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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: epr applications@bruker-biospin.com
FAX: 978-670-8851
Tel. 978-663-7406
mailing EPR Division
address  Bruker BioSpin Corporation
19 Fortune Drive

Manning Park
Billerica, MA 01821 USA

Thank you for your help.
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Electrical Safety

Electrical Safety 0.1

Do not remove any of the protective covers or panels of the
instrument. They are fitted to protect you and should be opened
by qualified service personnel only.

Power off the instrument and disconnect the line cord before
starting any cleaning work in the spectrometer. Never operate
the instrument with the grounding cord disconnected or by
passed. Facility wiring must include a properly grounded power
receptacle.

Chemical Safety 0.2

Individuals working with hazardous chemicals, toxic substances,
or enclosed liquid samples must take every precaution possible
to avoid exposure to these agents. As a general rule, THINK OF
THE CHEMICAL LABORATORY AS A HAZARDOUS
ENVIRONMENT IN WHICH YOU MUST CONTINUALLY
MAINTAIN A HIGH STANDARD OF VIGILANCE. Do not
assume a cavalier attitude -- the substances with which you work
present very real, and very serious threats to your health and
safety.

Adhere to all currently recommended guidelines for standard
laboratory safety as promulgated by governmental codes and
contemporary laboratory practice. Inform yourself about the
specific risks that are present when you handle actual or poten-
tial carcinogens (cancer-causing agents), explosive materials,
strong acids, or any liquids that are sealed in glass containers.
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Chemical Safety

Specifically:

* Be extremely careful when you handle sealed glass samples
that are rapidly heated or cooled. The rapid cooling of some
samples may result in the formation of a solid bolus in the
sample tube that may make the tube prone to explosive rup-
ture.

* Educate yourself about the temperature at which chemicals
evaporate. When a sample gets close to the temperature at
which it evaporates, it may quickly become volatile.

* In general, the safety threat posed by flying glass and vio-
lently escaping gases and liquids should not be underesti-
mated.

»  Wear safety glasses, face masks, and other protective cloth-
ing whenever there is any risk of spillage, breakage, or explo-
sion. Protective shields should also be employed when there
is any risk of explosion.

* Be sure that both storage and working areas are properly ven-
tilated. They should be equipped with powerful blowers and
fume heads.

+ Store chemicals safely. Avoid integrating containers of chem-
icals that may result in dangerous combinations.

» Practice good housekeeping in work and storage areas. Clean
up spills and refuse promptly. Do not leave volatile, combus-
tible, or acidic liquids exposed on counters, benches, or other
work areas.

* Make certain all chemical containers are properly labeled and
classified, and that especially hazardous materials are appro-
priately designated with clearly understood decals or warn-
ings.

* Never taste or inhale unmarked chemicals.
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Microwave Safety

e All laboratories should be equipped with fire doors, fire
extinguishers, fire smothering materials, and sprinkler sys-
tems or showers, as well as a detailed fire safety plan.

Microwave Safety 0.3

As long as the microwaves are contained in metal structures,
microwaves can be very safe. Here are some precautions which,
if followed, will eliminate the possibility of injury due to the
microwaves.

* Do not have an open waveguide when the microwave power
is on.

* Switch the bridge to standby when you remove or change
EPR cavities.

* Never look down an open waveguide when there is micro-
wave power. The eyes are very susceptible to damage from
microwaves.

Vi
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Introduction 1

This document describes the basic operation of a Bruker
Elexsys E 500 EPR (Electron Paramagnetic Resonance) spec-
trometer. No assumptions have been made about the background
of the readers except that they have a general scientific or techni-
cal background. Many of the elementary principles necessary for
following the chapters are presented in a concise form.

This manual is one of three manuals supplied with your spec-
trometer. In addition, there is also a second volume of this man-
ual (Elexsys E 500 User’s Manual: Advanced Operations) that
describes more advanced operations and procedures of the spec-
trometer. Finally, there is an Xepr User’s Manual describing
many details of the Xepr application.

We start with a list of EPR applications. A brief description of
the spectrometer and its capabilities follows. The chapter con-
cludes with an explanation of how to use this manual.

EPR Applications 1.1

EPR has matured into a powerful, versatile, nondestructive, and
nonintrusive analytical method. Unlike many other techniques,
EPR yields meaningful structural and dynamical information,
even from ongoing chemical or physical processes without influ-
encing the process itself. Therefore, it is an ideal complementary
technique for other methods in a wide range of studies and appli-
cation areas. Here is a list of some of the EPR applications
which are commonly used.
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EPR Applications

Chemistry 1.1.1
* Kinetics of radical reactions
* Polymerization reactions
* Spin trapping
* Organo-metallic compounds
* Catalysis
* Petroleum research
* Oxidation and reduction processes

* Biradicals and triplet states of molecules

Physics 1.1.2
* Measurement of magnetic susceptibility
» Transition metal, lanthanide, and actinide ions
* Conduction electrons in conductors and semiconductors
» Defects in crystals (e.g. color centers in alkali-halides)

* Optical detection of magnetic resonance, excited states of
molecules

* Crystal fields in single crystals

* Recombination at low temperatures
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EPR Applications

Materials Research

lonizing Radiation

113
Degradation of paints and polymers by light
Polymer properties
Defects in diamond
Defects in optical fibers
Laser materials
Organic conductors
Influence of impurities and defects in semiconductors
Properties of novel magnetic materials
High T superconductors
Cgp compounds

Behavior of free radicals in corrosion

1.1.4
Alanine radiation dosimetry
Control of irradiated foods
Archaeological dating

Short-time behavior of organic free radicals produced by
radiation

Radiation effects and damage

Radiation effects on biological compounds
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EPR Applications

Biology and Medicine

Spin label and spin probe techniques

Spin trapping

1.1.5

Dynamics of biomolecules using saturation transfer tech-

niques

Free radicals in living tissues and fluids
Antioxidants, radical scavengers

Contrast agents

Oximetry

Drug detection, metabolism, and toxicity
Enzyme reactions

Photosynthesis

Structure and identification of metal-binding sites
Photochemical and radiolytic generation of radicals
Oxygen based radicals

NO in biological systems

Carcinogenic reactions
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The Spectrometer

The Spectrometer 1.2

The Bruker Elexsys E 500 EPR spectrometer is a research grade
scientific instrument. It is capable of routine measurements, as
well as sophisticated and advanced experiments when equipped
with the proper accessories. The modular design makes the spec-
trometer easy to upgrade or expand. For information and assis-
tance in choosing and ordering accessories for your specific
application, contact your local Bruker EPR sales representative.
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Using this Manual

Using this Manual 1.3

This manual is one of three manuals supplied with your Bruker
Elexsys E 500 spectrometer. It describes basic operations. In
addition, there is also a second volume of this manual (Elexsys
E 500 User’s Manual: Advanced Operations) that describes
many procedures and operations in greater depth than this man-
ual. Finally, there is the Xepr User’s Manual describing many
details of the Xepr application.

How to Find Things 1.3.1

Preface

Chapter 2

Chapter 3

Chapter 4

Chapter 5

First, you should read the safety guide in the preface of the man-
ual. Microwaves can be dangerous, particularly to your eyes.
With normal precautions, the risk for injury can be minimized.

Users who are not familiar with EPR should start by reading
Chapter 2, which is a concise introduction to the theory and
practice of EPR spectroscopy. It is by no means exhaustive; it
gives the necessary information to follow the other chapters of
the manual. A short list of references is given at the end of the
chapter for more information.

This chapter is a simple “how to” section describing how to
acquire the spectrum of a sample. It covers turning the spectrom-
eter on, tuning the microwave cavity and bridge, and acquiring
spectra. The step by step instructions lead you through the acqui-
sition of a strong pitch (a standard sample) EPR signal.

This chapter introduces you to the essential concepts of Xepr. It
describes the basic features and how to use those Xepr features.

This tutorial guides you through many common data acquisition
tasks. It gives you detailed examples of how to use many of the
convenient and commonly used features of the spectrometer.
The chapter covers both 1D and 2D spectra.
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Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

This chapter gives you a tutorial on the basic operations of data
processing such as data handling, baseline correction, peak pick-
ing, integration, and curve fitting.

The most basic operations of the Bruker EPR spectrometer are
covered in Chapter 3. This chapter introduces you to additional
techniques such as manually tuning the bridge, changing cavi-
ties, and adjusting the AFC.

General helpful hints for acquiring EPR spectra are presented in
this chapter. Before consulting this chapter, you should be famil-
iar with the material in Chapters 2 and 3. It gives tips on where
to find EPR signals as well as how to optimize the sensitivity of
the spectrometer for your particular sample.

Sometimes, things go wrong. Chapter 9 gives some possible
solutions to problems you may be having. Many times, problems
appear to be the fault of the instrument; however, with the proper
choice of operating conditions, these problems often disappear.

An extensive bibliography of EPR references is given in this
chapter. It includes many different EPR applications as well as
educational texts. This is a good place to start a literature search.

This manual consists of two volumes. This volume is for basic
operations. If you have more advanced questions please refer to
volume II, Advanced Operations. All the answers to all EPR
questions can not possibly fit in one manual. This manual is only
part of the Elexsys E 500 documentation. It provides instructions
to the essential operations of Elexsys E 500 systems. For help
with software questions, consult the Xepr User’s Manual. It can
be accessed on-line from the Xepr program by clicking on Man-
ual in the Help menu. If you cannot find the answer to your
question, contact your nearest Bruker EPR representative. We
have a team of skilled application scientists with diverse exper-
tises. One of us will probably come up with an answer.
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Fonts

Times

Helvetica

Special notes

A

Warning box.

Hint box.

1.3.2

Special fonts are used in the text to differentiate between normal
manual text and the text displayed in the program.

This is the font used for the normal text in the manual.

This is the font used for text that is displayed by the program or
must be entered into the program by you.

1.3.3

Some special notation is employed in this manual to simplify the
descriptions.

The content between the brackets needs to be substituted with
proper entries by the user.

The right bracket indicates sequential selection of the menu
entries. For example, Processing > Filtering > Smoothing
means clicking the Processing button in the menu bar, followed
by clicking Filtering in the sub-menu, and then clicking
Smoothing.

You will see a warning box sometimes in the lefthand margin.
These are meant to point out critical information. In particular, it
warns you about any procedures or operations that may be dan-
gerous to the spectrometer or you. Always read and follow this
advice.

In addition, there are also hint boxes in the lefthand margin
These are meant to be helpful hints and point out important
information.
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An EPR Primer 2

This chapter is an introduction to the basic theory and practice of
EPR spectroscopy. It gives you sufficient background to under-
stand the following chapters. In addition, we strongly encourage
the new user to explore some of the texts and articles at the end
of this chapter. You can then fully benefit from your particular
EPR application or think of new ones.

Basic EPR Theory 2.1

Introduction to Spectroscopy 211

During the early part of this century, when scientists began to
apply the principles of quantum mechanics to describe atoms or
molecules, they found that a molecule or atom has discrete (or
separate) states, each with a corresponding energy. Spectroscopy
is the measurement and interpretation of the energy differences
between the atomic or molecular states. With knowledge of
these energy differences, you gain insight into the identity, struc-
ture, and dynamics of the sample under study.

We can measure these energy differences, AE, because of an
important relationship between AE and the absorption of electro-
magnetic radiation. According to Planck's law, electromagnetic
radiation will be absorbed if:

AE =hv, [2-1]

where h is Planck's constant and v is the frequency of the radia-
tion.
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Figure 2-1  Transition associated with the absorption of
electromagnetic energy.

The absorption of energy causes a transition from the lower
energy state to the higher energy state. (See Figure 2-1.) In con-
ventional spectroscopy, Vv is varied or swept and the frequencies
at which absorption occurs correspond to the energy differences
of the states. (We shall see later that EPR differs slightly.) This
record is called a spectrum. (See Figure 2-2.) Typically, the fre-
quencies vary from the megahertz range for NMR (Nuclear
Magnetic Resonance) (AM, FM, and TV transmissions use elec-
tromagnetic radiation at these frequencies), through visible light,
to ultraviolet light. Radiation in the gigahertz range (the same as
in your microwave oven) is used for EPR experiments.

T :gihv] hv,

Absorption
/\ /AN

Vi vV,

vV —p

Figure 2-2 A spectrum.
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The Zeeman Effect 2.1.2

The energy differences we study in EPR spectroscopy are pre-
dominately due to the interaction of unpaired electrons in the
sample with a magnetic field produced by a magnet in the labo-
ratory. This effect is called the Zeeman effect. Because the elec-
tron has a magnetic moment, it acts like a compass or a bar
magnet when you place it in a magnetic field, B,. It will have a
state of lowest energy when the moment of the electron, p, is
aligned with the magnetic field and a state of highest energy
when p is aligned against the magnetic field. (See Figure 2-3.)
The two states are labelled by the projection of the electron spin,
Mg, on the direction of the magnetic field. Because the electron
is a spin 1/2 particle, the parallel state is designated as Mg = - 1/2
and the antiparallel state is Mg =+ 1/2.

B

0

Figure 2-3  Minimum and maximum energy orientations
of p with respect to the magnetic field By,.
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From quantum mechanics, we obtain the most basic equations of
EPR:

E:gHBBOMs:i%gHBBO [2-2]

and
AE =hv = g pugB,,. [2-3]

g is the g-factor, which is a proportionality constant approxi-
mately equal to 2 for most samples, but varies depending on the
electronic configuration of the radical or ion. pg is the Bohr
magneton, which is the natural unit of electronic magnetic
moment.

Two facts are apparent from equations Equation [2-2] and Equa-
tion [2-3] and its graph in Figure 2-4.

* The two spin states have the same energy in the absence of a
magnetic field.

* The energies of the spin states diverge linearly as the mag-
netic field increases.

These two facts have important consequences for spectroscopy.

* Without a magnetic field, there is no energy difference to
measure.

* The measured energy difference depends linearly on the
magnetic field.
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Because we can change the energy differences between the two
spin states by varying the magnetic field strength, we have an
alternative means to obtain spectra. We could apply a constant
magnetic field and scan the frequency of the electromagnetic
radiation as in conventional spectroscopy. Alternatively, we
could keep the electromagnetic radiation frequency constant and
scan the magnetic field. (See Figure 2-4.) A peak in the absorp-
tion will occur when the magnetic field “tunes” the two spin
states so that their energy difference matches the energy of the
radiation. This field is called the “field for resonance”. Owing to
the limitations of microwave electronics, the latter method offers
superior performance. This technique is used in all Bruker EPR
spectrometers.

: 5

AE

F m_/\/\»

4

Absorption

BO

Figure 2-4  Variation of the spin state energies as a func-
tion of the applied magnetic field.
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The field for resonance is not a unique “fingerprint” for identifi-
cation of a compound because spectra can be acquired at several
different frequencies. The g-factor,

hv
= , 2-4
SN [2-4]

being independent of the microwave frequency, is much better
for that purpose. Notice that high values of g occur at low mag-
netic fields and vice versa. A list of fields for resonance for a
g =2 signal at microwave frequencies commonly available in
EPR spectrometers is presented in Table 2-1.

Moo e e
L 1.1 390
S 4.0 1430
X 9.75 3480
Q 34.0 12100
W 94.0 33500

Table 2-1 Field for resonance, B, for a g = 2 signal at selected microwave

frequencies.
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Hyperfine Interactions 21.3

Measurement of g-factors can give us some useful information;
however, it does not tell us much about the molecular structure
of our sample. Fortunately, the unpaired electron, which gives us
the EPR spectrum, is very sensitive to its local surroundings.
The nuclei of the atoms in a molecule or complex often have a
magnetic moment, which produces a local magnetic field at the
electron. The interaction between the electron and the nuclei is
called the hyperfine interaction. It gives us a wealth of informa-
tion about our sample such as the identity and number of atoms
which make up a molecule or complex as well as their distances
from the unpaired electron.

BO

Electron ﬂ Nucleus
BO

Electron E Nucleus

Figure 2-5  Local magnetic field at the electron, By, due
to a nearby nucleus.
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Figure 2-5 depicts the origin of the hyperfine interaction. The
magnetic moment of the nucleus acts like a bar magnet (albeit a
weaker magnet than the electron) and produces a magnetic field
at the electron, B;. This magnetic field opposes or adds to the
magnetic field from the laboratory magnet, depending on the
alignment of the moment of the nucleus. When By adds to the
magnetic field, we need less magnetic field from our laboratory
magnet and therefore the field for resonance is lowered by B;.
The opposite is true when B} opposes the laboratory field.

For a spin 1/2 nucleus such as a hydrogen nucleus, we observe
that our single EPR absorption signal splits into two signals
which are each B| away from the original signal. (See
Figure 2-6.)

E<— B, —»-4— B, —».

Figure 2-6  Splitting in an EPR signal due to the local
magnetic field of a nearby nucleus.

If there is a second nucleus, each of the signals is further split
into a pair, resulting in four signals. For N spin 1/2 nuclei, we
will generally observe 2N EPR signals. As the number of nuclei
gets larger, the number of signals increases exponentially. Some-
times there are so many signals that they overlap and we only
observe one broad signal.
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Signal Intensity

214

So far, we have concerned ourselves with where the EPR signal
is, but the size of the EPR signal is also important if we want to
measure the concentration of the EPR active species in our sam-
ple. In the language of spectroscopy, the size of a signal is
defined as the integrated intensity, i.e., the area beneath the
absorption curve. (See Figure 2-7.) The integrated intensity of
an EPR signal is proportional to the concentration.

Figure 2-7  Integrated intensity of absorption signals.
Both signals have the same intensity.

Signal intensities do not depend solely on concentrations. They
also depend on the microwave power. If you do not use too
much microwave power, the signal intensity grows as the square
root of the power. At higher power levels, the signal diminishes
as well as broadens with increasing microwave power levels.
This effect is called saturation. If you want to measure accurate
linewidths, lineshapes, and closely spaced hyperfine splittings,
you should avoid saturation by using low microwave power. A
quick means of checking for the absence of saturation is to
decrease the microwave power and verify that the signal inten-
sity also decreases by the square root of the microwave power.
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Basic EPR Practice 2.2

Introduction to Spectrometers 221

In the first half of this chapter, we discussed the theory of EPR
spectroscopy. Now we need to consider the practical aspects of
EPR spectroscopy. Theory and practice have always been
strongly interdependent in the development and growth of EPR.
A good example of this point is the first detection of an EPR sig-
nal by Zavoisky in 1945. The Zeeman effect had been known in
optical spectroscopy for many years, but the first direct detection
of EPR had to wait until the development of radar during World
War II. Only then, did scientists have the necessary components
to build sufficiently sensitive spectrometers (scientific instru-
ments designed to acquire spectra). The same is true today with
the development of advanced techniques in EPR such as Fourier
Transform and high frequency EPR.

The simplest possible spectrometer has three essential compo-
nents: a source of electromagnetic radiation, a sample, and a
detector. (See Figure 2-8.) To acquire a spectrum, we change
the frequency of the electromagnetic radiation and measure the
amount of radiation which passes through the sample with a
detector to observe the spectroscopic absorptions. Despite the
apparent complexities of any spectrometer you may encounter, it
can always be simplified to the block diagram shown in
Figure 2-8.

N/ -

~

=)= = —> [

Source Sample Detector

Figure 2-8  The simplest spectrometer.
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Figure 2-9 shows the general layout of a Bruker EPR spectrom-
eter. The electromagnetic radiation source and the detector are in
a box called the “microwave bridge”. The sample is in a micro-
wave cavity, which is a metal box that helps to amplify weak
signals from the sample. As mentioned in Section 2.1.2, there is
a magnet to “tune” the electronic energy levels. In addition, we
have a console, which contains signal processing and control
electronics and a computer. The computer is used for analyzing
data as well as coordinating all the units for acquiring a spec-
trum. In the following sections you will become acquainted with
how these different parts of the spectrometer function and inter-
act.

Console

Figure 2-9  The general outlay of an EPR spectrometer.
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@ Source

Reference
Arm

()

Attenuator

Detector
Diode

Circulator
L - ]

Cavity

Figure 2-10 Block diagram of a microwave bridge.
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The Microwave Bridge 2.2.2

The microwave bridge houses the microwave source and the
detector. There are more parts in a bridge than shown in
Figure 2-10, but most of them are control, power supply, and
security electronics and are not necessary for understanding the
basic operation of the bridge. We shall now follow the path of
the microwaves from the source to the detector.

We start our tour of the microwave bridge at point A, the micro-
wave source. The output power of the microwave source cannot
be varied easily, however in our discussion of signal intensity,
we stressed the importance of changing the power level. There-
fore, the next component, at point B, after the microwave source
is a variable attenuator, a device which blocks the flow of micro-
wave radiation. With the attenuator, we can precisely and accu-
rately control the microwave power which the sample sees.

Bruker EPR spectrometers operate slightly differently than the
simple spectrometer shown in the block diagram, Figure 2-8.
The diagram depicts a transmission spectrometer (It measures
the amount of radiation transmitted through the sample.) and
most EPR spectrometers are reflection spectrometers. They
measure the changes (due to spectroscopic transitions) in the
amount of radiation reflected back from the microwave cavity
containing the sample (point D in the figure). We therefore want
our detector to see only the microwave radiation coming back
from the cavity. The circulator at point C is a microwave device
which allows us to do this. Microwaves coming in port 1 of the
circulator only go to the cavity through port 2 and not directly to
the detector through port 3. Reflected microwaves are directed
only to the detector and not back to the microwave source.

We use a Schottky barrier diode to detect the reflected micro-
waves (point E in the figure). It converts the microwave power
to an electrical current. At low power levels, (less than 1 micro-
watt) the diode current is proportional to the microwave power
and the detector is called a square law detector. (Remember that
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electrical power is proportional to the square of the voltage or
current.) At higher power levels, (greater than 1 milliwatt) the
diode current is proportional to the square root of the microwave
power and the detector is called a linear detector. The transition
between the two regions is very gradual.

For quantitative signal intensity measurements as well as opti-
mal sensitivity, the diode should operate in the linear region. The
best results are attained with a detector current of approximately
200 microamperes. To insure that the detector operates at that
level, there is a reference arm (point F in the figure) which sup-
plies the detector with some extra microwave power or “bias”.
Some of the source power is tapped off into the reference arm,
where a second attenuator controls the power level (and conse-
quently the diode current) for optimal performance. There is also
a phase shifter to insure that the reference arm microwaves are in
phase with the reflected signal microwaves when the two signals
combine at the detector diode.

The detector diodes are very sensitive to damage from excessive
microwave power and will slowly lose their sensitivity. To pre-
vent this from happening, there is protection circuitry in the
bridge which monitors the current from the diode. When the cur-
rent exceeds 400 microamperes, the bridge automatically pro-
tects the diode by lowering the microwave power level. This
reduces the risk of damage due to accidents or improper operat-
ing procedures. However, it is good lab practice to follow cor-
rect procedures and not rely on the protection circuitry.

2-14
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The EPR Cavity

223

In this section, we shall discuss the properties of microwave
(EPR) cavities and how changes in these properties due to
absorption result in an EPR signal. We use microwave cavities
to amplify weak signals from the sample. A microwave cavity is
simply a metal box with a rectangular or cylindrical shape which
resonates with microwaves much as an organ pipe resonates
with sound waves. Resonance means that the cavity stores the
microwave energy; therefore, at the resonance frequency of the
cavity, no microwaves will be reflected back, but will remain
inside the cavity. (See Figure 2-11.)

T

Reflected
Microwave — - Av
Power
Vres
v —p

Figure 2-11  Reflected microwave power from a resonant
cavity.

Cavities are characterized by their Q or quality factor, which
indicates how efficiently the cavity stores microwave energy. As
Q increases, the sensitivity of the spectrometer increases. The Q
factor is defined as

_ 27 (energy stored) [2-5]
energy dissipated per cycle ’

where the energy dissipated per cycle is the amount of energy
lost during one microwave period. Energy can be lost to the side
walls of the cavity because the microwaves generate electrical
currents in the side walls of the cavity which in turn generates
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heat. We can measure Q factors easily because there is another
way of expressing Q:

Vres
Q=lm [2-6]

where v, is the resonant frequency of the cavity and Av is the
width at half height of the resonance.

Microwave Magnetic Field Microwave Electric Field

Figure 2-12 Magnetic and electric field patterns in a stan-
dard EPR cavity.

A consequence of resonance is that there will be a standing wave
inside the cavity. Standing electromagnetic waves have their
electric and magnetic field components exactly out of phase, i.e.
where the magnetic field is maximum, the electric field is mini-
mum and vice versa. The spatial distribution of the amplitudes
of the electric and magnetic fields in the most commonly used
EPR cavity is shown in Figure 2-12. We can use the spatial sep-
aration of the electric and magnetic fields in a cavity to great
advantage. Most samples have non-resonant absorption of the
microwaves via the electric field (this is how a microwave oven
works) and the Q will be degraded by an increase in the dissi-
pated energy. It is the magnetic field that drives the absorption in

2-16
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EPR. Therefore, if we place our sample in the electric field min-
imum and the magnetic field maximum, we obtain the biggest
signals and the highest sensitivity. The cavities are designed for
optimal placement of the sample.

We couple the microwaves into the cavity via a hole called an
iris. The size of the iris controls the amount of microwaves
which will be reflected back from the cavity and how much will
enter the cavity. The iris accomplishes this by carefully match-
ing or transforming the impedances (the resistance to the waves)
of the cavity and the waveguide (a rectangular pipe used to carry
microwaves). There is an iris screw in front of the iris which
allows us to adjust the “matching”. This adjustment can be visu-
alized by noting that as the screw moves up and down, it effec-
tively changes the size of the iris. (See Figure 2-13.)

Iris
Screw

Wave-
guide

1111711 ;

Iris
Cavity

Figure 2-13 The matching of a microwave cavity to
waveguide.

How do all of these properties of a cavity give rise to an EPR
signal? When the sample absorbs the microwave energy, the Q is
lowered because of the increased losses and the coupling
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changes because the absorbing sample changes the impedance of
the cavity. The cavity is therefore no longer critically coupled
and microwave will be reflected back to the bridge, resulting in
an EPR signal.

The Signal Channel 224

EPR spectroscopists use a technique known as phase sensitive
detection to enhance the sensitivity of the spectrometer. The
advantages include less noise from the detection diode and the
elimination of baseline instabilities due to the drift in DC elec-
tronics. A further advantage is that it encodes the EPR signals to
make it distinguishable from sources of noise or interference
which are almost always present in a laboratory. The signal
channel, a unit which fits in the spectrometer console, contains
the required electronics for the phase sensitive detection.

The detection scheme works as follows. The magnetic field
strength which the sample sees is modulated (varied) sinusoi-
dally at the modulation frequency. If there is an EPR signal, the
field modulation quickly sweeps through part of the signal and
the microwaves reflected from the cavity are amplitude modu-
lated at the same frequency. For an EPR signal which is approxi-
mately linear over an interval as wide as the modulation
amplitude, the EPR signal is transformed into a sine wave with
an amplitude proportional to the slope of the signal (See

Figure 2-14.)
— W

First Derivative

Figure 2-14 Field modulation and phase sensitive detec-
tion.
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The signal channel (more commonly known as a lock-in ampli-
fier or phase sensitive detector) produces a DC signal propor-
tional to the amplitude of the modulated EPR signal. It compares
the modulated signal with a reference signal having the same
frequency as the field modulation and it is only sensitive to sig-
nals which have the same frequency and phase as the field mod-
ulation. Any signals which do not fulfill these requirements (i.e.,
noise and electrical interference) are suppressed. To further
improve the sensitivity, a time constant is used to filter out more
of the noise.

Phase sensitive detection with magnetic field modulation can
increase our sensitivity by several orders of magnitude; how-
ever, we must be careful in choosing the appropriate modulation
amplitude, frequency, and time constant. All three variables can
distort our EPR signals and make interpretation of our results
difficult.

IR
;o
ik

BO

Figure 2-15 Signal distortions due to excessive field
modulation.
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As we apply more magnetic field modulation, the intensity of
the detected EPR signals increases; however, if the modulation
amplitude is too large (larger than the linewidths of the EPR sig-
nal), the detected EPR signal broadens and becomes distorted.
(See Figure 2-15.) A good compromise between signal intensity
and signal distortion occurs when the amplitude of the magnetic
field modulation is equal to the width of the EPR signal. Also, if
we use a modulation amplitude greater than the splitting
between two EPR signals, we can no longer resolve the two sig-
nals.

Time constants filter out noise by slowing down the response
time of the spectrometer. As the time constant is increased, the
noise levels will drop. If we choose a time constant which is too
long for the rate at which we scan the magnetic field, we can dis-
tort or even filter out the very signal which we are trying to
extract from the noise. Also, the apparent field for resonance
will shift. Figure 2-16 shows the distortion and disappearance
of a signal as the time constant is increased. If you need to use a
long time constant to see a weak signal, you must use a slower
scan rate. A safe rule of thumb is to make sure that the time
needed to scan through a single EPR signal should be ten times
greater than the length of the time constant.

—

—

BO

Time Constant

Figure 2-16 Signal distortion and shift due to excessive
time constants.
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For samples with very narrow or closely spaced EPR signals,
(~ 50 milligauss. This usually only happens for organic radicals
in dilute solutions.) we can get a broadening of the signals if our
modulation frequency is too high (See Figure 2-17.) The broad-
ening is a consequence of the Heisenberg uncertainty principle.

12.5 kHz
100 kHz /

BO
Figure 2-17 Loss of resolution due to high modulation
frequency.
The Magnetic Field Controller 2.2.5

The magnetic field controller allows us to sweep the magnetic
field in a controlled and precise manner for our EPR experiment.
It consists of two parts; a part which sets the field values and the
timing of the field sweep and a part which regulates the current
in the windings of the magnet to attain the requested magnetic
field value.

The magnetic field values and the timing of the magnetic field
sweep are controlled by a microprocessor in the controller. A
field sweep is divided into a maximum of 4096 discrete steps
called sweep addresses. At each step, a reference voltage corre-
sponding to the magnetic field value is sent to the part of the
controller that regulates the magnetic field. The sweep rate is
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controlled by varying the waiting time between the individual
steps.

Hall
Probe
Power
Supply
3475 G
Microprocessor Wegulator
3477 G
Reference
Voltages

Figure 2-18 A block diagram of the field controller and
associated components.

