous section. The spectrum will then consist of a series of
lines with an equal magnetic field spacing of:

am,
AB =

= G [4-3]

o N, B B

Y

Figure 4-11 First order hyperfine@ittings.
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The hyperfine coupling constant can be expressed in many dif-
ferent types of units. Perhaps the most common units is Gauss in
which the value is simply the stiihg ofthe EPR lines:

a(Gauss)= AB . [4-4]

Another common unit for the hyperfine splitting is MHz (fre-
guency). The value for the hyperfine coupling in terms of the
magnetic field spacing is:

ABgug

a(MHz) = A

[4-5]

A third alternative available in WIN-EP&mFonia is cnit. The
value for the hyperfine coupling in terms of the magnetic field
spacing is:

ABgug

hc [4-6]

a(cm_l) =

where c is the speed of light.

The choice of unitéor the hyperfine capling constant can be a
topic for heated debate. Each choice has its advantages and
drawbacks. If we use Gauss and first order peation theory is
sufficient, the a-value follows directly from the magnetic field
splittings. To measure the a-value in MHz or'tnwe need

a priori knowledge of the g-value. In order to theoretically inter-
pret the a-value in Gauss in terms spin densities, we still need
the g-value. For this example, it is convenient to use Gauss.
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First, we shall measure the a-value for the methyl protons. If you
closed theHamiltonian Parameters dialog box after determin-

ing the g-value, you will need to open it once more. We can enter
a few parameters first before measuring the a-values from the
experimental spectrum. Enter 12 in #héluclei box since we

are simulating the spectrum of a radical with 12 equivalent pro-
tons. Click the up arrow next to ti8pin box to select 1/2 since
protons have a spin of 1/2. Click on the arrow of the
drop-down list in the tool bar and click §@&] to select Gauss as

our units.
.
= Hamiltonian Parameters ‘ Units
[ Nucleus
Element #Nuclei Isotope Spin Iso.Abd. g-Factor A [[G] +
%a]Hz]
10e-4 [1/cm]
Spin
\%Iw_ll_l = | || | [Exp
=] J || |[(Exe
o] | | | Bel| ||| Exp
Nuclei Ela |_‘ \L“ﬁ | H | ‘ ‘ Exp Button
‘ Get Element I ‘ Insert I‘ Delete I
Electron————— ]
’794:3[7“3’ [ Third Order | Ok | \ Cancal |

Figure 4-12 TheHamiltonian Parameters dialog box.
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Now we can determine the a-value from the experimental spec-
trum. Click on theExp button shown in Figure 4-12. A new
dialog box will appear with two markers (vertical lines) that
move with the cursor. (See Figure 4-13.) The a-value calculated
from the difference of the magnetic field positions of the mark-
ers is displayed next tdyperfine Constant.

In order to determine the a-value, place the markers on the cen-
ters of adjacent hyperfine lines in the EPR spectrum. Clicking
the left mouse button exchanges the marker that moves with the
cursor. Clicking the right mouse button fixes the positions of
both markers. Clickin@K entersthe a-value into the hamilto-
nian window. As in the interactive determination of the g-value,
you may zoom in on a section of the spectrum to carefulby-

tion the cursors. Figure 4-13 shows what the display may look
like. The a-value for the protons in the durosemiquinone radical
anion in DMSO is 1.821 G, as determined by ENDOR spectros-
copy. Clicking the Insert button enters the parameters into the
parameter list for the simulatiofSee Figure 4-14.)

Experimental Spectrum

X

;

3487.0 3487.5 3488.0 3488.5 3489.0 3489.5 3490.0 3490.5 [G]
Beset I

Hyperfine Constant A: 1.921 G I |

= |[ 2z |[ofsets | [ ofset- | [Scaling]

OK Cancel I

Figure 4-13 The interactive a-value determination dialog box.
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Most of the carbons are spinlejs?£ and result in the intense
“main” signal. In the introduction to this section, it was men-
tioned that there are also “extra lines” due to fairly low natural
abundance (about 1%) spin 1¥3C nuclei in the radical.
WIN-EPR SimFonia implements the Bruker ENDOR tables in a
convenient and intuitive periodic table interface. Clicking on the
Get Element button opens thElement Data dialog box.

=-‘ Hamiltonian Parameters
Nucleus
Element #Nuclei Isotope Spin Iso.Abd. g-Factor A
12 — 142 100.00 0.000000 1.922
| | |
Get ]E | ‘ Exp
T Element & | Exp |__|[5e
== /—\:ﬂﬂg L I | gutton| ==
| Insert I ‘ Delete |
rElectron————— ]
g-Factor [ Thi |nsert | Ok I ‘ Cancel |

Figure 4-14 TheHamiltonian Parameters dialog box.
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Click on the carbon@) to access the data on the isotopes of car-
bon. Clicking on théOK button returns you to thdamiltonian
Parameters dialog box and enters the carbon isotope data such
as natural abundances and spins into the windown\i&t enter

the number of equivalent nuclei (4) into th&luclei box.

‘

Element-Data

Natural Abundance [% 7577
Nuclear Isotope: Nuclear Spin [%] A
g-Factor 0.547916
D Show Pure Elements Only ENDOR Freq for 3.5 kG Field [MHz] 1.4618
[ Include Radioactive Isotopes Quadrup. Moment (multipl. of e x 1E-24 cm™2) -0.0825

Current Element:  Cl - CHLORINE (17)
He
BfC|NJOIJ F |Ne

Mg Alllsi|lp|s || ar

[+ ]
T Be
Na

[k |

Ca|[Sc|Ti | ¥ || Cr|Mn | Fe || Co [ Ni |[Cu |(Zn |Ga || Ge ||As |Se || Br |[ Kr

Rb [ Sr{f ¥ | Zr [|[Nb ||Mo|Tc || Ru || Rh [Pd [(Ag ||Cd | In ||Sn [[Sb|Te| | |[Xe

Cs ||Ba|La |Hf | Ta| W |Re [|Os | Ir | Pt ||Au ||[Hg | TI {|Pb [l Bi | Po || At || Rn
Fr ||Ra |[Ac | Ku ||Ha

ce | Pr[nd |[Pm |sm | Eu || ad [ 76 [ oy |[Ho | Er J7m |0 [ Lu

h | Pa| u |[np [Pu am |lem | Bk | of ||Es [Fm [Md]jno | e

‘ Ok I ‘ Cancel

Figure 4-15 TheElement Data dialog box.

Click the Exp button to interactively determine the a-val-
ues of the'3C nuclei. Remember to insert the parameters
into the parameter list for the simulation. This whole pro-
cedure must be repeated for the second setofiuclei as
well. (See the next two figures for approximate positioning

of the cursors.) The a-values for the two types of carbons
are 1.37 G and 0.49 G.
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Experimental Spectrum

)

3487.0 34875 3488.0 3488.5 3489.0 3489.5 3490.0 3490.5

=2 | ‘ 1?2 | ‘ Offset + | ‘ Offset- ,5[“‘""'3, I l&l
Hyperfine Constant A: 1370 G | oK I | Cancel I

Figure 4-16 Hyperfine splitting due to four methyl carbons.

Experimental Spectrum

X

3487.0 3487.5 3488.0 3488.5 3489.0 3489.5 3490.0 3490.5 [G]
=2 | ‘ i2 | ‘ Offset + | ‘ Offset - {Scaling} Iﬂl

Hyperfine Constant A: 0.468 G |

OK l | Cancel I

Figure 4-17 Hyperfine splitting due to fouing carbons.

It is a good idea, in general, to use third order perturbation the-
ory for simulations. To implement the higher order algorithm,
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click on theThird Order box. When you are finished, the
Hamiltonian Parameters dialog box should look similar to
Figure 4-18. ClickOK to return to the application window.

=

Hamiltonian Parameters

[ Nucleus
Element #Nuclei Isotope Spin Iso.Abd. g-Factor A [[G]
7 — 172 T00.00 0000000 1822
c 4 13 12 111 1.404820 1.370
— 0 93.89 0.000000 0.000
c 4 13 172 111 1.404820 0.430
— 0 9a.89 0.000000 0.000
c 1 13 172 B i [[1.404820 | [0.490] | [Exp
= | || | [Exe |
= | || | [Exe |
] | I | =

Get Element | Insert I ‘ Delete I
[Electon——— |

g-Factor ] Third Order | 0Ok | \ Cancal |

Figure 4-18 TheHamiltonian Parameters dialog box.
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Line Shapes

4.2.4

The radicals in this sample are tumbling rapidly enough in solu-
tion and there are not too many nuclei. As a consequence, the
line shapes are determined by relaxation effects, resulting in
lorentzian line shapes. The linadth (peak to peak) is approxi-
mately 50 mG.

To enter the required parameters for the line shapes, we need to
open theShape Parameters dialog box. Click on th& button

in the tool bar. The dialog box will then appear. Enter in a value
of 0.00 in the Lorentzian / Gaussian box. This corresponds to a
purely lorentzian line shape. Enter 0.05 in theewidth box.
Clicking theOK button returns you to the main application win-
dow.

= Shape Parameters

Lorentzian/Gaussian

Nuclous: [1 |

‘ linewidth = a + b*m + c*m"2 |

D Fumbfing Effsat

al 0 ][0 Je[ o ]

| Ok I | Cancel I

Figure 4-19 TheShape Parameters dialog box.
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Simulating and Comparing Spectra 4.2.5

To start a simulation, click theUN button in the tool bar. The
simulation will then run and display the simulated spectrum
upon completion. If you wish to stop the simulation click the
STOP button next to th&UN button.

. Rle_
Alaebra Simulation ____
g WINEPR SimFonia - SIM1.PAR
Command ler =~ Operation Processing View thior)/v Window MaXimize
CJ2[=[=&) 7S] Bun simulation fion |2] [L]H]5] Button

Algebra

=]

SIM1.PAR [+~

Simulated | 3475

Experimental
Spectrum

3480 3485 3490 3495 3500 [G]

Spectrum

Start the simulation | [NUM| 3490.72 G [

Figure 4-20 Display of theexperimental and simulated spectra.
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A convenient means of comparing your simulated spectrum with
the experimental spectrum is to look at the difference between
them. Click on theDperation menu and click omlgebra.
Selecting theAlgebra command allows you to display the dif-
ference. Click theMaximize button to increase the size of the
spectrum window. After performing these operations, the differ-
ence (or result) spectrum is displayed in the spectrum window. A
new toolbar also appears with which you can adjust the proper-
ties of the simulated spectrum such as the size or shifting the
spectrum left and right.

Algebra
Tool
Bar WINEPR SimFonia - [SIM1.PAR] ‘v o
File Parameter Operation Processing View Options Window Info | %
NGEE ) [soltion [¥] LIALS)
F[=[*[7] [Factor  [¢] [1.70000 | [m[10~1 0] [] [

Factor
Constant
X-Offset
X-Offset (P

Result

[ NOM] T Spectrum

Figure 4-21 TheAlgebra tool bar.

WIN-EPR SimFonia User’'s Manual 4-21



BRGRER Durosemiquinone Radical Anion

Another convenient means of comparing spectra is to overlay
the simulated spectrum on top of the experimental spectrum. To
do this, click on thé&/iew menu and click o®verlay. You can

then directly compare the two spectra.

= WINEPR SimFonia - [SIM1.PAR] [~ -
= File Parameter Operation Processing ¥iew Options Window Info
CEEEE FIXEIE]E | selution |£|[v’ Toolbar
¥ Info Line
=% [Factor  [3] [1.70000 |[n]

4

¥ Coordinates
¥ Zooming
Distance

Overlay Sgaling
Command Display Mode

¥ Show Experiment
¥ Show Operation Result
Overlay

3475 3480 3485 3490 3495

Display experiment and simulation in overlay modus | |[NUM| 3484.32 G |

Figure 4-22 TheView drop-down menu and tl@verlay command.

By zooming in on an area of the spectra, you can carefyligtd

the size and left/right shift of the simulated spectrum. Fae

tor andConstant (the y-size and y-offset) can be easily adjusted
by selecting one or the other in the drop-down list. The values
are changed by moving the slider bar left and right to decrease or
increase the parameter value which is displayed next to the
drop-down list. The sensitivity (the amount of change in the
parameter value per distance moved) of the slider bar is selected
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by clicking the/10 and*10 buttons and the sensitivity is dis-
played between the two buttons.