The magnetic field regulation occurs via a Hall probe placed in
the gap of the magnet. It produces a voltage which is dependent
on the magnetic field perpendicular to the probe. The relation-
ship is not linear and the voltage changes with temperature;
however, this is easily compensated for by keeping the probe at a
constant temperature slightly above room temperature and char-
acterizing the nonlinearities so that the microprocessor in the
controller can make the appropriate corrections. Regulation is
accomplished by comparing the voltage from the Hall probe
with the reference voltage given by the other part of the control-
ler. When there is a difference between the two voltages, a cor-
rection voltage is sent to the magnet power supply which
changes the amount of current flowing through the magnet
windings and hence the magnetic field. Eventually the error
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voltage drops to zero and the field is “stable” or “locked”. This
occurs at each discrete step of a magnetic field scan.

The Spectrum 2.2.6

We have seen how the individual components of the spectrome-
ter work. Figure 2-19 shows how they work together to produce
a spectrum.

Spectrum

Y-axis (Intensity)

—>

X-axis (Bg)
L Signal Field
Channel Controller

Figure 2-19 Block diagram of an EPR spectrometer.
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Suggested Reading 2.3

Instrumentation:

Theory:

This chapter is a brief overview of the basic theory and practice
of EPR spectroscopy. If you would like to learn more, there are
many good books and articles that have been written on these
subjects. We recommend the following:

Poole, C. Electron Spin Resonance a Comprehensive Treatise on
Experimental Techniques, Editions 1,2: Interscience
Publishers, New York, (1967), (1983).

Feher, G. Sensitivity Considerations in Microwave Paramag-
netic Resonance Absorption Techniques: Bell System
Tech. J. 36, 449 (1957).

Knowles, P.F., D. Marsh and H.W.E. Rattle. Magnetic Reso-
nance of Biomolecules: J. Wiley, New York, (1976).

Weil, John A., J.R. Bolton, and Wertz, J.E., Electron Paramag-
netic Resonance, Elementary Theory and Practical
Applications: Wiley-Interscience, New York, (1994).

A more extensive bibliography is found in last chapter of this
manual.
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Getting Started 3

Figure 3-1

This chapter contains basic operating instructions for first time
users of a Bruker Elexsys E 500 spectrometer. It describes basic
spectrometer operation with an X-band bridge (9.2-9.9 GHz).
This chapter guides you from a completely shut down spectrom-
eter to a hardcopy of your spectrum on a printer. You will learn
to acquire an EPR spectrum of a standard sample with the Xepr
software. There are also recommended precautions to prevent
damage to the instrument. All the components have self-protect-
ing features; however, it is good lab practice to follow correct
operating procedures and not rely on the protection circuitry. No
in-depth knowledge of EPR is required; however we recommend
that you familiarize yourself with some of the material in
Chapter 2. To help you in the following sections, Figure 3-1
assists you in identifying the various units which comprise the
EPR spectrometer.

Console W
UNIX ¢ S

Workstation

The modules and components of the Elexsys E 500 spectrometer.
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Turning the Spectrometer On 3.1

N/
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If you are not sure how
the electric power or
water is connected,
consult your local
instrument or facilities
manager.

1.

Turn on the power for the system. How you do this
depends on how the electric power was hooked up when
the spectrometer was installed. Most likely you will acti-
vate the switch on the breaker box for the spectrometer.
Breaker boxes are usually mounted on the wall. Consult
the local instrument or facilities manager if you are not
sure where the breaker box is.

Turn on the tap water for cooling. There are usually
two valves, one for the supply and one for the return (or
drain). Consult the local instrument or facilities manager
if you are not sure where the valves are.

Start the Xepr Program. Log onto the UNIX worksta-
tion. If you are unfamiliar with UNIX, please refer to
Appendix A or Appendix B for UNIX tips. We recom-
mend using the xuser user account which is set up by the
Bruker service engineer when the spectrometer is
installed. The initial password for this account is
user@xepr. Double-click the Xepr icon on the desktop to
launch the program. (See Figure 3-2.)

Figure 3-2  The Xepr program desktop icon.
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Turning the Spectrometer On

4. Turn on the power for the console. The power
switch (green button) for the console is located in the
upper left front corner of the console. (See Figure 3-3.)
The acquisition server will boot and initialize all the mod-
ules of the Elexsys E 500 spectrometer. This process may
take 30 seconds or longer: meanwhile you can continue
with the next steps.

ELEXSYS

Console
Power On
Switch

B I

Figure 3-3  The location of the console power switch.
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Figure 3-4

5. Turn on the heat exchanger and magnet power
supply. (Instructions for Small Power Supplies.)
Follow this step if your power supply looks like the power
supply in Figure 3-4. You must first turn the heat
exchanger on by activating the power switch. The location
of the power switch may vary depending on your heat
exchanger. To turn the power supply on, push its
POWER ON/OFF button. Go to Step 7.

Power
On/Off

S . Switch

The small ER 081 power supply.

Power
Switch

-

The heat exchanger.

The small ER 081 power supply and the heat exchanger.
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BRUKER
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Turning the Spectrometer On

6. Turn on the heat exchanger and magnet power
supply. (Instructions for Large Power Supplies)
Follow this step if your power supply looks like the power
supply in Figure 3-5. On systems with large power sup-
plies, you need to first press the ELECTR. ON button and
then the POWER ON button. Pressing the POWER ON
button also starts the heat exchanger. If not, make sure
that the power switch on the heat exchanger is activated.

Electricity Power
On On

The large ER 082/083/085/086
power supplies.

Power
Switch

-

The heat exchanger.

Figure 3-5  The large power supply and the heat exchanger.
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Connect to the spectrometer. To control the spec-
trometer from the Xepr program you need to connect the
workstation to the spectrometer. Click the Acquisition
menu bar and then Connect to Spectrometer. A dialog
box will appear with the Server Name: click OK. (See
Figure 3-6.)

Expmrinenio

Farineierg..

Show DescripHon.

Gat Paraneiers Prow Daparhaent.

G Porssngiors Fram Botaset...

Crante Daperhmant sk

Mimmwave Bridus Ti ‘n:u aqSetServer
Set Sample Info... Server Name I 500 j
Suschomriey Dol
Panel Properties...

= 0K Cancel Halg
Auto Connect To Speq

Conn

ect To Spectrometer...

Auto- Post- Processing...

Chec

k Post- Processing

Torety -

Expel

riment Tahble...

Figure 3-6  Connecting to the spectrometer.
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Turning the Spectrometer On
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If you were not suc-
cessful in connecting to
the acquisition server,
consult Chapter 17 of
the Elexsys E 500
User’s Manual:
Advanced Operations.

When the connection is complete a monitoring panel will
appear in the Xepr window. (See Figure 3-7.) The moni-
toring panel may appear on top of the viewport or at the
bottom of the viewport depending on your default set-
tings.

= BRLUKER Xepr

R 0|

Mo feguisiion Processing  Viewporls  Propertes  Options

T T e e P e e e T T

e e T A R
R — = it =

_Ll;lil'?_al P o o [00 “f

Froq. [Gzl: [ 0000 a:fo Foet 15z [T 1 |

Sausseter [GJ: |
FF-Lock [Gf: |

Diode Carrent A Lock OfFsel [%] e ohor L [

Peak Pickdng... | 250
Intmgratian_.. I
. ]

Figure 3-7

O T e —
onitoring
Panel |

The Xepr window after connecting to the spectrometer.

8. Install an EPR cavity if there is not one presently
installed. The instructions in this chapter assume you are
using a properly installed Bruker ER 4122SHQ or
ER 4102ST cavity. If there is no cavity installed or the
installed cavity is not one of them, seek the assistance of a
knowledgeable EPR colleague or refer to Section 7.2 to
learn how to install a cavity.

9. Proceed to Section 3.2.

Elexsys E 500

User’s Manual: Basic Operations



Tuning the Microwave Cavity and Bridge

Tuning the Microwave Cavity and Bridge 3.2

1. Open the Microwave Bridge Tuning dialog box.
Click the Tuning button in the monitoring panel. The
Microwave Bridge Tuning dialog box will then appear.
(See Figure 3-8.)

Microwave

wa | ps | Rl eeB| 00| 0 T vw = e
Bridge

Tuning Tuning
Button Dialog

Box

= Microwave Bridge Tuning 7

I Tune fuency:

Button [ T »
g By Bias:
+ Tune | I »

Signal Phase:

l JE >

+ Operate

Auto Tuning:
~ Up + Fine

+ Down “* Stop Reference Arm:
A 0n . Off

Auto Tuning
Buttons Dual Trace: _|

Attenuation [dB]:
A 1lo0 [=]
=7 =1

Loy. Scale: _|

Attenuation wl
’E Display Monitoring |

Figure 3-8  The Microwave Bridge Tuning dialog box.
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Tuning the Microwave Cavity and Bridge
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There are three states
or modes for the micro-
wave bridge: StandBy,
Tune, and Operate.
When you connect to
your spectrometer, the
bridge is in Stand By,
indicated by a green
Stand By button. (See
Figure 3-8.) If you
have been acquiring
spectra already, your
bridge will probably be
in Operate.

Take care if you are
wearing an analog
(mechanical) watch.
The magnetic field in
the air gap of the mag-
net is sufficiently
strong to magnetize
your watch! Therefore,
to avoid damage to
your watch, remove
your watch before put-
ting your hands in the
magnet air gap.

Switch the microwave bridge to Tune. Click the
Tune button in the dialog box to change to Tune.

Set the microwave attenuator to 30 dB. The micro-
wave attenuation is set by clicking the arrows on either
side of the attenuation display in the dialog box. (See
Figure 3-8.) The arrows on the left change the attenuator
in 10 dB steps; those on the right in 1 dB steps.

Remove the sample. If there already is a sample in the
cavity, remove it. Loosen the top collet nut (You do not
need to remove the collet nut.) and carefully remove the
sample from the cavity. Pulling the sample tube out as
straight as possible prevents you from breaking the sam-
ple tube thereby destroying your valuable samples. (See
Figure 3-9 and Figure 3-10 for details.) The

ER 4122SHQ cavity is shown in the figures; however, the
procedure of removing and inserting a sample is the same
for ER 4102ST, ER 4122SHQ, and ER 4122SHQE cavi-

ties.
Sample
Tube
Collet
Nut

Pedestal

Figure 3-9 A Bruker ER 4122SHQ cavity.
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@

Figure 3-10 The right and wrong technique for removing a sample.

5. Clean the sample tube to be inserted into the
cavity. It is vital to avoid contaminating the microwave

NV cavity with paramagnetic contaminants that produce spu-
:@i rious EPR signals or distorted base lines. Wiping the out-
side of the sample tube with tissue paper is usually

If this is your first time adequate.

operating an Elexsys
E 500 spectrometer, we
recommend that you
use the strong pitch
sample supplied with
your instrument. Our
instructions in this
chapter are based on
using this sample.

3-10 ajGien



Tuning the Microwave Cavity and Bridge

VAN

Make sure that the ped-
estal is not in the cav-
ity, as it can give an
EPR signal and will
also degrade the sensi-
tivity.

Insert the sample tube carefully into the cavity.
(See Figure 3-9 and Figure 3-10.) Make sure you have
the appropriate collet size for your sample tube size. The
tube should be slightly loose before you tighten the collet
nut. The bottom of your sample should rest in the indenta-
tion on the pedestal. This ensures that your sample is cen-
tered horizontally. The height can be adjusted by
loosening the bottom collet nut and moving the pedestal
up and down. Tighten the top collet nut to firmly hold the
sample tube in place and the bottom collet to firmly hold
the pedestal.

Tune the bridge and cavity. Pressing either the Up
button or Down button of Auto Tune starts the automatic
tuning procedure. (See Figure 3-8.) The Up button starts
by scanning the microwave frequency up in search of the
cavity dip (or frequency where the cavity resonates). The
Down button starts by scanning the microwave frequency
down in search of the cavity dip. If you are not sure if the
search should start up or down, do not worry. The fre-
quency will be scanned until its limit is reached and then
scan in the other direction until the cavity dip is found.
The Auto-Tune routine adjusts the frequency, phase, and
bias of the bridge and the coupling (matching) of the cav-
ity. If there is an error message, try manual tuning
described in Section 7.1. If you still have difficulty in
tuning, it usually means that you have a lossy or conduc-
tive sample. Refer to Chapter 9 for trouble shooting.

Close the Microwave Bridge Tuning dialog box.
Click the Close button. The Microwave Bridge Tuning
dialog box will then disappear. (See Figure 3-8.)

Proceed to the next section to learn how to
acquire spectra.
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Acquiring Spectra 3.3

1. Follow the instructions of Section 3.1 through
Section 3.2. You should have the spectrometer turned
on, a Bruker ER 4102ST standard cavity, ER 4122SHQ or
ER 4122SHQE cavity installed, a strong pitch sample
inserted in it, and the microwave bridge and cavity tuned.

= ] e i R e = = = BN R = e

New Experiment Parameter
Button Button

Figure 3-11 The New Experiment and Parameter buttons.

2. Create a New Experiment. In order to acquire a spec-
trum, you need to define an experiment. To create a new
experiment, click the New Experiment button in the

& monitoring panel. (See Figure 3-11.) In the New Experi-
ment dialog box, enter a name for the new experiment.

Some characters such By default the name is Experiment. Click the C.W. tab.
as space, *, 2, / are not Choose Field for Abscissa 1 and None for Abscissa 2.
valid for the experi- If the Ordinate is not Signal Channel select Signal
ment name. Channel in the Ordinate drop-down list. If the buttons
for Temp Unit (the variable temperature unit), Goniome-
ter, and Gradient Unit are activated (green) click on it to
deactivate it. (See Figure 3-12.) Click Create and then

the dialog box will close. The spectrometer will now be
configured with these settings.
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It is very important to
enter the sample infor-
mation so that you
maintain a record of the
sample used to acquire
the spectrum.Com-
ments are very useful
because you can keep
track of such things as
sample preparation
details.

= Build Experiment

Experiment Hame | Experiment

- Temp. Unit - Goniometer Gradient Unit

W, EHMDOR Calib fR Brsags
Abscissa 1 I Field ﬂ
Abscissa 2 I Hone ﬂ

Ordinate I Signal channel ﬂ

Create | Cancel | Help |

Figure 3-12 The New Experiment configuration.

Set Sample Information. Click Acquisition in the

menu bar, and then click Set Sample Info. A sample
information dialog box opens in which you can type infor-
mation regarding your sample. Enter your sample infor-

mation and then click OK to close the window.

| = agSamplelnfo

Aggregation |v Crystal |" Powderl + Amorphous | + Liguid | W Gaseous|

Sample Name
Formula

Comment

| strong Pitch

No.9305021

Practice_1:ER41023T] 9

Enter new values and click OK.

oK

Cancel Help

Figure 3-13 The sample information dialog box.

Elexsys E 500 User’s Manual: Basic Operations

3-13



Acquiring Spectra

4. Choose the Interactive Parameter Setting mode.
Press the Activate button. (See Figure 3-14.) This button
toggles between interactive and non-interactive parameter
setting modes. As you edit parameters in the parameter
panel in interactive mode, the new parameters are imme-
diately activated on the spectrometer. In the non-interac-
tive mode, you can edit instrument parameters in the
parameter panel without activating them on the instru-
ment. In this mode, the new parameters are only activated
when you click the Run button.

Stop Activate
Button Button
> [ | il g;.sg;i

Run Pause/Resume
Button Button

Figure 3-14 The experiment control tools.

5. Open the Acquisition Parameters dialog box.
Click the Parameter button in the tool bar to open the
dialog box. (See Figure 3-11.)
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6. Check the Signal Channel parameters. Click the

U/ Signal Channel tab. The signal channel parameters are
:@i further split into four tabs. Click the Detection tab. Edit

the parameters in the dialog box so that they match those

If the Calibrated but- shown in Figure 3-15. The other tabs in the Signal
ton is not green (acti- Channel tab are for advanced options and their default

vated) you need to load
a proper calibration
file. Consult the local
facility manager or
refer to Section 7.2 to
find out how to load the
calibration file.

settings are OK for this experiment.

= Acquisition Parameters

Signal Channel l Abhsc. 1: Feld l Microwave l Scan l
Detection l Signal 1/0 l Double Modulation l Double Mod. Signal I!Ol
Calibrated: [ Receiver Gain [dB]: | 30 —I

Modulation Frequency [kHz]: | 100.00 %II Time Constant [ms]: I 1.28 J
Modulation Amplitude [G]: | 1.00 %II Conversion Time [ms]: I 512 J
Modulation Phase: | 0.0 =1 Sweep Time [s]: I 5.24 J

=

Harmonic: | 1 = Offset [%]: | 0.0
= S 2k =

Quadrature Detection: _ | Quad Detection Phase: | 90.0 =

=

Close | Setup Scan | Help |

Figure 3-15 The signal channel parameters.
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7. Check the Field parameters. Click the Absc.1: Field
tab. (See Figure 3-16.) Edit the parameters in the dialog
box so that they match those shown in Figure 3-16.

i = Aecquisition Parameters
Signal Channel Ahsc. 1: Feld Microwave Scan
Field Position [G]: '3360.000 : Left:
Center Field [G]: | 3460.00 = Center:
Sweep Width [G]: | 200.0 = Right:
Humber Of Points: .1l]24 ¥
Field Settling: IWajt LED off ¥ Settling Delay [s]: 0.0 :
Sweep Direction: | Up ¥ Field Fiyback: . On ¥
Figure 3-16 The magnetic field parameters.
8. Check the Microwave parameters. Click the Micro-
wave tab. (See Figure 3-17.) Set the Attenuation to 30.0
dB.
= Acquisition Paramelers
Signal Channel l Abhsc. 1: Feld l Microwave l Scan l
Attenuation [dB]: | 30.0 ill Power [mW]: I 0.202 ﬁll
Acg Fine Tuning: | Hever j
Figure 3-17 The microwave parameters.
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Check the Scan parameters. Click the Scan tab.
(See Figure 3-18.) Edit the parameters in the dialog box
so that they match those shown in Figure 3-18. After you
have finished all the above parameter settings click the
Close button.

I P
= Acqguisition Paramelers

Signal Channel

Auto Scaling:

Replace Mode:

Figure 3-18 The scan parameters.

Auto Offset:

*0On

* On

On

Ahsc. 1: Feld

Off

off

off

Microwave

Mumber Of Scans: | 1
Scans Done: |1

Accumulated Scans: | 1

10.

Acquire a spectrum. Click the RUN button to start an

acquisition. (See Figure 3-19.) If you have a spectrum
similar to the one in Figure 3-20, congratulations! You
have successfully acquired an EPR spectrum.

1:>||:||nn qgggl

Run
Button

Figure 3-19 The Run button.
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alx] Suled tlafidicl o] 8 =iz gl ] A 6 8ol

Figure 3-20 An EPR signal of strong pitch.

11. Center the spectrum. You may notice that the EPR
line is not nicely centered. The next step will help you
center your spectrum. To interactively set the center field,
click Acquisition > Tools, and then the Center Tool in
the menu bar. (See Figure 3-21.)
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Hile] o1 o1 sloel 51 I1 I 11 1 al-alolo o

Acquisition

Center
Tool

Center
Field
Marker

L

Figure 3-21 The Center Tool.
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A center marker in the viewport appears. Drag the marker
and place it where you would like the center field to be.
(See Figure 3-22.)

Figure 3-22 Placing the center marker.

3-20 ajGien



Acquiring Spectra

This action replaces the center field value with the mag-
netic field position of the marker. To acquire the spectrum
with the new center field, click the RUN button in the
monitoring panel. The newly acquired spectrum will then
be nicely centered. (See Figure 3-23.)

[ BAUKER Xepr u
Fio  Acquisition  Processing  VMiewports  Proporties  Oplions 5
T e Y e e Y e
s o] v [ B [+ [ oy L e s
Brascinn Coer... I ] .
ok Picking. . 2000
megration... | ]
fes- | lw-:'
Wedow Fme.._| 1
Faterng. | ]
g nm-:
e i || ]
= j
o :.w ulii TN, ) )
-
-sm-:
JJL-]'u'm' " ame  swm asm aasm aaw  asw  as  3sm  asa dsed
e T e ! (5]
| Run/Abort Lz L
%] 3  Experiment [2] 5] o] v -5
/. Gporata | #ren, (61l [3.730 ofsm0  now o [Smem '"_—T—| T
Pawver ;[ .007 bl | il E e e
T avn oy [0 & FF-Lock G: | Dlode Glrront Jy] Lok OfTsot [ Rocaivor Loval [

Figure 3-23 The centered spectrum.
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12. Remove the center marker. You may remove the cen-
NIV ter marker by clicking the Remove Tool button in the
:@i tool bar. (See Figure 3-23.) The Remove Tool function
removes the current active tool.
If the tool cannot be
removed in an active
viewport it may be
because the tool is
inactive. Click the tool
to activate it and then
click the Remove Tool
button to remove it.
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Storing and Saving the Spectrum 3.4

After you have acquired your spectrum, you may wish to save or
store it. What is the difference between these two commands?
The Store command stores the spectrum temporarily in memory
which means it is lost when you exit Xepr. The Save command
saves a permanent data file on your hard disk for future refer-
ence. Typically, the Store command is used to store intermedi-
ate results and the Save command is used to permanently save
the results of your data processing.

1.  Store your spectrum. Click the menu button in the
viewport. Click Store in the drop-down menu. (See
Figure 3-24.) The Store dialog box allows you to enter a
descriptive title for the dataset. The presently active spec-
trum is stored in memory when you click Store.

31 I 4 Getting_started

Capviag Part -

Viewport

Menu Display Type -

Color...

28 Colar- Suhemm .

Attach Above Properties
= Store
Full Screen | x
Store On Screen e I Strong Fitch
Show Description... Enter or modify title under which Result shall be stored
Store...
Store I Cancel Help
Save... A
CQlipboard -

Save

Figure 3-24 The Save, Store buttons and Store dialog box.
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2. Save your spectrum. Click the menu button in the
viewport. Click Save in the drop-down menu. (See
Figure 3-25.) Enter a descriptive title for the dataset in
the Title box. The Save dialog box lets you enter a file-

Do not save data in the name and destination directory. (See Figure 3-25.) To

../xeprFiles/Data/ select the desired directory, click the appropriate paths
sharedData directory. under Group. Clicking on .. brings you to the parent
This is a protected directory. Enter the file name in the File box. Clicking OK

directory and your data
will not be saved. You
will receive an error

saves the presently active spectrum on the hard disk. Note
that the spectrum is also stored in memory when saved.

message.
| =/ upSave
Dataset |A Primary |v Secondary | pv Qualiﬁerl pv Result|
MHew Title I ZDpowert0_1
Group Contents of this Group
‘Tempo_power:1’
‘tempsweep’
"tempsweep’
‘testignAutoProcess’
Some characters such “testignfutoProcess’
as space, *, ?, / are not “zeroCross’
valid for file names. ‘ZerICross’
'Zerocross’
Path I fusripeoplefzuserfzeprfiles/Dataitest Cmatel
File I -1 show Flenames
Select a dataset to replace or type a new pathffilename
Save | Cancel Help |
Figure 3-25 The Save dialog box.
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Storing and Saving the Spectrum

If the chosen filename is already used for another file in
the same directory, a warning box gives you the opportu-
nity to decide whether to overwrite the existing file with
the present spectrum. (See Figure 3-26.) Clicking No
cancels the save process and allows you to select another
name or directory.

| = Please decide

Overwrite existing “fusripeoplefjji=eprhles/DatafStrong Fitch™?

Yes Mo I

k

Figure 3-26 The warning dialog box for overwriting
files.
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Printing the Spectrum 3.5

Is your printer on line?

M/
\@/

If you experience prob-
lems printing, consult
the local facility man-
ager or refer to See
Sections 15.8 or 16.8 of
the Elexsys E 500
User’s Manual:
Advanced Operations.
to find out how to setup
a printer.

1.

Prepare to print the spectrum. Turn the printer on.
Make sure that the paper is loaded. Refer to your printer
documentation for details. Make sure the printer is prop-
erly set up. (See Sections 15.8 or 16.8 of the Elexsys
E 500 User’s Manual: Advanced Operations.)

Print the spectrum. Click File in the menu bar and
then Print. A dialog box will then appear in which you
select desired options and print your spectrum. (See
Figure 3-27.)

| = Print

Orientation |v portraitl" landscape |
Width I 14 J '
Height | 14 2) A

Print Description

>
3

es |+ no

>
3

Draws Border

oraw Logo

Destination |" printerl  preview | + file |

es |+ no

Filename I PrinterFile.ps

Print | Cancell Setup | Help |

Figure 3-27 The Print dialog box.

Select the options shown in the above figure. Clicking
Print starts the document printing and closes the dialog
box. The output from the printer will look similar to
Figure 3-28.
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Figure 3-28 Typical output from the printer.
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Turning the Spectrometer Off 3.6

1.

we | 3| oA | o] om |

Open the Microwave Bridge Tuning dialog box. If
this window is not already open, click its button in the
tool bar. The Microwave Bridge Tuning dialog box will
then appear. (See Figure 3-29.)

i e = fce e T

Tuning
Button

= Microwave Bridge Tuning

I Frequency:
T 11w
# Stand By Bias:
\,ke D B
+ Opd Stand By ignal Phase:
| I R
& Button
~ Up ~ Fine
+ Down “* Stop Reference Arm:
A 0n . Off
Dual Trace: _| Een:;t;on ldB]: —
Loy. Scale: _| =1 =1
[ . options |
: Attenuation
Iris: A Display Monitoring |

=

Help |

Figure 3-29 The Microwave Bridge Tuning dialog box.
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Turning the Spectrometer Off

VAN

It is important to exit
the software in an
orderly manner (i.e.
don’t just turn the com-
puter off before discon-
necting the instrument
and exiting the soft-
ware) because many
instrument parameters
are set to specific val-
ues for a safe
shut-down of the spec-

A

Exit the software first
before logging out.

Switch the microwave bridge to Stand By. Click
the Stand By button in the dialog box to change to
Stand By. (See Figure 3-29.) The microwave attenuator
will be automatically set to 60 dB.

Close the Microwave Bridge Control dialog box.
Click the Close button in the dialog box. The Microwave
Bridge Tuning dialog box will then disappear.

Remove the sample from the cavity. See
Section 3.2 for details on how to do this.

Cover the upper collet or insert a solid collet
plug.

Disconnect from the spectrometer. Click the
Acquisition menu bar and then click Disconnect From
Spectrometer. The monitoring panel will disappear.

Exit the Xepr program. Click the File menu bar and
then click Exit. You will be asked if you wish to save the
changes.

Log Out. Click the right mouse button (for SGI O2
workstations) or click on the Gnome icon on the bottom
of the screen (for the Linux workstations) and click Log
Out in the drop-down menu. You need to confirm this by

clicking Yes or select the proper radio button and click
OK.
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Turning the Spectrometer Off

9. Turn off the heat exchanger and magnet power
supply. (Instructions for Small Power Supplies.)
Follow this step if your power supply looks like the power
supply in Figure 3-30. To turn the power supply off, push
the POWER ON/OFF button. Turn the heat exchanger
off by pressing the power switch. The location of the
Power ON/OFF button may vary depending on your heat
exchanger. Go to Step 11.

Power
Switch

Power

On/Off
Switch

-

The small ER 081 power supply. The heat exchanger.

Figure 3-30 The small ER 081 power supply and the heat exchanger.
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Turning the Spectrometer Off

10. Turn off the heat exchanger and magnet power
supply. (Instructions for Large Power Supplies)
Follow this step if your power supply looks like the power
supply in Figure 3-31. On systems with large power sup-
plies, you need to first press the Power OFF button and
then the ELECTR. ON button. Pressing the POWER
OFF button also turns the heat exchanger off.

. < & =y
D\ e e o Power

I Switch
Electricity Power
On On

o

The large ER 082/083/085/086 The heat exchanger.
power supplies.

Figure 3-31 The large power supply and the heat exchanger.
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Turning the Spectrometer Off

NIV
\;@i

To reduce wear and
tear on the hardware it
is best to leave the
workstation on unless it
is not going to be used
for a long time or there
will be a power out-
age. Consult the work-
station documentation
or the SGI manual to
learn how to turn off
the workstation.

A/
\@/

If you have many
power outages or elec-
trical storms, it is a
very good idea to shut
off the power to the
spectrometer.

11.

12.

Turn off the tap water for cooling. There are usually
two valves, one for the supply and one for the return (or
drain). Consult the local instrument or facilities manager
if you are not sure where the valves are.

Turn off the power for the console. The power
switch (red button) for the console is located in the upper
left front corner of the console. (See Figure 3-32.)

A
-
ELEXSYS
Console

Power Off
Switch

B .

Figure 3-32 The location of the console power switch.

13.

Turn off the power for the system. (Optional) How
you do this depends on how the electric power was
hooked up when the spectrometer was installed. Most
likely you will deactivate the switch on the breaker box
for the spectrometer. Breaker boxes are usually mounted
on the wall. Consult the local instrument or facilities man-
ager if you are not sure where the breaker box is.
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Essential Concepts of Xepr 4

We shall explore some of the most fundamental Xepr operations
in this chapter. You will need these operations for both acquiring
and processing data. Therefore, we highly recommend reading
this chapter before exploring the following two chapters on these
two topics. This is meant to be a tutorial and not a reference for
the Xepr software. For detailed explanations, please refer to the
Xepr User’s Manual.
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Basic Components of an Xepr Window

Basic Components of an Xepr Window 4.1

Figure 4-1 shows the basic components of an Xepr window. It
has the following basic components:

Title Bar
Menu Bar

[= BAUKER Xepr Tool Bar -0
File  Acquisition Processing Viewports Properties  Options Help
[l 6] alv| wolwie] c2l2fiz]ie] o] 5| ==l wijsjofn| g
TASKS B rs| v R I £ | ¥ [cu 100 | Fs| ¥ [cu_vo 80 201 _| ¥ <no quaifier>
Baseline Corr... T
Peak Picking... | 3 """_: {
Integration... | 2 00l Data Set
Fitting... .
e | 1oq Display
Window Func... .
oo . | Line
Filtering... | T
Xsophe... | 1
-1 000
User Butlons... | E Prlmal’y
Save Staws... | -2 000 Data Set
] ata >¢
-3 000]
Task
Bar
ISDGCOIISdaI'y Result
-6 uuué ata Set Data Set
-7 nuné
1 Individual
-8 000
1 Scale
90004 Buttons Select
004 Button Information
E‘I llz H‘uu 3[:uu 31‘[|[| 3z|[|[| 33‘uu 3 ‘ 3500 3600 :nluu 3a‘uu 35'[1
Intensity [a.u.] ewport #
default || auloSelect  [Dataset loaded: fusry fxeprriles! Examy u_vo_sd 20 [[a] Bk

Figure 4-1  The basic components of an Xepr window.
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Basic Components of an Xepr Window

Title The title bar displays the title of the application, Bruker Xepr.
Bar

Menu The menu bar groups several menus together. The File menu
Bar  deals with input and output of files. The Acquisition menu lets
you configure the spectrometer and setup data acquisitions. The
Processing menu groups many data processing routines. The
Viewports menu allows you to set various formats to display
your data. The Properties menu sets up the Xepr window’s fea-
tures. In the Options menu you can create additional features
such as macros and tools and view the history of the executed
commands. Under the Help menu you can find a software man-
ual for Xepr, a searchable data base for instructions, and infor-
mation about the Xepr software. Under each menu button you
will find a dotted line on top of the drop-down menu. Clicking
on the dotted line opens a floating frame which contains all the
submenu items. It is very useful when you need to access that

menu item frequently.

Tool Buttons for frequently used commands are grouped here for your
Bar  convenience.

Tasks Tasks are macros which organize and streamline the individual
Bar  processing steps required to perform common operations such as
Baseline Correction, Integration, and Peak Picking. These

routines are group together in the Task Bar.

Viewports The window in the center is called the Viewport. It displays
your data. We will discuss viewports in the next section.
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Viewports

4.2

The viewport is the central feature of the Xepr software. All
datasets are presented and processed in a viewport. When you
start the Xepr software, a single viewport appears by default. A
viewport can show 1D or 2D datasets in the display area with a
multitude of options. (See Section 4.2.1.) You can control
which data sets are displayed and their options with the dataset
display line. (See Section 4.2.2.) When you have more than one
spectrum in the viewport, they can be individual scaled by using
the individual scale buttons. (See Section 4.2.4.)

421

The center part of a viewport is the display area. By default, the
background is black. There are four types of data sets that can be
displayed:

If you only have one data set, it is normally in the Primary data
set. This is the spectrum which you process or analyze.

After you process the data set in Primary, the results of your
operation are temporarily stored in the Result data set. The
Result and Primary data sets appear simultaneously in the
Viewport. They can be distinguished from one another by their
color.

Some operations require two data sets, such as subtracting two
spectra from one another. In this case, the second spectrum
should be loaded into the Secondary data set. Like the Result
and Primary data sets, it is identified in the display area by its
color.

The qualifier allows you to define or qualify the region of a data
set which is affected when you perform an operation. By default,
the whole data set is qualified.

Viewports
Display Area
Primary
Result
Secondary
Qualifier
4-4
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Viewports

Data Set Display

Line 4.2.2

Below the tool bar is the Data Set Display Line. It is separated
into four sections corresponding to the data set which it controls.
Most of the sections consists of four elements which are
described below.

!l EI L4 7 cu_vo_so_z0 M EI vlcu_1 oo M EI llcu_vl]_BlJ_Zl]ﬂ J ll <no Qualifiers J
< > <« > <4 > < »
Primary Secondary Result Qualifier
Properties
Z:cu vD 80 70
Menu Sl

Data Set
Selector

Full Scale
Button

Data Set
Label

Figure 4-2  The Data Set Display Line and its elements.

Data Set
Label

The Data Set Label indicates which spectrum is selected, for
example cu_vO_80_20 in Figure 4-2 is selected as the Pri-
mary Data Set. The inverse video highlighting indicates that
the Primary Data Set is active, i.e. that it is the input for any
data processing. For example, if we wished to multiply the Sec-
ondary Data Set by three, we would first click the Secondary
Data Set Label to make it active and then perform a multiplica-
tion. By default, the Primary Data Set is active. Each type of
data set (Primary, Secondary ...) has its own Data Set Label.
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Viewports

Data Set In order to select a data set, click the small triangle next to the

Selector Data Set Label. A menu will drop down listing all of the spec-
tra which are currently loaded in Xepr. (See Figure 4-3.) To
select the spectrum to display in the viewport, click the desired
spectrum. You can also choose not to show any spectrum in the
dataset by clicking <no Primary> (or <no Secondary>...) A
particularly useful feature is <Result>. When you click it, it
loads the latest Result Data Set.

o4 2: cu_v0_80_20

Data Set
Selector

<Result=
1:cu_100
Z2:cu_v0_80_20
3:v0_100

Figure 4-3  Selecting a dataset to display.

Full Scale To the left of the Data Set Selector is a button labeled FS. (See
Button  Figure 4-3.) When clicked, it resizes the spectrum so that it
completely fills the viewport.
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Viewports

Properties
Menu

The Properties menu allows you to choose the Display Type.
(See Figure 4-4.) 1D datasets can be presented as points, line,
histogram, or numeric. For 2D datasets you can choose from
density, contour, dot plot, transparent, and hidden lines.

El 1: ESEEM Malonic Acid
. Campiox Part - SR
Properties :
M Display Type
cnu .
Color... points
line
2D Color- Scheme... -
) histogram
Attach Above Properties - i
— numeric
Full Screen density
On Screen “ contour
Show Description... o plot
Hore., transparent
Hovdo. hidden lines
Qiphoard P I

104
Figure 4-4  Choices for the display type of a dataset.

You can choose the color of the display to distinguish Primary,
Secondary, and Result datasets. (See Figure 4-5.)

| = vpColor

e DRER 2 w3 o 5 B
N - o G2 1o

Close | Help |

Choosing the dataset color.

Figure 4-5

Show Description allows you to view the parameters of the
dataset you select.
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Viewports

You can store or save the currently displayed dataset. Store will
temporally save the data in the memory. When you quit Xepr the
data will be lost. The Save function will write the data onto the
hard disk and make the data permanent.

The Result Section 423

The Result section is similar in structure to the Primary section.
In the property menu most of the submenus are the same except
that there is Show History to allow you to view the data pro-
cessing history. (See Figure 4-6.) The FS button is the same.

%EI ¥ [Mno 60 aB:1

Display Type -
Color...
£1F Cotar- Boheme

Attach Above Properties

Full Screen

On Screen

Vertical Offset...
Show Description...

Show History...

Store in Memory...

Save on Disk...

Qiphoard -

Figure 4-6  The properties menu of the Result section.

The select menu is a little different The menu lists the results of
each data set processing operation. It has a <no Result> button
to clear the Result from the viewport.

Sometimes when much data is processed the huge amount of
data could overload the memory and slow down the computer.
The Clear List button removes all the temporary result data.
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Viewports

(See Figure 4-7.) Store or Save the useful results and use
Clear List frequently when you process data intensively.

|;IMn0 60 dB:1

<no Result>
-» -1: MnO 60 dB:1
-2: Mn0 60 dB:1

Clear List

Figure 4-7  The selection menu of the Result section.

Individual Scale Buttons 424

You can set different scales for the Primary, Secondary, and
Result datasets by clicking these buttons. (See Figure 4-1.)
Clicking S adjusts the scale for the Secondary dataset only.
Clicking R allows you to independently adjust the Result
dataset scale. A * will appear next to S or R when the Second-
ary or Result dataset scales are different. Clicking N brings
them back to the same scale as the Primary dataset.
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Multiple Viewports

Multiple Viewports 4.3

You can open more than one viewport to view different datasets
or display the same dataset in different ways.

Opening a New Viewport 4.3.1

To open a new viewport click the Viewports button as shown in
Figure 4-8. Click New 1D Viewport or New 2D Viewport in
the drop-down menu and then select either the new viewport to
be horizontally or vertically divided from the original viewport.
A new Viewport will be created and set currently active.

. Current Viewport...
i Clear {current)
New 1D-Viewport -
| Mew Z2D-Viewport -
1D <-» 2D
Remove Viewport
| Link Viewports...
Unlink Viewsport

Figure 4-8  Creating a new viewport.

Controlling the Viewports 4.3.2

The viewports share the same Dataset Display line to control
the viewport. The Dataset Display line only controls the cur-
rently active Viewport. To activate a viewport, simply click the
Select button and the color of that viewport Select button will
change to red indicating that viewport is activated. (See
Figure 4-1.)
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Multiple Viewports

Linked Viewports 4.3.3

By default each newly created viewport is “linked” to the view-
port from which it was created. “Linked” means the viewports
show the same dataset but in different style or representation.
Figure 4-9 shows four viewports that have been created and
linked together. All four viewports show the same 2D EPR spec-
tra from a ruby crystal rotated along the a axis. Viewport #1
shows an individual slice of the dataset. Viewport #2 shows a
2D contour plot of the ruby crystal “road map”. Viewport #3
shows the density plot of the 2D spectra. Viewport #4 displays a
small portion of Viewport #1 to show details of the spectrum.
You may notice the dashed line rectangles: each rectangle indi-
cates the display range of the other linked viewports. The num-
ber in the upper left corner identifies the linked viewport.

If you want to display different datasets in different viewports
you can unlink the viewports. Click the select button to activate
the viewport you want to unlink. Select Unlink Viewport under
the Viewports drop-down menu or click the Unlink button in
the tool bar. Select the dataset you want to display. Activate and
select another viewport and load another dataset to display. You
can have different datasets showing in different viewports.
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Multiple Viewports

LI > S
g :
i The Display
The Display | : Range of
Range of ; ey Viewport #4
Viewport #2 | '
The Display
Range of
Viewport #3
= RLNER Xy E E --------------- E E « O
ololg || | B -
| o |
D ' S 2D Dataset as
[ETiS 5 ' g Contour Plot
.| wom , 2D Dataset —
_ Bt rcin.. | I ' as Line Plot
Fitering...

M Select Button
& for Viewport #2
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ol v zom 1o0m sem G000 o E
wunsity [ Tiokd (] Gonismalar A 0 s

Pr/ [ Finie |G intarsity []
LT r—| Small Portion
o =L - Shows the Details
] o - | 2D Dataset as
i Density Plot
) |2 :
|!ﬂ—; | ‘\-\ T - el i
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%03 -~ )| for Viewport #4 for Viewport #3
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Figure 4-9  Using linked multiple viewports to view simultaneously the same dataset
in a variety of different ways.
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Tools

Tools 4.4

The tool bar lies underneath the menu bar. (See Figure 4-1.) It
contains 31 commonly used tools arranged in eight groups. In
order from left to right, we list the name and the function of each
tool button.

Data Set Management 441

%I Load Dataset Clicking this button opens a dialog box for
choosing the dataset (and its path) you want to load into Xepr.
(See Figure 4-10.)

| = vpload

Group Contents of this Group
PN | MnO 60 dB’

'PNT M ENDOR’
‘PNT EFR’

AN V / Q- Band oxygen ambient pres
~ -
/@\

'Q-Band oxygen reduced pres
"TEMPOL FID”

‘coal hyscore HTA=120ns’
‘gamma-irr. quarz cw det. W-|

[

Clicking the two o onie s soay |
dots (..) in Group & —
will bring you up 1D REAL Data, 1024 points
one directory level. Path | plefguestizeprFiles/Datasshared Data/Examples
File I gband1.D3C -1 show Filenames
Load 3 | Close Help

Figure 4-10 Loading datasets.
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Tools

box so that you can save the dataset onto the hard drive. On top,
you can select the source (e.g. Primary, Secondary, ...) as well
as enter a title for the dataset. Below, you can choose the path
and filename for the saved dataset. (See Figure 4-11.)

%I Save Dataset Clicking this button opens the save file dialog

| = upSave

Dataset |" Primary |-~ Secondary | .~ Qualiﬁerl ~ Result|

Mew Title | New_data
Group Contents of this Group
oo ‘noise’
Examples ‘signalwp’

Shared Datasets

Path | fusripeoplefguestizeprFiles/DatassharedData

File | save_example . | -1 show Filenames
s

Select a dataset to replace or type a new path/ffil

Save Cancel | Help

Figure 4-11 Saving a dataset.

I Dataset Table This dataset table lists all the datasets loaded or

currently stored in memory.
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Tools

Dataset Selection 442

A

¥

Display Toggling

ion

i

Zooming

Previous Dataset Clicking this button displays the dataset
listed before the current dataset in the dataset table.

Next Dataset Clicking this button displays the dataset listed
after the current dataset in the dataset table.

443

Toggle Dimension Clicking this button toggles the current
active viewport between 1D and 2D formats.

Toggle Complex Part Clicking this button toggles the current
display between the real and imaginary part of the dataset if the
dataset is a complex dataset.

444

X-Range * 2 This button expands the X-axis by a factor of 2.

X-Range / 2 This button shrinks the X-axis by a factor of 2.

Y-Range * 2 This button expands the Y-axis by a factor of 2.

Y-Range / 2 This button shrinks the Y-axis by a factor of 2.

Previous Range Clicking this button will bring you back to
the previous range.
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Tools

Printing

=1

Viewport Linking

Graphics and Measurement Tools

445

Print Viewport Click this button to print the spectra in the cur-
rently active viewport.

4.4.6

Link Viewport Clicking this button opens a dialog box asking
you which viewport you want to link to or warning you that the
current viewport is already linked.

Unlink Viewport Clicking this button unlinks the current
viewport or tells you the current viewport is unlinked already.

4.4.7

Expand With this button selected you can select regions to
zoom or expand with the mouse.

Dot Marker A point marker will appear in the current viewport
when you click this button. You can use mouse to move it to
where you want.

Free Line This marker provides you with a straight line of arbi-
trary angle and length. Both ends can be moved by dragging
with the mouse.

Vertical Line This tool provides you with a vertical line. You
can move it to any place and stretch it to any length with the
mouse.

Horizontal Line This tool is similar to the vertical line except
that it is horizontal.
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Tools

Qualifiers

Gaussian This tool provides you with a gaussian line shape.
You can change its height and width by dragging its handles.

Lorentzian This tool is similar to the gaussian line shape
except that it is a lorentzian line shape.

Derivative Gaussian This tool provides you with a first
derivative gaussian line shape. You can change the height and
width with the mouse.

Derivative Lorentzian This tool is similar to the derivative
gaussian tool except that it is a first derivative lorentzian line
shape.

Remove Tool If you use the mouse to select the marker and
then click this remove tool button the marker will disappear.

4438

The last group consists of six qualifier buttons. The various
types of qualifiers allow you to select certain parts of the spec-
trum for processing. When the qualifier is active, one or several
handles appear for changing the size of the qualifier. Clicking on
the qualifier will activate that qualifier.

Position Qualifier This qualifier provides you with a vertical
line and allows you to select an x-axis position for processing.
You can drag the qualifier to the exact position you want to
select.

Point Qualifier You can select a point for processing with this
tool. Using the mouse, you can precisely move the qualifier to
the desired point.

Elexsys E 500 User's Manual: Basic Operations 4-17



Tools

Region Qualifier Using this qualifier you can select a region
of the x-axis for processing. Grabbing the handles on each side,
you can move the region to cover the part of dataset you want to
process.

Area Qualifier This tool provides you with a rectangle to cover
the area you wish to process. Dragging each corner can change
the size of the square.

Integral Qualifier This tool consists of two vertical lines and a
free line. The vertical lines indicate the starting and ending
points respectively. The free line indicates the offset and the
slope. It is designed for integration.

No Qualifier This tool removes the qualifier.
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Mouse Functions

Mouse Functions 4.5

The Cursors

]

]

Depending on which buttons you pressed, the mouse performs
many different functions such as resizing, moving, and measur-
ing. By default, the mouse is in auto select mode and will change
its function and mouse cursor according to the buttons pressed
and location of the cursor. You can find the status of the display
function in the info area at the left bottom corner of the view-
port. The following examples illustrate the various mouse func-
tions.

451
The mouse cursor indicates the current mouse function in Xepr.

Expand When this cursor is present you can click the left
mouse button on the position you want to expand and drag the
mouse to the place you want to end. A rectangle will show up
indicating the area you want to expand. The area covered by the
square will expand to fill the screen of the viewport.

Zoom This symbol indicates that the zooming function is acti-
vated. Clicking with the right mouse button in the display area of
the viewport displays this symbol. Dragging the cursor upwards
or downwards vertically zooms in or out the area you point to.
Dragging towards the right or left horizontally zooms in or out
the area you point to. Dragging at an arbitrary angle will zoom
both horizontally and vertically at the same time. If you click the
right mouse button in the x- or y-axis area, you zoom either hor-
izontally or vertically.

Moving Clicking on the middle mouse button changes the cur-
sor to this symbol. The spectrum will move in the direction you
drag the mouse. When you click the middle mouse button in the
axis area you only move the spectrum either up and down or to
the left and right.
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Mouse Functions

L Read Out With this mouse function you can read out the X-,
ar Y-, and other values of the point where the mouse is in the spec-
trum. See the next section for details.

Reading Out Coordinates 4.5.2

Move the mouse cursor close to the spectrum curve. The mouse
cursor will change from the Expand to the Read Out cursor.
Left click on a point of the spectrum: the coordinates of the cur-
sor are displayed next to the cursor. The field value, intensity,
and the g factor value are also displayed inside the Viewport

Select Bar if the spectrum is an EPR field sweep spectrum.
(See Figure 4-12.)

LN | <] ¥ [ <no Secondary- T (5] ¥ [<no Resun _| [0 Guanier-

#5233 3IGE0, 229 l g

Figure 4-12 Using the Read Out mouse function.
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Mouse Functions

Measuring Distances 4.5.3

Move the mouse cursor to the starting point. Press the left button
and the right button simultaneously. Hold the mouse buttons and
drag the cursor to the point where you want to end the measure-
ment. The distance between the starting point and the ending
points are displayed in the Viewport Select Bar. (See
Figure 4-13.)

R ] v v i | v vmitr

= 16.5 5072
defaudl I_ [ Bt bosuded: fjj g it [N bk

Figure 4-13 Measuring distances.
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Zooming Spectra 4.5.4

You can zoom in on a specific area of a spectrum by using the
rectangular scaling option. Move the mouse pointer to the dis-
play area of the viewport. The mouse pointer will change to the
expand cursor. Click the left mouse button and drag the rectan-
gle until it encompasses the region of interest. Release the
mouse button and the region of interest will then expand to fill
the viewport. (See Figure 4-14.)

[= " BALKER Xepr 0
Hle  Acqsution  Processing  Viewports  Properties  Optins Holp
=] N 6 e o e Y W ) _I mfne| B 0 Al A 8 i8] o) s
TASKS 20 | v oo seeonieys B[ yfmememes | y[mooween |
asolne Corec .., f o :
Integration.., I 141000 /Z_?
Lo [ ]
I -: 3500
—I \nm—‘ :m—;
j o
" 2o \
2100 1lm-i |
2000 | ' oo | |
4000} um-
] B : |
som] 2000 ‘
uw—g -:mn-f
i 2500
120 ~a000 ]
.wmﬂ-f "‘m";
.tsm-: K :
§1 T | 7000 #000 2000 10000 11 000 §1 o T | 760 7700 7000 7m0 8000 1o
ntessity [ = V426, y - 467 {Fi (5] mwm_-w.u
LT auoseioc RN [T ] L

Figure 4-14 Zooming in with the rectangle scaling option.
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Mouse Functions

A second means of zooming not only allows you to zoom
in but also to zoom out. Place the mouse pointer in the
spectrum area or in the axes area where you want to zoom.
Click the right mouse button. The mouse pointer will
change into a zoom cursor. Dragging up or right zooms in
the spectrum or axis. Dragging down or left zooms out the
spectrum or axis. (See Figure 4-15.)

= BALKER Xepr . 0
Hio  Acqasition  Pricossing  Viowports  Projerties  Optisns Holp

5| 5][€8] 4] v| o 2!2! 2 2 1< 1] o] _I CIT _I_I_I_I_I_I_I_JJ_J A =1

10000 ‘

12 o |

=14 000 —

<15 000 -|

| !
ﬂ.ﬂ L 1.0 %I Zoom 1 Zoom _ﬁl - o0 12000 12200
likemsity [ Out In Flall 5]

v IR [0 TTmt e

Figure 4-15 Zooming the spectrum.
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You can also use the X-Range*2, Y-Range*2, or
X-Range/2, Y-Range/2 buttons in the Tool bar to zoom in
or out by a factor of 2. The previous range button brings
you back to the previous scale. The FS button brings the
spectrum back to full scale in case you zoom in too much
and get lost.

To display a precisely defined area you can click Proper-
ties from the menu bar and then Display Range. (See
Figure 4-16.)

Display Range...
S8 - Hange
Individual Scaling...
Relative Ordinate Scale...

Autoranging -

Axis Display -
Dataset Display...

Hine Hrantion.

i Bfee Posiiian

£8 Lpvel- Qurvg.

£1F Qurve- Denlar.

S8 Cefor- Seheine

S8 Brplotion. Typs

28 Parspantive

Dataset History...

Dataset Menus -
Background Color...

Panel Froperties...

Panel Position...

Figure 4-16 Activating the display range function.
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Mouse Functions

A dialog box appears in which you can then select pre-
cisely the X- and the Y- range for display. Click the Set
button in the dialog box to execute the selected range.
(See Figure 4-17.)

| = vpRange
%-Min I?suui J
%-Max lﬁl]l]l]i J
¥-Min l? J
¥-Max |5l]l]l]7 J

Set | Closel Help |

Figure 4-17 The set display range dialog box.
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Moving a Spectrum Around 4.5.5

You can move the spectrum around by clicking the middle
mouse button while the cursor is in the viewport display area
and dragging the spectrum. The cursor changes to a move cursor.
You can also place the cursor on either axis area to constrain the
movement along one axis. (See Figure 4-18.)

= BAUKER Xepr
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Figure 4-18 Moving the spectrum.
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Hot Keys

Hot Keys

Accessing the
Menu with Hot
Keys

Accessing the
Tasks with Hot
Keys

Changing
Parameters
Coarsely

4.6

Xepr is mouse driven software. However, for those who prefer
using the keyboard, there are hot keys for quick access to the
commands.

For all the menu buttons, you can press and hold the Alt key and
the key of the underlined letter in that menu button to drop-down
the submenu. For example, if you press and hold the Alt key and
press “f”, the File menu will be pulled down. You can launch the
highlighted function by pressing Enter. You can use the arrow
keys to move the highlight cursor around and select the function
you want to execute. Alternatively you can simply enter the
underlined letter of that function in the drop-down menu to
launch that function or open a submenu. For example, in the
above example you can press “U” to enter the printer setup
function.

For the Tasks macros you can press and hold the Ctrl key and
press the underlined letter in the Tasks bars to launch that Task.
You can continue to use this method to go to all the levels of the
Tasks.

You can change parameters in coarse steps by pressing the Ctrl
key and clicking the arrow button. Pressing Shift and clicking
the arrow button at the same time gives an even bigger stepsize.
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Help 4.7

Help Xepr has a powerful help system to assist you. Clicking on Help
Menu  in the menu bar will bring up the options you can access. (See
Figure 4-19.)

Panel...
:| <Viewing>...

<Processing=...

Main Help...

Manual
Release Letter

Figure 4-19 The Help menu.
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Help

Help If you click on Panel in the Help menu a window containing
Panel information about the VIEWING & PROCESSING PANEL
appears. (See Figure 4-20.) Clicking on More in this window
will turn to the next page of the topic. You can click Back to turn

back to the previous page.

|=. Help for vpOpen’

THE VIEWING & PROCESSING PAMEL:

This panel is used for dataset viewing and processing.
It can display previously loaded datasets in a variety
of representations. Use the select-menus to display
datasets.

Processing operations are carried out in this panel.
A series of lic & dyadic proc ings are avail

Multiple so-called Viewports can be employed to view
and process a large ber of datasets sil ly.
Since there is only one menu-area in the panel, there

is a ‘current’ viewport, to which all menu-operations
are directed.

The panel has a status-line at its bottom, in which

the current actions assigned to mouse buttons, datasets
undergoing modification, the number of the current
viewport, the setting of the autoranging switch, and
other variable properties of the panel are shown.

SEE ALSO
Select-menus,
Viewport,
Primary, Secondary, Result, Qualifier for information
about the different datasets in a viewport.

Help On

Hank... Selection

Close |

Figure 4-20 A help panel.
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If you select a phrase by highlighting it with the mouse and then
click on the Help On Selection button, a window displays the
help information on that topic. (See Figure 4-21 for details.)

Clicking on Close exits Help.

|=. Help for vpOpen’

THE VIEWING & PROCESSING PAMEL:

This panel is used for dataset viewing and processing.
It can display previously loaded datasets in a variety
of representations. Use the select-menus to display
datasets.

Processing operations are carried out in this panel.

A series of lic & dyadic proc ings are av

Multiple so-called Viewports can be employed to view
and process a large ber of datasets sil |

is a ‘current’ viewport, to which all menu-operations
are directed.

The panel has a status-line at its bottom, in which
the current actions igned to huttons, dat:

7
Since there is only one menu-area in the panel, there

undergoing modification, the number of the current
viewport, the setting of the autoranging switch, and
other variable properties of the panel are shown.

SEE ALSO
Select-menus,

Viewport,
m, Secondary, Result, Qualifier for information
about the different datasets in a viewport.

e Help On
Bank... Close | Selection
= Help for "Primarny’
THE PRIMARY DATASET
This is the first input dataset for all Proc ing:
Monadic processings nonmally use only this input.
Dyadic proc ings are only bled if you also select
a Secondary dataset.
1
o Help On
Hank.. Close | Selection

Figure 4-21 Help On Selection.
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<Viewing> Clicking on <Viewing> in the Help menu brings up a window
containing all the Xepr viewport commands. (See Figure 4-22.)
By scrolling up and down, or left and right, you can view the
brief descriptions of each processing command. You can high-
light the command and use Help On Selection to view the
details of that command.

|=. Commands Maiching vp™

=

vplD5lice sets slice nunber of 2D dataset in 1D viewports
FUHCTION wplDSlice [<Yiewport {(namedIntArg}>]1 £<{5lice_H

vplD5licePos  sets slice number of 20 dataset in 1D viewports
FUHCTION wplDSlicePos [<¥iewport {namedIntArg)>]1 £<{S5lice

vp2DColorSchenead justs color coding of 2D0-displays
FUHCTION wp2DColorSchene [<Yiewport {namedIntArg}>1 £<{5¢

vp2DPro jection defines projection type in 2D-displays
FUHCTION wp2DProjection [<Yiewport {(namedIntArg}>1 £<{Pr«

vp2D¥iewAngle wiew angle of perspective 20-displays 7
N 1 -

Close | Save Help On Selection

Figure 4-22 The viewport commands.
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<Processing> Clicking on <Processing> in the Help menu, allows you to
view all the Xepr commands regarding processing. By scrolling
up and down, or left and right, you can view the brief descrip-
tions of each processing command. You can highlight the com-
mand and use Help On Selection to view the details of that

command.

| = Commands Matching pr*

pribs

priAdd5lice

prArithFunc

prAutol

prAuto?

abzolute value of input dataset

PROCESSIHG prAbs [<Yiewport {namedIntArg)>]1 [{Dataset {:

{no description available}

PROCESSIHG prAddSlice [<Yiewport {namedIntArg)>1 [<{Data:

{no description available}

PROCESSIHG prArithFunc [<Yiewport {nanedIntArg}>1 [<Dat:

autonatic processing sequence

PROCESSIHG prAutol [<Yiewport {(namedIntArg)>]1 [<{Dataset

autonatic processing sequence

=

|~

Save Help On Selection

Close |

Figure 4-23 The processing commands.

Main Main Help in the Help menu is a search tool for the help sys-
Help tem. (See Figure 4-24.) Three search methods are available.

You can select keyword, apropos, or help_mode.

|.=. HelpDialog

Type |" keyword | + apropos | + help_mode |

Selection I Help

Apply |

Close | Help |

Figure 4-24 The Main Help dialog box.
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Enter the string you want to search for in the Selection box. You
can use wild cards (*) in the string. Click Apply to search. For
practice, you can type Help in Selection and select keyword as
Type. Click the Apply button. An explanation of these three
types will appear in the window.

Manual Clicking Manual in the Help menu launches Adobe Acrobat
Reader and opens the Bruker Xepr software User’s Manual. (See
Figure 4-25.) You can find detailed information about the soft-
ware in this document.

|=- Xepridanual pdf = 0
Fle Edit View Tools Window Help
B[ EEHE & & 4 v 0] | OO0 A

Neps

:

z‘ X

3]

V1.0 User’s Manual

(4]

S [5 Page 107 168 | 0, 75% | [ 6.26 x 11.69 in i

Figure 4-25 The Xepr manual.
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Help

Release
Note

Clicking on Release Note in the Help menu launches Adobe
Acrobat Reader and opens the Release Note for Xepr. (See
Figure 4-26.) In the Release Note you can find the version
number of the software, instruction for installation, bugs fixed in

the current version, etc.

‘ = Releasel efter.pdf

=gl

File Edit View Tools Window

E E HE| |5 &5 1] < v n] w3 OO0

Help

Xepr 2.0 Release Letter

Please read these release notes carefully before installing an;

v software.

{

]
q
(=
A
m
F ]

‘

[hPage1of2z4 | 2 100% [E8.26 x11.69in Bl

Figure 4-26 The Xepr Release Note.
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Data Acquisition Tutorial 3

This chapter contains useful and helpful hints to get the most out
of the Xepr Acquisition software. In Chapter 3, we blindly fol-
lowed many instructions to acquire a spectrum. Here is the
opportunity to explore some of the features in a bit more depth.
The tutorial is not meant to be an exhaustive treatise on all
details of the spectrometer. Instead, it is a starting point from
which you can explore the capabilities of the instrument. Many
additional topics are covered in the Elexsys E 500 User’s Man-
ual: Advanced Operations.

The first topic covers how to control and monitor the spectrome-
ter. The second topic describes how to define an experiment. The
third topic discusses the setup scan and interactive adjustment of
spectrometer parameters. The fourth topic gives a brief discus-
sion of microwave bridge control. Field sweep experiments and
the adjustment of parameters are covered in the fifth topic. The
sixth topic deals with time scans. The last topic contains advice
on 2D experiments.
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Spectrometer Monitoring Panel

Spectrometer Monitoring Panel

Experiment
Definition

5.1

The spectrometer monitoring panel appears in the Xepr window
after connecting to the spectrometer. It displays the spectrometer
status, hardware information, meters, acquisition tool buttons,
and other controlling functions in several sections. The spec-
trometer monitoring panel can be divided into Experiment Def-
inition, Acquisition Tools, Acquisition Control, Bridge
Status, Hardware Information, and Meters sections. (See
Figure 5-1.) The following is a brief description of each section.

Acquisition

TH= sk o | T LRI

Acquisition
Control

Figure 5-1

Experiment Definition

|

| =

Status

FF-Lock [G]: | Lok Offsel [5]  Rocviver Levid 5]

Hardware

Information Meters

The spectrometer monitoring panel.