You can also move the simulated spectrum right and left with
respect to the experimental spectrum by selecting either the
X-Offset or X-Offset (Pt) in the drop-down list. The value in
the parameter value display has the units of the x-axis for
X-Offset and units of points or addresses ¥00Offset (Pt).
Moving the slider bar left moves the spectrum left and right
moves the spectrum right. The sensitivity (the amount of change
in the parameter value per distance moved) of the slider bar is
selected by clicking th&0 and*10 buttons and the sensitivity

is displayed between the two buttons.

‘

WINEPR SimFonia -[SIM1.PAR] ‘ > |~

= File Parameter QOperation Processing View Options Window Info [+
CIEEIRIE] EIE=[=]0 [soution [ [TIH]E]

[+[=]>]]

[Factor_ [a] [1.7o000 [0t (el [T ol

3486.5 3487.0 34875 3480.0 348085 3489.0 34895 3490.0 3490.5 3491.0 [G]

[ [NUM[3491259G |

Figure 4-23 Careful adjustment of the size of the simulated spectrum.
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B;:Q(ER Fremy Salt in Glycerol
Fremy Salt in Glycerol 4.3

Fremy salt (peroxylamine disulfotag is a nitroxide radical that
exhibits a three line EPR spectrum due to the nitrogen nucleus.
The line shape is determined by the relaxation times owing to
absence of many strongly coupled nuclei. The relaxation times
of each of the nitrogen hyperfine lines depends on the rotational
correlation time because of incompletely averaged anisotropies.
When the radical is dissolved in a viscous solvent such as glyc-
erol, m dependent linewidths result.

Figure 4-24 Varying linewidths owing to incompletely averaged anisotropies in a
viscous liquid.

Quite often, you can express the linewidths as a polynomial in
m;. For example, the lineidth may be described as:

Linewidth(m;) = a+ bm, +cmi2 . [4-7]

In these cases§jmFonia can simulate the plinewidth depen-
dence if yousupply the coefficients, a, b, and c¢. You may obtain
these values interactively by using tte@culate Constants
routine that fits the a, b, and c values by least squares.
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B;{%R Fremy Salt in Glycerol
g- and a- Values for Fremy Salt 4.3.1

For this example, we need the load the experimental spectrum
frem_gly.spc. The sub-directory in which the example spectra
are usually kept is:\...\winepr\simdata. Please follow the
instructions of the previous section to set the experimental
parameters as well as determine the g-value and the a-value.
After you finish, theHamiltonian Parameter dialog box should
have similar entries as in Figure 4-25.

=-‘ Hamiltonian Parameters
[ Nucleus
Element #Nuclei Isotope Spin Iso.Abd. g-Factor A E[G]
1 — 1 100.00 0.000000 3.000
(R N I == | | | |
[ N == | | |
== | || \
(oo | G| | | —
| Insert I ‘ Delete I
rElecton——————— ]
g-Factor [<] Third Order | 0Ok | \ Cancel |

Figure 4-25 Spin hamiltonian parameters for Fremy salt
in glycerol.
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B;:u\/{m Fremy Salt in Glycerol
m; Linewidth Dependence 4.3.2

To enter the required parameters for the linewidths, we need to
open theShape Parameters dialog box. Click on th& button

in the tool bar. The dialog box will then appear. Enter in a value
of 0.00 in theLorentzian / Gaussian box. This corresponds to

a purely lorentzian line shape.

=-‘ Shape Parameters

Lorentzian/Gaussian

X Tumbling Effect Nucteus: [1 | =]

‘ linewidth - a + b*m + c*m"2 |

afos7ie | w07z | ofoeies |

| calculate Constants... |

| Ok | | Cancel |

Figure 4-26 TheShape Parameters dialog box.

Next, click on theTumbling Effect box to implements anm
dependent linewidth calculation. An x in the box indicates that
the option is active. If no valid nucleus were choseéme, (0

third order calculation, more than one nucleus, spin less than 1),
this box is grayed and hence is not available.

The Nucleus box indicates which nucleus is used to calculate
the m dependent linewidth. In our case, this is nucleus number
one. It is assumed that the nucleus has only one equivalent
nucleus, that there is only one isotope, the calculation is per-
formed with third order perturbation theory, and that the spin is
greater than 1.
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eRker Fremy Salt in Glycerol

Click on thecalculate Constants button to open up a new win-
dow that allows you to enter the 2 * | + 1 (where | is the spin of
the nucleus) linewidths necessary to fit a, b, and c. The number
of linewidths required for the calculation is displayed next to

of areas to define. Place the right and left markers (vertical
lines) on the peak points of the EPR line to define the
peak-to-peak linewidth. The manner in which the markers work
is identical to the interactive a-value determination. The marker
that moves with the cursor may be toggled by clicking the left
mouse button. Clicking the right mouse button fixes the posi-
tions of the markers. If th®ptimize Areas option is in effect
(the default option), the software will search for the peaks in the
vicinity of the markers. You still need to place the cursors as
close as possible to the peaks for this option to work wétikrA
the markers are fixed, a new set will appear until all the required
2 *| + 1 linewidths are marked. The number of linewidths you
have already defined isli@d next toareas defined. The OK
commandreturns you to th&hape dialog box and calculates a,

b, and c automatically. If you clickancel, you return to the
Shape dialog box with no changes made.

Experimental Spectrum

3450 3455 3460 3465 3470 3475 3400 3485 3490 3495 3500 3505 [G]

‘ *2 I ‘ i? I ‘ Offset + I ‘ Oifset - ‘ Scaling I | BReset I

B Optimize Areas # of areas to define 3 | OK I | Cancel I
areas defined 3

Figure 4-27 Thecalculate Constants dialog box.
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Fremy Salt in Glycerol

Click on theOK button in theShape Parameters dialog box to
return to the main applications window.

Simulating and Comparing Spectra 4.3.3

Run the simulation by clicking on tHeUN button in the tool
bar. You may also select tiidgebra andOverlay options as we

did in Section 4.2.5 to compare your simulated and experimen-
tal spectrum as shown in Figure 4-28.

‘

WINEPR SimFonia -[FREM_SIM.PAR]

= File Parameter Operation Processing View Options Window

Info

4

CIR[ZTEE] RIx]2]=17 [soution ¢ [ITHIS]
F=*1~] |Factor El ‘0_40000 |\10‘—2 ] [#] I 5]

3480 3490

[ NUM]| 3509.64 G |

Figure 4-28 Comparison of simulated and experimental spectra of Fremy Salt in

glycerol.
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shGien 53Cr+3 in CsAI(SO4)2 » 12 H20
53,13 ;
Cr IN CSAI(SO 4)2 .12 Hzo 4.4

The final example for this tutorial is a powder sample. A powder
means a sample composed of many small single crystals or a
glass. The paramagnetic species are moving so slowly that their
anisotropic interactions (interactions which change with the ori-
entation of the magnetic field with respect to the complex or rad-
ical) are not averaged out. The resulting spectrum is called a
powder pattern.

Trivalent chromium often can easily substitute for aluminum in
inorganic complexes. CsAI(§® « 12 H,0 is a convenient and
easy to grow crystahto which Ci3 can substitutedThe crys-

tals can be ground into a fine powder to produce a very
nice and instructive powder spectrum.

= WINEPR SimFonia - Sim1 [+]~
File Parameter Operation Processing VYiew Options Window Info

D&ES[EIE] [CZ]2]=]5)] |Powder  [#] [T]H]S] [F]2]

Solution
Powder

|v|A

3478.6 3478.8 3479.0 3479.2 3479.4

| |NUM |

Figure 4-29 Selection of the powder option.

WIN-EPR SimFonia User’'s Manual 4-29



53Cr+3 in CsAI(S0O4)2 » 12 H20

To ensure that all the proper dialog boxes for a powder simula-
tion (and not a solution simulation) appear, our first task is to
select thePowder option. Click on the arrow of the
Solution / Powder drop-down list in the tool bar and click on
Powder. (See Figure 4-29.)

The center field and sweep width appropriate for this sample are
shown in Figure 4-30.

‘

Instrument Parameter

Operator:

| Date:[13-JuL-1834 | Time: [9:48:44 |

Comment:

D Autrenatis Gekd dotpction D Sigreal Chumeed

Resolution in X E Conversion Time l:lE[msEc]

3500.76 6] Modulation Ampliude [ [E]ie]
5000.00 6] Time Constant [ [Emsea

MW Frequency [GHz] Harmonic l:lE
o e |

Figure 4-30 Instrument parameters forCr3in CsAl(SQ), . 12 H,0.
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aRGien 53Cr+3 in CsAI(S04)2 » 12 H20
Spin Hamiltonian Parameters 4.4.1

Trivalent chromium has a spin of S = 3/2. As with most higher
spin electronic systemthere will be a zero fieldplitting (com-
monly abbreviated as ZFS) that may be parameterized by the
two constants D and E. The Zeeman interaction is isotropic,
yielding a diagonal g-matrix. The hyperfine interaction with the
53Cr nucleus (I = 3/2) is isotropic as well.

=-‘ Hamiltonian Parameters

[ Nucleus

1
Al |20.00 PGd  [0.00 gpcx)  |0.00 1
Aley) 0.00 P{xy) 0.00 gbcy) |(0.00
Axz) |0.00 P(xz) [0.00 gpxz) |0.00
Alyvy)  |2000 Pi.y) [0.00 alv.y) [0.00
Aly.2) |0.00 P.z) |0.00 glv.2) |0.00
Alzz) |20.00 Pz.z) [0.00 g(zz) |0.00
[<] Second Order # of Nuclei l:l Spin E =
Electron
g90g  [1.979000 spin [372 [E] || Number of Theta

1.979000 D |780.00
o 1 || omoror [
0(z) 1.979000 E [0.00 |
| OK I ‘ Cancel I

Figure 4-31 Spin hamiltonian parameters f8fCr*3 in
CSAI(SQy), . 12 HO.

Please fill in the parameter values that are shown in
Figure 4-31. Note that the choice of urdte 10% cmi™.
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RUBE 53Cr+3 in CsAI(S0O4)2 » 12 H20

Line Shapes 4.4.2

This compound exhibits Gaussian lineshapes owing to unre-
solved hyperfine structure from the protons, Cs, and Al nuclei.
Quite often, the linewidths can vary as a function of the direction

of the externally applied magnetic field. For example, the line-
widths can be described as:

Linewidth(L, I, 1,) = J +W| +WZ|Z, [4-8]

where |, I, and } are the direction cosines of the magnetic field
on the electronlc Zeeman principal axes aqdwg, and w, are

the linewidths along the principal axes. This orientation depen-
dence is the reason that there are three linewidth entries in the
Shape Parameters dialog box for powder simulations. We are
fortunate to have an isotropic linewidth in this sample. Please
enter a value of 15 Gauss in each of the linewidth boxes.

=-‘ Shape Parameters

Lorentzian/Gaussian

Linewidth

x-direction 15.00 [G]

y-direction 15.00 [G]

z-direction IG]

| Ok I ‘ Cancel I

Figure 4-32 TheShape Parameters dialog box.
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53Cr+3in CsAl(SO4)2 « 12 H20

Spherical Averaging 4.4.3

If we were to run a simulation with the parameters we have
entered so far we would obtain a spectrum that looks like
Figure 4-33. Alas, this does not look much like what voei
expect. There are far too many lines cluttering the spectrum with
what is euphemistically called “grass”. The origin of these
unwanted features as well as a means of avoiding the grass can
be understood by considering the technique used for the powder
simulation.

2 | CR3ALAUN.PAR [+]«
[¥10°3]
8

1500 2000 2500 3000 3500 4000 4500 5000 5500 [G]

Figure 4-33 A “grassy” spectrum.
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53Cr+3 in CsAI(S0O4)2 » 12 H20

A powder consists of a large collection of single crystals,
each with a random orientation with respect to the mag-
netic field. Each orientation can be represented as a point
on the surface of a sphere. To accurately simulate a powder
spectrum requires simulating a spectrum for each orienta-
tion (essentially an infinite number of orientations) and
adding the individual spectra together. This process is
known as spherical integration.

An infinite number of orientations would require an infi-
nite time to simulate. As an approximation, we can divide
the sphere into a set of discrete values of latitude and longi-
tude as shown in Figure 4-34. The finer the step size in lat-
itude and longitude, the more accurately we simulate a
random distribution of orientations and the smoother the
simulated powder spectrum becomes. The problem with
the simulation in Figure 4-33 is that we divided the sphere
up too coarsely.

Figure 4-34 Approximation of a sphere using a finite
number of points.
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aRGien 53Cr+3 in CSAI(SO4)2 » 12 H20

The parameteNumber of Theta, corresponds to the num-
ber of steps in latitude in going from the north pole to the
equator. The paramet8umber of Phi corresponds to the
number of steps in longitude in going halfway around the
equator. In our example, we have axial symmetry. This
means that we only need one value for a longitixlen¢

ber of Phi = 1). We need more (or finer) steps in theta to
obtain a smooth powder simulation. Changignber of
Theta to 600 results in the spectrum shown in Figure 4-36.