51.1

This section consists of various tools to define an experiment.
The bridge tuning button is also in this section.

New Experiment Clicking this button opens a dialog box to

define a new experiment.

Load Experiment Clicking on this button allows you to load a
pre-defined experiment saved on the hard disk.

5-2
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Spectrometer Monitoring Panel

s 8

=

Eup:‘_
Exp

Bridge Tuning Clicking this button opens the microwave
bridge tuning dialog box.

Parameters Clicking this button opens a dialog box for setting
acquisition parameters. You need at least one experiment created
or loaded to activate this button. Otherwise it is greyed out.

Tesla (gauss) Meter and FFLock Control Clicking this
button opens a dialog box where you can control and set param-
eters for the Tesla (gauss) meter and field frequency lock device
if these optional accessories are installed.

Transfer Parameters from a Dataset You can transfer
parameters from an existing dataset to the current active experi-
ment by clicking this button.

Transfer Parameters from an Experiment You can trans-
fer parameters from an existing experiment to the current active
experiment by clicking this button.

Duplicate an Experiment Clicking this button duplicates the
currently active experiment.

Create an Experiment from a Dataset Clicking this button
allows you to create a new experiment based on an existing
dataset.

Experiment Table Clicking this button brings up a table con-
taining all the currently loaded experiments.
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Spectrometer Monitoring Panel

ﬂcal_example

Experiment List Clicking the arrow opens a drop-down menu
listing all the existing experiments. Selecting one of the experi-
ment will activate that experiment. The most recently acquired
spectrum attached to this experiment will also be displayed in
the viewport. The name of the current active experiment appears
in the window next to the arrow.

Acquisition Tools 5.1.2

Acquisition tools provide you convenient ways to interactively
adjust the center field, sweep width, receiver gain, and other
parameters. You need an unstored and unsaved spectrum active
in the current viewport to activate the Acquisition Tools. If you
have stored or saved the spectrum you just acquired, click the
Experiment List button and select the experiment again. A
marker can be removed by clicking on the Waste Basket button
in the tool bar.

X Marker Clicking this button brings up a dialog box allowing
you to select various X-axis markers, such as Center Field,
Field Position, RF frequency position, etc. You can then
move the marker and the associated parameter will be updated
with the marker’s X-coordinate.

Abscissa Value Indicator Clicking this button brings up a
vertical bar. You can use this marker to indicate the abscissa (Y)
value.

X-Y Marker Clicking this button brings up a dialog box. You
can select X parameter and Y parameter for the X-Y Marker
to mark the experimental dataset.

Receiver Level Indicator Clicking this button brings up a
dialog box. The X- and Y-parameters have been predefined as
FieldPosition and SignalLevel. Click OK to activate the
marker.
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Spectrometer Monitoring Panel

Center Field and Sweep Width Tool Clicking this button
will create a tool in the viewport with which you can change
both the center field and the sweep width for a field sweep
experiment.

Sweep Width and Receiver Gain Tool This tool is a rectan-
gular shaped box. The width of the box defines the sweep width
and the height of the box defines the receiver gain for the next
acquisition.

Acquisition Control 51.3

00

There are four handy buttons in this section for controlling the
acquisitions such as starting, and stopping acquisitions. If there
is no experiment defined, all four buttons are greyed out. Click-
ing the buttons toggles their functions from an engaged to disen-
gaged state.

Run/Abort Clicking the RUN button starts an acquisition.
Clicking this button while an acquisition is in progress aborts the
data acquisition. The right button indicates that an acquisition is
running whereas the left indicates no acquisitions is running.

Stop You can stop the data acquisition after finishing the cur-
rent scan by clicking this button.

Pause This button pauses the data acquisition. It interrupts the
acquisition at the earliest possibility. In CW EPR experiments it
usually stops the acquisition after the current scan finishes. This
button is particularly useful for signal averaging and 2D experi-
ments. It temporarily stops the signal averaging or increment of
the second variable after the current scan. Data acquisition can
be resumed by clicking this button again.
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Spectrometer Monitoring Panel

—

fas

If you need to re-tune
the bridge, it is advised
to disengage the Acti-
vate button before you
open the Microwave
Bridge Tuning dialog
box.

Activate When the Activate button is not engaged, changing
the parameters in the Experiment Parameter dialog box does
not change the parameters on the instrument until you run a
spectrum. When the Activate button is engaged, the parameters
are sent to the hardware immediately providing you with interac-
tive optimizations.
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Spectrometer Monitoring Panel

Bridge Status

514

This section indicates the status of the microwave bridge. It has
three small windows. The top window indicates which mode the
microwave bridge is. It can be Stand By, Tune, or Operate.
When you connect to the spectrometer, this window may show a
red Stand By display. Wait until it turns green. The middle and
the bottom windows indicate whether the microwave power of
the bridge is Levelled and Calibrated in Operate mode. (See
Figure 5-2.) If the microwave power is not leveled or calibrated,
the corresponding window will turn red and indicate Unlevelled
or Uncalibrated.

Operate

Levelled

Calibrated

Figure 5-2  The microwave bridge status section.

Hardware Information 51.5

Freq. [GHZ]:

Power [mW]:

This displays the microwave frequency when you switch the
bridge to Operate mode. If you have a frequency counter con-
nected and configured properly, the reading will be read from
the frequency counter.

This shows the current microwave power in milliwatts. If it
shows zero, you probably have not engaged the Activate button.
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Spectrometer Monitoring Panel

Atten. [dB]:

A:

Field [G]:

TM-Field [G]:

FF-Lock [G]:

This shows the current microwave attenuation in dB. The lev-
eled microwave power for an X-band bridge is ~200 mW at 0
db.

This displays the approximate Q factor value of the cavity. You
need to switch to tune mode and set the Attenuation to 30 dB to
read the Q value properly. It is not meant to be an accurate mea-
surement of the Q factor but an estimate.

This is the temperature reading from the temperature controller.
The temperature controller needs to be connected and config-
ured correctly to display the temperature. You need to engage
the Activate button to establish communications between the
acquisition server and the temperature controller. Green indi-
cates the temperature has reached the set temperature whereas
red indicates the set temperature has not yet been reached.

This displays the current sample angle if you are using an auto-
mated goniometer.

This shows the current magnetic field regulated by the Hall
probe. When it is red, the actual magnetic field has not reached
the set value yet. Green indicates that the actual magnetic field
value matches the set value. If it is red or switches back and
forth from green to red during the field sweep, you probably are
sweeping the field too fast. Increase the conversion time to allow
the magnetic field to follow the sweep better.

This is the magnetic field value detected by the optional
teslameter (gaussmeter) if one is installed on the spectrometer.

This is the indicator of the optional field frequency lock if one is
installed on the spectrometer. When the magnetic field is locked,
it turns to green and indicates the offset.
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Spectrometer Monitoring Panel

The Meters

Diode Current

Lock Offset

5.1.6

There are three meters indicating the status of the spectrometer.
Watch these meters closely when you tune the microwave bridge
or select the parameters interactively.

The Diode Current meter is on the left side of the meter section.
It indicates the diode current in a scale from 0 to 400 pA while a
digital display underneath gives a numerical value of the diode
current. (See Figure 5-3.) When everything is properly tuned,
the diode current should be approximately 200 pA (indicator in
the center).

o 200 4do
209,58

Diode Current [ua]

Figure 5-3  The Diode Current meter.

The Lock Offset meter indicates the AFC error signal. (See
Figure 5-4.) Keep the indicator in the middle by adjusting the
microwave frequency. If it is difficult to keep the indicator in the
middle, check the AFC Gain of the microwave bridge.

—1o0 0 160
16,52

Lock Offset [%]

Figure 5-4  The Lock Offset meter.
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Spectrometer Monitoring Panel

Receiver Level

This meter reflects the level of the receiver. (See Figure 5-5.)
Adjust the Receiver Gain to keep the indicator within three
quarters of the meter scale during the sweep. You may also need
to adjust the Offset so that the indicator is centered when the
magnetic field is set on the baseline.

oo 0 4d0
-1, 561

Receiver Level [%]

Figure 5-5  The Receiver Level meter.
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Working with Experiments

Working with Experiments 5.2

Defining Experiments 5.2.1

New Experiment You need to define an experiment to acquire a spectrum. In
Chapter 3 we described how to create a new experiment by sim-
ply clicking the New Experiment button in the Experiment
Definition section. A dialog box appears in which we can define
a new experiment. (See Figure 5-6.) Enter a name for the exper-
iment in the Experiment Name box.

There is a limitation on |'=‘ Buitd Experimernt
the number of experi-
ments you can create or

Experiment Hame | Experiment

load. Keep the total i Temp. Unit I Goniometer I Gradient Unit
number of experiments

under five. You do not C.\W. ENDOR Calib aten §¥§’§'&§§}

need to create multiple .

copies of an experi- aissiel] I Field ﬂ
ment if only the param- Ahscissa Z I Hone ﬂ
eters are different.

Instead, transfer Or'dinatel Signal channel ﬂ

parameters from exist-

ing spectra to the

experiment. See LT | Sl | A7 |
Section 5.2.5 for
details.

Figure 5-6  The New Experiment dialog box.

There are five folders corresponding to various types of the
experiments. For the Elexsys E 500 you can click C.W. for nor-
mal acquisitions or Calib if you want to calibrate the signal
channel. (See Figure 5-6.)

Next, you need to configure Abscissa 1. Click the arrow button
next to the Abscissa 1 box and select the proper variable for
Abscissa 1. (See Figure 5-7.) Field for magnetic field sweeps
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Working with Experiments

and Time for time scans are the most commonly used variables.
Not all the items are available for Abscissa 1 because some of
them need special accessories. If you plan to acquire a 2D spec-
trum, you need to click the arrow button next to the Abscissa 2
box and select the proper variable for Abscissa 2 such as Sam-
ple angle, Sample temperature, Sample concentration,
Microwave power, efc. Otherwise, select None for a 1D exper-
iment.

| —=| Build Experiment

Experiment Hame | Experiment
- Temp. Unit - Goniometer I Gradient Unit

C.\. EHMDOR Calib Fagiae Enage

Abscissa 1 | Feld ﬂ
AbsSCISSA [Ealy (single point)
~ |Field (Rapid scan)
OrdinatiTime

Sample angle {Goniometer)
Sample temperature

Create [S@mple concentration

Microwave frequency i

Figure 5-7  Selecting Abscissa 1.
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Working with Experiments

You need to select the Ordinate as well by clicking on its arrow
button. From the drop-down list you will normally select Signal
channel. (See Figure 5-8.) If you are acquiring rapidly changing
spectra, you may need to select Fast digitizer.

| —=| Build Experiment

Experiment Hame | Experiment
- Temp. Unit - Goniometer I Gradient Unit

C.\W. EHMDOR Calib Fhgias Enage

Abscissa 1 I Field j
Abscissa 2 I Mone ﬂ
Ordinate I Sighal channel ﬂ
Fast digitizer
Create Transient recorder J
Diode Current
Lock Offset

Microwave frequency

Figure 5-8  Selecting the Ordinate.
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Working with Experiments

Duplicate an
Experiment

If your spectrometer is equipped with gradient coils, a goniome-
ter, or a variable temperature unit and you plan to do an experi-
ment with these accessories, click the corresponding button to
activate it. It will turn to green when active. If you are not using
the accessory, it is best not to activate it. (See Figure 5-9.)

|-=- Build Experiment

Experiment Hame | Experiment

- Temp. Unit - Goniometer Gradient Unit

W, EHMDOR Calib fR Brsags
Abscissa 1 I Field ﬂ
Abscissa 2 I Hone ﬂ

Ordinate I Signal channel ﬂ

Create | Cancel | Help |

Figure 5-9  Selecting accessories.

Click Create when you finish and the dialog box will close.

You can duplicate an existing experiment by clicking on the
Duplicate an experiment button. The duplicated experiment
will have the same name with a number added to the end of the
name.
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Working with Experiments

) Create an  You can create an experiment from a dataset. Load the dataset
Experiment from a  into Xepr first. Click the Create experiment from a dataset
Dataset ,(ton and a dialog box will appear. (See Figure 5-10.)

| = agExpFromDs

Handle I 3 ﬂ

Select a dataset handle.

Load Cancel | Help |

Figure 5-10 Creating an experiment from a dataset.

You need to enter a Handle number in the dialog box. Every
dataset in Xepr is assigned with a unique number called the
Dataset Handle number. You can find the Handle number by
clicking the Dataset Selector. The Dataset Handle is the
number to the left of the title. (See Figure 5-11.) Enter the Han-
dle number of the dataset from which you want to create an
experiment and click Load to create the new experiment.

o4 Z2: cu_v0_80_20

Dataset J
Handle

<Result=
1:cu_100

Z2:cu_v0_80_20
3:v0_100

Figure 5-11 Finding a Dataset Handle.
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Working with Experiments

Saving Experiments 5.2.2

You can save the defined experiment for later use. Click on the
Experiment Table button to bring up the Experiment Table
dialog box. (See Figure 5-12.)

| —=| Experiment Table

File Experiment Properties Options Help
Hew # Hame

2  examplel
Save... 3 example2

10

=]
=1

Rename...

=]
o,
\i

Figure 5-12 Experiment Table.

Click and highlight the experiment you want to save. Click
Save to bring up the Save dialog box. (See Figure 5-13.)
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= agtxpSave
Experiment IExperiment j
Save As I Exzperiment
Group Contents of this Group
o examplel
sharedAcquisition exampleZ

Path I!usrfpeople!xuser!xeprFllesmcquisition

File I -1 show Flenames

Save | Cancel Mol

Figure 5-13 Save experiment.

Select the proper path in the Group window. Xepr already cre-
ated a subdirectory for saving experiment files. The path is
YourHomeDirectory/xeprFiles/Acquisition. Enter a file name in
the File box. Click Save to save the file and exit the dialog box.
Xepr will automatically add an extension, .exd, to the file name.
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Working with Experiments

Loading Experiments

5.2.3

You can load any predefined experiment from the hard drive.
Click Load in the Experiment Table dialog box and select the
path where the saved experiments are. (See Figure 5-14.) Click
the experiment file in Contents of this Group and then click
Load to load the selected experiment.

| = agExpload

Group

Contents of this Group

sharedAcquisition

examplel
example2

Path I!usrfpeople!xuser!xeprFllesmcquisition

File |

-1 show Flenames

Load |

Cancel Mol

Figure 5-14 Loading experiments.
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Working with Experiments

Selecting Experiments 5.2.4

Xepr allows you to create or load more than one experiment.
You can have only one experiment active at a time. To select the
experiment you want to execute, click the arrow button of the
Experiment list and click on the desired experiment. (See
Figure 5-15.)

1: Experiment ——————
[ Z2: examplel E |

J: exampleZ
¥ I Experiment

Figure 5-15 Selecting an experiment from the Experi-
ment list.

The name of the active experiment will appear in the window
next to the arrow button. It is important to assign a unique name
to each experiment. If you do not assign an experiment name, by
default it will be Experiment or Experiment:# where # is a
consecutive number. The spectrum most recently acquired with
that experiment will be attached to that experiment. The Acqui-
sition Tools such as Center Field, Sweep Width can only be
applied to the spectrum attached to the experiment. After you
store or save the dataset, the spectrum shown in the viewport is
no longer attached to the experiment. You need to reselect the
experiment to display the attached spectrum in the viewport and
then use the Acquisition Tools.
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Transferring Parameters 5.2.5

You may often need the same set of parameters to acquire a
whole series of spectra. The parameters of a dataset can be easily
transferred to an experiment by using the Transfer parameters
from a dataset button in the experiment definition section.
Clicking this button opens a dialog box asking you from which
dataset you want to transfer parameters. (See Figure 5-16.)

= agParfrombs

Handle | 5 %'

Select the dataset handle.

Load | Can[:ell Help |

Figure 5-16 Transferring parameters from a dataset.

Ny .
;@i Click the arrow buttons to enter the Handle number of the
dataset. Click Load to transfer the parameters to the current
The Handle number is | ~active experiment.

the number Xepr
assigns to each dataset.
See Figure 5-11 to find
out where the Handle
number can be found.
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You can also transfer the parameters from another experiment.
Click the Transfer parameters from experiment button in the
experiment definition section. (See Figure 5-17.) Click the
arrow button to bring a drop-down list of existing experiments.
Select the experiment from which you want to transfer parame-
ters. Click Load to transfer the parameters to the currently active
experiment.

= agParfromExp

From Experiment I Experiment j

Felect the experiment name.

Load | Cancel | Help |

Figure 5-17 Transferring parameters from an experiment.
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Interactive Spectrometer Control

Interactive Spectrometer Control 5.3

Setup Scan

NV
= -
/@\
It is best to move the
Parameters window
above the Setup Scan
window to make inter-

active parameter
changes convenient.

5.3.1

The Setup Scan offers the immediate visual feedback needed
when optimizing spectrometer parameters. To activate the
Setup Scan function engage the Activate button and open the
Acquisition Parameters dialog box. The dialog box has a
Setup Scan option in which the magnetic field is rapidly swept
up to 50 Gauss in order to display the EPR spectrum on the
screen. This is achieved by setting the main magnetic field with
the field controller (thereby setting the center field of the Setup
Scan) and sending current through the modulation coils of the
cavity to produce the rapid sweep. Click on the Setup Scan
button to open the Setup Scan dialog box. Click the Enable
button to activate the function. (See Figure 5-18.)
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= Aequisition Parame{qs
Signal Channel l “Ngsc. 1: Field Microwave 1 Scan iy
Detection l AcquISItlon le Modulation l Double Mod. Signal If
Parameters
Calibrated: [ Receiver Gain [dB]: | 51 ﬁ
Modulation Frequency [kHz]: | 100.00 ﬁ Time Constani [ms]:l j
Modulation Amplitude [G]: | 3.00 ill Conversion Time [ms]: I 10.24 j
Modulation Phase: | 0.0 =7 S T :I ] n
lodulation Phase = weep Time [s]: | 10.49 j
Harmonic: | 1 ﬁ offset [%]: | 0.1 ill
Setp
Scan
Quadrature Detection: _ | Qua 90.0 = =
Button o !
[~ 1 -
Close | Setup Scan | Help |

‘ = Setup Scan

Setup Scan
Dialog Box

Enable Sweep
Button

Setup Scan: r% Sweep Width [%]: I 100 [=

Setup Scan SCT: | A ﬂ Setup Scan Time Constant [ms]: ! 0.01 j
Close Setup Scan Hilp

Time Constant

Figure 5-18 The Setup Scan.
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The rapid sweep for the Setup Scan may be a little too fast for
some signals or parameters. The Setup Scan has its own time
constant called Setup Scan Time Constant. It is independent
from that in the Signal Detection folder. The Time Constant
in the Signal Channel Detection folder will be inactive after
the Setup Scan is enabled. It will be re-activated when you dis-
able the Setup Scan. Change the Setup Scan Time Constant
so that it does not distort an EPR signal. You can use a longer
time constant without distorting the signal by narrowing the
width of the Setup Scan so that you are looking at a narrower
portion of the signal. The time required to sweep through the
EPR signal is then longer. The value in the Sweep Width box
indicated in Figure 5-18 can be edited or varied with the arrows
next to it. The values are in percentage of the 50 G setup scan
sweep.

Click the Abscissa 1 Field tab in the Acquisition Parameters
dialog box to bring the Field tab to the front. Using the arrow
buttons of the Center Field to center your spectrum in the
Setup Scan.
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Optimizing a Weak or Broad Signal 5.3.2

If the EPR signal is weak or broad, the Setup Scan may not be
the best way to optimize the signal. For such cases, you can use
the Receiver Level meter to optimize your EPR signals. First,
make sure you have an acquired spectrum and that the experi-
ment is currently active. Make sure the Activate button is
engaged. Click the X-marker button and select the proper
marker from the drop-down list. Which marker to choose
depends on the experiment. For example, if you are acquiring a
field sweep spectrum, select the Field Position marker. The
position of this marker in the spectrum determines the magnetic
field, i.e. changing its position changes the actual magnetic field.
The indicator in the Receiver Level meter displays the receiver
level at the magnetic field at which the marker is placed. The
marker is moved by dragging it with the left mouse button to the
desired position in your EPR spectrum. Place the marker at the
baseline first. (See Figure 5-19.) Watch where the indicator of
the Receiver Level meter is.
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Place the
Marker
at Baseline

Watch
Receiver

Figure 5-19  Observing the Receiver Level meter when the marker is placed at the
baseline.
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Move the marker to the upper (or lower) peak of the EPR
signal to see if the Receiver Level meter goes up (or
down). If the Receiver Level meter does not change much,
you may need to increase the Receiver Gain so that there is
visible change in the Receiver Level meter when you move
the marker from the baseline to the signal peak. (See

Figure 5-20.)
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Catbrated; [~ mmu;iw—i’-’
Mathudation Frequency ft): [ 100.00 ﬂ Tione Comstant s}z | 163,04 j
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Figure 5-20 Observing the Receiver Level meter when marker is placed on top of
the peak and when changing parameters.
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Open the Acquisition Parameters dialog box. Now, as you
vary parameters such as receiver gain, phase, or microwave
power, you can monitor the signal intensity with the Receiver
Level meter at that magnetic field value.

The parameter values that you have carefully optimized have no
effect on the spectrum that you have already acquired. To use
these new parameters for a new acquisition, you need to
re-acquire a spectrum in that window by clicking the RUN but-
ton. The spectrometer will use the newly optimized parameter
set.

Alternatively you can use the Receiver Level Indicator to opti-
mize a signal when you are acquiring a field sweep. Click the
Receiver Level Indicator button. A dialog box appears. The X-
and Y-Parameters have been preset for a field sweep. Click
OK. (See Figure 5-21.) The position of the vertical line is the

—. | Preset Tool
Parameters
L ‘Q\ Experiment j
. ¥ Parameter IﬁeldCtﬂ.HeldPnsitiun ﬂ
Receiver
Level ¥ Parameter Isignalmannel.SignaJLevel j
Indicator
0K | Cancel | Help |

Figure 5-21 Activating the Receiver Level Indicator.

position of the magnetic field. The horizontal bar indicates the
receiver level at that field value. Move the indicator to the EPR
signal. Open the Acquisition Parameters dialog box. You can
monitor the signal intensity with the Receiver Level Indicator
at that field value when you vary parameters. (See Figure 5-22.)
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Figure 5-22 Optimizing the signal with the Receiver Level Indicator.
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Controlling the Microwave Bridge 5.4

Auto Tune vs. Fine Tune 5.4.1

N

~
= \\//

The time saved by
using Fine Tune
instead of the full Auto
Tune procedure can be
particularly important
when you are working
with unstable and
decaying samples.

In Chapter 3, we used the Auto Tune commands to tune the
microwave bridge and cavity. This routine tunes everything,
including the Bias, Signal Phase, Frequency, and the cavity
matching. Quite often, you do not need to adjust all these param-
eters. For example, unless you have a large change in microwave
frequency the Bias and Signal Phase do not need to be
adjusted. The parameters that change more frequently are the
Frequency and the matching of the cavity. The Fine Tune rou-
tine optimizes only the Frequency and the matching (iris posi-
tion) and therefore is considerably faster than the complete Auto
Tune procedure.

A good approach to take is to initially use the Auto Tune routine
to make sure that the Bias and Signal Phase are set properly.
Then as you change samples (providing they have similar prop-
erties) or rotate your sample, efc., you can use the Fine Tune
routine to tune the spectrometer. To initiate fine tuning, open the
Microwave Bridge Tuning dialog box and press the Fine but-
ton under Auto Tuning. (See Figure 5-23.)

5-30

o)
BRUKER
(-
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— Microwave Bridge Tuning

Frequency:
- >
# Stand By Bias:
+ Tune - 4 »
- Operate Signal Phase:
- JE ] »
Auto Tuning:
w Up Fine
P D% Stop Reference Arm:
. 4 0n < Off
Fine Tune ——
Hrace: nuation B
Button 5 S e |
|Log. Scale: _| =1 =1
Options
Iris: AI!I Monitoring

Figure 5-23 The Fine tune button.
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You can set up an automatic fine tune before each sweep. Open
the Acquisition Parameters dialog box by pressing the button
in the experiment definition section. Click the Microwave tab
and then click the arrow button next to Acq. Fine Tuning. (See
Figure 5-24.) In the drop-down list select Each Slice Scan.
Click OK and the fine tune routine will be executed automati-
cally before each scan. If you do not have an auto tune option
with your cavity, make sure that Never is selected in the Acq.
Fine Tuning drop-down list.

= Acquisition Parameters

Signal Channel l Absc. 1: Feld l Microwave l Scan l

Attenuation [dB]: I 15.0 %II Power [mW]: I 6.346 %I

Acq Fine Tuning: | Hever ﬁ

Hever
Each Slice Scan

Close | Setup Scan | Help |

Figure 5-24 Acq. Fine Tuning selections.
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Field Sweeps 5.5

Setting Parameters by Acquisition Tools 5.5.1

If you are searching for EPR signals from an unknown species,
the most prudent approach to find signals is to make a very
broad scan with the center field set to a value where you expect
to see a signal. (See Section 8.1, Hints for Finding EPR Sig-
nals.) This approach maximizes the probability of finding a sig-
nal in your field sweep. If you are lucky, the EPR signals will
already be nicely centered in the field sweep, most of the field
sweep will contain EPR signals and not empty baseline, and the
receiver gain will be set perfectly. Such luck rarely occurs! The
Acquisition Tools (See Section 5.1.2, Acquisition Tools) help
you to achieve the desired results on your second attempt. The
following procedure allows you to use a broad scan to optimize
the center field, sweep width, and receiver gain so that you can
acquire an aesthetically pleasing as well as meaningful spec-
trum.

In Figure 5-25, we have used a broad field scan to find our EPR
signal. Clicking the Sweep & Gain Tool button in the Acquisi-
tion Tool bar creates a zoom rectangle in the spectrum window.
You can change the size of the rectangle by dragging the han-
dles. Increasing the vertical dimension of the rectangle decreases
the receiver gain while increasing the horizontal dimension of
the rectangle increases the sweep width. You can also move the
rectangle to change the center field.
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Surround the area that you would like to have in your spectrum.
You may need to use the zoom tool to see the whole rectangle.
Click on the RUN button in the Acquisition Control section.

Sweep Width &
| Receiver Gain

Figure 5-25 The zoom rectangle for interactive adjustment of parameters.
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The spectrum will then be nicely acquired with the optimized
center field, receiver gain, and sweep width as in Figure 5-26. If
you open the Acquisition Parameter dialog box, you will also
notice that the receiver gain, offset, center field, and sweep
width have been adjusted such that the spectrum will fit in the
spectrum window with optimal receiver gain.
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Figure 5-26 The optimized spectrum.
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Setting the Center Field and the Sweep Width 5.5.2

If only the center field and the sweep width need to be adjusted,
you can use the Center & Sweep Width tool. Click the Center
and Sweep Width button in the Acquisition Tools section
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Figure 5-27 Adjusting the center field and the sweep width

The tool has a center marker and two end markers. Move the
center marker to where the center should be. Then change the
sweep width by dragging either one of the end markers towards
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the center or away from the center to decrease or increase the
sweep width. (See Figure 5-27.) Click Run to acquire a well
centered spectrum with a proper sweep width. (See
Figure 5-28.) If you open the Acquisition Parameters dialog
box now, you will find the center field and the sweep width have
been changed to the new values.
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Figure 5-28 A centered spectrum with proper sweep width.
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Setting Center Fields 5.5.3

Sometimes you may not have to change all the parameters such
as receiver gain and sweep width: setting the center field may be
sufficient. To interactively set the center field, click X-Marker in
the Acquisition Tool section. Select the correct experiment
name and CenterField in the X Parameter drop-down list, and
click OK.
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Figure 5-29 The Center Field tool.
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A marker labeled as Center Field appears in the viewport win-
dow. (See Figure 5-29.) Place the marker where you would like
the center field to be and click the Run button. This action
replaces the center field value with the magnetic field position of
the marker. The newly acquired spectrum will then be nicely
centered as in Figure 5-30.
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Figure 5-30 A properly centered spectrum.
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Signal Averaging 5.5.4

If you are looking for very weak signals, you can increase your
signal to noise ratio by signal averaging. This process involves
repeatedly acquiring the spectrum and adding each spectrum

together. Actually, this is not an average in the strict mathemati-
cal sense, (It is not normalized by the number of scans.) but is
the sum of the individual spectra. As a result, the signal
increases proportionally with N, the number of scans. Owing to
Keep in mind, when the random nature of noise, its increase will only be proportional
measuring peak heights to VN. The resultant enhancement of signal to noise ratio is then

or double integration proportional to \/N.
that you need to nor-

malize the results by In order to signal average, we must open the Parameters dialog
the number of scans. box. Enter the Number Of Scans you wish to average in the

Scan folder. You need to turn off the Replace Mode. Other-

wise the current scan is going to replace the last scan. (See
Figure 5-31.)

= Acquisition Paramelers
Signal Channel l Absc. 1: Feld l Microwave l Scan l
Auto Scaling: - 0n + Off Humber Of Scans: |1 %II
Replace Mode: ~ On " Off Scans Done: | 1
%7/\ . Set Number
- Accumulated Scans: I 1
of Scans
Turn off
Replace
Mode

Figure 5-31 The Scan parameters.

5-40 ajGien



Field Sweeps

Figure 5-32 A single scan (left) versus 16 scans (right).

Acquire the spectrum by clicking the RUN button in the Acqui-
sition Control section. In the example shown in Figure 5-32, 16
scans results in a four-fold improvement of signal to noise ratio.
If you want to stop the averaging, click Pause and the scan will
pause at the end of the sweep. Then click Stop.
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Number of Data Points 5.5.5

EPR spectra acquired with a computer consist of a list of mag-
netic field values and corresponding intensities. If you have very
narrow lines, care must be taken that there are enough data
points to fully characterize the lineshapes. If there is not suffi-
cient resolution, expanded sections of the spectrum will only be
crude approximations of the actual signal. The number of points
in a spectrum can be chosen in the Parameters dialog box of
the Absc. 1: folder. (See Figure 5-33.)

= Acquisition Parameters

Signal Channel l Absc. 1: Time l Field l Microwave Number l

Sweep Time [s]: I 167.77 j Humber Of Points: I 1024 / j —‘

of Points

= Acquisition Parameters

Field Position [G]: | 3465.050

Center Field [G]: | 3510.05

b
Sweep Width [G]: ﬂ Right: _|

Signal Channel l Absc. 1: Feld l Microwave l Scan l
ﬂ Left: [
ﬂ Center: _ | Numl?er
of Points
k Humhber Of Points: I 1024 j

Field Settling: I Wait LED off j Settling Delay [s]: | 0.0 %II
i
Sweep Direction: I Up j Field Fiyback: I On j

Close |

Setup Scan | Help |

Figure 5-33 Selecting the number of points in the Absc. 1 folder.
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The parameter to adjust is the Number of Points. Perhaps the
best way of demonstrating this effect is to look at the following
two examples. The right spectrum was acquired with only 1024
points. The left spectrum was acquired with 4096 points and
reproduces the lineshapes much better than the right example.
(See Figure 5-34.)
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Figure 5-34 A perylene radical cation spectrum acquired with 4096 (left) or 1024
(right) points.
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First Harmonic vs. Second Harmonic Spectra 5.5.6

EPR spectra are commonly acquired as the first derivative of the
absorption curve. It is the first harmonic component of the field
modulated signal. Sometimes, the hyperfine structure of the EPR
signal is not resolved in the first harmonic spectrum as shown in
Figure 5-35. Only small splittings and shoulders in the first har-
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Figure 5-35 A first harmonic spectrum of TEMPOL.
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monic spectrum indicate that the hyperfine structure exists. A
second harmonic spectrum extracts the EPR signal from the sec-
ond harmonic component of the field modulated signal. The sec-
ond harmonic spectrum can help to resolve some of the structure
of the EPR signal.

To acquire a second harmonic spectrum you need to have the
signal channel calibrated for the second harmonic. (See
Chapter 2 of the Elexsys E 500 User’s Manual: Advanced Oper-
ations for details.) Open the Parameters dialog window. Select
2 in the Harmonic box of the Signal Channel folder. (See
Figure 5-36.)

= Acquisition Parameters

Signal Channel l Absc. 1: Feld l Microwave l Scan l
Detection l Signal 1/Q l Double Modulation l Double Mod. Signal I!Ol
Calibrated: [~ Receiver Gain [dB]: | 72 %II

Modulation Frequency [kHz]: I 100.00
Modulation Amplitude [G]: I 0.10

Modulation Phase: I 0.0 Bp Time [s]: I 83.89 j
Harmonic: | 2 x| Offset [%]: | 0.0 %l

Harmonic Jstant ms]: I G j
Selection | e [ms]: I #1.92 j

Box

Quadrature Detection: _ | Quad Detection Phase: | 90.0 %II

Close |

Setup Scan | Help |

Figure 5-36 Selecting second harmonic detection.
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Ny
~ =
/@\
To acquire a dispersion
spectrum you need to

use a Bruker dispersion
bridge.

You can acquire a second harmonic spectrum now. Figure 5-37
shows the second harmonic spectrum of the same sample in
Figure 5-35. The hyperfine structure of the EPR signal is much
better resolved. The second harmonic spectrum is not a disper-
sion spectrum although it looks a bit like one. Actually it is the
second derivative of the absorption curve.

ik | FS| M £5] ¥ [<no Secondary> #45] % <no Resutt> | ¥ [<no qualifier-
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Figure 5-37 A second

harmonic spectrum of TEMPOL.
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Time Scans 5.6

Not all radicals are very stable: in fact most are very reactive
species and will disappear via chemical reactions. Many people
are interested in the kinetics of these reactions. The Xepr soft-
ware has many of predefined experiments to suit your needs. A
Time Scan experiment is the one to study the time behavior of
such changing systems. The magnetic field is kept fixed at a
specified value and the EPR signal intensity is monitored as a
function of time.

Acquiring a Field Swept Spectrum 5.6.1

The first task is to acquire a field swept spectrum before acquir-
ing the time scan. This spectrum is usually acquired under
steady-state conditions or before the chemical reactions have
started. The purpose of acquiring a field sweep spectrum is to
find where to fix the magnetic field for the Time Scan experi-
ment. Create a 1D field sweep experiment. Give it a name that
you can easily recognize. In this example, we call it “field”.
Select appropriate parameters and acquire a spectrum.

Creating a Time Scan Experiment 5.6.2

It is convenient to open two viewports when both a field sweep
and time scan need to be monitored. Create a new viewport by
clicking the Viewport button in the menu bar and then clicking
on New Viewport 1D. Click the Unlink button so that you can
display the field sweep in one viewport and the time scan in the
other. Create a new experiment and assign a name for the time
scan experiment such as Time. Select Time for Abscissa 1 and
None for Abscissa 2. (See Figure 5-38.)
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= Build Experiment

Experiment Hame I Time

- Temp. Unit - Goniometer i Gradient Unit

C.W. ENDOR Calib Fgtan Fnngs
Abscissa 1 I Time j
Abscissa 2 I Hone j

Ordinate I Signal channel j

Create | Cancel | Help |

Figure 5-38 Defining a time scan experiment.

Linking Two Experiments 5.6.3

In order to determine where to set our static field we can utilize
the Linked Experiments function, a specially designed function
in Xepr. You can link two experiments together by sharing a
common parameter value. In this example, the common parame-
ter is the field position. You can define how two experiments
link together, e.g. which parameter two experiments share. After
two experiments are linked together, the common parameter in
one experiment will be automatically determined by the other
experiment. Let us practice this function in the Time scan exper-
iment. Click Acquisition in the menu bar and click Create
Experiment Link. (See Figure 5-39.)
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Figure 5-39 Creating an experiment link.
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A dialog box will appear asking which parameters and experi-
ments you want to link together. (See Figure 5-40.)

| = agExpCreatelink

Link Direction | -» |- <-»

Source Experiment I field

Source Parameter I FieldPosition

Destination Experiment | Time

Destination Parameter [ [StaticField |

oK

Cancel | ain |

Figure 5-40 The dialog box for linking two experiments.

The Link Direction allows you to choose whether this link is a
one-way (-->) or two-way (<-->). Click on one-way link for this
experiment. Select the field sweep experiment name as the
Source Experiment (“field” in this example). Select Field
Position as the Source Parameter. Select the time scan exper-
iment name as Destination Experiment (“Time” in this exam-
ple.) Select Static Field as the Destination Parameter. Click
OK to close the dialog box. The next step is to set the field posi-
tion in the field sweep experiment so that the static field in the
time scan experiment will be automatically set. Click the view-
port selection bar of the Viewport containing the field sweep
results. Click FS to bring the spectrum to full scale. Click the
X-marker tool and select Field Position in the dialog box. (See
Figure 5-41.)
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= agXMarkerfoof
Experiment Hame | field j
X Parameter | FieldPosition |j
0K . Cancel ain |

Figure 5-41 Selecting an X-marker.

A marker will appear in the active viewport. Place the cursor
where you would like the static field to be. This action replaces
the default static field value of the time scan experiment with the
magnetic field position of the X-marker in the field sweep exper-
iment.

Once the static field has been selected, we must switch from a
Field Sweep to a Time Scan. Click the viewport selection bar
of the Viewport containing the Time Scan experiment. Select
Time as the current experiment from the Experiment List.
Make sure that the Activate button is engaged. Open the
Parameters dialog box and set the other parameters such as the
Conversion Time and Time Constant so that they are appro-
priate for the time scales to be encountered with the chemical
reaction. (See Figure 5-42.)
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= Acquisition Parameters

Signal Channel l Absc. 1: Time l Field l Microwave l

Scan

‘ Sweep Time [s]:} 5366.71 j Humber Of Points: I 6192 j

Figure 5-42 Setting parameters for the time scan experiment.

There remains one more task before we can acquire the time
scan: we must turn the Automatic Offset off. The Automatic
Offset option subtracts the average value of the spectrum at the
end of a scan. This feature is convenient for field sweep spectra
because the average value should be zero if you sweep through
the complete EPR spectrum. Subtraction of the average value
therefore makes double integrations easier. A zero average value
is not necessarily true for a time scan. You may also want to
know the ratio of the initial and final intensity, which would be
impossible if the average value were subtracted. To disable the
Auto Offset option, click the Scan tab and click the Off button
next to Auto Offset. (See Figure 5-43.)
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= Acquisition Parameters

Signal Channel l Absc. 1: Time l Field l Microwave l Scan l
futo Scaling: “0n + Off Humber Of Scans: |1 =
=]
Replace Mode: > On -~ OFf Scans Done: I i]
Auto Offset: ~ On Accumulated Scans: I 0

Close | i

Figure 5-43 Turning Auto Offset off.

Acquire the time scan by clicking the RUN button in the Acqui-
sition Control section. There may be a slight offset, particularly
if your signal is very weak. Acquire another spectrum “off reso-
nance”. This can be easily done by changing the Static Field
with the Field Position marker in the Field Sweep experiment.
Store the “on resonance” Time Scan first. Click the selection
bar of the field sweep Viewport. Move the Field Position
marker off the EPR peak to the base line. Click the selection bar
of the time scan Viewport and acquire the “off resonance” spec-
trum by clicking RUN. Subtract it from the first Time Scan to
obtain a baseline corrected result.
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Figure 5-44 A time scan of a rapidly decaying radical.
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Performing 2D Experiments 5.7

Using the Xepr software you can perform experiments in which
a second parameter (e.g., in addition to the magnetic field) can
be varied. For example, you can perform a set of experiments in
which the power is increased incrementally over several succes-
sive field scans. Alternatively, you might perform several con-
secutive experiments in which the temperature is ramped either
up or down between each field scan. You can then display the
2D dataset in various ways in Xepr. This section describes how
to use the Acquisition function to create a 2D experiment and
how to display it. The procedure is most easily described by per-
forming an example experiment that investigates the response of
the strong pitch spectrum to microwave power.

1. Insert the strong pitch sample. Place the strong
pitch sample into the cavity and tune the spectrometer as
described in Section 3.2, Tuning the Microwave Cavity
and Bridge.

2. Open the New Experiment dialog box. Click the
New Experiment button in the Experiment Definition
section. The New Experiment dialog box will then
appear.

3. Define a 2D experiment. Name the 2D experiment.
Select Field as Abscissa 1 and Microwave power as
Abscissa 2 in the drop-down list. (See Figure 5-45.)
Click OK to close the dialog box.
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= Build Experiment

Experiment Hame I ZDdemo

C.W. ENDOR Calib Fgtan Fnngs

Abscissa 1 | Aeld

Abscissa 2 | Hone

- Temp. Unit - Goniometer i Gradient Unit

E

Al

Microwave power
R.F. (ENDOR)
Field (EIE)

Ordinat]

Y

Modulation frequency
Create [Modulation amplitude
Modulation phase
Receiver gain

Receiver time constant

Select

Microwave

Power

Figure 5-45 Defining a 2D experiment.

4, Open the Acquisition Parameters dialog box.
Click the Acquisition Parameters button to open the
dialog box.

5. Set parameters. Follow the instructions in Chapter 3

to select proper parameters. You can use the Setup Scan
to help you determine proper parameters. Figure 5-46

shows a sample set of parameters.
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Performing 2D Experiments

Figure 5-46 A sample set of parameters.
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6. Set the Acq Fine Tuning option. Select Each Slice
Scan. The acquisition software will perform a fine tune
before acquiring each slice of the 2D spectrum. (See
Section 5.4.1for more details.) This option is particularly
important when changing the microwave power or chang-
ing the orientation of the sample with a programmable
goniometer because the frequency and coupling can

change.
= Aequisition Paramelers
Signal Channel l Absc. 1: Field l Microwave l Scan l Absc. Z: MW AtLtL. l
Attenuation [dB]: [ 25 = Power [mW]: | 0.000 =1
uB] ~] [mw] X

b
Acy Fine Tuning:f Each Slice Scan ﬂ

Never

Figure 5-47 Selecting the fine tune option.
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Set the Abscissa 2 parameters. Click Absc. 2: MW
ATT. Set the Start Value to 0 db, Increment to 2 db,
Number of Points to 31. This setting allows you to
acquire a 2D spectrum of total 31 slices with a step size of
2 dB in microwave power. The Settling Time is a delay to
wait for the instrument to stabilize. Select a sufficiently
long settling time to stabilize the acquisition environment.
We use 1000 ms in this example. (See Figure 5-48.)

= Acquiisition Parameters

Increment [dB]: | 2.0

User Sweep Data [dE]:

Signal Channel l Absc. 1: Fi

Start Value [dB]: I 0.0 7 Step Value

Humber Of Points: | 31
Settling Time [ms :IWUU 3 type: Ramp u =1
s (sl | Set the Number —— S

Starting
Microwave pave 1 Scan 1 Absc. 2: MW Att. l
Power
Falue [dB]: I 0.0 ill
ﬁ Count down [ms]: I 0
%' Hyhax:k:

of Points to 31

|-

Figure 5-48 Sample parameter settings of Absc. 2: MW Att. for acquiring a 2D

dataset.

Set the Current Value of the microwave attenuation to
0 dB. Recheck the matching to make sure it is critically
coupled. Leave the Fly Back button unselected. If it is
green, it will set the attenuation back to the initial value
after the acquisition. Leave Ramp type as Ramp Up. It
will increase the attenuation by the increment you have
set. If you set it to Ramp Down, it will decrease the value
by the increment you set. Click Close to close the Acqui-
sition Parameters dialog box.
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8. Click on Run to acquire your 2D data set. This will
initiate the first of 31 scans with the power decreasing (or
the attenuation increasing) in units of 2 dB between each
scan. You will notice the scan number updating on the
scroll bar of the Viewport (See Figure 5-49.) You can
scroll up and down to see one slice at a time after the
acquisition finishes.
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T Y
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Figure 5-49 Acquiring a 2D spectrum.
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Display the data as a 2D Transparent Plot. Click
on the Property menu of the Primary section and then
select transparent as the Display Type. The 2D spec-
trum will be displayed as in Figure 5-50.You can see all
the slices as well as the projections on the X and Y axes.
You can tilt, rotate, and adjust the lens angle of the 2D
transparent display. Click Properties in the menu bar and
then click on 2D Perspective. (See Figure 5-51.)

Hio  Aqesition  Processiog  Viowports  Properties  Optiens

Holp

Projection

&zl g :ILI ) o e Y YT o R ] O Y Y on X Axis 4]

| ] o st

—— |k

Projection
on'Y Axis

dofut || suingelect

[Datasut hasind: [ sewak

|65 e P e ) 1

v|m-m 1Dpsiie]

Frog, (GHe): [9.772000 a: [ 3600 vioad (i) [300m TN T

[Lavemed " Power ) [0.2002

nf TH: Fewt 41| e T T

2o]ofF =

Aten. pin): [30.0

Figure 5-50 A 2D transparent display.
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. Display Range...
I 2D Z-Range...
- Individual Scaling...
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Slice Direction... Lens Angle I 30 L3
HE Boe Mumbey
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£8 Lpvel- Qurvg.
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£1F Qurve- Denlar.

£1F Cofar- Boheme

2D Projection-Type...

2D Perspective...

Dataset’ﬁistory...

| Dataset Menus -
i Background Color...
| Panel Properties...

Panel Position...

Figure 5-51 Changing the 2D Perspective.

A dialog box appears allowing you to adjust the tilt angle,
rotation angle, and lens angle interactively. After you
have optimized the display angles click the Set button.
(See Figure 5-51.)
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10. Display the 2D dataset as a Density Plot. Some-
times, displaying a 2D dataset as a Density plot can help
you analyze the data. Click the Property menu of the Pri-
mary section and select density from the Display type
list. You should see a display like that in Figure 5-52.
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Figure 5-52 A density plot of a 2D dataset.
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11. Display a 2D dataset as a Contour Plot. You may
need to display the 2D dataset as a contour plot. Simply
click the Property menu of the Primary section and
select contour from the Display type list. The 2D dataset
will be displayed as a contour plot. (See Figure 5-53.)

Figure 5-53 A contour plot of a 2D dataset.

[= " BAtKER Xepr =

£ - Aapaltin - Erocenthig . Upiports: Propietiey | Opties i
S o e T e T T e

s o] v T B | > ooy B v [ L[
- e

ok Pcking...

Intagration. . A

g [ —1 000
Window Function.,.

Filtoring .. Biaiad
e =
M

n_I“J“.m. . oR — “sn — .,;q, . .’;n. — .,‘;w e ’m - ]m - .lsm. . 352“ . .as.w
Micrwive Aten jii) \iuport 1 (Primary) Footl ] Mitonsity )
dofut || autnSelect (B Bevak
el elmEm =i == ol X
s;::::n [ Operate Fro. [GHz]: [9 77197 a: [ 3600 Fient [ [3230 000 1 1 1
[Trveied " Power i [0z00 | o e 1 L S
ilili"E |c.l"¢-| mn.wn]-.|m r--| FTan:hH:[ Dioda Curront fuA]  Lock Offset %] Recerver Lowel %]

5-64

Co>)
BRURER
[ -



Performing 2D Experiments

12. Display a 2D dataset in different styles at the
same time. You can display the same dataset in different
styles at the same time. Just create as many viewports as
you need. Activate each viewport and set the display type
you want for that viewport. (See Figure 5-54.)
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Figure 5-54 Displaying a 2D dataset in various styles.
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Data Processing Tutorial 6

This chapter contains useful and helpful hints to get the most out
of the data processing capabilities of the Xepr software. In the
previous chapter, we focused on acquiring spectra. Here is the
opportunity to explore some of the data processing features. The
tutorial is not meant to be an exhaustive treatise on all details of
data processing. Instead, it is a starting point from which you
can explore the capabilities of the software.

The first topic covers data handling including data input, output,
and the data table. The following topics describe basic data pro-
cessing functions such as baseline correction, peak picking, inte-
gration, curve fitting, and spectra algebra. The chapter ends with
the concept of data history employed in Xepr.
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Data Handling 6.1

Data Input 6.1.1

Xepr can read two types of EPR spectra, the BES?T® data files
and ESP format data files. The BES3T® data files include two
files for each spectrum, the .DSC file and .DTA files. The .DSC
file is an ASCII file containing all the parameters for the spec-
trum. The .DTA is a binary file containing the spectrum data.
The ESP data files include two files for each spectrum, the .par
file and the .spc file. The .par file is an ASCII file and contains
all the parameters of the spectrum. The .spc file is a binary file
containing the spectrum data.

Loadsin ir! a Click File in the menu bar and select Load or click the Load
BES“T" File  putton in the tool bar. (See Figure 6-1.)

Import ESP...

Save...

Export ESP... Import
Export ASCIL... ESP
Dataset Table... Files
Load3 o Print Viewport...|
BES T Setup Printer...
Files Bt |

Figure 6-1  The File menu.
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N/
x@/

The filename is actu-
ally used by the file
system of the operat-
ing system. The title is
part of the descriptor
file and can be much
more descriptive than
the filename. It makes
finding and identifying
spectra easier.

A dialog box will appear. (See Figure 6-2.)

Double Click to
Parent Directory
Contents of this Group

‘noise’

Click to
Select the

Double Click to
Child Directory

Brief Des-

cription of Data File Path of
the Selected Cgrrent
Data File Directory

fusripeopless freprFiles/Datasst iData

File I cusignal.D3C -1 show Filenames
Load | k  Gose | Name of the
File to be -

Load File Loaded
Button

Figure 6-2  The load data set dialog box.

Select the subdirectory where the spectrum is stored. Double
click the subdirectory name to enter that subdirectory (the child
directory). Double clicking on the two-dots brings you to one
level up (the parent directory). You have the option to show
either the spectrum title or the file name. By default the title of
the data set is displayed. If you click on the FileNames button,
all the spectrum files with extension .DSC in the selected subdi-
rectory will appear in the box. (See Figure 6-3.)
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Click the spectrum file title or file name and then click Load to
read the spectrum into Xepr. Alternatively you can double click
the file you want to load. After loading all the spectra click

Close to exit the dialog box.

Shared Datasets

|=. vpload
Group Contents of this Group
oo cunoise.D3
Examples cusignal.DSC

Files Listed
as Filenames

Click to
Show File-

names

File |

Path I fusripeoplefzuserfzeprriles/Dal AT DHT
Lkshow Flenames

Load |

Close | Help |

Figure 6-3  Showing file names.
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Data Handling

Reading in an Click File in the menu bar and then Import ESP. A dialog box
ESP File  appears listing available ESP data files. Select the correct path to
find ESP data files. (See Figure 6-4.) Click to select the file and
then click Load to import the spectrum into Xepr. For ASCII
data files, you need to convert the ASCII file to ESP format and
then you can read them into Xepr. WIN-EPR can convert ASCII
files to ESP format.

|.=. vl oadESP

Group Contents of this Group
SpectriDa 2
Spectrila
Spectriza
SEectﬂ Ja
Spectrza
Spectria
Spectrda
Spectraa
Spectrba 7

ESFP-Dataset

Path | iusripeoplefzuserizeprAiles/Dataj
File I Spectria.par -1 show Filenames
Load | Close Help

Figure 6-4  Importing an ESP file.
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Data Output 6.1.2

To save data in BES3T® format, click File in the menu bar and
then Save or the Save button in the tool bar. (See Figure 6-5.)

Load... Export Data
Import ESP... to ESP File
Save...

Export ESP../

Save BES3T®
File Button

Save Data Export ASCIL...

to BES3T® Dataset Table...

File Print Viewport... Export Data
Setup Printer... to ASCII File

Exit

Figure 6-5  Saving a spectrum data file.

A dialog box appears in which you can choose to save the data
set from Primary, Secondary, Qualifier, or Result by clicking
the corresponding button. Enter a new title in New Title. Select
the desired directory or path to save your data. The path you
select to save the data files will appear in the Path box. You can
make a new directory in this dialog box. Enter the new directory
name after the path. Make sure you have permission to write to
the path. Click the Create button to create a new directory.
Enter a file name without extension in the File box. The soft-
ware will automatically add the proper extension for you. Click
Save to save and exit the Save dialog box. (See Figure 6-6.)
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= upSave

Dataset |A Primary |v Secondary |K Qualiﬁerl RV Result|

New Title I 2Dpowert)_1
Group Contents of this Save the
- Data from —————

Enter a
New Title

TN T

Select a “testignAutoProcess’
Directory “testignfutoProcess’
‘zeroCross’

Zerocross’
‘ZBrOCHDSS”

Path of the
Enter a Data File
Filename
'u%fxeprﬁlesmataﬂest Create

Save
Button _I show Fleng fes

6t to replace or type a news path/ffile Make a New
Directory

Save | Cancel | Help |

Figure 6-6  Saving an Elexsys data file.

If you want to process the data using Win-EPR or other software
you need to export the spectra in either ESP format or ASCII
format. Click File in the menu bar and then Export ESP or
Export ASCII. The dialog box that appears has the same format
as that for saving BES’T® files except the title of the window is
either vpSaveEsp or vpSaveAsc. (See Figure 6-7.) Follow
the above instructions regarding entering the title, path, and file
name, and then click Save to export the file and exit the dialog
box.
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= vpSavelsp

Dataset |A Primary |v Secondary | -~ Qualiﬁerl “ Result|

Mew Title | test
Group Contents of this Group

| | (empty)

Examples

Path |!usrfpeupIefkuserfxeprﬁlesmatafsharedData

File I . -1 show Filenames

Save | Cancel Help

Figure 6-7  Exporting a dataset as an ESP file.
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The Data Set Table 6.1.3

Open Dataset
Table

All the spectra data sets read into Xepr or acquired and
stored/saved in Xepr are listed in the Dataset Table. The
Dataset Table is where you can organize datasets and obtain
information regarding the datasets. These datasets can also be
found in the Data List of the viewport. To display the data in the
list, click the Data List of either Primary or Secondary dataset
of the viewport and select the spectrum you want to display.

Click the Dataset Table button in the tool bar or click File in
the menu bar and click Dataset Table. (See Figure 6-8.)

Import ESP...
Save...

Export ESP...
Export ASCIL...

Dataset Table...
Print Viewport...
Setup Printer...

Exit

Figure 6-8  Opening the Dataset Table.

The Dataset Table will open. The first column of the Dataset
Table is a list of numbers called the Dataset Handles. Each
Dataset Handle is assigned to each dataset when it is input into
Xepr memory. Some Xepr functions refer to the dataset by its
Dataset Handle. By default there are four other columns listed
as Class, Filename, Title, and Size. The Class indicates
whether the dataset is a 1D spectrum or 2D spectrum. The icon
of a regular EPR signal indicates that the dataset is a 1D spec-
trum as the datasets #1 to #4 shown in the Dataset Table of
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Data Handling

Figure 6-9. The contour plot icon in Class indicates that a
dataset is a 2D spectrum as in dataset #5. Filenames are also
listed. Those which have been stored but not saved yet are listed
as <unsaved>. All the titles of the datasets are listed in the next

column. The size of the dataset is listed in the last column.

Figure 6-9

| = Xepr Datasets In Memory

File Edit Properties Options Help
# Class  Filename Title Size

1* Pk <unsaveds  Testl 1024

2% Pk <unsaveds Test2 1024

3* Pk <unsaveds  Test3 1024

4 [k gband2 Q- Band oxygen reduced pressure 6192

5 ruby ruby single crystal rotation 1024%, 180y

[ mixing methanol radical in mixing cell resonator  1024x, By

Handle

7 gband1 Q-Band oxygen ambient pressure 1024

Number of

the Dataset

The Dataset Table.
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Data Handling

File Menu of the In the Dataset Table you can input and output datasets. Click
Dataset Table  File in the Dataset Table menu bar and select the command
you want to execute. (See Figure 6-10.) To save or export, you
need to click the dataset you want to save in order to highlight it.
You can also display the description of the highlighted dataset.
The description includes all the parameters used during the
acquisition. You can take a look at the numerical data by click-
ing Show Data.

| = Xepr Datasets In Memory

File Edit Properties Options Help
Load... Title Size
import ESP... UGS )
- Test2 1024
Reload (current) Test3 1024
Save (current) Q-Band oxygen reduced pressure 8192
ruby single crystal rotation 1024, 180y

RETD) ({EIE) (B methanol radical in mixing cell resonator 1024, 8y

Export {current) ESP... @-Band oxygen ambient pressure 1024

Export {current) ASCII...

Show Description ...
Show BES3T .DSC ...
Show Data ...

Delete Dataset...

Close

Figure 6-10 The File menu in the Dataset Table.
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Data Handling

Edit Dataset Table

You can edit the Dataset Table by clicking Edit in the Dataset

Table menu bar. (See Figure 6-11.) You can duplicate the
dataset by using Copy and Paste. You can remove selected
datasets from the Dataset Table or Remove All the datasets in
the Dataset Table. You can check or modify the dataset struc-
ture such as Title, Byte Sequence, and other descriptions.
However, if you want to modify the dataset or add a description

you can only do so with a copy of the original dataset.

| = Xepr Datasets In Memory

File

Figure 6-11

Edit Properties

Options

Help

Byte Sequence ...
Axis Hame/Unit ...

Add to Description ...
_— 1

#  C cut (current) 'tle
1 P a5t
Caoy current:
z pp OPL(wrnt) [
3+ s Paste 2513
4 M pemove —Band oxygen reduced pressure
5 e by single crystal rotation
: Remove all ‘y gle cry
[ =
Sort Datasets ...
Title ...
Item Format ...
———— Ahscissa Type ...

| radical in mizing cell resonator

- Band oxygen ambient pressure 1024

Size

1024

1024

1024

8192
1024%, 180y
1024%, 8y

The Edit menu in the Dataset Table.
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Data Handling

Properties of the
Dataset Table

You can customize the Dataset Table by clicking Properties in
the Dataset Table menu bar. (See Figure 6-12.) You can
choose which dataset properties you want to display in the table
by selecting the View items. In addition to the listed features,
you can define what to show in the Dataset Table by using
UsrDef. For example, click Options in the menu bar and click
User Defined Column 1. A dialog box appears in which you
can select an item from the list, CMNT, for example, as the fea-
ture you wish. Click Properties, View, and UsrDef1 and the
comments will be listed in the Dataset Table.

‘ = Xepr Dalasels In Memory

File Edit Properties I Dptions Help
__________ i _
# Cass  Fl View FF=-==-=-= Size
1" pidek: <U Data Path 7 Class 1024
Pl T Type 1024
- Secunty...
37 bk e it 1024
4 Pk b Panel Position... d pressure 8192
5 S ney—mmymn | lename g, 1024x, 180y
6 [EE  mixing methanc I” Title ng cell resonator 1024z, 8y
Fi gband1 Q- Band[E= TR T it pressure 1024
I~ Size
Date/Time
UsrDefl
UsrDefZ
UsrDef3

Figure 6-12 The Properties menu in the Dataset Table.
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Baseline Correction

Baseline Correction 6.2

Baseline correction is often used when the baseline fluctuates or
there is a broad background signal. Here is an example of how to
correct the baseline in Xepr.

1. Load the spectrum. Load the spectrum needing base-
line correction. Display it in the Primary dataset.

= ORUKER Xepr <10

Hie fcgtion  Pricessing  Virwpirls  Pojerties  Dptiens Holp

Blfs| 0] Aly| 2u|ria] 2 22fie]ie] o] S| em]zel 1| | 1| Al A2 8] wi: 8] ofin] g

o ro] v A | v sewar- ey v

15 000 —
10 i)

3000

<1000 |
-‘sm—‘
<210 000 -

- 1 1 T 1 T 1 1 | 1 i I
ﬂﬂﬂ 3430 3480 3 450 3460 3am 3 480 340 3 500 350 3520 3530
. 1 )

ot | T Tl =T

Figure 6-13 A spectrum requiring baseline correction.
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Baseline Correction

In Figure 6-13 we loaded a TEMPO spectrum with a
broad background signal.

2. Start the Baseline Correction Task. Click the Base-
line Correction button in the TASKS menu to launch the
Baseline Correction Task. (See Figure 6-14.)

TASKS

Baseline Correction...

Peak Picking... I
Integration... I
Fitting... I
Window Function... I
Filtering... I
User Buttons I
Save Status I

Figure 6-14 Launching the Baseline Correction Task.

Baseline

Correction
Button

3. Select the desired method. There are two methods
Xepr uses to correct the baseline: Polynomial and Spline.
Polynomial uses zeroth to 9th order polynomial functions
to simulate the baseline. We shall use the most commonly
used method, polynomial functions. (See Figure 6-15.)

BASELINE

Polynomial... I

Spline...

| Ec- |
Retum I

Figure 6-15 Selecting the method.
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Baseline Correction

Click Polynomial to enter the submenu for polyno-
mial baseline correction. (See Figure 6-16.)