=-‘ Hamiltonian Parameters
[ Nuclaus Units [10e-4 1/cm il 1
Axx) (2000 Pixx)  [0.00 gexx)  [0.00 i
Aley) 0.00 Px.y) 0.00 gixy) 0.00
Alx.z) 0.00 P{x.z) 0.00 gix.z) 0.00
Alyy) |20.00 Plyy) |0.00 aly.y) |0.00
Aly.z) |0.00 Ply.s) |0.00 gly.z) |0.00
Alzz) |20.00 Pzz) |0.00 g(z.) |0.00
[< Second Order # of Nuclei El Spin E 5

Electron

gix) 1.979000 Spin | 32 £ Number of Theta

1.979000 D |780.00
o NumberofPhi  [1 |
a(z) 1.979000 E (0.00

| 0OK | ‘ Cancel I

Figure 4-35 Spin hamiltonian parameters faiCr*3 in
CSAI(SQy), . 12 HO.
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= \ CR3ALAUN.PAR e

1500 2000 2500 3000 3500 4000 4500 5000 5500 [G]

Figure 4-36 A “smooth” powder simulation.
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B;:u\/{m Exporting Data
Exporting Data 4.5

WIN-EPR SimFonia is predominately used to simulate spectra.

It has not been designed to perform sophisticated post-process-
ing as is available in WIN-EPR. In order to get the spectrum into
another application, the spectrum must be saved. Click on the
File menu and choose ti&ave As command. When you click
Save As, a dialog box appears that lets you choose a filename, a
destination directory, and a destination disk drive. Each spec-
trum consists of a spectrum filegpc filename extension) and a
parameter file par filename extension). The default filename
extension ig.par (for parameter) and when a parameter file is
saved, it saves the corresponding spectrum file as well. To select
the appropriate disk drive, click on the arrow on bréves:
selector. To select the appropriate directory or path, click on the
appropriate paths in thigirectories: selector and click the
appropriate drive icon. The spectrum filename is selected by
clicking on the desired parameter file or typing the filename in
the File Name selector. ClickingOK saves the spectrum on the
hard disk or disketteCancel exits the dialog box without saving

the spectrum.

|=-‘ File Save As

File Name: Directories:

Isim1.par_ c\win_appiepr
= .
= win_app
&
£ data.

Save File as Type: Drives:

IPﬂIﬂmElEI (*.par) H I Hc: |£I

Figure 4-37 TheFile Save As dialog box.
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The spectrum is saved in WIN-EPR format and can now be
directly loaded into WIN-EPR for further processing. (Consult
your WIN-EPR documentation on how to load spectra.) Once a
spectrum has been loaded into WIN-EPR, it may be saved as an
ASCII file so that it may be imported into other applications.
Click theParameter menu and select tHast Data File com-
mand. A new dialog box appears that allows you to either save
the file to the clipboard via theéopy command or into a file via

the Save command.

Report File: CATEMPISIMDAT Alcr3alaun.spc
[Data Point Value[G] Intensity

1} 1000 7600 0.0000e+000 +
1 1005.6476 0.0000e+000

2 10105352 0.0000e+000

3 1015.4228 0.0000e+000

4 1020.3103 0.0000e+000

5 10251979 0.0000e+000

B 1030.0855 0.0000e+000

7 10349731 0.0000e+000

8 1039.8607 0.0000e+000

9 1044.7483 0.0000e+000 +
| Print I ‘ Copy I | Save I | Ok I

Figure 4-38 Thelist Data File dialog box of WIN-EPR.
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Command Reference 5

This chapter lists and describes all the menus, commands as well
as operations of WIN-EPBmFonia. It is meant as a reference
and not as a tutorial. For those who are learning to use the pro-
gram, it is probably best to start with Chapter 4, A Tutorial. For
guestions regarding Micros8fwindows, please refer to your
Windows manual.

Brief Tips on Windows™ 3.x 5.1

Application
Window

Not everyone may be familiar with Micros8fwindows™. The
following section is a brief explanation of some basic aspects of
Windows™. It is not meant to be an in-depth treatise: the
Microsoff® documentation should be consulted for more details.
If you are already familiar with Windows™, you caaséy skip

this section. If you have not used Windows™ before, we highly
recommend Microsoft's on-line Windows™ tutorial. The tuto-
rial can be found under Help.

All Windows™ programs operate in an application window.
WIN-EPRSimFonia displays all its commands and spectra in the
application window.
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Brief Tips on Windows™ 3.x

Title
Menu Bar
Bar

= WINEPR SimFonia - DURO,/H.PAR -]~
File Parameter Operation Processing View thioﬁ/s Window Info
Dlg=EEE] [2[x]2]=]E] [Solution H Title

[=] TEMP_GLY.PAR Bar

[*1073]

Inactive PERYLENE.PAR -]~
Spectrum
Window
3410 0
Icon 5 Window
-10 Border
DURO_AMN.PAR. 3465 3470 %4?5 3485 D
Info Window
Spectrum
Window
Figure 5-1  The parts of an applications window.

Spectrum  Simulated or experimental spectra are displayed in a spectrum
Window  window. You may have multiple spectrum windows open at the

same time, however, only one is active at a time. The active
spectrum window is the one upon which operations will be per-
formed. Each spectrum window has its own set of simulation
parameters. The parameters viewed or edited in the menus corre-
spond to those of the active spectrum window. With default
Microsoff® Windows colors, the active windows have a blue
title bar andhe inactive windows have white titlersaYou acti-
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Brief Tips on Windows™ 3.x

Title
Bar

- Maximize
Button

Minimize
Button

Restore
Button

L[]

Control
Menu
Box

vate a window by clicking it while the cursor is in the window.
Spectra may also be minimized to an icon at the bottom of the
application window.

The bar at the top of a window is the title bar. Both the
WIN-EPR application window and the spectrum windows have
title bars. It shows the name of the application or of the spectrum
window. The color of the title bar indicates whether a window is
active or not. (See above.) By clicking and dragging the title bar,
the window may be moved.

Other elements of the title bar are as follows.

A click on the maximize button of the application window
expands it to fill the entire screen. Clicking on the maximize but-
ton of the spectrum expands it to fill the entire area of the appli-
cation window. You may restore the window to its original size
by clicking the restore button.

Clicking on the minimize button of the application window
shrinks it to an icon at the bottom of the screen. A click on the
minimize button of the spectrum shrinks it to an icon at the bot-
tom of the application window.You may restore the window to
its original size by double-clicking the icon.

A click on the restore button returns the window to its previous
size and locations. This button reverses the effect of using the
maximize button.

Double-clicking this box closes the window. A single mouse
click opens a drop-down menu. Consydur Microsoff® Win-
dows documentation for further information regarding the com-
mands in the menu.
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Brief Tips on Windows™ 3.x

Tool
Bar

Info

Line

Window
Border

The horizontal bar near the top of the application window is the
menu bar. It displays the names of the available pull-down
menus. Choose the desired menu by clicking on it with the left
mouse button. The menu consists of a collection of commands.
You choose a command by clicking on it with the left mouse

button.

The horizontal bar below the menu bar is the tool bar. It displays
the icons of the most commonly used commands. Clicking on an
icon performs the command.

The info line is a bar at the bottom of the application window.
The left corner displays messages regarding the presently
selected command or the &ts of the program. The two boxes
next toNUM display values of cursor positions when the appro-
priate options are active.

The perimeter of the window is the window border. When the
cursor is placed anywhere on the window border, a double arrow
replaces the regular cursor. If you click and drag, the window
may be resized to the desired size. If you drag a corner, the two
sides that form the corner are resized simultaneously.
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Dialog Boxes

Dialog

Figure 5-2

Drop-down
Editable List
Hamiltonian Parameters
BOX leus
Units |Gauss + 1
Abcx) ™\ 0,00 P(cx) (00D g0 a‘;"fs ﬂ Slid
Apcy)  [0.00 Pixy) [0.00 gp0ed 1icm ider
Axz) [ooo P(xz) |0.00 glxz) |0.00 Bar
Alyy) [0.00 Ply.y) [0.00 gly.y) [0.00
Aly.z) |0.00 Ply.z) [0.00 glv.2) [0.00
Alz.7) 0.00 P(z.z) 0.00 g(z.z) |0.00
[<] Second Order # of Nuclei D Spin lIlE 3
—— Electron 1
Check g9 [2002320 spin [ 172 f2] || Number of Theta Push
gl 2.002320 D |0 .
BOX o) 2 00232 m Number of Phi l:l BUttOﬂ
Arrow

Buttons 0K I | Qﬂncé/ﬁ

The parts of a dialog box.

Many commands open a dialog box. The dialog box allows you
to enter required input for the simulation. What follows is a
description of the basic elements of a dialog box and how to use
them.

Editable  The editable box is a plain box with a white background. As the
Box  name suggests, you may edit the value in the box. It is used for
the input and display of quantities that are not restricted to spe-
cific values but may have a continuum of values such as the
hyperfine coupling constant. After a click with the left mouse
button in the text of the box, an insertion marker appears (a ver-
tical line). Any text (or numbers) you type are inserted after the
insertion marker. Several characters may be selected or high-
lighted simultaneously by clicking and dragging over the desired
text. Any typed éxt replaces the highlighted text. The selected
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ROKER Dialog Boxes

text may also be deleted by pressing fred key. The left and
right arrow keys of the keyboard moves the insertion marker left
and right. Keeping the keys pressed auto-repeats the action.

Drop-down  This input method is used for parameters which halmited

List  number of options or choices. After clicking on the downward
pointing arrow next to the box, the allowed values appear in a
drop-down list. The presently active option is highlighted. The
highlighted choice is changed by pressing the up and down
arrow keys of the keyboard. You may select the desired choice
by clicking the value with the left mouse button. The drop-down
list then disappears with the newly selected value or option dis-
played in the box.

Check The check box acts like a toggle. When clicked, the action turns
Box  the option on and off. A cross mark in the ldicates an on (or
active) state.

Push A push button will execute a command when you click it with
Button  the left mouse button. The command, sucl®&sor Cancel is
displayed in the center of the button.

Arrow  The arrow buttons are used to change a variable in a discrete
Buttons  step-wise fashion. If the box has a white background, the values
may be edited as in an editable box. Clicking the up or down

arrow button increases or decreases the parameter with a fixed

step size. For example, the step size for modulation amplitude is

0.1 Gauss. Keeping the mouse button pressed auto-repeats the
action. If the background of the box were gray, the up and down
arrows next to the box move you through the allowed values for

the variable sequentially. You are then not able to edit the values.
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Dialog Boxes

OK
Button

Cancel
Button

TheScroll Bar is used to view entries in a litor example, it is
used in thesave As dialog box to choose subdirectories. Click-
ing the up or down arrows scrolls the list up and down. Keeping
the mouse button pressed auto-repeats the action. The position
of the viewed entries in the list is indicated graphically by the
square. The list may be scrolled as well by clicking and dragging
the square.

This button returns you to the original window or dialog box
when clicked. All the changes made in the dialog box are set.

This button returns you to the original window or dialog box
when clicked. All changes made in the dialog box are canceled.

WIN-EPR SimFonia User’'s Manual
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B?UKE:R The File Menu

The File Menu 5.3

= WINEPR SimFonia - DURO_AN.PAR [+]~
File Parameter Operation Processing Yiew Options Window Info
New Ctrl+N | + mB m
Open... Ctrl+0
Duplicate Ctrl+p |GLY.PAR [-[~
Close Ctrl+F4
Save Ctri+S
Save As...
Load Experiment Spectrum... B
PERYLENE.PAR [+]=
Recent Print Setup...
FlleS Qutput Formating
— 1 DURC_AN.PAR
2 PERYLENE.PAR
3 TEMP_GLY.PAR
4 CHROM.PAR
| Exit Alt+F4
[
DURQ_AMN.PAR 3465 3470 3475 3480 3485 3490
Create a new simulation spectrum with default parameter settings | [NUM| |

Figure 5-3  TheFile drop-down menu.