BASELINE POLY

Define Region I

Start l]th Order

1st Order

Define
Region

an Order

3rd Order I
4th Order I
ath Order I
6th Order I
7th Order I
Subtract
Gth Order .
—I— Line
OK | [swose |

Subtract Line (-)

Return to
main menu

0K I
g
Help... I

Figure 6-16 The menu for polynomial baseline correc-
tion.

4. Define the Region. You need to decide which part of
the spectrum is considered baseline. Click Define
Region and move the mouse pointer to where the base-
line starts. (See Figure 6-16.) Click on the left mouse but-
ton and drag to where this part of the baseline ends. A
qualifier appears and covers the region you selected as
baseline. (See Figure 6-17.)
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(= ke e SIL]
Hb et Picessing  Vinkpots  Projerties  Optisns e
R R e e P e e e P e [ R P
e mrr. . B BTt D
S —— —
Doie faghe | 8
morer | o0
It Ordor |
______—__HM gsm.: B
Lgow | P
S e
anomer | .
i;n.m | 10000 |
Suitract Liow () | s
= | ] I.
o Qualifier |
;ﬂ,ﬂ "- 340 34 1450 360 1am 30 340 3800 3810 1520 1530
s 1 Lid )
| [Erwfing basstinn rigion wits Inft mowss bitton [ o] bruik

Figure 6-17 Defining the baseline regions.

Click the Define Region button again to select another
region of the spectrum you consider as baseline. Repeat
this procedure until all the baseline regions are selected by
the qualifier. (See Figure 6-17.)
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Baseline Correction

5. Select the best polynomial function. Click on one
of the ten polynomial functions (Figure 6-16) to see
which polynomial function fits the baseline best. The fit-
ted baseline is displayed in the Result dataset. (See
Figure 6-18.)

[= BAUKER Xepr sl
Hio  Acgsstion  Pocossing  Viowports  Pogerties  Optins Lop
Bl ] alv| owwi] 2]z o] 8] =lse] ] o | -] Ala]afa] 8] vz 8] o))
snseune oty - | rs] v ETEI || v [ seconeys _viv | 8] v fuusecomrt 11| ¥ fromaogons
.._5“._..| s u
ORI
ST | ] Fitted
_|"‘%:"—'I . T T Baseline
At Oedor ] e
J il d ]
7;."” | :nm-:
Subtract L (-) | i
Tae] M
mm-: \\\‘
I 5 0 5 . 5 T S S S U
gy Wwpas [
darmait || [Use "Sutitract lew” tn subitract this basnling [ [e] Bk

Figure 6-18 Selecting a function to fit the baseline.
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Baseline Correction

6. Subtract the baseline. After you find the best fitting
polynomial function, click Subtract Line (-). (See
Figure 6-16.) It will subtract the fitted baseline from the
original spectrum. (See Figure 6-19.)

(= B Repr i)
filo  Acpdsition  Processing  Mewpons  Properties  Opians Hop
e e o o e T Y

wanerors o] v N | [ e BT LU vfeanorn

il

Result
Spectrum

15 000 —

i

2
§

SRR ¥4l

B
'g
|g§§
c

3000

7
H

k
|
|
|

s I
000} |
_,,.,.,.._E | / \/
o]

T S P = I T ) s S T A T T S 2

e ewwan [
datuust || | Lo ] Brunkc

Figure 6-19 The results of the baseline subtraction.
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Store the result. If the result is satisfactory, click OK.
(See Figure 6-16.) A dialog window will appear: fill in
the title name and click Store to store the baseline-cor-
rected spectrum. (See Figure 6-20.) If the result is not
satisfactory, click Start to restart. (See Figure 6-16.)
This button clears both the qualifier and the result.

| = upSiore

Title I haseCorr:1

Enter or modify title under which Result shall be stored

Store | Cancel Help

Figure 6-20 Storing the result.

Baseline correction for 2D dataset. Xepr allows you
to fit the baseline for all slices of a 2D dataset. Load a 2D
spectrum in the Primary dataset. Select the common base-
line area for all slices by using the Define Region. Click
one of the polynomial function buttons. A dialog box
appears in which you can select either current or all in the
Slice box. (See Figure 6-21.)

|.=. prifathOrder

Fit-Function: y =ax™4 +b2"3+ 2+ dx + e

Fit | Close | Setupl Help |

Figure 6-21 A baseline correction for a 2D dataset.

If you select all, Xepr fits and corrects the baselines of
each slice of the 2D dataset. If you select current, only
the current slice displayed will be fitted and the single fit-
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Baseline Correction

ted baseline will be subtracted from each slice of the 2D
dataset. Clicking Fit executes the fitting routine. The
Setup button opens a dialog box allowing you to config-
ure the fitting routine. (See Figure 6-22.)

| = prFitSetup

Algorithm |" marguardt |v powell | + simplex

Rel. Stop Cond. I 0.001 J'
Abs. Stop Cond. |1e—1? J'

Result Param. |v in_Box |" in_Dialog |v dont_show

Param. Report ~ ho

Popup User Fn. |“* yes |- no

Show Residual |- yes | no

Set | Cancel | Help

Figure 6-22 Setup of the fitting routine.

9. Return to the main menu. Clicking the Return button
will bring you back to the TASKS menu. (See
Figure 6-16.)
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Peak Picking

Peak Picking 6.3

Determination of peak positions is critical in EPR spectral analy-
sis. The Peak Picking routine in Xepr offers you a convenient
and powerful means of finding your peaks.

1. Load a spectrum. Display the spectrum you want to
analyze in the Primary dataset of the active viewport.

2. Enter the Peak Picking task. Click Peak Picking in
the TASKS menu. (See Figure 6-23.) A submenu for
Peak Picking replaces the TASKS menu.

TASKS

Baseline Correction... I

Peak Picking...

Integration...
Peak

Picking
Button

Fitting...

__Peak Poking..._ |
__integration.._ |
_ muwng. |
_ Pt |
_ Usermutions_ |
__savestaus |

Filtering...
User Buttons

Save Status

Figure 6-23 The Peak Picking task.
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Peak Picking

3. Click the Pick button. Click Pick in the Peak Picking
submenu. (See Figure 6-24.)

PEAK PICKING

Start I

Define area

Pick

Add Peak

Pick Remove Peak I
Button

Show Histogram I

Show Humeric I

Show Report I

oK

| o ]|
Retum I
| T |

Help...

Figure 6-24 The Peak Picking menu.

;\@/ - The Peak Picking results will be displayed in the view-

port. The left side viewport in Figure 6-25 displays the
We have created picked peaks of the spectrum. The right side viewport dis-
another linked view- plays the zoomed-in area of the left viewport spectrum.
port and zoomed in on
a portion of the spec-
trum to view the results
a bit better.
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Peak Picking

MM |ﬂ ¥ I:nu Secondary> 1.2,3.1 EIﬂExpenment:Z Jﬂxnu Qualifier

16 000 ] #1687 3428,48, 16504 J 1t
N #14: 3423.64, 14365 2000~
14000 1
12 000 107 349,15, MR 3430,79, 41621 1
] #93 3407, 100K | 3429, 94, 10899 1 500
10 000 1
] N #I: 3409,263, 1224
8000 1
1 1 000
B #16:f 2h27,3) du1e ] 25 406,608, 774
] PRI #i3; 3438,08,_ 4655 E 3 3404,787, 73FC0 Bk
] : B i i 343628, d239
40001 L p e R o)
B 81| 215,54, g b |2k
1 500
2 000 — wi sadaLPHAIL 16 #fas|3439,88, 1637
] HLEZIATHRR ST L1 T e fitesmagesrane
— el B4 4l 0,73} 119
0 i ¥
] 0
-z 000
-4000]
-6 000 ~o00
-8 000
-10 000 ~1000
-12 000
-14000] =iEmS
-16 0001 1 4
I A L o B e e e AN o — T T T T T T
Jﬂﬂ 3 400 3410 3 420 3430 3440 3450 Jﬂﬂ 3404 3 406 3408 3410
Intensity [] #1: Experiment:1 on E500 (1 0f 1) [Fiew (6] mtensity #2: Experiment:1 on E500 (1 07 1) Field [6]
default || autoSelect [Press “Start’ or "Return” - [ ez | [

Figure 6-25 Peak Picking results.
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Peak Picking

4. Peak Picking dialog box. In addition to the peak pick-
ing results, a dialog box will also appear in which you can
select more specific options to find your peaks. If you
have a 2D spectrum you have an option to pick peaks on
the current slice or apply the operation to all the slices.

Select
Type

Select
Slice

brPeakPjs /

Type | + peak | + trough |" hoth | + terivative |

Agorithm [ win |+ dist]+ distold|+ allj\
X-Resolution I 1.58 () '
¥-Resolution I 118.49309

o % Algorithm
’Resolution’ parameters have no effect for *

Select

Fick |

Close

Change
| Resolution

Figure 6-26 The Peak Picking dialog box.
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Peak Picking

5. Select the Type. You can choose to pick the positive
peaks only (peak), the negative peaks only (trough), both
upper and lower peaks (both), or zero-crossing point of
the peak (derivative) by selecting the desired Type. In
Figure 6-25, only the upper peaks are picked because
peak is selected. If you click the both button in the Type
menu, both upper peaks and lower peaks are picked. (See

Figure 6-27.)

| 5] ¥ [<no Seconary-

EIEIH Experiment:2

_| ®[<no quanfier-

16 l]l]l]—i #3071 342548, 15904 B it
7 4281 2423,64, 14368 2000
14 000 — 1
12 ooo—] #2901 7419.19. HAEd 3431.78, 11621 :
] #LE I LA 249,94, 10699 1 500
10 000 1
] 1 #61 340,263, 1224
8 000 1
] 1 000
60007 4az:| 3pez.3] duie ]
] TR : 4 . 21 2406608, 774
1 12 FLed FHE: T " 1§13, 3435, 98,4699 #1z 3404,767, 737
4000 33336, 853 4
1 #16 4
] 500 —
2 000 gy 2Bt El T 1
1 BTGB BATIE 7 i
0] 1
] 0
-2000 J
] HE T ]
n #5247 b E 4
-4000— #RLE3E: 12%,E’T A I L P e
-6 000 -s007
-8 000} ] #23 33054003, TR 3400 fpea, -s20
| -1 000—
-10 I]I]I]—_ 4197 34476} - 242007, -10704 ]
] #21; 34d9l4, - F: 3432, -11454 i
-12 noo— i #73 3ava.fra, —1329
~14000-] #29; 3423.B8, -14184 -1 500—
b ¥31; 2428]7, -15107 4
-16 000 1 H
Ly B L ey S B B B s B L A
Jﬂﬂ 3 400 3410 3 420 3430 3440 3450 Jﬂﬂ 3404 3 406 3408 3410
Intensity [| #1: Experiment:1 on ES00 (1 of 1) [Fiew (6] mtensity #2: Experiment:1 on ES00 (1 of 1) Field [G]
default || autoSelect [Press “Start’ or "Return” - [ ez | Gk

Figure 6-27 Picking both peaks.
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Peak Picking

6. Change the resolution. The X- and Y-resolutions set
the threshold for picking the peaks. In Figure 6-27, the
small peaks are still not picked. Reduce the Y-Resolution
by turning the knob counter-clockwise in the dialog box.
(See Figure 6-26.) The small peaks will now be picked by
the Peak Picking function. (See Figure 6-28.)

MM |ﬂ v I:nu Secondary> 1.2,.3.||E| ¥ IExpenment:Z Jﬂxnu Qualifier>

16 000 — #ddy 342645, 16504 e it
1 #39: 3423.64, 14365 2000~
14000 1
12 000 #253 3418,15, 4 343,75, 11621 ]
] #27z 27.30. e 3az0,94, 10899 1 500
10 000 1
] 1 #1313 2409.263, 1229
8000 1
1 1 000
6 000— = prPeakPick 3 .
] g ¥37 3404,707, 7373 FH06.608, 774
4000 slice wall 1
1 Type [+ peak [+ trough[# botn [ dervative| 500|
2 000 — J
3 Algorithm [ win | dist| . distold | - al ] .
0 = [—
] X-Resolution | 1.56 4] b
] ~ ) 0]
-2 000 — J
] ¥-Resolution | 115.49309 c ’ i
-4.000] 1
] ion” parameters have no effect for all’ 4
-6 000 heean|
| Pick Close Help 1
-8 000} ] #43 F4054PO3, TR 3406 Jpea, g2
] -1 000—
-10 I]I]I]—_ #4281 3417L - 3430,L7 16704 &
i #3037 341914, — F; 343F, -11454 4
12 000 ] 4 #14: 3400479, 1323
_]4000; #4073 3423.B8[ 14184 -1 500
] #4Z3 34267, -15107 1
-16 000 1 H
e 15 T [ e e e L e e et e e
Jﬂﬂ 3 400 3410 3420 3430 3440 3450 Jﬂﬂ 3404 3 406 3408 3410
Intensity [| #1: Experiment:1 on E500 (1 of 1) [Fiew (6] mtensity #2: Experiment:1 on E500 (1 of 1) Field [G]
default [ autoSelect [Press “Start’ or "Return” - [ ez | Gk

Figure 6-28 Changing the resolution.
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Peak Picking

7. Define the Peak Picking area. If you are only inter-
ested in the peaks of only a specific area of the spectrum,
you can define the area for the peak picking function.
Click Start in the Peak Picking menu to restart the peak
picking process. Click the Define Area button. A rectan-
gular qualifier appears. (See Figure 6-29.) Resize the
qualifier to fit the area where you want to pick peaks and
then click the Pick button. The peaks within the area you
defined are now picked.

16 l]l]l]i #a: 3425,483, 15504

] #31 3423,862, 14368
14 000—

12 000 e se ] #61 F47L.78, 11621

] e P S #5: 3429,959, L0693

10 000
8 000
6000

4000

2000

]
-2 nnn—i
740005
-6 nnn—f

-8 000

-10 000 ]

-12 000

14000

-16 000 ]

L s L B B Byt B B By B B B B
Jﬂﬁl 3395 3 400 3405 3410 3415 3 420 3425 3 430 3435 3 440 3445 3 450 3 455
Intensity [] #1: Experiment:1 on ES00 (1 of 1) Feld [G]

defautt || autoSelect I N s

Figure 6-29 Defining the Peak Picking area.
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Peak Picking

8. Add and Remove Peaks. When dealing with multiple

species or noisy spectra, it is difficult to pick only the
peaks you want by adjusting the resolutions or qualifier
area. Add and Remove Peak allow you to add the peaks
that the program missed or remove the unwanted peaks.
Click Add Peak (or Remove Peak) in the Peak Pick-
ing menu. Move the mouse pointer to where the peak is
and click the left mouse button. The peak will be added
(or removed). (See Figure 6-30.)

16 000
14 [I[I[I—f
12 nnn—f
10 uuué
Bﬂﬂﬂ—f
Eﬂﬂﬂ—i
4nnné
znnn—f

0]

- uuué
-4uuu—f
-6 uuué
-8 nnné

-10 uuué

-1z nnné

-14 000

-16 000 ]

Peak
Added

#G; 3425,483, 16504

#a: 3423,662, 14368

#3p 3419,186, 11724 #73 243,78, 11621
#23 3417,368, 10914 Hep 3429,959, 10699

#1: I\ 084, 4467

A s

Intensity [

T
3335

[T T T T
3 400 3 405

LB DAL b B ey T
3410 3415 3420 3425 3430 3435 3440 3445 3 450 3455
#1: Experiment:1 on ES00 (1 of 1) Field [G]

default |

autoSelect

F ,T | ynak

Figure 6-30 Adding a peak.
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Peak Picking

9. Show a Histogram. You can select to display the peaks
picked in numerical (default) or histogram format. Click
Show Histogram in the Peak Picking menu. The num-
bers will change to vertical bars. (See Figure 6-31.)

EI ﬂ Experiment:2 J ﬂ.mn Qualifiers

2 000

1 500
1 000

500 —

-500—

-1 000—

-1500—

H

L LA B S e e B e e e e e e e A L
Jﬂﬂ 3403 3 404 3405 3 406 3 407 3 408 3409 3410
Intensity [| #2: Experiment:1 on ES00 (1 of 1) Field [G]

default I‘ autoSelect |Peaks are displayed as ‘columns” r W‘ braak

Figure 6-31 A Histogram display of the Peak Picking results.
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Peak Picking

10. View the report. Click View Report in the Peak Pick-
ing menu and a window with a list of all the picked peaks
appears. (See Figure 6-32.) You can save the results in an
ASCII file by simply clicking the Save button.

| = Contents of Peak List’
index Field [G1 Intensity [] j
1 3.40297e+03 1.81000e+02
2 3.40318e+03 =2.71000e+02
3 3.40479e+03 7.37000e+02
4 3.40500e+03 =7.88000e+02
5 3.4053de+03 =2, 20000e+01
[ 3.40553e+03 =8.70000e+01
7 3.40661e+03 7.74000e+02
8 3.40682e+03 =8.20000e+02
9 3.40713e+03 5.00000e+01
10 3.40735e+03 =1.65000e+02
11 3.40843e+03 2.31000e+02 /
J~ I
Close | Save Help On Selection

Figure 6-32 Report of the peak picking result.

A note will appear to remind you about the name of the
file where results have been saved. Click OK to continue.
(See Figure 6-33.)

| = Attention

@ GUlArrayDial “arrDial’: Saved in file xeprinfo.001

o] o

Figure 6-33 The filename of the result.
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Peak Picking

11. Store the result. Click OK in the Peak Picking menu
and a dialog box appears asking you under which title you
want to store the results as a dataset. You can store the
result for further processing. Clicking OK will automati-
cally bring you back to the main TASKS menu.

12. Return to the main TASKS menu. To exit the Peak
Picking menu you can click Return in the Peak Picking
menu.
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Integration

Integration 6.4

Integration is often applied to view the first derivative EPR
spectrum as an absorption spectrum. More importantly, double
integration is often used for quantitation.

Integration from the Menu 6.4.1

For a strong, clean EPR spectrum, integration or double integra-
tion can be directly carried out from the Processing menu.
Click Processing in the menu bar and then Diff & Integ. You
can select from Derivative, Integral, Integral (auto-baseline),
Double Integral, and Double Integral (auto-baseline). (See
Figure 6-34.)

Erucessingl Viewports  Properties  Options

Diff. & Integ. pIo sl B

Filtering . Derivative @

Algebra - Integral...

Peak Analysis - Integral {auto-baseline, @)
Double Integral...

Complex -

_ Double Integral (auto-baseline)
Window Funclions - .

Transformations -

Bvning -
Fitting -
Structure -
ProDel -

Automatic -

undo

Figure 6-34 Selecting Double Integration.

Auto-baseline means the process automatically applies a linear
baseline correction. It corrects the offset and slope of the base-
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line. Figure 6-35 shows an EPR signal and the result of a Dou-
ble Integral with automatic baseline correction.
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[Baselnn Conection... | 2o o0 -
Lipicnangs, | |
Integration... E
Ftting... I tsm—:
Wedow Fumction.,. 14000}
—IM'“ rzm—E
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smé uj
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Figure 6-35 Double Integral with automatic baseline correction.

The result is displayed as both a curve and a number. If the
dataset is a 2D dataset, the integration or differentiation can be
applied to all slices of the 2D dataset. You can also correct the
baseline manually by clicking Integral or Double Integral. A
dialog box will appear allowing you to change the Offset and
Slope. Clicking on the Integrate button will update the result
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with the most recent changes in the baseline adjustment. (See
Figure 6-36.)

|=. printeg?
Offset |—4u142.393 2)

Slope I 12 J'

Abaseline y = «offset> + x * <slope> is subtracted

Integrate | Close | Help

Figure 6-36 Manually adjusting the Offset and Slope of
the baseline.
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Integration from the TASKS Bar 6.4.2
You can also use the integral function in the TASKS bar.

1. Load the dataset. Load the spectrum into the Primary
dataset.

2. Start the Integration task. Click the Integration but-
ton in the TASKS menu. The Integration menu will
replace the TASKS menu. (See Figure 6-37.)

TASKS INTEGRATION

Baseline Correction...l Start I
Peak Picking... I Hormalize Spectrum I
Integration... I Full (1st) Integration I
Fitting... I Revert to input I
Window Function... I Define region I
Filtering... I Integrate I

User Buttons I Show Report I
Sawve Status I Select Integral I
Hormalize Result I

0K I
Retum I
Help... I
Figure 6-37 The Integration button and menu in the
TASKS bar.
3. Normalize the spectrum. The experimental parame-

ters such as number of data points, receiver gain, conver-
sion time, and sweep width directly affect the value of the
integral. Clicking Normalize Spectrum will normalize
the integral with respect to the parameters: number of data
points, receiver gain, conversion time, and sweep width of
the spectrum. Normalized integrals are easy to compare
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with each other even though they are acquired under dif-
ferent instrumental conditions.

Define the integration region. Clicking on the
Define Region button activates the integral qualifier. A
left mouse click sets the starting point of the integration.
Dragging the mouse pointer and then clicking with the left
mouse button sets the end point of the integration region.

[= " BAURER Xepr e
filo  Acopdsition  Processing  Mewpons  Pperties  Opins Holp
P 2 e o e e T Y
weoon ol v o] o] v R | | Y| s —[v s
At r
Harmaazs Spoctnan ] ;
Full (151) ntsgeation | om I
Ryt 10 1
et rgon |
Intograle 2
mowmper | ]
- = !W—:
| i
Hulp... | u-:
T A S = M ™ ™S TS ) e
e s [0
[ | [Dwfine mtngrd rgion with It mouse butien | beuik
Figure 6-38 Defining the integration region.
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The area between the two vertical lines is the integration
region. The horizontal line indicates the linear correction
for the base line. (See Figure 6-38.) You can change the
integration region and the baseline correction by dragging
the handles at the end of the line.

5. Integrate the spectrum. Click Integral. The region of
the spectrum you selected will be integrated once and dis-
played in the Result dataset. (See Figure 6-39.)

= [WILIKER Xepr
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Figure 6-39

The first integral of the selected region.
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6. Double integrate the spectrum. You can double inte-
grate the spectrum by applying the same process to the
integral you get from the above steps. To display the orig-
inal spectrum, the first integral, and the double integral in
the same viewport, first we need to transfer the first inte-
gral to the Secondary dataset. Click the Secondary
Dataset List and select <Result>. Click on the dataset
title label of the Secondary dataset to activate the Sec-
ondary dataset. All the operations will apply to the Sec-
ondary dataset now. (See Figure 6-40.)

Ii-a m-m- Procossing  Viowports  Properties  Options twu
Bl € a|v| ool 2 2ieie] o] 8 mise] o o -] Ala|a] 8] mid 8] o] g N
wcsnaon | 3] vfe i o v TR | v s | [
Full (131) ntogration R
Rarvert 10 gt ]
Défine rgon 00
sowmper | ]
seloct mtogral g
Harmatzn fesuit | 3
g i 400 -
wmum | o
RN R | 4 i | |
znu—; | I| I | | |
J'JLI !‘Im I I I l I l l I o
ety u—mﬂl—rw 161

Figure 6-40 The double integral of the selected region.
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Adjust the slope and the offset of the qualifier to fit the
baseline of the single integral. Click the Integral button in
the menu again. A double integral will be displayed in the
Viewport. Click Report to view the numerical result.
Click OK to store the result.

Select individual peaks for integration. You can
integrate each EPR peak separately with Xepr. Click
Define Region and move the qualifier to cover the EPR
peak you want to integrate. Click Define Region again to
get another qualifier to cover another peak. Repeat this
procedure until all the peaks you want to integrate have
been covered by individual qualifiers. Adjust each quali-
fier to fit the slope and offset of the baseline. (See
Figure 6-41.)
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Figure 6-41 Selecting regions with individual qualifiers.
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8. Integrate the individual peaks. Click the Integral
button. Each area will be integrated separately. (See
Figure 6-42.)

REEZCHTE]

ﬂb

Figure 6-42 Integrals of individual region.
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9. Double integrate the individual peaks. You can

double integrate individual peaks as well. Click <Result>
in the Secondary Dataset List and activate the Second-
ary dataset. Adjust each qualifier to fit the slope and off-
set of the baseline in each area. Click Integral. The
double integrals of all the regions you selected will be dis-
played in the viewport. (See Figure 6-43.)
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Figure 6-43 Double integration of individual peaks.
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10. Normalization to one of the integrals. Quite often,
the relative ratios of the integrals is important in the data
analysis. (E.g. hyperfine patterns and quality of a spec-
trum.) You can normalize the integrals with respect to one
of the integrals to obtain these relative ratios. Click
Select Integral and then Normalize Result A dialog box
appears allowing you to select the integral for normaliza-
tion. (See Figure 6-44.) Click the up or down arrow to
select the integral. Click the Normalize button in the dia-
log box. All the integrals will be normalized with respect
to the integral you select.

| =| priorminteg

3
Integral I 3 7I|

Hormalize | Close | i

Figure 6-44 Selecting an integral to apply normalization.

Figure 6-45 shows the results for a DMPO/OH’ spectrum
and the normalization gives a 1:2:2:1 pattern.
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Figure 6-45 Normalizing with respect to the first integral.
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You can select any integral as the normalization integral.
Figure 6-46 shows the result of normalization with
respect to the third integral.

o] ) 2l ol

5]

Figure 6-46 Normalizing with respect to the third integral.
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Curve Fitting 6.5

You can fit the experimental curve with polynomials, lineshapes,
and exponential functions. Here we present an example of fitting
a first derivative EPR line using a Voigt function.

1. Load the spectrum. Load the first derivative EPR
spectrum into the Primary dataset.

2. Start the Fitting routine. Click Fitting in the TASKS
menu. (See Figure 6-47.) The TASKS menu will change
to a menu with a list of the fitting functions.

TASKS

Baseline Correction...l
Peak Picking... I
Integration... I
Fitting... I
Window Function... I
Filtering... I

User Buttons I
Save Status I

Figure 6-47 The Tasks menu.
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3. Select a BASELINE fitting function. In the BASE-
LINE menu, there are three types of fitting functions:
Polynomials, Lineshapes, and Exponentials. (See
Figure 6-48.) Click Lineshapes for this example and the
Lineshape Fit menu will replace the current menu.

BASELINE

Polynomials... I

Lineshapes...

Exponentials... I

Retum

Figure 6-48 The BASELINE menu.

4. Define the fitting region. The first thing you need to
do is to define the spectrum region to fit. Click the Define
Region button in the LINESHAPE FIT menu. (See
Figure 6-49.)

LINESHAPE FIT

Start |
Define Region I

Gaussian I
Lorentzian I
Mixture I
Gaussian Deniv. I
Lorentzian Deriv.

Mixture Detiv.

oK

Retum I
Help... I

Figure 6-49 The LINESHAPE FIT menu.
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It activates the qualifier so you can click on the spectrum
where you want to start and then drag to the place where
you want to stop.

5. Select the fitting function. There are six lineshape
functions you can choose. In this example we use Mixture
Derivative. Click the Mixture Derivative button and a
dialog box will appear for the fitting parameters.

6. Set up for fitting. You can set up the fitting options by
clicking the Setup button. A dialog box appears in which
you can select from three optimization Algorithms: mar-
quardt, powell, and simplex. You can define the Rela-
tive and Absolute Stop Conditions. You can select
where to display the resulting parameters, whether or not
to have a parameter report, and whether to show the resid-
uals. Click Set after you chosen your options.

| = prFitSetup

Algorithm |" marguardt |v powell | + simplex

Rel. Stop Cond. I 0.001 J'
Abs. Stop Cond. |1e—1? J'

Result Param. |v in_Box |" in_Dialog |v dont_show
Param. Report
Popup User Fn.

Show Residual |- yes

Set | Cancel | Help

Figure 6-50 Setup of the fitting options.
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7. Select the fitting parameters. (See Figure 6-51.) You
can choose whether or not to fit the amplitude, x offset
(resonant magnetic field value), line width, and the per-
centage of the gaussian lineshape (gauss-character) by
clicking the yes or no button. Xepr provides a set of ini-
tial values for the fitted parameters.

| = prFitDVoigt

amplitue IW J
fit amplitude
% offset IW J
it  offset
width IW J
it width
gauss-character W J
fit gauss-character

Simplified Fit- Function {cf. Help):

¥ =a" (c* dGauss + (1-c) * dLorentz)

Fit | Close | Setupl Help |

Figure 6-51 The fitting parameters.

6-50 ajGien



Curve Fitting

Fit the curve. Click Fit in the fitting parameters dialog
box. The result will be displayed in the Result dataset.
(See Figure 6-52.) If you are not satisfied with the results,
you can manually change these parameters by either turn-
ing the turning knobs or typing in numbers and re-running
the fit. If you are satisfied with the result you can click
Close to exit the fitting parameters dialog box.
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Ho fysston rocessing  Vinwparts  Pmjerties  Optiens ol
o 1 o e T e Y
s r5] v T | | v{w s |5 v e L |y s
| [

Dofine Rogion I 1 00

- |
T R
Larvtzian Do, Ll {\

ax il /
— o

ST | R {,’} \

e 1 PUND IO SN
{
Y \ /
= 1 /'
\. f
\ /
-m-‘ \/
Jﬂil !nlﬂ! !-’E 3'&3 !-I‘l !*ﬁ !-Iﬂ Siﬂ !-Jﬂ ldlﬂ !IIN 34'?! !-II'E !-:J'! !‘I“ !ll'l! !nll'ﬂ !;TI' GIIIB
Intemsity [ Fl) &)
| |ntact Nitting region with lefl meuss bution [ [e] Eruk

Figure 6-52 The fitted curve.

Elexsys E 500 User’'s Manual: Basic Operations

6-51



Curve Fitting

9. Return to the TASKS menu. Click OK in the LINE-
SHAPE FIT menu. A dialog box appears asking if you
want to store the fitting result. Click Return to return to
the TASKS menu.
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Spectrum Algebra 6.6

A commonly required operation for data processing is adding,
subtracting, multiplying or dividing two spectra. Here we shall
subtract two spectra (A and B) from one another in order to sep-
arate one species from a multicomponent spectrum.

1. Load the spectra. Load spectrum B into the Primary
dataset and spectrum A into the Secondary dataset.

2. Start the process. Click Processing in the menu bar
and then Algebra. Select Primary - Secondary. (See
Figure 6-53.)

Erucessingl Viewports  Properties  Optior

Diff. & Integ. = *_iléll*_zllfz =

Filtering Bl 0 80 20:a

Algebra EE=S==s========+
—, Constant Operation...

- f{ordinate}...

Peak Analysis
Complex

Window Functions - e

Primary - Secondary...
o .