New 5.3.1

Create a new simulation spectrum with default param-
eter settings. TheNew command creates a new spectrum
window in the application window.
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BEQ\:;ER The File Menu
Open 5.3.2

Open an existing spectrum. The Open command loads a
spectrum from a diskette or a hard disk drive. After clicking
Open, a dialog box appears that allows you to select and load a
spectrum. Each Bruker spectrum consists of a spectrum file
(*.spc filename extension) and a parameter fil@dr filename
extension). The default filename extension.jmar (for parame-

ter) and when a parameter file is loaded, it loads the correspond-
ing spectrum file as well. To select the appropriate disk drive,
click on the arrow on thBrives: selector and click the appropri-
ate drive icon. To select the appropriate directory or path, click
on the appropriate paths in tBérectories: selector. The spec-
trum is selected by clicking on the desired parameter file or typ-
ing the filename in th&ile Name selector. ClickingOK loads

the spectrum into the program@ancel exits the dialog box
without loading a spectrum.

|=-‘ File Cpen
File Name: Directories:
I‘.par c\win_appiepr
Ci I
acpropl.par [=1)
acpropes.par = win_app
echo.par £ data
fidav.par
sim1.par
wvo-hys.par
List Files of Type: Drives:
IPﬂIﬂmElEI (*.par) H I Hc: |£I

Figure 5-4  TheFile Open dialog box.
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Import  If you try to open a spectrum that is not in WIN-EPR or OS-9
File  format, thelmport File dialog box appears.

=] Import File
Spectra Data Type: [Ascil 4]
MNo. of Points: Horizontal Values
DRI Start:  [3456.00
Header Size: Lot 3505.00
Lines Unit: G
| Ok | ‘ Cancel I

Figure 5-5  Thelmport File dialog box.

The form of the data values is selectedbectra Data Type.
The options are:

« ASCII for ASCII values (non-binary data)

* integer: 2Byte (1_2) for 2 byte integers in ascending order
(Motorola format)

« integer: 2Byte (2_1) for 2 byte integers in descending order
(Intel format)

« integer: 4Byte (1_2_3_4) for 4 byte integers in ascending
order (Motorola format)

* integer: 4Byte (4_3_2_1) for 4 byte integers in descending
order (Intel format)

« float: 4Byte for 4 byte floating point numbers
* double: 8Byte for 8 byte floating point numbers.
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The data in the spectrum file must be a list of y values (no x val-
ues). Therefore, information about the x values is also required.
You may enter thigata in theHorizontal Values boxes. Often,
spectra have extra text at the beginning of the file such as the
date, the name of the sample, or the operateander Size
allows you to enter the length of this text that precedes the actual
data of the spectrum.

Duplicate 5.3.3

Duplicate the active spectrum and parameter settings.
TheDuplicate command creates a new spectrum window with
the spectrum and parameters of the currently active spectrum
window. The newly created spectrum window becomes the
active spectrum window.

Close 5.34

Close the active spectrum. The Close command closes the
active spectrum window. After clickinGlose, the active win-

dow disappears. If the spectrum were not saved, the program
prompts you with the following dialog box. Clicking oes
opens theSave As or Save dialog box. If you clickNo, the
spectrum disappears and all its information is IGstncel can-

cels theClose command.

=] WINEPR SimFonia

9 Save Changes to CAWIN_APPEPRIACPROPES.PAR?

|Xes| ‘ No | |Cance||

Figure 5-6  TheSave Changes dialog box.
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Save 5.3.5

Save the active simulated spectrum. TheSave command
saves the active spectrum to the hard disk or a diskette. This
command is used when you wish to save a spectrum that already
has a filename. If the spectrum has no filename Sidnee As
dialog box automatically appears. More details are given in the
description ofSave As.

When spectra are saved, the spectrum as well as the simulation
parameters are saved to disk.

Save As 5.3.6

Save the active simulated spectrum with a new name.

After you have simulated a spectrum, you may save it in any
directory. When you cliclSave As, a dialog box appears that
lets you choose a filename, a destination directory, and a destina-
tion disk drive. The spectrum to be saved is the spectrum that is
presently active. Each spectrum consists of a spectrum file
(*.spc filename extension) and a parameter fil@dr filename
extension). The default filename extension.jmar (for parame-

ter) and when a parameter file is saved, it saves the correspond-
ing spectrum file as well. To select the appropriate disk drive,
click on the arrow on thBrives: selector. To select the appro-
priate directory or path, click on the appropriate paths in the
Directories: selector and click the appropriate drive icon. The
spectrum filename is selected by clicking on the desired parame-
ter file or typing the filename in thieile Name selector. Click-

ing OK saves the spectrum on the hard disk or disk€aacel

exits the dialog box without saving the spectrum.
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|=-‘ File Save As

File Name: Directories:

Isim1,pﬂr cwin_appiepr

+ = +
= win_app
B> epr
1 data.

Cancel

=]
=

Save File as Type: Drives:
IParameter (*.pan |$I I Hc |$I

Figure 5-7  TheFile Save As dialog box.

When spectra are saved, the spectrum as well as the simulation
parameters are saved to disk.

If the chosen filename were already used by another file, a warn-
ing box gives you the opportunity to decideetiner to replace

the existing file with the present spectrum. Pres8logcancels

the save process and you need to select another name or direc-
tory.

|=-‘ File Save As

CAWIN_APPEPRISIMI1.PAR
@ This file already exists.

Replace existing file?

Yes

Figure 5-8  Warning dialog box for overwriting files.
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Load Experiment Spectrum 5.3.7

Load an experimental spectrum to compare with the
simulated. This command loads an experimental spectintm

the program. The experimental spectrum is used to compare the
simulated spectrum with actual experimental data. It opens a
dialog box identical to th®pen dialog box.

Save Result Spectrum 5.3.8

Save the active result spectrum with a new name. You

may add or subtract the simulated spectrum from the experimen-
tal spectrum to create a result spectrum. This command opens
the Save As dialog box so that the result spectrum may be
saved.
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Print 5.3.9

Print the active spectrum. ThePrint command starts the
printing of the active spectrum. Theint Range should be left
atAll. Print Quality should be set to the desired resolution. The
choices here depend on the type of printer attached to the com-
puter. The desired number of copies may be entered into the
Copies box. ClickingOK sends the data to the Windows Print
Manager, where it is processed and sent to the pridéarcel

exits the dialog box without printing a spectrugetup opens

the Printer Setup dialog box. If you wish to print the instrument
parameters along with the spectrum, seBgdctrum + Param-
eters. (See “Output Formatting” on page 5-18.)

=] Print

Printer: Default Printer (HP LaserJet lIP
PostScript on LPT1:)

C Selection
O Pages

Erom: [1 To _tew |
Print Quality:  [300 dpi Copies: |1

" Collate Copies

Figure 5-9  ThePrint dialog box.
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Print Preview 5.3.10

Display full pages. Print Preview shows how the active
spectrum would be actually printed on the installed printer.

= WINEPR SimFonia - PERYLENE.PAR B
Print...| ” Dhext Prage ” Prow Page ” ” Zoom In ” donm ” Close I
AREER simrnis Date: Amueg e 1035
Fdstans: 0 \HEI_APEA MR FERILRNE 570 ‘%_

w31
& - 23 PN = £ 3
3
| [NUM|

Figure 5-10 ThePrint Preview dialog box.

In this mode, some new commands appear in the dialog box.
Print opens thérint dialog boxZoom In andZoom Out allow

you to change the scale of the display: it does not affect the man-
ner in which the spectrum is printed. TB¢ose command
closes the window and returns you back to the application win-
dow. The other commands are not active in this window.
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Print Setup 5.3.11
Change the printer and printing options. It is possible to

have many different printers connected with many different
setup optionsPrint Setup allows you to select the printer as
well as set it up with the required options. Select the appropriate
printer by clicking on the appropriate printing device in the
Printer selector. Choose the orientation of the paper by clicking
on the desired option in th@rientation selector. The paper size
and the source of the paper are selected ifPHper selector.
Clicking theOptions button opens a new dialog box. The con-
tents of this dialog box is printer-dependent: consult your printer
documentation for further information. Clickir@K confirms

the current selectiorCancel exits the dialog box without mak-
ing the changes.

|=-‘ Print Setup
Prine
@® Default Printer.
(currently HP LaserJet IlIP PostScript on LPT1:)
O Specific Printer:
[HP LaserJet P PostScript on LPT1: | Help I
Orientation Paper
® Porait Size:  [A4210x237 mm |
C Landscape Source: ILuwer Tray |£I

Figure 5-11 ThePrint Setup dialog box.
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Output Formatting 5.3.12

You may print spectra with or without the instrumental parame-
ters used for the simulation. The cascading m@atput For-
matting allows you to choose with the following options.

Spectrum  Select the active spectrum.  If you chooseSpectrum, only
the spectrum is printed when you print a spectrum.

Spectrum +  Select the active spectrum and the acquisition param-

Parameters  eters. If you chooseSpectrum + Parameters, both the spec-
trum and the instrumental parameters are printed when you print
a spectrum.

Recent Files 5.3.13

The most recently used files are listed here. You may retrieve
these files easily by double-clicking the filename. This action is
equivalent to using th®pen command with the appropriate
filename.
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Exit 5.3.14
Quit the application; prompts to save spectra. Clicking

on Exit finishes the WIN-EPRimFonia session. If there were
any spectra that have not been saved, the application prompts
you for each unsaved spectrum with a dialog box asking whether
you wish to save the spectrum. ClickingYes opens the&save

As dialog box to save that spectrufio ends the session with-

out saving the spectrun@ancel prevents the session from ter-
minating. To exit the application, you may also useGlese
command in the system menu, double-click the upper left corner
of the window, or presAlt F4.

=] WINEPR SimFonia

9 Save Changes to CAWIN_APPEPRIACPROPES.PAR?

|Xes| ‘ No | |Cance||

Figure 5-12 TheSave Changes dialog box.
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[
The Parameter Menu 5.4
= WINEPR SimFonia - Sim1 [~ -
File = Parameter Operation Processing Yiew Options Window Info
O] Selution i} |So|uti0n Bl
Powder

| = ‘ Sim1 ‘ = | N
[*10° Instrument...

Hamiltonian...
Shape...

3478.6 3478.8 3479.0 34792 3479.4 [G]

Simulate a solution spectrum | [NUM| 3478.877 G | 4056.99

Figure 5-13 TheParameter drop-down menu.

Solution 5.4.1

Simulate a solution spectrum.  Click onthis option to simu-
late a solution spgrum. A checkmark on the left indicates that it
is active.Note: only theSolution or Powder option (not both)
may be active at the same time.

Powder 5.4.2

Simulate a powder spe ctrum. Click on this option to simu-
late a powder spectrum. A checkmark on the left indicates that it
is active.Note: only theSolution or Powder option (not both)
may be active at the same time.
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Experiment 5.4.3

Edit the Instruments Parameters.  Selecting this command
opens a dialog box that allows you to enter the experimental
parameters for a simulation.

=-‘ Instrument Parameter

Operator: |Jnhn Q. Spectroscopist ‘ Dﬂle:|1ﬁﬁ§,’l]4,'l]5 ‘ Time: |I]B:ZB |

Comment: |Dumquinnn9 Radical Anion in DMS0 |

[X] Automatic field detection Get Field/Sweep_.. [[]signal Channel
Center Field [ e Modulation Ampliude [ [E]ie]
Sweep Width |:| [G] Time Constant l:lE[msEc]
Resolution in X 1024 E Conversion Time l:lE[msEc]
MW Frequency 9.7500 [GHz] Harmonic l:lE

‘ Save as Default I | Get Exp. Parameters I | 0K I ‘ Cancel I

Figure 5-14 Thelnstrument Parameter dialog box.

Operator:  Editing the name in the box enters a newrajm name.
Date: This box indicates the date a simulation is performed.
Time: This box indicates the time a simulation is performed.

Comment:  Editing the text in the bognters a new comment.

Automatic Field Clicking this box performs an automatic calculation of the center
Determination field and sweep width to encompass the entire simulated spec-

trum. The center field and sweep width values displayed in the
window are disabled and the automatic values are used. This cal-
culation is performed during the simulation, hence the center
field and sweep width indicated on the page do not chamije u
after the simulation program has run. An x in the box indicates
that this option is active. This box is grayed for a powder simula-
tion and hence is only available for solution simulations.
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Get Field /  This button appears if there were an experimental spectrum
Sweep  present. It allows you to choose a center field and sweéih w

interactively for a simulation. Clicking on this button opens a
new window with three markers (vertical lines) that move with
the cursor. The middle marker sets the center field and the outer
markers set the sweep width. To set the center field, place the
middle marker at the desired center field position. To set the
sweep width, click the left mouse button to activate the outer
markers. As you move the cursor, the outer markers move in and
out symmetrically about the center field marker. To toggle
between moving the center field and sweegtivmarkers, click
the left mouse button. You may fix the positions of the markers
by clicking the right mouse button. Upon clicki@K, the cen-
ter field and sweep width are entered into the instrument param-
eter window. IfCancel were clicked, you are returned to the
instrument parameter window with no changes made.

Experimental Spectrum

it

3475.0 34775 3480.0 34825 3485.0 34875 34900 34925 3495.0 34975 3500.0 [6]

2 | ‘ 12 | ‘ Offset + | ‘ Offset - ‘ Scaling | | Reset I

Center Field: 3489.70 G |

UK l | Cancel I
Sweep Width: 12.21 G

Figure 5-15 TheCenter Field andSweep Width dialog box.
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To facilitate more precise positioning of the markers, you can
use the zooming and expansion features of this window. To
zoom in on a particular area of the spectrum, clickSbaling
button. When this option is active, clicking the left mouse button
toggles the cursor between the lower right and upper left corner
of the zoom rectangle. As you move the cursor, the position of
the rectangle corner moves with the cursor. Clicking with the
right mouse button expands the region encompassed by the rect-
angle to fill the whole window. This operation does not affect the
data itself: it simply changes the scaling and etf<f the dis-
play axes. Clicking thReset button will return the display back

to its full range.

Clicking the*2 or /2 button decreases and increases the vertical
display range by a factor of two. This corresponds to enlarging
or reducing the spectrum by a factor of two. Clicking the
Offset + or Offset - command shifts the spectrum upwards and
downwards. These operations do not affect the data itself: it sim-
ply changes the display of the data.

Center  Editing thevalue in the box changes the value of the center field
Field  ysed in the simulation.

Sweep  Editing the value in the box changes the value of the sweep
Width  width used in the simulation.

Resolution Clicking on the arrows with the left mouse button cycles the res-
in X olution (the nurber of points) through the allowed values.

Signal  Clicking on this box implements instrument response functions
Channel  in the simulation. Magnetic field modulation amplitude and time
constant distortions are included. If not selected, the signal chan-
nel parameter other than the harmonic are ignored. An x in the
box indicates that this option is active. This box is grayed for a
powder simulation and hence is only available for solution simu-
lations.
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Modulation
Amplitude

Time
Constant

Conversion
Time

MW
Frequency

Harmonic

Get Exp.
Parameters

Save as
Default

OK

Cancel

Editing the value in this box changes the value of the magnetic
field modulation used in the simulation. This box is grayed for a
powder simulation and hence is only available for solution simu-
lations.

Clicking on the arrows with the left mouse button cycles the
time constant through the allowed values. This box is grayed for
a powder simulation and hence is only available for solution
simulations.

Clicking on the arrows with the left mouse button cycles the
conversion time through the allowed values. This box is grayed
for a powder simulation and hence is only available fantgwi
simulations.

Editing the value in the box enters the microwave frequency
used for the simulation in units of GHz.

Clicking on the arrows with the left mouse button cycles the res-
olution through the allowed values.

This button appears if there were an experimental spectrum
present. Clicking on this button copies the instrument parame-
ters of the experimental spectrum to the simulation instrument
parameters.

When clicked, this command saves the present experimental
parameters as the default parameters. The next time a new spec-
trum window is created, it will use the default parameters.

This command returns you to the main application window
when clicked.

This command returns you to the main application window
when clicked. Any changes made to the parameters are canceled.
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Hamiltonian (Solution)

Editor

5.4.4

Edit the hamiltonian parameters.  Selecting this command
opens a dialog box in which you may enter the spin hamiltonian
parameters for a solution simulation. It appears only when you
have chosen thgolution option. The dialog box consists of two
areas, thélucleus area and th&lectron Area. TheNucleus

area is further split into two separate parts, the parameter list and
the editor. The parameter list amdigplays the values to be used

in the simulation. There may be up to 20 different nuclei used in
a simulation. If there were enough nuclei, a scroll bar appears on
the right to allow you to scroll through the list. The editor area is
used for entering and editing values that are to be inserted into
the parameter list. After values have been entered in thar ed
area, they may be inserted into the parameter list by clicking on
the Insert button. An entry in the parameter list may be edited
by double-clicking the desired entry in the list. The values then
appear in the editor. An entry in the parameter list may be
deleted by clicking on the unwanted entry and clicking the
Delete button.

HasrPi=kis 2 gl s
Duman ek wesps S imabe grese afm (4] ||
K1 A MR LE ] ‘
B P eamEs 5 0
Ja [N FL ) (b
mE # NETE 11 pm0 ‘
}» e e e e == ﬂ{
I CON | Y — XD | CETT TN OO | T
‘ | ETI | 0 = P || EF AL | [Em] ‘
— =20 || H E
I o = | = |
v I
e | |
Bl
j-l":l.r!?l:l\.'ﬂl |;I 1 1hird Ovie E'I [ |

Figure 5-16 TheHamiltonian dialog box for solution simulations.
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Element

# nuclei

Isotope

Spin

Iso.
abd.

g-Factor
(Nuclear)

This box indicates the one- or two-letter element name corre-
sponding to the nucleus. You may enter it manually or by choos-
ing an element by clicking th@et Element button.

This box indicates the number of equivalent nuclei. It must be
entered manually. Equivalent nuclei are nuclei that have identi-
cal spin hamiltonian parameters such as the three protons of a
rapidly rotating methyl group.

This box indicates the isotope of the nucleus. You may enter it
manually or by choosing an element by clicking Get Ele-
ment button.

This box indicates the spin of the isotope. It may be entered
manually or by choosing an element by clicking Get Ele-
ment button.

This box indicates the natural abundance of the isotope. You
may enter it manually or by choosing an element by clicking the
Get Element button. These values may be edited to account for
isotopic enrichment or depletion. Take care that the sum of the
abundances is equal to 100%.

This box indicates the nuclear g-value for the isotope. You may
enter it manually or by choosing an element by clickingGlé
Element button.
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A This box indicates the hyperfine coupling constant. Its value
may be entered manually or, if there were an experimental spec-
trum present, entered interactively by clicking g button.
Clicking theExp button opens a new window with two markers
(vertical lines) that move with the cursor. The marker that moves
with the cursor may be toggled by clicking the left mouse but-
ton. The hyperfine couplg constant calculated (to first order)
from the field separation of the markers and the electronic g
-value is displayed next tdyperfine Constant A:. The mark-
ers should be positioned on two adjacent EPR lines that are split
by the hyperfine interaction of the nucleus under question.
Clicking the right mouse button fixes the positions of the mark-
ers. TheOK command enters the hyperfine coupling constant
value into the hamiltonian window. If you clicdRancel, you
return to the hamiltonian window with no changes made.

Experimental Spectrum

4(_.,—

X

3475.0 34775 3480.0 34825 3485.0 34875 34900 34925 3495.0 34975 3500.0 [6]

2 | ‘ 12 | ‘ Offset + | ‘ Offset - ‘ Scaling | | Reset I

Hyperfine Constant A: 7.98 G | 10K I | Cancel I

Figure 5-17 TheHyperfine Coupling Constant dialog box.
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To facilitate more precise positioning of the markers, you can
use the zooming and expansion features of this window. To
zoom in on a particular area of the spectrum, clickSbaling
button. When this option is active, clicking the left mouse button
toggles the cursor between the lower right and upper left corner
of the zoom rectangle. As you move the cursor, the position of
the rectangle corner moves with the cursor. Clicking with the
right mouse button expands the region encompassed by the rect-
angle to fill the whole window. This operation does not affect the
data itself: it simply changes the scaling and etf<f the dis-
play axes. Clicking thReset button will return the display back

to its full range.

Clicking the*2 or /2 button decreases and increases the vertical
display range by a factor of two. This corresponds to enlarging
or reducing the spectrum by a factor of two. Clicking @eset

+ or Offset - command shifts the spectrum upwards and down-
wards. These operations do not affect the data itself: it simply
changes the display of the data.

The box next tA in the upper right-hand corner indicates the
units. Clicking on the arrow opens a drop-down menu in which
you may choose the desired units by clicking on it. The selection
of units are:

¢ Gauss
e MHz

« 10%cmt

Clear Clicking this button clears all the entries from the editor area.

WIN-EPR SimFonia User’'s Manual 5-28



RUBE The Parameter Menu

Get This button opens a window containing the periodic tailé

Element  spin values. You may select an element by clicking its box with
the left mouse button. The program then retrieves the data
regarding the element from the Bruker ENDOR tables. Clicking
on the arrow of théluclear Isotope box opens a drop-down
menu in which you may choose the isotope you wish to view by
clicking on it. You may restrict the isotopes that are displayed
for the special cases of pure or radioactive elements by clicking
on theShow Pure Elements Only or Include Radioactive
Isotopes buttons. ClickingOK returns you to the hamiltonian
window with the isotopes, spins, natural abundances, and
nuclear g-values entered into the editor. Clickiancel returns
you to the hamiltonian window with no new entries in the editor.

=-‘ Element-Data

Natural Abundance [%] 7577
Nuclear Isotope: Nuclear Spin 372

g-Factor 0.547916
D Show Pure Elements Only ENDOR Freq for 3.5 kG Field [MHz] 1.4618
[ Include Radioactive Isotopes Quadrup. Moment (multipl. of e x 1E-24 cm™2) -0.0825

Current Element:  Cl - CHLORINE (17)

7 He
TE ? C|N|O| F ||Ne
Na [|Mg Allsi|le|s || T
T a Sc|Ti| ¥ || Cr|Mn ; Co [ Ni a Zn |Ga | Ge || As | Se ? ?

Rb [ Sr{f ¥ | Zr [|[Nb ||Mo|Tc || Ru || Rh [Pd [(Ag ||Cd | In ||Sn [[Sb|Te| | |[Xe

Cs ||Ba|La |Hf | Ta| W |Re [|Os | Ir | Pt ||Au ||[Hg | TI {|Pb [l Bi | Po || At || Rn
Fr ||Ra |[Ac | Ku ||Ha

ce | Pr[nd |[Pm |sm | Eu || ad [ 76 [ oy |[Ho | Er J7m |0 [ Lu

h | Pa| u |[np [Pu am |lem | Bk | of ||Es [Fm [Md]jno | e

‘ Ok I ‘ Cancel

Figure 5-18 ThePeriodic Table dialog box.
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Insert

Delete

g-Factor
(Electronic)

Clicking this button inserts the contents of the editor area into
the parameter list.

Clicking this button deletes the contents of the selected entry of
the parameter list. An entry may be selected by clicking on it.
The entry is then highlighted.

This box indicates the electronic g-value. Its value may be edited
or, if there were an experimental spectrum present, entered inter-
actively by clicking theExp button. Clicking theExp button
opens a new window with a marker (vertical line) that moves
with the cursor. The g-value calculated from the magnetic field
position ofthe marker and the microwave frequency is displayed
next toElectron G-Factor. In order to determine the g-value,
place the marker in the center of the EPR spectrum. Clicking the
right mouse button fixes the positions of the marker. Clicking
OK entersthe g-value into the hamiltonian windo@ancel
returns you to the hamiltonian window with no changes made.

Experimental Spectrum

3475.0 34775 3480.0 34825 3485.0 34875 3490.0 34925 34950 34975 3500.0 [G]

N

2 ||

12

I ‘ Offset + I ‘ Oifset - I ‘ Scaling I | BReset I

Electron G-Factor: 2.00415 | Ok I | Cancel I

Figure 5-19 Theg-value dialog box.
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To facilitate more precise positioning of the markers, you can
use the zooming and expansion features of this window. To
zoom in on a particular area of the spectrum, clickSbaling
button. When this option is active, clicking the left mouse button
toggles the cursor between the lower right and upper left corner
of the zoom rectangle. As you move the cursor, the position of
the rectangle corner moves with the cursor. Clicking with the
right mouse button expands the region encompassed by the rect-
angle to fill the whole window. This operation does not affect the
data itself: it simply changes the scaling and etf<f the dis-
play axes. Clicking thReset button will return the display back

to its full range.

Clicking the*2 or /2 button decreases and increases the vertical
display range by a factor of two. This corresponds to enlarging
or reducing the spectrum by a factor of two. Clicking the
Offset\ + or Offset - command shifts the spectrum upwards and
downwards. These operations do not affect the data itself: it sim-
ply changes the display of the data.

Third  Clicking this box selects a third order perturbation theory calcu-

Order |ation for the nuclei. If not selected, the splittings are treated
only to first order. An x in the box indicates that this option is
active.

OK This command returns you to the main application window
when clicked.