Transfor

Primary * Secondary...
]

Bvnng

Fitting . Primary { Secondary...
Structure -

ProDeL -

Automatic -

undo

Figure 6-53 Launching the Algebra function.

3. Adjust the parameters. A dialog box will appear and
allow you to change the parameters of this operation. You
can change the Gain of the Secondary dataset (i.e. how
much of the Secondary is subtracted from the Primary).
You can shift the X-axis (X-Shift) of the Secondary
dataset to align both spectra. You can also stretch
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(X-Stretch) the Secondary dataset so that the scale of
the X-axis matches that of the Primary dataset. Click
Subtract in the dialog box and the resulting spectrum of
the subtraction will appear in the Result dataset. (See
Figure 6-54.) You can store or save the result by using the
Store or Save As commands from the File menu.
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Figure 6-54 Subtracting the Secondary dataset from the Primary dataset.
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Data Processing History 6.7

Xepr records the data processing history and appends it to the
descriptor file. You can view the history of the dataset by double
clicking the dataset title label or selecting Show Description or
Show BES3T.DSC in the File menu of the Dataset Table.
(See Figure 6-55.)

| = Xepr Datasets In Memory

File Edit Properties Options Help
Load... Title Size
import ESP... Ead 1024
- pad:1 1024
Reload {current) pad:int2 1020
Save (current) pad:intl 1020

pad:int_2 699
9 DMPO_0S9 1024
Export (current) ESP... pad:1 1024

Export (current) ASCII... pad:base 1024
D B )

Save (current) As...

Show Description ...
Show BES3T .DSC ...
Show Data ...

Delete Dataset...

Close

Figure 6-55 Seclecting Show Description from the File menu of the Dataset
Table.
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A window displays the contents of the dataset description. It
includes the records of the original dataset and the MANIPULA-
TION HISTORY. The MANIPULATION HISTORY indicates

the Xepr commands used as well as the associated parameters. It

= Description of pad.double’
HANIPULATION HISTORY {for conplete history, use "ddBES3T"} S
Input Dataset *fusr/peopleswuser/weprFiles/Data/manual /padl”
Dperations Perforned prFit3thOrder
prDiff
Gain{5ec.} = 1,000e+00
®#=5hift{Sec.} = 0,000e+00
#-5S5tretch{Sec.} = 1,000e+00
prHornSpectrun
£
N i
Close | Save Help On Selection |

Figure 6-56 Manipulation History in the dataset description.

not only provides the information of how the dataset was gener-
ated and processed but also is a reference resource for writing
macros and ProDeL programs. (See Figure 6-56.)
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Additional Techniques 7

This chapter provides instructions for procedures that are routine
for some users, but may be infrequently encountered by others.
Specifically, the chapter will describe manually tuning the
Elexsys E 500 spectrometer, changing cavities, and optimizing
the AFC settings. We assume that you are already familiar with
the material in Chapters 3-6 before performing these additional
techniques.

Manually Tuning a Microwave Bridge 7.1

The Auto Tune routine of the Elexsys E 500 software is effec-
tive at tuning the cavity and bridge under most circumstances.
However, there are some circumstances where automatic tuning
may have difficulties. Lossy samples such as water can be prob-
lematic, particularly when you work at high microwave power
levels. Some cavities and resonators are not able to auto tune.
These instructions will help you to tune the spectrometer when
using these difficult samples or cavities without the auto tuning
feature.

Newer microwave bridges have solid-state (Gunn diode) micro-
wave sources while older bridges often have klystron microwave
sources. If you have an E 500 installed as an upgrade, you may
have a klystron. This section describes the manual tuning proce-
dure for both solid-state and klystron sources.

Visual Aids for Manually Tuning a Bridge 711
Xepr has a few visual aids that can help you to tune the bridge.

1. Logarithm Scale display of the cavity dip. When
the cavity Q is relatively low or there are severe micro-
wave reflections it is difficult to view the cavity dip. This
function can differentiate the cavity dip from other reflec-
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Manually Tuning a Microwave Bridge

tions. It employs a logarithmic display to make the cavity
dip easier to identify. Press the Log. Scale button in the
Microwave Bridge Tuning dialog box. The tuning mode
picture will be displayed in logarithmic scale. (See
Figure 7-1.)

= Microwave Bridge Tuning

Frequency:
« 171w
# Stand By Bias:
-+ Tune -« 1 >
 Operate Signal Phase:
A« 171 >
Auto Tuning:
~ Up + Fine
+ Down “* Stop Reference Arm:
A 0n -+ Off
5 Attenuation [dB]:
Dual Trace: _| ﬁ oo ﬁ
Loy. Scale: _|

Options |
Iris: Al 1' Monitoring

Monitoring

Button =D |

Figure 7-1

Helpful visual tools.

Monitoring tool. Sometimes the operator needs to stand
far away from the computer screen to change the coupling
and the normally sized meters for AFC, diode current, and
receiver level are too small to be seen. Click the Monitor-
ing button. (See Figure 7-1.) A floating frame containing
three meters will appear. You can enlarge the size of the
meters till you can see them clearly from a distance.
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Manually Tuning a Microwave Bridge

Manual Tuning Method 7.1.2

1. Open the Microwave Bridge Tuning dialog box. If
this window is not already open, click its button in the
monitoring panel. The microwave bridge tuning dialog
box will then appear. (See Figure 7-2.)

Escy] .
E"-E;Eél %I I I e Microwave J | \ll '-'| Hl Dl
Bridge
Tuning Tuning
Button Dialog
= Microwave Bridge Tuning Box Freq}lency
— Slider
Tune Frequency:
Button - (_|2 f~
# Stand By Bias:
+ Tune _4| 11 »>
+ Operate Signal Phase:
- —J Bias
Auto Tuning: Slider
o Up ~ Fine
+ Down “* Stop Reference Arm: |
Auto Tune hao ol Signal
Buttons Dual Trace: _| Eenuation [ = Phase
IR 60.0 1
Loy. Scale: _| =1 = Slider
Attenuation [® |
Iris: Al 1' Display fing |

=

Iris
Buttons

Figure 7-2

Help |

The Microwave Bridge Tuning dialog box.
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N/
\@/

Most new bridges have
solid-state sources. If
you have an old
klystron bridge and the
Stand By indicator is
red, wait a minute.
There is a time delay of
approximately three
minutes between the
time the console is
turned on and the time
the klystron can be
turned on. This allows
the klystron to warm up
sufficiently.

Switch the microwave bridge to Tune mode. The
bridge status indicator shows the three states or modes for
the microwave bridge, Stand By, Tune, and Operate
(See Figure 7-3.). In Stand By the power to the micro-
wave source is shut off. When you switch to Tune, the
source turns on and you produce a frequency sweep that
allows you to see the tuning dip for your cavity. Switching
to Operate causes power only at the resonant frequency
to be transmitted to the cavity. When you turn on your
spectrometer and connect to the spectrometer, it should be
in Stand By mode, which is indicated by Stand By
appearing in the Bridge Status Indicator and the Micro-
wave Bridge Tuning dialog box. (See Figure 7-2 and
Figure 7-3.) If you have been acquiring spectra already,
your bridge will probably be in Operate mode. Click the
Tune button in the dialog box to change to the Tune
mode.

| operate Freq. [GHz: [ 9.760 Q: [3400 Field [G]: [ 3411.400 1 1L
[tevettea Power m]: [2.002 ¥ Saussmeter [G]: AL | | ol = /
[caibratea Atten. [@BL: [z0.0 i FF-angn_l:/ﬁa Current Ju fer Level %]
1 Bridge Diode Recei
ecerver
Status Current Level
Indicator Meter
Figure 7-3  The indicators for the microwave bridge.
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Manually Tuning a Microwave Bridge

N1/

\@/

- —
The LEVELLED light
underneath the bridge
status indicator will turn
on when you switch
from STANDBY to the
TUNE or OPERATE
modes. The UNCALI-
BRATED indicator acti-
vates when you are in
TUNE and refers to the
detection diode. How-
ever, this is not a prob-
lem as the diode does
not need to maintain its

200 microamp setting in
the TUNE mode.

Set the microwave attenuator to 30 dB. The micro-
wave attenuation is set by clicking the arrows on either
side of the attenuation display. (See Figure 7-2.)

Turn the Reference Arm off. Click the Reference
Arm Off button. Having the reference arm turned off
makes finding the cavity “dip” easier.

Observe the tuning display on the monitor. This
tuning display shows the microwave power reflected from
the microwave cavity and the reference arm power as a
function of the microwave frequency. If the tuning display
resembles one of the displays in Figure 7-4, you have a
solid-state source bridge. If the tuning display resembles
one of the displays in Figure 7-5, you have a klystron
source bridge. It is important to know what source you
have in some of the tuning procedure steps.

Adjust the microwave power. If the mode pattern
amplitude is too small, increase the microwave power in 1
dB steps by decreasing the attenuation. If the mode pat-
tern amplitude is too large, decrease the microwave power
in 1 dB steps by increasing the attenuation.
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Figure 7-4

Tuning display for a
solid-state micro-
wave source.

a) Off resonance.

b) Slightly off reso-

nance.

¢) On resonance,
phase 180° off.

d) On resonance,
phase 90° off.

e) On resonance,
correct phase,
undercoupled.

f) On resonance,
correct phase,
overcoupled.

g) On resonance,
correct phase,
critically coupled.
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Figure 7-5

Tuning display for a
klystron microwave
source.

a) Off resonance.

b) Slightly off reso-
nance.

¢) On resonance,
phase 180° off.

d) On resonance,
phase 90° off.

e) On resonance,
correct phase,
undercoupled.

f) On resonance,
correct phase,
overcoupled.

g) On resonance,
correct phase,
critically coupled.
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Manually Tuning a Microwave Bridge

The resonant frequency
of most cavities is usu-
ally approximately 9.8
GHz.

A cryostat will drop the
frequency to approxi-
mately 9.4 GHz.

Tune the microwave source. Adjust the Frequency
slider bar to locate and center the tuning pattern “dip” in
the display monitor. The “dip” corresponds to the micro-
wave power absorbed by the cavity, and thus, is not
reflected back to the detector diode. By centering the
“dip” on the display monitor, the microwave source is set
to oscillate at the same frequency as the cavity resonant
frequency.

Clean the sample tube to be inserted into the
cavity. Wiping the outside of the sample tube with tissue
paper is usually adequate. It is vital to avoid contaminat-
ing the microwave cavity as paramagnetic contaminants
may result in spurious EPR signals or distorted base lines
in your EPR spectra.
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Manually Tuning a Microwave Bridge

VAN

Make sure that the
pedestal is not in the
cavity, as it can give
an EPR signal or
prevent proper tun-
ing.

Insert the sample tube carefully into the cavity.
(See Figure 7-6.) Make sure you have the appropriate
collet size for your sample tube size. The tube should be
slightly loose before you tighten the collet nut. The bot-
tom of your sample should rest in the indentation on the
pedestal. This ensures that your sample is centered hori-
zontally. If you have a small sample (less than 2 cm in
length), you should visually judge how far the tube should
go into the cavity in order to vertically center the sample
in the cavity. You can adjust the sample position by loos-
ening the bottom collet nut and moving the pedestal up
and down. Tighten the top collet nut to firmly hold the
sample tube in place and the bottom collet to firmly hold
the pedestal.

Collet and
Collet Nut

] Pedestal

Cavity |—° °

Figure 7-6 A Bruker ER 4122SHQ cavity.
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Manually Tuning a Microwave Bridge

10.

11.

12.

13.

Retune the microwave source. Repeat the procedure
of Step 7. You may notice a shift in frequency or change
in width and depth of the cavity “dip” when the sample is
inserted. This is an indication that the microwave field
patterns in the cavity are perturbed by the sample and
tube. Lossy or conductive samples will greatly perturb the
field patterns, resulting in large shifts in the resonant fre-
quency. Highly conductive samples tend to increase the
resonant frequency by decreasing the effective cavity vol-
ume. Lossy samples and other high dielectric constant
material will decrease the resonant frequency because of
their large dielectric constants.

Turn the Reference Arm on. Click the Reference
Arm On button. The Bias slider should be about in the
center to ensure that you have some microwave power in
the reference arm. (See Figure 7-2.)

Tune the signal (reference) phase. (Solid-state
Microwave Sources) While the “dip” is in the center
of the display, adjust the Signal Phase slider (See
Figure 7-2.), until the depth of the dip is maximized and
the “dip” looks somewhat symmetric. (See Figure 7-4.)
We shall fine-tune this phase later, but this procedure gets
us close to the correct phase. Proceed to Step 14.

Tune the signal (reference) phase. (Klystron
Microwave Sources) While the “dip” is in the center
of the display, adjust the Signal Phase slider (See
Figure 7-2.), until the shoulders on each side of the “dip”
appear to be approximately the same height and the “dip”
looks somewhat symmetric. (See Figure 7-5.) We shall
fine-tune this phase later, but this procedure gets us close
to the correct phase.
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Manually Tuning a Microwave Bridge
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Sometimes the AFC
meter may rush off
either to the right or left
and lose lock at 50 dB.
In most cases, the AFC
will lock again at higher
microwave power lev-
els. If the AFC does not
re-lock, switching
between Operate and
Tune modes and back
to Operate again at 30
dB attenuation will lock
the AFC once more.

NIV
\@/

Critical coupling results
in a maximum power
transfer between the
waveguide and the cav-
ity.It also means that no
incident microwaves are
reflected back from the
cavity. If the cavity and
waveguide are truly
matched, the reflected
microwave power seen
by the detector should
remain constant (i.e. 0)
when we vary the atten-
uation. This is the crite-
rion we use for critical
coupling.

14.

15.

16.

Fine-tune the microwave source frequency. Click
the Operate button in the dialog box to change to the
Operate mode. Adjust the Frequency slider until the
needle of the AFC meter is centered. You can locate the
AFC meter by referring to Figure 7-3. Sometimes the
needle may rush off to the right or left edges of the meter.
This happens when the AFC (Automatic Frequency Con-
trol) is no longer locked. If this happens, click the Tune
button to return to the Tune mode. Repeat Step 10. and
then try again.

Adjust the bias level. Change the microwave attenua-
tion to 50 dB. Adjust the Bias slider (See Figure 7-2.),
until the Diode Current meter needle is centered. You
can locate the Diode Current meter by referring to
Figure 7-3. The center corresponds to 200 microamperes
of diode current.

Match the cavity. For maximum sensitivity, we need to
critically couple (or match) the cavity to the waveguide.
The coupling or matching is varied by adjusting the iris
screw or coupling screw. Increase the microwave power
by 10 dB. (i.e. attenuator setting 40 dB). Click the Up or
Down iris buttons for the iris screw motor or adjust the
coupling screw on the cavity until the diode current again
returns to 200 microamperes. (i.e. The needle is centered.)
Repeat the procedure (-10 dB steps in the attenuator set-
ting and adjust the current to 200 microamperes with the
iris screw) until you have reached an attenuator setting of
10 dB. You will notice that as the microwave power is
increased, the diode current becomes more sensitive to the
position of the iris screw. Another thing you may notice is
that the AFC meter also changes with the iris screw posi-
tion. Simply adjust the frequency slider until the needle is
centered again.

Elexsys E 500 User’s Manual: Basic Operations
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There are usually two
Signal Phase settings
that work. If the slider
bar is very near the left
or right edge of the dis-
play, choose the setting
closest to the center of
the Signal Phase slider
bar.

17.

18.

Fine tune the Signal Phase. When you have reached
10 dB microwave attenuation, adjust the Signal Phase
slider until you achieve a local maximum in the diode cur-
rent. You should not have to adjust it very much. Verify
that you have achieved critical coupling by changing the
microwave attenuation from 10 dB to 50 dB with virtually
no change in the diode current. Repeat the matching and
Signal Phase adjustment procedures if necessary. If you
need to operate at power levels greater than 20 mW
(10 dB), set the attenuation to 0 dB and once again adjust
the diode current to 200 microamperes with the iris screw.
The current can sometimes drift because the high micro-
wave power starts to heat the sample. If this happens, wait
a minute or two and readjust the coupling.

An alternative way of matching the cavity. Follow
the instructions through Step 14. Set the attenuation to 50
dB. Turn off the reference arm by clicking the Reference
Arm Off button. The indicator of the Diode Current
meter should stay at the very left and the current should be
0 or very close to 0 (under 10 microamperes is accept-
able). Reduce the attenuation to 40 dB. If the diode cur-
rent increases, adjust the iris screw or coupling screw to
keep the diode current minimum. Continue to reduce the
attenuation and adjust the iris crew to keep the diode cur-
rent minimum until the attenuation reaches 10 dB. Set the
attenuation to 20 dB. Click the On button under the Ref-
erence Arm. Adjust the Signal Phase slider until you
achieve a local maximum in the diode current. Adjust the
bias so that the diode current is about 200 microamperes
or the indicator is centered. Change the attenuation to see
if the diode current changes. Adjust the iris screw to keep
the needle centered if the diode current changes. Verify
that you have achieved critical coupling by changing the
microwave attenuation from 10 dB to 50 dB with virtually
no change in the diode current.
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Changing EPR Cavities

/@\

If the Open Parameter
Panel button is grey,
you can not open the
Parameter dialog box.
Create or load an exper-
iment so you can open
the Parameter dialog
box.

7.2

We assume that the spectrometer is turned on, connected, and an
experiment loaded before performing the following operations.

1. Click the Activate button. If this button is not already
activated, click its button in the Acquisition Control Tool
section. (See Figure 7-7.) This button allows you to inter-
actively control the spectrometer when it is activated.

a0

Figure 7-7

Activate
Button

The Parameter to Hardware button.

2. Click the Parameter button. Click this button to open
the Acquisition Parameter dialog box. (See Figure 7-8.)

x| 5| B | om|
Parameter
Button
Figure 7-8  The Parameter button.
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3.

Set the modulation amplitude to zero. Click the
Signal Channel tab. Enter a value of 0.00 in the Modula-
tion Amplitude box. (See Figure 7-9.)

= Acquisition Parameters

Detection

Signal Channel

Modulation Frequency [kHz]: | 100.00 %II Time Constant [ms]: I 1.28 J
Modulation Amplitude [G]: | 0.00 %II Conversion Time [ms]: I 512 J
Modulation Phase: | 0.0 =1 Sweep Time [s]: | 5.24
=

Harmonic: | 1 = Offset [%]: | 0.0
= 2k =

Ahsc. 1: Field l Microwave l Scan l
Signal 1/0 l Double Modulation l Double Mod. Signal I!Ol
Calibrated: [ Receiver Gain [dB]: | 60 —I

L3

Quadrature Detection: _ | Quad Detection Phase: | 90.0 =

=

Close |

Setup Scan | Help |

Figure 7-9  Set the Modulation Amplitude to zero.

Setting the magnetic
field to the minimum
value avoids the risk of
magnetizing your watch
when changing cavities.

Set the magnetic field to the minimal value. Click
the Absc. 1:Field tab. Enter in a value of 0.00 in the
Sweep Width box and then a value of 0.00 in the Center
Field box.

Close the Acquisition Parameter dialog box. Click
the Close button of the Acquisition Parameter dialog
box. Click the Activate button again to exit the interactive
control mode.
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Changing EPR Cavities

st | P | B 2B GO

Tuning
Button

Open the Microwave Bridge Tuning dialog box. If
this window is not already open, click its button in the
monitoring panel. The button toggles the dialog box open
and closed. The Microwave Bridge Tuning dialog box
will then appear. (See Figure 7-10.)

wa| =y =

Exply

Microwave

Bridge

Tuning

Dialog
Box

= Microwave Bridge Tining

=

Up Iris
Button

Button

Stand By [

Frequency:

%S:and By

 Tune

+ Operate

Signal Phase:

] = »>

Auto Tuning:
~ Up + Fine

~ Down “* Stop

Reference

Attenuation
Display

Options

Iris: Y! Monitoring |

Down Iris
Button

Help |

Figure 7-10 The Microwave Bridge Tuning dialog box.
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Changing EPR Cavities

Not all cavities have a

\ M/
\@/

rapid scan cable.

10.

I1.

Switch the microwave bridge to Stand By mode.
(See Figure 7-10.) Click the Stand By button in the dia-
log box to change to the Stand By mode.

Disconnect any accessories. If a variable tempera-
ture dewar assembly is installed, disconnect the coolant
transfer line and the thermocouple connections from the
cavity.

Disconnect the modulation cable from the cavity.
This is the twin-ax cable labeled with a white connector
and attached to the front of the standard cavity. To remove
it, push the connector in, turn counter-clockwise and gen-
tly pull the cable away. (See Figure 7-11.)

Disconnect the rapid scan cable from the cavity.
Disconnect the 50 Gauss rapid scan cable if it is con-
nected to the cavity. This is the twin-ax cable labeled with
a yellow connector and attached to the front left of the
standard cavity.

Disconnect the nitrogen purge line from the port
on the waveguide. The port is half way down the
waveguide attached to the cavity. (See Figure 7-11.)
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Changing EPR Cavities

Iris
Motor

Waveguide

Screws

Waveguide
Gasket

Nitrogen
Purge
Port

Modulation
Cable

Iris
Screw

Figure 7-11  Connections on the ER 4122SHQ cavity.
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Store the lock nut in a
place where it will not
be lost.

12.

Disconnect the iris motor shaft from the iris
screw. First unscrew the lock nut from the iris screw. Lift
the shaft upwards to disconnect. Move the iris motor to
the side where it is out of the way. (See Figure 7-12.)

Iris u

Screw

Figure 7-12 Disconnecting the iris motor shaft from the

13.

1ris screw.

Disconnect the cavity. While grasping the waveguide
attached to the cavity with one hand, unscrew the four
waveguide screws joining the two sections of waveguide.
(See Figure 7-11.) Loosen the waveguide stabilizers by
rotating the screws and carefully remove the cavity from
the air gap of the magnet. (See Figure 7-13.) Take care
not to lose the gasket which was between the two wave
guide flanges. Remove the waveguide stabilizers. (See
Figure 7-14.) Seal the cavity with the solid collets and put
the cavity in a safe clean place.
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Changing EPR Cavities

VAN

Steps 16. and 21. are
used to set the limit
switches in the iris
motor. The limit
switches prevent you
from screwing the iris in
too far and thereby
breaking the iris screw.

b o8

Figure 7-13 Loosening the waveguide stabilizers.

14. Install the waveguide stabilizers on the new cav-
ity. (See Figure 7-14.) Visually position them just above
the magnet pole caps.

“Eh:

Figure 7-14 Removing/Installing the waveguide stabiliz-
ers.

15. Attach the appropriate size collet and pedestal
on the cavity.

16. Screw in the iris. Manually (By hand!) turn the iris
screw almost all the way in. The iris screw will stop rotat-
ing. Back the screw out at least one turn after it hits the
bottom. This will further decrease your chances of acci-
dentally breaking the iris screw during the tune procedure.
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Changing EPR Cavities

VAN

Make sure you connect
the modulation cable to
the MOD (modulation)
connector and not the
R.S. (Rapid Scan) con-
nector. Not all cavities
have rapid scan coils.

17.

18.

19.

Connect the modulation cable to the cavity. (See
Figure 7-11.)

Connect the 50 Gauss Rapid Scan cable to the
cavity. If you plan to do rapid scan experiments and there
are rapid scan coils on your cavity, connect the 50 G rapid
scan cable (the yellow twinax cable) to the front left con-
nector of the cavity.

Reconnect the waveguide sections and tighten
the stabilizers. Do not forget to install the waveguide
flange gasket between the two flanges; make sure it is ori-
ented correctly. (See Figure 7-15.) Position the cavity in
the center of the magnet air gap by moving the bridge on
the table. Carefully tighten the stabilizers. Be careful not
to stress the waveguide when expanding the stabilizers.
Reconnect the nitrogen purge line and adjust the flow rate
for a light flow.

Figure 7-15 Installing the waveguide gasket properly.

20.

Reposition the iris motor. Move the iris motor into a
position such that the iris motor shaft hangs freely in the
magnet. It should not be in contact with other objects.

7-20

Co>)
BRURER
[



Changing EPR Cavities

21. Lower the iris motor. Open the Microwave Bridge
Tuning dialog box. Click the Options button.

= Microwave Bridge Tuning

Frequency:

l 1 »
# Stand By Bias:
+ Tune ‘I JR | L
 Operate Signal Phase:

o JE >

Auto Tuning:

~ Up + Fine
+ Down “* Stop Reference Arm:

A 0n -+ Off
. : Attenuation [dB]:
buz Options = ) )
Lod | R =1

Options |

Iris: Al ! ! Monitoring |
Iris Up Iris Down
ﬁl Button Button ﬂl

Figure 7-16 Iris controls in the Microwave Bridge Tuning dialog box.

A dialog box for lowering the iris screw appears. (See
Figure 7-17.) Click the button next to Iris Run Down. A

= Options

Iris Run Down: _|
Closel Hain |

Figure 7-17 The Iris Control dialog box.
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The end of the iris
motor shaft should fit
easily in the top of the
iris screw. If it does not,

rotate the iris screw
until it fits easily.

message reminding you to disconnect the iris motor pops
up. Heed the message and then click the Yes button to
close the dialog box. (See Figure 7-18.) The iris motor
will turn until it reaches the lower limit. Click Close on
the Iris Control dialog box when the iris motor stops. You
can also manually lower the iris motor. Click and hold the
Iris Down button. In the Microwave Bridge Tuning dia-
log box (See Figure 7-16.), activate the Iris Down button
until the iris motor stops; this is the lower limit of the
motor.

| = Please decide

Iris motor disconnected?

Yes Ho |

Figure 7-18 Make sure disconnecting the iris motor.

22.

Reconnect the iris motor shaft to the iris screw.
The procedure here is like Step 12. performed in reverse.
Reposition the iris screw motor. Screw the lock nut on the
iris screw. Click and hold the up iris button in the Micro-
wave Bridge Tuning dialog box (See Figure 7-10.) until
the iris screw is approximately 0.5 to 1 cm. above the top
surface of the cavity body.
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Changing EPR Cavities

23. Read in the calibration file for the cavity. Click
Acquisition in the menu bar and then click Spectrome-
ter Configuration. (See Figure 7-19.) The Spectrome-
ter Configuration dialog box will then appear. (See
Figure 7-20.)

Hew Experiment...
Select Experiment...

Experiment -

Parameters...

Show Description...

Get Parameters From Experiment...

Get Par ters From Dat

Create Experiment Link

Remove Experiment Link

Microwrave Bridge Tuning...
Set Sample Info...
Spectmmetek':onﬁg_urati n...
Panel Froperties...

Auto Connect To Spectromete Spectrometer
Connect To Spectrometer... Confi guration
Disconnect From Spectromets Button
Auto- Post-Processing...

Chank Posb- Brnosasing

Set Parameters from Display

Tools -
Experiment Table...

Figure 7-19 The Spectrometer Configuration button.

Click the Signal Channel tab. In the Standard Calibra-
tion folder there is a box called Calibration Data Set.
Click the arrow to view the drop-down list. Select the
appropriate calibration file for your cavity and click the
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Changing EPR Cavities

Apply button at the bottom of the folder. This will auto-
matically load the calibration data you have selected.

9401 QT_LH
ENG01_w17230

[st9227

Figure 7-20 Selecting a calibration file.
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Changing EPR Cavities

Confirm that the calibration file is the correct one for the
cavity. The calibration file name usually consists of two or
three letters that identify the type of cavity (ST for
ER 4102ST or TM for ER 4103TM) followed by the
serial number of the cavity. This number is found on the
back or front of the cavity. Click Close to exit. If you can
not find the calibration file for the cavity you need to do
the calibration first. Follow the instruction in Chapter 2 of
the Elexsys E 500 User’s Manual: Advanced Operations
to create a calibration file.
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AFC Adjustments 7.3

AFC Adjustments for Low Power Operation 7.31

The AFC (Automatic Frequency Control) is the circuitry used to
“lock” the microwave source frequency to the resonant fre-
quency of the cavity. In most cases, particularly if the micro-
wave attenuation is less than 40 dB, the AFC works very well
without any need for fine-tuning. Experiments at low microwave
power require that you follow the instructions in this section to
optimize the AFC performance.

Please note that this procedure is not required for klystron
bridges. You can determine the type of bridge you have by look-
ing at the model designation on the front plate of the bridge. A
model designation containing a G, for example ER 041 XG, indi-
cates a microwave bridge with a Gunn diode microwave source.
In contrast, a bridge with a model designation with a K, such as
ER 041 XK, has a klystron microwave source.
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AFC Adjustments

1. Set the FINE AFC potentiometer to zero. The
potentiometer for the AFC can appear in two different
locations on the bridge depending on when your bridge
was manufactured. (See Figure 7-21.)

FINE AFC

Fine
AFC
Pot.

Model
Designation

(<)
BROKER  ER041 X6 MICROWAVE BRIDGE X - BAND
()

ER 047 PH
BROAD

J
Fine
AFC
Pot. ]
® ® OOOOOOO®
TeBrae o333

= ©

=) i (ICROWAVE
0000000  cecx |8 ® ®
ooooooo 0 5o & o
000 ® ©
O O O FINE AFC
o oo - NG)
8 oo

AFC OFF O O O ACCESSORY 8 OOO

FREQUENCY
COUNTER

@ (s ]®

® e Mg ® ® ® RS2
| o |
= 5 !
Figure 7-21 Two possible locations for the Fine AFC potentiometer.

2. Tune the microwave bridge. Follow the procedures in
Section 3.2 for automatic tuning or Section 7.1 for man-
ual tuning. The frequency, bias, phase, and iris screw
should be adjusted so that the needles of the AFC and
Diode meters remain centered as the microwave attenua-
tion is changed from 10 to 40 dB. (See Figure 7-22.)
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oo ol 1de oo 160
-, 8301 -1,176
Lock 4ffset [3x]  Receiver Level [%:]
AFC
Meter

Figure 7-22 The location of the AFC and diode current meters.

3. Switch the microwave attenuation from 40 dB to
50 dB. The AFC meter may drift to the right or left. (See
Figure 7-23.)

24,32
Lock Offset [%]

Figure 7-23 The AFC needle drifting towards the right.

4. Increase the microwave attenuation slowly.
Increase the attenuation in 1 dB increments between 50
and 60 dB until you observe a significant deflection of the
needle. (See Figure 7-24.)

Lock Offset [%]

Figure 7-24 A significant AFC needle deflection.
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If you record the FINE
AFC potentiometer set-
ting at that microwave
frequency, you need not
perform this whole pro-
cedure every time you
use low microwave
power levels.