Cancel This command returns you to the main application window
when clicked. Any changes made to the parameters are canceled.
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Hamiltonian (Powder) 545

Edit the hamiltonian parameters.  Selecting this command
opens a dialog box that allows you to enterdpim hamiltonian
parameters for a powder simulation. It appears only when you
have chosen theowder option.

=-‘ Hamiltonian Parameters

[ Mucleus =
Units |Gauss 1
ABog 000 Pi) 000 gxx  |0.00 1
Aley) 0.00 Pixy) 0.00 gixy) |[0.00
Alxz) |000 Pixz) |000 glxz) |000
Alvy) |0.00 Piyy) |0.0D glv.y) [0.00
Aly.2) |0.00 Piy.z) |0.0D glv.z) [0.00
Alz.z) 0.00 P(z.2) 0.00 g(z.z) 0.00
[] second Order # of Nuclei D Spin EE =

Electron

gbq 2.002320 Spin | 1/2 |5 Number of Theta

2 002320 D |000
9 Numberof Phi  [1 |
alz) 2.002320 E lo.00

Figure 5-20 The Hamiltonian dialog box for powder
simulations.

Units  Clicking on the arrow opens a drop-down menu in which you
may choose the desired units by clicking on it. The selection of
units are:

¢ Gauss
e MHz

« 10%cmt
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Second
Order

# of
Nuclei

Spin
(Nuclear)

Scroll
Bar

g (Electronic)

Spin

This column indicates the values of the nuclear hyperfine inter-
action matrix. Its values may be edited. It is assumed that the
matrix is symmetric, therefore, only the upper part of the matrix
is displayed.

This column indicates the values of the nuclear quadrupole inter-
action matrix. Its values may be edited. It is assumed that the
matrix is symmetric, therefore, only the upper part of the matrix

is displayed.

This column indicates the g values of the nuclear Zeeman inter-
action matrix. Its values may be edited. It is assumed that the
matrix is symmetric, therefore, only the upper part of the matrix
is displayed.

Clicking this box selects a second order perturbation theory cal-
culation for the nucleus. If not selected, the splitting is treated
only to first order. An x in the box indicates that this option is
active.

This box indicates the number of equivalent nuclei. You may
edit the value in the box. Equivalent nuclei are nuclei that have
identical spin hamiltonian parameters such as the three protons
of a rapidly rotating methyl group.

Clicking on the arrows with the left mouse button cycles the
nuclear spin through the allowed values.

The scroll bar on the left scrolls you through the different nuclei.
A maximum of 20 different nuclei is possible.

This column indicates the diagonal elements of the electronic g
matrix. It is assumed that all calculation are performed in a coor-
dinate system in which the electronic g matrix is diagonal.

Clicking on the arrows with the left mouse button cycles the
electron spin through the allowed values.
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Number
of Theta

Number
of Phi

OK

Cancel

This box indicates the value of the zero field splitting parameter,
D. You may edit the value in the box. It is assumed that the prin-
cipal axes of the electron Zeeman and zero field interactions
coincide.

This box indicates the value of the zero field splitting parameter,
E. You may edit the value in the box. It is assumed that the prin-
cipal axes of the electron Zeeman and zero field interactions
coincide.

This box indicates thaumber of theta angles to be used in the
powder average. You may edit the value in the box.

This box indicates the number of phi angles to be used in the
powder average. You may edit the value in the box.

This command returns you to the main application window
when clicked.

This command returns you to the main application window
when clicked. Any changes made to the parameters are canceled.
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Shape (Solution)

Lorentzian/
Gaussian

Linewidth

5.4.6

Edit the Shape Parameters. Selecting this command opens
a dialog box in which you may enter the parameters to determine
the lineshapes and linewidths used in a solution simulation.

=-‘ Shape Parameters

(6l

Nucleus: D

‘ linewidth - a + b*m + c*m"2 |

s[ 0 e[ Je[ ]
|

Lorentzian/Gaussian

Linewidth

1 Tumbling Effact

sanbertate Constunts. .. |

[ o T

Cancel |

Figure 5-21 The Shape Parameters dialog box for
solution simulations.

Indicates the amount of lorentzian or gaussian contribution in

the lineshape. Its value is editable. You may simulate lineshapes

that are a combination of both lorentzian and gaussian lines. The

amount of lorentzian or gaussian character equals
(1-x) lorentzian + x gaussian. [5-1]

0 corresponds to a purely lorentzian lineshape. 1 corresponds to

a purely gaussian lineshape.

Indicates the linewidth. You may edit the value in the box. The
linewidth is context-sensitive. For the zerbirmonic, the line-
width is the full width at half height. For the first and second
harmonics, linewidths are the peak-to-peak widths.
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Zeroth
Harmonic
Width

First
Harmonic
Width

Second
Harmonic
Width

Figure 5-22 Linewidth definitions.

If anisotropy were not completely averaged out by rapid rota-
tion, the linewidth may vary, depending on the hyperfine line.
Quite often, you can express the linewidths as a polynomial in
m;. For example, the lineith may be described as:

Linewidth(m;) = a+ bm, +cmi2 . [5-2]

In these cases§jmFonia can simulate the plinewidth depen-
dence if yousupply the coefficients, a, b, and ¢. You may obtain
these values interactively by using tte@culate Constants
routine that fits the a, b, and c values by least squares.
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Tumbling  Clicking this box implements an;rdependent linewidth calcu-
Effect  |ation. An x in the box indicates that the option is active. If no
valid nucleus were choser.g no third order calculation, more
than one nucleus, spin less than 1), this box is grayed and hence
is not available.

a: The constant linewidth term forjrdependent linewidths. You
may edit the value in the box.

b:  The linear linewidth term for pdependent linewidths. You may
edit the value in the box.

c: The quadratic linewidth term for;ndependent linewidths. You
may edit the value in the box.

Nucleus Indicates which nucleus is used to calculate thelependent
linewidth. You may edit the value in the box. It is assumed that
the nucleus has only one equivalent nucleus, that there is only
one isotope, the calculation is performed with third order pertur-
bation theory, and that the spin is greater than 1.
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calculate
Constants

Clicking thisbutton gens up a new window that allows you to
enter the 2 * | + 1 (where | is the spin of the nucleus) linewidths
necessary to fit a, b, and c. The number of linewidths required
for the calculation is displayed next#oof areas to define.

The linewidths are selected by placing the right and left markers
(vertical lines) on the peak points of the EPR line to define the
peak-to-peak linewidth. The marker that moves with the cursor
may be toggled by clicking the left mouse button. Clicking the
right mouse button fixes the positions of the markers. If the
Optimize Areas option is in effect (the default option), the soft-
ware will search for the peaks in the vicinity of the markers. You
still need to place the cursors assd as possible to the peaks for
this option to work well. After the markers are fixed, a new set
will appear until all the required 2 * | + 1 linewidths are marked.
The number of linewidths you have already defined is tallied
next toareas defined. TheOK commandreturns you to the
Shape dialog box and calculates a, b, and ¢ automatically. If
you click Cancel, you return to th&hape dialog box with no
changes made.

Experimental Spectrum

3410

N

3420 3430 3440 3450 3460 3470 3480

R

I ‘ Offset + I ‘ Oifset - ‘ Scaling

&gptimize Areas

# of areas to define 3

areas defined 3

Figure 5-23 Thecalculate Constants dialog box.
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To facilitate more precise positioning of the markers, you can
use the zooming and expansion features of this window. To
zoom in on a particular area of the spectrum, clickSbaling
button. When this option is active, clicking the left mouse button
toggles the cursor between the lower right and upper left corner
of the zoom rectangle. As you move the cursor, the position of
the rectangle corner moves with the cursor. Clicking with the
right mouse button expands the region encompassed by the rect-
angle to fill the whole window. This operation does not affect the
data itself: it simply changes the scaling and etf<f the dis-
play axes. Clicking thReset button will return the display back

to its full range.

Clicking the*2 or /2 button decreases and increases the vertical
display range by a factor of two. This corresponds to enlarging
or reducing the spectrum by a factor of two. Clicking the

Offset + or Offset - command shifts the spectrum upwards and

downwards. These operations do not a

OK This button returns you to the main application window when
clicked.

Cancel This button returns you to the main application window when
clicked. Any changes made to the parameters are canceled.
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Shape (Powder) 5.4.7

Edit the Shape Parameters. Selecting this command opens
a dialog box in which you may enter the parameters to determine
the lineshapes and linewidths used in a gemsimulation.

|=-‘ Shape Parameters

Lorentzian/Gaussian 1.00

Li

x-direction 010 [G]

y-direction 010 [G]

z-direction 010 [G]

| Ok I ‘ Cancel I

Figure 5-24 The Shape Parameters dialog box for
powder simulations.

Lorentzian Indicates the amount of lorentzian or gaussian contribution in

IGaussian  the lineshape. Its value is editable. You may simulate lineshapes
that are a combination of both lorentzian and gaussian lines. The
amount of lorentzian or gaussian character equals

(1-x) lorentzian + x gaussian. [5-3]

0 corresponds to a purely lorentzian lineshape. 1 corresponds to
a purely gaussian lineshape.
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Zeroth
Harmonic
Width

First
Harmonic
Width

T

Second
Harmonic
Width

Figure 5-25 Linewidth definitions.

Quite often, the linewidths can vary as a function of the direction
of the externally applied magnetic field. For example, the line-
widths may be described as:

. . 2,2 2,2 2,2
Linewidth( L, 1,,1,) = w22+ w22 + w22 | [5:4]

where |, I, and } are the direction cosines of the magnetic field
on the electronic Zeeman principal axes agdw, and v, are
the linewidths along the principakes. In these casedmFonia
can simulate the orientational dependence of the linewidth.
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Linewidth Indicates the linewidth along the x axis. You may edit the value
along X in the box. The linewdth is context-sensitive. Ftine zeroth har-
monic, the linewidth is the full width at half height. For the first
and second harmonics, linewidths are the peak-to-peak widths.

Linewidth Indicates the linewidth along the y axis. You may edit the value
alongy in the box. The linewdth is context-sensitive. Ftine zeroth har-
monic, the linewidth is the full width at half height. For the first
and second harmonics, linewidths are the peak-to-peak widths.

Linewidth Indicates the linewidth along the z axis. You may edit the value
along z  in the box. The linewdth is context-sensitive. Ftiie zeroth har-
monic, the linewidth is the full width at half height. For the first
and second harmonics, linewidths are the peak-to-peak widths.

OK This command returns you to the main application window
when clicked.

Cancel This command returns you to the main application window
when clicked. Any changes made to the parameters are canceled.
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The Operation Menu 5.5

= WINEPR SimFonia - TEMP_GLY.PAR [+]«
File Parameter Operation Processing Yiew Options Window Info
EEEEE Run Simulation |jgn El
Algebra ¥ Algebra
Tool
Bar
=| TENIE GLARAR [-[- Experimental
[#[=]*[] [|Factor || [1.00000 |[ol[70%2][x0] [€] I 4] Spectrum
Simulated
SpeCtrum 3410 3420 3430 3440 3450 3460 3470 3480 Result
Spectrum
L
Algebra with simulated and experimental spectra | [NUM| I
Figure 5-26 TheOperation drop-down menu.
Run Simulation 5.5.1

Algebra

Start the simulation. This command starts a simulation run-
ning with the parameters of the active spectrum.

5.5.2

Algebra with simulated and experimental spectra. This
menu item will not be grayed if there is both a simulated and
experimental spectrum in the active window. Upon choosing this
option, the experimental and simulated spectrum will be dis-
played in a window with an Algebra Tool Bar along with the dif-
ference between the spectra (the result spectrum).
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The result spectrum depends on the operation selected as well as
the constants in the following manner,

Result = Experimentdll Factor (Simulated + Constant)5-5]

wherel] is an operation such as addition, multiplicatiett,

Algebra Tool Bar 5.5.3

Parameter
Drop-down
List

Sensitivity
Adjustment

F[=[*l7] [Factor | [1.00000 | 10725 (] I 5]

Factor
Constant

X-Offset .
X-Offset (P Parameter Slider
Value Bar

Figure 5-27 TheAlgebra Tool Bar.

-

Operation
Buttons

The Algebra Tool Bar allows you to choose the operation as
well as adjust thé&actor andConstant used in the calculation

of the Result spectrum. The left most buttons select the opera-
tion when clicked. The available options are:

+ Clicking theAddition button adds the experimental and simu-
lated spectra (along with factors and constants) and stores the
sum in the result spectrum.

- Clicking theSubtraction button subtracts the experimental and
simulated spectra (along with factors and constants) and stores
the difference in theasult spectrum.
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*  Clicking theMultiplication button multiplies the experimental
and simulated spectra (along with factors and constants) and
stores the product in the result spectrum.

[ Clicking theDivision button divides the experimental spectrum
by the simulated spectra (along with factors and constants) and
stores the quotient in the result spectrum.

The Factor andConstant in Equation [5-5] can be easily
adjusted by selecting one or the other in the drop-down list.The
values are changed by moving the slider bar left and right to
decrease or increase the parameter value which is displayed next
to the drop-down list. The sensitly (the amount of change in

the parameter value per distance moved) of the slider bar is
selected by clicking th&0 and*10 buttons and the sensitivity

is displayed between the two buttons.

You can also move the simulated spectrum right and left with
respect to the experimental spectrum by selecting either the
X-Offset or X-Offset (Pt) in the drop-down list. The value in
the parameter value display has the units of the x-axis for
X-Offset and units of points or addresses ¥00Offset (Pt).
Moving the slider bar left moves the spectrum left and right
moves the spectrum right. The sensitivity (the amount of change
in the parameter value per distance moved) of the slider bar is
selected by clicking th&.0 and*10 buttons and the sensitivity

is displayed between the two buttons.
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The Processing Menu 5.6
=] WINEPR SimFonia - PERYLENE.PAR B
File Parameter Operation Processing View Options Window Info

72| Multiply Factor... ﬂ

Add Constant...

‘vl‘

Differentiate
Integrate

Offset Correction...

Truncate...

3465 3470 3475 3480 3485 3490

Multiply the active simuated spectrum with a factor | |[NUM|

Figure 5-28 TheProcessing drop-down menu.

Multiply Factor 5.6.1

Multiply the active simulated spectrum with a factor.

Clicking theMultiply Factor command opens a dialog box in
which you may enter a multiplicative factor. Whex is
clicked, the entire active spectrum is multiplied by this constant.
Cancel exits the dialog box without making the changes. This
process actually changes the data of the active spectrum.
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Multiplication with Factor

Figure 5-29 TheMultiply Factor dialog box.

Add Constant 5.6.2

Add a constant to the active simulated spectrum.

Clicking theAdd Constant command opens a dialog box in
which you may enter an additive constant. Wdis clicked,

this constant is added to the entire active spect@iancel exits

the dialog box without making the changes. This process actu-
ally changes the data of the active spectrum.

Addition with Constant

Constant: (0.000

Figure 5-30 TheAdd Constant dialog box.

Differentiate 5.6.3

Differentiate the active simulated spectrum. TheDiffer-
entiate command differentiates the complete active spectrum.

Integrate 5.6.4

Integrate the active simulated spectrum.  ThelIntegrate
command integrates the complete active spectrum.
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Offset Correction 5.6.5

Interactive Offset Correction of the active spectrum.

This command is used to subtract a baseline offset in a spectrum.
The Offset Correction command draws a marker (horizontal
line) in the spectrum frame that represents the new level for zero
signal. This line may be moved up and down by the mouse.
Position the line to cotide with the badme of the spectrum.
Pressing the right mouse button sets the current line position to
the new zero for the vertical axis. This process actually changes
the data of the active spectrum. You may terminate the operation
by pressingshift andESC simultaneously.

= Sim1 |'|‘

Figure 5-31 TheOffset Correction dialog box.
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Truncate

5.6.6

Truncate the active simulated spectrum. Clicking the
Truncate command opens a dialog box in which you may edit
the horizontal range of the active spectrum. The dialog box dis-
plays the starting and ending values of the active spectrum.
These parameters may be edited manually to any value, even if a
new parameter were larger than the spectrum size. \Uheis
clicked, the operation is performedancel exits the dialog box
without making the changes. This process actually changes the
data of the active spectrum.

=-‘ Truncate

X-Scaling
old values: new values:
Start: | 3462.25 | [3462.25 |61

End: | 349589 | [3495.89 |61

| 0K I ‘ Cancel I

Figure 5-32 TheTruncate dialog box.
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The View Menu 5.7

‘

WINEPR SimFonia - TEMP_GLY.PAR [+]«

File Parameter Operation Processing Yiew Options Window

Info

NEEEE £3] |Solution |4/ Toolbar

¥ Info Line

¥ Coordinates

=]

¥ Zooming

TEMP_G| Distance | hd | -

Scaling b
Display Mode b

¥ Show Experiment
Show Operation Result
Overlay

[4]

Show or hide the toolbar |

TNUM]

Figure 5-33 TheView drop-down menu.

Toolbar

Info Line

5.7.1
Show or hide the toolbar. Clicking on theToolbar com-

mand toggles the option between showing or hiding the toolbar.
A check mark on the left indicates that the toolbar is shown.

5.7.2

Show or hide the info line. Clicking on thelnfo Line com-
mand toggles the option between showing or hiding the info

line. A check mark on the left indicates that the info line is
shown.
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Coordinates 5.7.3
Show or hide the display of cursor coordinates. Click-

ing on theCoordinates command activates and deactivates the
display of the cursor’s current coordinates in the info line. A
check mark on the left indicates that the coordinates are dis-
played.

= WINEPR SimFonia - TEMP_GLY.PAR B
File Parameter Operation Processing VYiew Options Window Info

DEEEE) 1] [solution || [L]AI5]

.:.\ TEMP_GLY.PAR =~
[*10°3]

[ NUM| 347237 G [ 255394

Cursor
Coordinates

Figure 5-34 TheCursor Coordinates display.
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Zooming 5.7.4

Activate or deactivate the Rectangle Scaling Option.

Clicking on theZooming command activates or deactivates the
rectangular scaling option. A check mark on the left indicates
that zooming option is active. When this option is active, click-
ing the left mouse button toggles the cursor between the lower
right and upper left corner of the zoom rectangle. As you move
the cursor, the position of the rectangle corner moves with the
cursor. Clicking with the right mouse button expands the region
encompassed by the rectangle to fill the whole window. This
operation does not affect the data itself; it simply changes the
scaling and offsets of the display axes. The display can be easily
reset by clicking the right mouse button.

=] TEMP_GLY.PAR [+]«
[*10°3]

5.0
25

0.0

_ﬁ vy

/X

3420 3440 3460 [G]

Figure 5-35 The zooming of spectra.

WIN-EPR SimFonia User’'s Manual 5-52



Bzﬁga The View Menu
Distance 5.7.5

Activate or deactivate the distance measurement.

Clicking on theDistance command activates and deactivates
the display of the distance between the cursors in the info line. A
check mark on the left indicates that the distance is displayed.
When this option is active, two markers (vertical lines) appear in
the center of the spectrum with the cursor at the leftmost marker
(the active marker). As you move the cursor, the info line dis-
plays the position of the active marker and the difference
between the active marker and the reference marker (the other
marker that is not moving). Clicking theft mouse button inter-
changes the reference and active marker. (Note thatiffiee-

ence becomes negative because the reference and active have
been reversed.) Clicking the right mouse button deactivates the
Distance option.

= WINEPR SimFonia - TEMP_GLY.PAR B
File Parameter Operation Processing VYiew Options Window Info
MREEE 7] [solution 3] [XTHI5]

.:.\ TEMP_GLY.PAR =~

Distance/ &
Display

[ NUM]| 346942 G (705G

Figure 5-36 Distance measurement.
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= WINEPR SimFonia - TEMP_GLY.PAR [+]«
File Parameter Operation Processing Yiew Options Window Info
Clz=a]=] 03] |Solution  [47 Toolbar
¥ Info Line
¥ Coordinates
¥ Zooming
= TEMP_G| Distance j@]
H=1*1-] |Fact0r H 1.0 Scaling gxparlld.MaFlual...
Display Mode Experiment! Simulation
¥ Show Experiment Result
¥ Show Operation Resultly All
Qverlay Times 2 F5
Divide by 2 Fb
Offset Plus F7
Offset Minus F8
Reset Ctrl+R
T
3480 [6]
Edit the display ranges of the active spectrum | [NUM|

Figure 5-37 TheScaling cascading menu.

Expand
Manual

The cascading men8caling offers the following options to
resize and shift the spectrum both vertically and horizontally.

Edit the display ranges of the active spectrum. Clicking

on theExpand Manual command opens a dialog box in which
you may edit the range of the active spectrum. The dialog box
displays the starting and ending values of the activetape as

well as the maximum and minimum intensities. You may edit
these parameters to any value, even if a new parameter were
larger than the spectrum size. This operation does not affect the
data itself; it simply changes the scaling and etf<f the dis-

play axes.
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Experiment /
Simulation

Result

All

manual Scaling

X-Scaling

Start: 3478.52 low val: -19966.16
End: 3479.63 high val: 20079.28

‘-Scaling

Figure 5-38 TheExpand Manual dialog box.

Identical Scaling for simulated and experimental spec-

trum. If this option is selected, only the simulated and experi-
mental spectra are scaled identically when any of the scaling
commands in this section are used. Clicking orBkgerimen-

tal / Simulation command toggles the option on and off. A
check mark on the left indicates that this option is in effect.

Scale the result spectrum.  If this option is selected, only the
result spectrum is scaled when any of the scaling commands in
this section are used. Clicking on tResult command toggles

the option on and off. A check mark on the left indicatestttiat
option is ineffect.

Identical Scaling for experimental, simulated and

result spectrum. If this option is selected, all spectra are
scaled identically when any of the scaling commands in this sec-
tion are used. Clicking on thAl command toggles the option on
and off. A check mark on the left indicates that this option is in
effect.
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Times 2

Divide
by 2

Offset

Plus

Offset
Minus

Reset

Decr ease display-range by 2. Clicking theTimes 2 com-
mand decreases the vertical display range by a factor of two.
This corresponds to enlarging the spectrum by a factor of two. It
does not affect the data itself; it simply changes the scale of the
vertical display axis.

Increase display-range by 2. Clicking theDivide by 2
command increases the vertical display range by a factor of two.
This corresponds to reducing the spectrum by a factor of two. It
does not affect the data itself; it simply changes the scale of the
vertical display axis.

Shift view up. Clicking theOffset plus command shifts the
spectrum upwards. It does not affect the data itself; it simply
changes the offset of the vertical display axis.

Shift view down. Clicking theOffset minus command shifts
the spectrum downwards. It does not affect the data itself; it sim-
ply changes the offset of the vertical display axis.

Reset the display-scaling of the active spectrum. Click-

ing theReset command resets the scaling and offsets of the dis-
play axes. It does not affect the data itself; it simply changes the
scaling and offsets of the display axes. A more convenient
means of resetting the display is to click the right mouse button.
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Display Mode 5.7.7

= WINEPR SimFonia - TEMP_GLY.PAR [~ -
File Parameter Operation Processing ¥iew Options Window Info

EEAEEEREREEE

Solution |4 Toolbar
¥ Info Line

¥ Coordinates

¥ Zooming
=] TEMP_G| Distance BB
[x10°3] Scaling 2
Display Mode ¥ Line
Point
10 Cross
Line+Cross

Grid

Standard displaymode for the active spectrum | [NUM|

Figure 5-39 TheDisplay Mode cascading menu.

The cascading merdisplay Mode offers the following options
to display the active spectrum.
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Line Standard display mode for the active spectrum. Click-
ing theLine command displays the data points of the active
spectrum with dots that are connected by straight lines. This is

the default setting. A check mark on the left indicates that the
Line option is in effect.

=]

TEMP_GLY.PAR [+]~
107 3]

Figure 5-40 A Line display.

Point Displays only the spectrum points. Clicking thePoint

command displays the data points of the active spectrum with

dots that areot connected by straight lines. A check mark on
the left indicates that thieoint option is in effect.

TEMP_GLY.PAR [~ -

3420 3440

Figure 5-41 A Point display.
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Cross

Line +
Cross

Displays the spectrum points as crosses.

Clicking the

Cross command displays the data points of the active spectrum
with crosses that aneot connected by straight lines. A check
mark on the left indicates that tRgoss option is in effect.

TEMP_GLY.PAR

,,,,,,:3%

x

Figure 5-42 A Cross display.

Displays the line-spectrum and marks the points as

crosses. Clicking theLine + Cross command displays the
data points of the active spectrum with crosses that are con-
nected by straight lines. A check mark on the left indicates that

theLine + Cross option is in effect.

TEMP_GLY.PAR

‘le

[*10°3]
20

10

-10

-20

3420

3440 3460 3480

Figure 5-43 A Line + Cross display.
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Grid  Switch the grid on and off.  Clicking theGrid command tog-
gles the display of a grid on the active spectrum. This option
may be useful for visually measuring and inspecting spectra. A

check mark on the left indicates that ted option is in effect.

TEMP_GLY.PAR

|v|A

3420 3440

Figure 5-44 A Grid display.
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Show Experiment 5.7.8

Show or hide the experiment spectrum.  Clicking the
Show Experiment command toggles the display of the experi-
mental spectrum. A check mark on the left indicates that the
Show Experiment option is in effect. If there were no experi-
mental spectrum loaded, the option will be grayed.

Experimental TEMP_GLY.PAR -]~
Spectrum

Simulated
Spectrum

3420 3440 3460 3480 [G]

Figure 5-45 Display of both simulated and experimental
spectra.
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Show Operation Result 5.7.9

Show or hide the result spectrum.  Clicking the Show
Operation Result command toggles the display of the result
spectrum. The result spectrum is the result of the operations per-
formed in theAlgebra Tool Bar menu such adddition or Sub-
traction. A check mark on the left indicates that thfgion is in
effect. If there were no experimental spectrum loaded,gdtiero

will be grayed.

Experimental

Spectrum TEMP_GLY.PAR =]~

Simulated
Spectrum

Result
Spectrum

Figure 5-46 Display of all spectra.
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Bzﬁga The View Menu
Overlay 5.7.10
=] DURO_ANS.PAR [+]«

3480 3485 3490 3495

Figure 5-47 An Overlay display.

Display experiment and simulation in overlay mode.

Clicking theOverlay command toggles the manner in which the
experimental and simulated spectrum is displayed. The default
means of presenting the two spectrum is both spectra well sepa-
rated vertically as in Figure 5-45. Tiverlay option presents

the two spectra on top of each other (or overlaid) to facilitate
easier comparison of the two spectra. A check mark on the left
indicates that th®©verlay option is in effect. If there were no
experimental spectrum loaded, the option will be grayed.
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BROKER The Options Menu
The Options Menu 5.8
= WINEPR SimFonia - PERYLENE.PAR [~ -
File Parameter Operation Processing Yiew Options Window Info
CEEEE] =IX] 71 [solution [& -v’ Save Settings on Exit
E = | u ¥ Flickerfree —
=] PERYLENE.PAR B
[*1073]

10

5

0

5

-10

3465 3470 3475 3480 3485 3490

Save settings on exit | [NUM|

Figure 5-48 TheOptions drop-down menu.

Save Settings on Exit 5.8.1

Save settings on exit. Clicking on theSave Settings on

Exit command toggles the option between saving or discarding
the settings that have been used during the current session. A
checkmark on the left indicates that thdings will be saved.

Flickerfree  Switch flickerfree display on or off. Clicking on theFlick-
erfree command toggles the option between a flickering or
smooth display while using the slider bar in tigebra Tool
Bar. A checkmark on the left indicates flickerfree operation.
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ahGier The Window Menu

The Window Menu 5.9

=] WINEPR SimFonia - PERYLENE.PAR [+]«
File Parameter Operation Processing VYiew Options | Window Info
CREEE] 03] [solution  [+] [ZH]S] GCascade
- Tile Horizontal 1 Loaded
= sim1 Tile Yertical
= CHROM.PAR Arrange Icons Spectrum
=] PERYLENE.PAR 1.5im1
(107 3] 2 CHROM.PAR

¥ 3 PERYLENE.PAR

3465 3470 3475 3480 3485 3490 [G]

Arrange windows so they overlap [ |[NUM|

Figure 5-49 TheWindow drop-down menu.

It is very easy to generate a large number of spectra quickly. The
spectrum windows can completely clutter your screen just as
quickly. There are several ways to keep things neat. The first
approach is to cascade or tile the windows to organize them bet-
ter. A second means is to iconize spectra.
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The Window Menu

5.9.1

Arrange windows so they overlap. TheCascade com-
mand stacks all the open windows such that their title bars are all

Cascade

visible.

WINEPR SimFonia - DPPH_MOD.PAR

Processing Yiew Options Window Info

Solution [+

SIM1.PAR

[ = CHROM.PAR

PERYLENE.PAR =[]

[ = DURC_AN.PAR

[*= CU_TPP.PAR =[]
-~

[+ DPPH_MOD.PAR

File Parameter Operation
IS EYEI =TS

=

3500 3510 [a]

INUM] 3490.96 G [16721.08

Figure 5-50 Cascaded spectra.
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The Window Menu

Tile Horizontal

Arrange windows as non-overlapping tiles.

Horizontal command arranges all the open windows top to bot-

tom such that they are all visible.

=-‘ WINEPR SimFonia - DPPH_MOD.PAR

File Parameter Operation Processing Yiew Options Window

ClE=IRE] EXIE[=]5] [solution [+] TIH]S]

[=] DPPH_MOD.PAR ~[-1l=] PERYLENE.PAR

[*10° 3] [*10° 3]

0

0

3480 3490 3500 3510 [G]

3470 3480

3490

[4]

= CU_TPP.PAR ~[-1l=] CHROM.PAR

‘le

2600 2800 3000 3200 [G]

1000 2000 3000 4000

5000

[4]

= DURO_AN.PAR ~[-1l=] SIM1.PAR

‘le

[*10° 3] [*10° 3]

0
-10

3400 3450 3500

3550

(4]

[ |[NUM|

Figure 5-51 Horizontal tiling.

5.9.2
TheTile
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The Window Menu

Tile Vertical 5.9.3

Arrange windows as non-overlapping tiles. TheTile
Vertical command arranges all the open windows side by side
such that they are all visible.

= WINEPR SimFonia - DPPH_MOD.PAR [~ -
File Parameter Operation Processing Yiew Options Window Info
CEEEE FEEEE |So|uti0n H

[=] opepumobpAR  [~[-[[=] npuro_anpar  [+[+|[=]  cHRoMPAR v [
[*10°3] [*1073] [*1073]

]
10

0
0

-10

-10

3480 3490 2000 4000

3180 3500
=|  cuzpepar [~ [=|=]  Pervienerar  [-[<][=] SIM1.PAR e

[lr=107a] =107 3] =107 3]

3470 3480 1G]
[ [NUMJ [

2500 2750 3000 3250 [G]

Figure 5-52 Vertical tiling.
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RUBE The Window Menu

Arrange Icons 594

Arrange icons at the bottom of the window. The
Arrange Icons command evenly spaces the closed (minimized)
windows at the bottom of the application window.

= WINEPR SimFonia - SIM1.PAR [~ -
File Parameter Operation Processing Yiew Options Window

MEEEEIEE

Info

i |P0wder Iil

SIMIPAR  CHROMPAR CU_TPP.PAR IPPH_MOD.PAR JRO_AMN.PAIPERYLENE PAR

[ |[NUM|

Figure 5-53 Iconized spectra.

Loaded Spectra 5.95

Activate this window. The names of the spectra which have
been loaded are listed here. To activate a spectrammake it
the active spectrum window), click the desired spectrum. The

active spectrum is indicated by a checkmark to the left of the
name of the spectrum.
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rORE Tool Bar
Tool Bar 5.10
Instru- . Stop.
New Print ment Simulation
Open | Times 2| || | Zooming‘ T
D®=z|EE] 2lx]lal= Solution || [I]H]S] [mn]|D]
; Hamiltonian
Duplicate Divide Solution / " Run
Window by 2 Powder Simulation

Figure 5-54 The Tool Bar.

The tool bar contains icons that may be used for easy access to
frequently used commands. Clicking on the icon executes the

command.
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Index

A

addition of a constants-47
algebra 4-21, 5-43 to 5-45

5-44
* 5-45
+ 5-44
| 5-45
constant 5-45
factor 5-45
tool bar 5-44
X-Offset 5-45
X-Offset (Pt) 5-45

application window. See window, applica-

tions.
arrange icons5-69
arrow box 5-6
automatic field determinatiorb-21

C

cancel button 5-7

cascade 5-66

center field 5-23

check box 5-6

clear 5-28

close 5-11

commands 5-1 to 5-70
comment 5-21

comparing spectras-20 to 4-23
control menu 5-3

conversion time 5-24
coordinates 5-51
Cr*3in CsAI(SQ), . 12 H,O 4-29 to 4-36

linewidth dependence4-32
spin hamiltonian parameterg-31

D

date 5-21

deleting parameters-30
dialog box 5-5 to 5-7
differentiation 5-47
display mode 5-57

cross 5-59

grid 5-60

line 5-58

line + cross 5-59
point 5-58

display range

decrease by 25-56
increase by 25-56

distance 5-53

drop-down selector5-6

duplicate 5-11

durosemiquinone radical anios-2 to 4-23

E

editable box 5-5
editing experimental parameter4-7, 5-21
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editing parameters. See menu, parameter.
element 5-26
Also see periodic table.
exiting the program5-19
expand manuals-54
exporting data 4-37 to 4-38

F

features 1-2

file menu. See menu, file.
finding things 2-1

flickerfree 5-64

Fremy salt in glycerol 4-24 to 4-28

comparison with experimental
spectrum 4-28

g- and a- values4-25

m; linewidth dependences-26 to 4-28

G

get element 4-15, 5-29
Also see periodic table.
get field/sweep 5-22
getting started 2-1
g-factor

determination of the g-valuet-8 to 4-11,
5-30to 5-31

electronic g-factor (solution)s-30

g-factor (nuclear) 5-26

g-matrix (electronic) 5-33

H

hamiltonian

powder 5-32
solution 5-25

harmonic 5-24
hyperfine

coupling (solution) 5-27

determining the hyperfine coupling
constant 4-11 to 4-18, 5-27 to
5-28

nuclear hyperfine matrix (powder}-33

units 4-12, 5-28

importing files 5-10to 5-11

ASCII files 5-10
binary files 5-10

info line 5-4, 5-50
inserting parameters-30
installation of program2-2
integration 5-47
isotope 5-26
Also see periodic table.
isotopic abundances-26
Also see periodic table.

L

line shape
durosemiquinone radical anios-19
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gaussian 5-35, 5-40
lorentzian 5-35, 5-40
powder 5-40
solution 5-35

linewidth

anisotropic 3-7, 4-32, 5-41

m; dependent3-3 to 3-4, 4-24, 4-26 to
4-28, 5-36 to 5-39

powder 5-42

solution 5-35

loaded spectras-69

loading an experimental spectrud+-4 to 4-7,
5-14

M

maximize 5-3

menu
bar 5-4
file 5-8to5-19
operation 5-43 to 5-45
options 5-64
parameter 5-20 to 5-42
processing 5-46 to 5-49
view 5-50 to 5-63
window 5-65 to 5-69

microwave frequencys-24
minimize 5-3

modulation amplitude5-24
multiplication 5-46

N

new 5-8

nuclear quadrupole iataction matrix 5-33
nuclear Zeeman interaction matri%-33
number of nuclei

powder 5-33
solution 5-26

number of points 5-23

O

OK button 5-7

open 5-9

operation menu. See menu, operation.
operator 5-21

output format 5-18

overlay spectrum4-22, 5-63

P

periodic table 4-16, 5-29
perturbation theory

first order 3-3, 3-5, 3-6, 4-11
second order3-6, 5-33
third order 3-3, 3-5, 4-18, 4-26, 5-31

phi 3-8
number of angles4-35, 5-34
printing spectra5-15
preview 5-16
processing menu. See menu, processing.
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push button 5-6

R

recent files 5-18
reset 5-56

restore 5-3

run simulation 5-43

S

save 5-12
save as5-12
saving

default parameterss-24
result spectras-14
settings on exit5-64

scaling 5-54

scroll bar 5-7,5-33

selecting powder simulation$-20
selecting solution simulation$-20
setting up printers5-17

shift view

down 5-56
up 5-56

show

experimental spectrunb-61
result 5-62

signal channel5-23
spherical integration3-8, 4-33 to 4-36
spin

electronic 5-33
nuclear 5-26, 5-33

starting SimFonia2-4, 4-1
sweep width 5-23
system requirement-2

T

theory

powder 3-5 to 3-8
solution 3-1to 3-5

theta 3-8

number of angles4-35, 5-34
tile

horizontal 5-67

vertical 5-68

time 5-21
time constant5-24
title bar 5-3
tool bar 5-4, 5-50, 5-70
truncate 5-49
tumbling effect 3-4, 5-37
See also linewidth, pdependent.
tutorial 4-1to 4-38
typographical convention2-1

U

units 5-28, 5-32

using experimental parametes7, 5-24
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Vv

view menu. See menu, view.

W

window

application 5-1 to 5-4
frame 5-4
spectrum 5-2

window menu. See menu, window.

Z

zero-field splitting 4-31, 5-34
zooming 5-52
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