Adjust the FINE AFC Potentiometer. Turn the knob
until the AFC needle is once again centered in the AFC
meter. (See Figure 7-25.)

24, 32

Lock Offset [%]

Figure 7-25 Centering the AFC meter.

Verify that the AFC needle remains centered. Vary
the microwave attenuation between 10 and 60 dB (or 80
dB for high dynamic range bridges). Also, the needle may
rush off to the left or right at low powers because the AFC
loses lock. In most cases, the AFC will lock again at
higher microwave power levels. If not, switch to Tune
and back again to Operate at 30 dB attenuation to lock
the AFC once more. Now increase the attenuation using
1 dB steps. Repeat Step 2. through Step 6. until the nee-
dle remains centered.

Record the microwave frequency and FINE AFC
potentiometer setting. This setting is microwave fre-
quency dependent and reproducible. Because only the
insertion of a cryostat substantially shifts the microwave
frequency, you will typically only need a setting for a cav-
ity with and without a cryostat.
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AFC Adjustments for Optimal Sensitivity 7.3.2

You need proper AFC gain and modulation level settings in
order to achieve optimal sensitivity. Improper AFC settings may
make it difficult to lock the frequency or it may introduce extra
noise. The proper AFC settings depends on your cavity, your
sample, and any accessories you may be using. Usually one
AFC setting covers a relatively large locking range of the micro-
wave source without introducing extra noise. However, in cer-
tain cases such as experiments using a liquid nitrogen finger
dewar or changing from a low Q cavity to a very high Q cavity,
you may need to optimize the AFC gain or modulation depth.

1. Turn on the spectrometer and tune the bridge.
Turn on the spectrometer if it is not turned on yet. Set up
any accessories (i.e. finger dewars or variable temperature
systems) you will be using and insert your sample. Tune
the bridge and cavity.

2. Adjust the initial AFC settings. There are two param-
eters to set, the AFC gain and modulation level. (See
Figure 7-26.) You can set the AFC gain via a flip switch
allowing you to select between X1 or X1/8. To start with,
set the AFC gain level to 1/8 for high Q cavities such as
ER 4122SHQ cavities and ER 4119HS cavities and set it
to 1 for lower Q cavities such as the ER 4102ST cavity.
The AFC modulation level is adjusted via a knob scaled
from 1 to 10. Turn the AFC modulation level knob to 1.
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Figure 7-26 AFC adjustments for optimal sensitivity.

Create a new experiment. Create a 1D CW field scan
experiment.

Open the Acquisition Parameter window. Click the
Activate button and then click the Parameter button to
open the Acquisition Parameter window.

Open the Setup Scan window. Click the Setup
Scan button to open the Setup Scan window.

Activate the Setup Scan function. Click the Setup
Scan button in the Setup Scan window. Set the Sweep
Width to 0. (See Figure 7-27.)

Adjust the parameters in the Acquisition Param-
eters dialog box. Set the time constant to 0.08 ms or
less. Set the magnetic field far from any EPR signal.
Increase the microwave power. For non-lossy samples,
you can increase the power to 0 db. For lossy samples,
increase the power until you see the Diode Current start-
ing to drift. You may also have to adjust the receiver gain
and offset so that the noise trace is vertically centered in
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the window and the noise is easily visible. (See
Figure 7-27.)

= Setup Scan

Setup Scan:

{7 Sweep Width [%]: I 0 ill Setup Scan SCT: In j

i

Figure 7-27 A Setup Scan of a noise trace used to adjust the AFC gain.

Increase the AFC modulation level. Gradually
increase the AFC modulation level by turning the knob.
(See Figure 7-26.) Watch the noise trace closely in the
setup scan window when you increase the AFC gain. (See
Figure 7-28.) If the knob is turned to maximum and the
noise level is not increasing, turn it back to minimum and
flip the AFC gain switch to 1. Then increase the modula-
tion level again by turning the knob. If you observe an
increase in the noise level as you increase the AFC modu-
lation depth, turn the knob back until the noise level no
longer decreases. This is the optimal AFC modulation
level you can set for that cavity with that sample. You
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may need to turn the potentiometer knob back a unit or
two to make sure no extra noise is introduced by the AFC.

Figure 7-28 Too high of AFC gain causes extra noise.
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Helpful Hints 8

This chapter contains useful hints for getting the most out of
your Elexsys E 500 spectrometer and its hardware. The first half
of this chapter advises you on what to do if you do not observe
an EPR signal from your sample. The second half of the chapter
covers optimizing the performance of the EPR spectrometer for
your particular sample and operating conditions. It is assumed
that you are familiar with the material presented in Chapter 2
and Chapter 3.
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Hints for Finding EPR Signals

N/

Cryostats shift the reso-
nant frequency of the
cavity and hence the
frequency of the spec-
trometer to a lower
value. The field for res-
onance of the signals
will therefore occur at
lower field values than
you would expect for a
cavity without a cry-
ostat.

8.1

Make sure that the spectrometer is functioning
properly. If you followed the directions of Chapter 3, this
should not be a problem. There are many common mistakes.
Is the modulation cable connected properly to the cavity and
console? Is the waveguide gasket installed properly? Is
everything turned on? Advice on troubleshooting is pre-
sented in the next chapter.

Scan over the correct magnetic field range. If you do
not sweep over the correct magnetic field range, you will
miss your signals. This mistake occurs quite often when
using a cryostat in the EPR cavity. Consult literature refer-
ences to determine approximate g-values for the species in
your sample. You can then estimate and choose the appropri-
ate magnetic field for your sample by using the following
formula:

B, = %-v [8-1]

where v is the microwave frequency in GHz, g is the g factor,
B is the magnetic field in Gauss. Most organic radicals will
have a g-value of approximately 2. This corresponds to a
field for resonance of approximately 3480 Gauss at a micro-
wave frequency of 9.78 GHz. Metal ions can have large
departures from g = 2 as well as large zero-field splittings,
making it difficult to guess where the resonance(s) might
occur. Performing a wide scan in your initial experiment will
maximize your probability of finding the EPR signal.
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Hints for Finding EPR Signals

Finding an EPR signal. Sometimes you may have diffi-
culty finding the EPR signal from an unknown sample or a
sample you are not familiar with. Here we provide two exam-
ples of parameter sets that are useful for finding EPR signals
from unknown samples that you suspect will consist of either
an organic radical or a transition metal ion, respectively. (See
Table 8-1.) These parameters are by no means optimized, but
they will serve to help you find the signal. After you find the
EPR signal you need to reset the field center and scan range.
(See Section 3.3 or Section 5.5.) You also need to optimize
your EPR signal using the method described later in this
chapter. If you still cannot find the signal you may have to
adjust parameters such as the microwave power, modulation
amplitude, scan time, etc.

Parameter Ig;giacr;ilz Metal lons
Microwave Power (mW) 10 10
Center Field (G) 3480 3100
Sweep Width (G) 300 6000
Receiver Gain (dB) 70 70
Modulation Frequency (kHz) 100 100
Modulation Amplitude (G) 4 4
Time Constant (ms) 327.68 327.68
Conversion Time (ms) 327.68 81.92
Resolution in X (points) 1024 4096

Table 8-1

Recommended parameter sets for unknown samples.
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Hints for Finding EPR Signals

N/

If you do not know
what type of signals to
expect, try a variety of
parameter value combi-
nations.

Make sure your sample is positioned correctly in
the cavity. Only the central region of the cavity contributes
significantly to the EPR signal. If you place the sample suffi-
ciently out of this region you may not detect a signal.

Use an appropriate microwave power level. Using
more microwave power does not necessarily result in a more
intense EPR signal. Saturation can occur. (See Section 2.1.4
and Section 8.2.) Organic radicals in non-viscous solvents or
many samples at cryogenic temperatures are susceptible to
saturation effects. Try running the EPR experiment at several
different power levels.

Use appropriate signal channel parameters. The
parameters should be optimized for the type of signal to be
expected. (See Section 8.2.) If you get a straight noiseless
line for a spectrum, the signal channel may be overloaded.
The needle of the Receiver Level meter will be pegged on
either side of the meter. If this occurs, change the offset to
bring the needle of the Receiver Level meter back to the
center. If changing of the offset does not help, turn down the
receiver gain, microwave power or the modulation ampli-
tude.

Optimize the sensitivity. You may have a very weak sig-
nal in which case you will need to optimize your parameter
settings for sensitivity. The chart on the next page summa-
rizes common factors that are important for getting the opti-
mum sensitivity from your EPR measurements. The pages
that follow the chart provide a more in-depth discussion of
these factors.

8-4
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Hints for Finding EPR Signals

Secure waveguide with stabilizer

Tighten sample collets

Minimize P . - -
microphonics Avoid vibrating objects on bridge ‘
Avoid excessive air drafts ‘
Make sure iris screw is not loose ‘
Maintain a stable Minimize temperature fluctuations ‘
Instrument environment Flow dry nitrogen gas through cavity ‘
related
f: . . Shield the system ‘
actors Minimize electrical 4
interference Isolate or turn off the noise source ‘
—{ Make sure the cavity is critically coupled ‘
—{ Allow the spectrometer to warm up ‘
—{ Optimize AFC modulation depth ‘
—4 Choose proper sample cell ‘
Sample
related ——4 Optimize the sample volume ‘
factors
—{ Optimize the sample position ‘
—{ Choose proper receiver gain ‘
—{ Optimize time constant ‘
Parameter ‘
related ‘ Optimize field modulation ‘
factors
—{ Optimize microwave power ‘
—{ Select number of data points ‘

Figure 8-1 Flowchart for optimizing sensitivity.

Elexsys E 500 User’s Manual: Basic Operations 8-5



Optimizing Sensitivity

Optimizing Sensitivity 8.2

Instrumental Factors 8.2.1

NIV
\@/

For better spectrome-
ter stability, keep the
spectrometer away
from windows and ven-
tilation ducts.

Minimize microphonics. Microphonics are unwanted
mechanical vibrations in the spectrometer. Depending on the
nature and frequency of the microphonics, these vibrations
may generate noise in your EPR spectrum. The most com-
mon microphonic sources include the cavity, the sample and
the bridge. Prevent microphonic noise by securing the
waveguide with the waveguide stabilizers. Rigidly secure the
sample in the cavity by tightening the collets on the cavity
sample stack. Do not place objects on the microwave bridge
that may vibrate or are free to move. Avoid placing a fre-
quency counter with a fan on top of the bridge.

Maintain a controlled environment for the best
spectrometer performance. Air drafts past the spectrom-
eter, especially the cavity, may induce temperature fluctua-
tions or microphonics from sample vibration. Large
fluctuations in the ambient temperature may degrade perfor-
mance by reducing the frequency stability of the cavity. Very
humid environments may cause water condensation. You can
reduce condensation inside the cavity by maintaining a con-
stant purging stream of dry nitrogen gas. Note that excessive
gas flow rates can generate microphonic noise through sam-
ple vibration.

Minimize electrical interference. Noise pick-up from
electromagnetic interference (EMI noise) may be encoun-
tered in some environments. You may be able to minimize
EMI noise by shielding or perhaps by turning the noise
source off if generated by equipment near the spectrometer.
There is often less EMI at night.

8-6
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Optimizing Sensitivity
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Cryostats can protect
your cavity from con-
tamination due to sam-
ple tube breakage.

Allow the spectrometer to warm up. One hour is usu-
ally adequate to achieve a stable operating temperature. For
maximum stability under extreme operating conditions such
as any combination of high microwave power, high magnetic
field modulation amplitudes, and variable temperature work,
allow the system to equilibrate under the same conditions as
the experiment will be performed.

Periodically check the iris coupling screw for tight-
ness of fit. A worn iris screw thread will make the iris sus-
ceptible to microphonics which can modulate the cavity
coupling.

Critically couple the cavity. Best cavity performance is
obtained with a critically coupled cavity. Maximum transfer
of power between the cavity and the waveguide occurs under
this condition.

Optimize the AFC. See Section 7.3.2.

Insert a cryostat in the cavity. Quartz has a dielectric
constant of 3.8 but a low dielectric loss. Insertion of high
purity quartz sleeves, such as the variable temperature dewar,
actually concentrates the microwave magnetic field intensity
at the sample. The increased field intensity produces an EPR
spectrum with a larger signal to noise ratio than is achieved in
the absence of the dewar insert. If your experiments approach
the sensitivity limit and your samples are nonlossy you may
benefit from the use of the variable temperature quartz dewar
insert, even if the experiment is run at room temperature.
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Optimizing Sensitivity

Optimize the Sample 8.2.2

» Select the proper sample cell. For nonlossy and non-
conductive samples you can use large diameter quartz tubing
(e.g. 3 mm or larger i.d. for X-band) to increase the filling
factor by increasing the sample volume and therefore
increasing the signal intensity. For conductive or lossy sam-
ples, you need to reduce the sample diameter (e.g. less than 1
mm for aqueous sample in X-band) to critically couple the
system. Specially designed sample cells, such as flat cells or
tissue cells, allow you to use more sample and still be able to
critically couple the system.

+ Optimize the sample volume. In general, large sample
volume corresponds to high filling factor and therefore high
signal intensity. For lossy material, large sample volume usu-
ally results in low Q and consequently low signal intensity.
Balance the Q factor and the sample volume to maximize the
signal intensity.

+ Optimize the sample position. Properly positioning the
sample requires two adjustments. First, make sure the sample
is vertically centered in the cavity. This is particularly impor-
tant for point samples. Second, rotate and center the sample
to maximize the Q factor. This is particularly important for
samples exhibiting a large dielectric loss and using flat cells.
Improper sample positioning may perturb the microwave
field mode patterns in the cavity, resulting in reduced sensi-
trvity.
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Optimizing Sensitivity

Parameter Selection 8.2.3

+ Optimize the receiver gain. You need to have sufficient
receiver gain in order to see all the details in your spectrum.
Figure 8-2 shows the results of insufficient as well as exces-
sive receiver gain. If the receiver gain is too low you will see
the effect of digitization in the spectrum (spectrum b),
whereas at high gain the signals will clip due to an overload
in the signal channel (spectrum c). A good way to optimize
your receiver gain is either to use the interactive spectrometer
control method described in Section 5.3 or use the acquisi-
tion tools described in Section 5.5.1.

e

W
o

Figure 8-2  The effect of using gain settings that are
either (a) optimal, (b) too low, or (¢) too high
on an EPR spectrum.

Elexsys E 500 User's Manual: Basic Operations 8-9



Optimizing Sensitivity

Optimize the conversion time. The conversion time you
select will affect the dynamic range of your experiments. The
conversion time is actually the amount of time the ana-
log-to-digital converter spends integrating at one field posi-
tion before moving to the next field value in the sweep. If you
need to detect lines that are very intense as well as lines that
are very weak (i.e, carbon 13 satellites) within the same spec-
trum you will need to use a sufficiently long conversion time.
If the conversion time is too short the smaller signals will be
lost in the steps of the digitizer. The conversion time you
select will also determine the sweep time. That is, the sweep
time will be equal to the conversion time multiplied by the
number of data points in the spectrum. (See selecting the
number of data points below.)

Optimize the time constant for the selected conver-
sion time. The time constant filters out noise; however, if
you choose a time constant that is excessively high relative to
your sweep time, you may actually filter out your signal! You
should adjust your time constant to “fit” the conversion time
you have selected. These two parameters are actually very
related because the conversion time will determine the total
sweep time. You need to use a time constant that will be suf-
ficiently long to filter out undesirable noise yet short enough
that you do not distort your signal. Therefore, if you want to
use a longer time constant you will need to increase the scan
time as well. Figure 8-3 shows the effect of progressively
increasing the time constant while maintaining the same
sweep time. All the spectra are at the same scale. A safe rule
of thumb is to make sure that the time needed to scan through
an EPR signal (i.e. one EPR line) is ten times greater than the
length of the time constant. A time constant that is 1/4 that of
the conversion time will guarantee that your spectrum is not
distorted. However, for samples limited by a low signal to
noise ratio, you may want to make the time constant equal to
the conversion time or greater.

8-10
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Optimizing Sensitivity
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d

Figure 8-3  The effect of using a progressively longer
time constant (a-d) on an EPR spectrum.
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Optimizing Sensitivity
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Remember, you may
increase the time con-
stant by a factor of two
as you double the num-
ber of data points while
keeping the conversion
time constant.

Selecting the number of data points. The number of
data points is the other parameter that will determine the
appropriate sweep time. A general rule is to make sure that
you have at least 10 data points within the narrowest line that
you are trying to resolve. This means that for EPR signals
with very narrow lines you will need to increase the number
of data points that are collected for a given field sweep. How-
ever, if the lines of your EPR signal are sufficiently wide,
increasing the number of data points will not yield any addi-
tional information, but will only result in longer sweep times.
With the Elexsys you can select 512, 1024, 2048, 4096 or
8192 data points. Figure 8-4 shows the enhancement in reso-
lution achieved by increasing the number of data points.

Figure 8-4  An expanded view of narrow lines in an EPR

spectrum using 1024 points (a) or 8192
points (b).
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Optimizing Sensitivity

+ Optimize the field modulation amplitude. Excessive
field modulation broadens the EPR lines and does not con-
tribute to a more intense signal. Figure 8-5 shows the results
of excessive field modulation. You can see how some of the
smaller lines in spectrum a were lost in spectrum b even after
increasing the modulation only slightly. A good “rule of
thumb” is to use a field modulation amplitude that is approx-
imately one quarter the width of the narrowest EPR line you
are trying to resolve. Keep in mind that there is always a
compromise that must be made between resolving narrow
lines and increasing your signal to noise ratio. If you have a
very weak signal, you may need to sacrifice resolution (i.e.,
by using a higher field modulation) in order to even detect
the signal. However, if you have a high signal to noise ratio,
you may choose to use a much lower field modulation ampli-
tude in order to maximize resolution.

PR LA

__E—N\J\J\N\/N\Nﬁ

Figure 8-5  Effect of using progressively higher field
modulation amplitudes (a-d) on an EPR
spectrum.
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Optimizing Sensitivity

+ Optimize the microwave power level. The intensity of
an EPR signal increases with the square root of the micro-
wave power in the absence of saturation effects. When satu-
ration sets in, the signals broaden and become weaker. EPR
signals with very narrow lines are particularly susceptible to
distortion by excessive power. Figure 8-6 shows the result of
excessive microwave power. You should try several micro-
wave power levels to find the optimal microwave power for
your sample. A convenient way to find the optimum power is
to use the 2D experiment routine described in Section 5.7.

E.__A%/M/JHW___*

Figure 8-6  Effect of using progressively higher power
(a-c) on an EPR spectrum.
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Optimizing Sensitivity

» Signal averaging. With a perfectly stable laboratory envi-
ronment and spectrometer, signal averaging and acquiring a
spectrum with a long scan time and a long time constant are
equivalent. Unfortunately, perfect stability is usually impos-
sible to attain and slow variations can result in considerable
baseline drifts. A common cause of such variations are room
temperature changes or air drafts around the cavity. For a
slow scan, the variations cause broad features to appear in the
spectrum as is shown in spectrum b of Figure 8-7. You can
achieve the same sensitivity without baseline distortion by
using the signal averaging routine with a small time constant
and shorter scan time. For example, if you were to signal
average the EPR spectrum using a scan time that was signifi-
cantly shorter than the variation time, these baseline features
could be averaged out. In this case, the baseline drift will
cause only a DC offset in each of the scanned spectra. Spec-
trum a shows the improvement in baseline stability through
the use of short time scans with signal averaging when the
laboratory environment is not stable.

Figure 8-7  a) Signal acquired with short time sweeps
and signal averaging.

b) Signal acquired with long time sweep and
long time constant.
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Troubleshooting 9

This chapter lists some common problems you may encounter
with your Bruker Elexsys E 500 EPR spectrometer. Major hard-
ware malfunctions are not covered. We concentrate on problems
due to operator errors, set up errors, or protective circuitry. The
material presented in Chapter 2, 3, 4, 5, and 6 is useful in under-
standing much of what is discussed in this chapter. Many prob-
lems are easily solved by the user. The flow diagram on the next
page will help you diagnose the majority of problems that occur
when you can not find a signal. If you fail to find a solution to
your problem after reading this chapter, call your Bruker EPR
service representative.
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Figure 9-1

Flow Chart for diagnosing problems.
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No Cavity Dip.

No Cavity Dip. 9.1

+ Waveguide gasket installed improperly. Sce
Figure 7-15 for the proper orientation of the gasket.

» Cavity undercoupled or overcoupled. First, look at the
microwave frequency where you normally expect the cavity
to resonate and then adjust the iris screw for better coupling.
This can occur when working with lossy samples such as
aqueous solutions in flat cells or capillaries.

* You need more microwave power. If you are using
insufficient microwave power, it can be difficult to see the
cavity dip. We recommend setting the microwave attenuator
at 30 dB for the best visibility.

* You are not at the correct frequency. By putting the
sample in, you may cause the cavity to resonate at a lower
frequency. Thus, you will usually need to lower the fre-
quency after you have placed the sample in the cavity in
order to see the dip. A cryostat will also cause a drop in the
cavity resonant frequency. (/.e. from 9.8 to 9.5 GHz.)
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Tuning Error

Tuning Error 9.2

Both the auto-tune and fine-tune procedures of the microwave
bridge controller will terminate with an appropriate error mes-
sage if a particular parameter cannot be set or optimized. Here
are the possible error messages.

» Tuning Frequency. Both the upper and lower limits of the
frequency range (i.e., 9.2-9.9 GHz) have been reached and no
defined dip has been detected. Check manually if a dip can be
found. A very slight dip (e.g. very lossy sample) may not be
detected by the auto-tune routine. A very sharp dip may be
missed by the auto-tune routine.

» Adjusting Ref. Arm Phase. The full 360° range of the
signal phase has not resulted in an optimal phase setting.

+ Adjusting Ref. Arm Bias. The system is unable to set the
diode current to 200 microamperes at 50 dB attenuation.

» Adjusting AFC Lock Offset. The system is unable to set
the AFC lock offset to zero. Check the back of the bridge to
make sure the AFC is on. If this error occurs during
fine-tune, try auto-tune or manual-tune.

» Critically coupling cavity. The iris motor has reached
both of its limit switches and has been unable to obtain a
diode current of 200 microamperes. Check if the iris motor is
still connected to the screw and that the limit switches have
been set properly. (See Section 7.2.) If you are using a flat
cell when this happens, it is likely that you need to adjust the
position of the flat cell. It is easier to optimize the cavity dip
if you adjust the flat cell while you are looking at the tuning
picture. If this error occurs during fine-tune, try auto-tune or
manual-tune.
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No Tuning Picture

No Tuning Picture 9.3

Microwave bridge controller automatically switches
from Tune to Stand By. There is insufficient cooling for
the microwave source. The protection circuitry will shut the
microwave source off if the temperature rises too high. Make
sure that the valves for the coolant lines leading to the bridge
are open. Make sure that the heat exchanger is on and has
sufficient water flow.

Microwave bridge controller automatically switches
from Tune to Stand By (klystron bridge only). There
is protection circuitry which protects the microwave source
from voltage spikes. To reset the protection circuitry, turn the
console power off for approximately three seconds and turn it
on again. The voltages used in the Gunn diode bridge are not
sufficiently high to require this type of protection circuitry.

Tune mode delay period not expired (klystron
bridge only). After you turn on the spectrometer, a delay of
approximately three minutes is required before a klystron
will activate as you switch from Stand By to Tune. This
does not apply to solid-state source bridges.

Reference microwave power too low. Carefully adjust
the Bias slider bar of the Microwave Bridge Tuning dialog
box until you observe a tuning mode pattern on the display.
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Unable to Critically Couple Cavity

Unable to Critically Couple Cavity 9.4

N/
\@/

A Q value of less than
1800 will usually pre-
vent you from critically
coupling the cavity.

N/
\@/

Not all cavities can use
a larger iris tip.

Lossy samples. If too much of a lossy sample is in the
microwave electric field in the cavity, you will not be able to
critically couple the cavity. Reduce the diameter of the sam-
ple tube until you are able to critically couple. If the lossy
sample is not positioned properly, you may also experience
difficulties coupling the cavity. The sample position is partic-
ularly critical for flat cells and capillaries. Move the sample
until the coupling improves.

Iris tip size. When working with lossy samples, it is advis-
able to use a larger iris tip to increase the coupling range of
the cavity. This is particularly important when working with
flat cells or capillaries. Contact your Bruker EPR service rep-
resentative for advice.

Microwave reference phase. If the microwave reference
phase is not set properly, you will not be able to critically
couple the cavity. Carefully follow the instructions in
Section 3.2 and Section 7.1 when tuning the spectrometer.

Iris motor limits improperly set. If the iris motor limits
were improperly set, the iris can not be screwed in suffi-
ciently. Follow the procedure in Section 7.2 to properly
adjust the iris motor limits.

o)
BRUKER
(-



Magnet Power Supply Shuts Down

Magnet Power Supply Shuts Down 9.5

+ Insufficient cooling capacity. Make sure that the heat
exchanger is on and that there is sufficient cold water flowing
through it. Either the Ext. or Temp. warning LED's on the
magnet power supply will light up with this fault.

» Hall probe inserted with the wrong polarity. The mag-
netic field will go to the maximum field.

» Hall probe fallen out of the magnetic air gap. If the
Hall probe has fallen from the pole piece of the magnet, the
power supply may go to the maximum current value, which
will cause it to shut down.
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Baseline Distortion

Baseline Distortion 9.6

Linear baseline drifts. The use of very large modulation
fields can produce large eddy currents in the cavity side
walls. These currents can interact with the magnetic field to
produce a torque on the cavity and create a resonant fre-
quency shift. A linear field dependent or modulation ampli-
tude dependent baseline is indicative of such an effect. This
phenomenon should not be observed if the cavity end plates
are properly fitted and torqued. Do not attempt to adjust the
torque on the plates. Contact your Bruker EPR service repre-
sentative.

Slowly and randomly varying baseline. The use of
high microwave power or large modulation fields can heat
the cavity and the sample. The ensuing thermal drifts in the
coupling of the cavity, as well as the frequency of the cavity,
can result in a fluctuating offset in the signal. Allow the tuned
cavity and sample to come to thermal equilibrium before per-
forming the final tuning of the cavity. Once the cavity is
equilibrated and properly tuned under the equilibrated condi-
tion, you can start acquiring a spectrum. Avoid air drafts
around the cavity, as they can randomly change the tempera-
ture of the cavity and sample and hence, the baseline of the
spectrum.

Variable temperature operation. Cavity frequency and
coupling instability may be induced during variable tempera-
ture operation, especially at very low or very high tempera-
tures. Increase the flow rate of the cavity and waveguide
purging gas as the operating temperature departs further from
room temperature. Wait for the cavity to stabilize at each new
operating temperature before recording the spectrum. Retune
the cavity to compensate for any frequency shift and
re-establish critical coupling at each temperature.
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Baseline Distortion

« Background signal. Your cavity, cryostat, sample tube, or
sample may be contaminated. First, determine if the signal is
from your sample tube or cryostat and not a contaminated
cavity. Call your Bruker EPR Service representative for
advice. Never take the cavity apart to clean it.
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Excessive Noise Output

Excessive Noise Output 9.7

Electromagnetic interference. Verify that laboratory
equipment is not a source of electromagnetic interference
(EMI). If possible, turn off all other equipment in the labora-
tory and observe spectrometer noise output. Determine if
radio, microwave, or TV broadcasting stations are operating
in proximity to the spectrometer. Record the noise level while
operating at various times of the day and night. EMI related
noise will often be reduced at night.

Power line noise. Check the noise content of the AC
power lines feeding the spectrometer. Line transients or
momentary blackouts will drastically degrade the perfor-
mance of high gain detection systems such as EPR spectrom-
eters.

Ground loops. Ground loops are very common and often
difficult to avoid. Disconnect accessory equipment, espe-
cially if it is plugged into remote AC outlets and observe the
noise level. Turn off the magnet power supply and observe
the noise level. If the noise level changes during either of
these tests, consult your Bruker EPR service representative
for alternate installation planning.

Microphonic generated noise. Secure the waveguide
and cavity assembly by using the plastic waveguide stabiliz-
ers. Secure the sample firmly in the collet. If you use a cry-
ostat, make sure that the cryostat sits firmly in the cavity.
Make sure that an excessive nitrogen gas flow rate through
the cryostat does not vibrate the sample.

Worn iris screw. Check for a worn iris coupling screw. An
iris screw that does not fit snugly in the waveguide may gen-
erate noise by modulating the cavity coupling. Replace the
worn iris screw with a new one.
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Excessive Noise Output

+ Boiling liquids. If you are using a dewar with a boiling
refrigerant such as liquid nitrogen, you will need to increase
the AFC modulation level.
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Poor Sensitivity

Poor Sensitivity 9.8

+ Excessive microwave power. The microwave power
may be set too high, which will cause your sample to satu-
rate. Optimize the power for your sample by recording spec-
tra at a variety of power levels.

* Wrong cavity type for sample. The type of cavity you
use for a particular sample can make a large difference in
sensitivity. Consult the Bruker literature on the full line of
EPR cavities to determine which one is best for your sam-
ples.

* Low cavity Q. The cavity Q can be degraded because of
improper sample positioning. Having your sample positioned
in the microwave electric field will reduce the sensitivity by
degrading the cavity Q, especially for samples with high
dielectric loss. This can happen if you are using flat cells or
capillaries. Observe the dip or Q value read-out in the hard-
ware information section of the monitoring panel when you
are adjusting the sample position.

» Cavity not critically coupled. Maximum power is trans-
ferred between the cavity and waveguide when the cavity
properly matches the impedance of the waveguide. (l.e., is
critically coupled.) A drastically undercoupled iris will not
transmit power to the cavity and so will not excite EPR tran-
sitions. A drastically overcoupled cavity will have a lower Q,
resulting in lower sensitivity. These effects can occur when
using lossy samples such as aqueous solutions or conducting
samples.
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Poor Sensitivity

+ Water condensation. During low temperature operation,
water can condense inside the cavity. Water, being a high
dielectric loss material, will absorb the microwave power in
the cavity and destroy the cavity Q. Avoid condensation by
using a purging nitrogen gas flow through the cavity.

« Signal channel not calibrated. The modulation ampli-
tude and phase of the signal channel may not be properly cal-
ibrated. Make sure that you load the proper calibration file
into Xepr. Also, make sure that the Calibrated check box in
the Acquisition Parameters dialog box is activated.

* Receiver gain or modulation not optimized. See
Section 8.2.3.

+ Sample not positioned properly. Center your sample in
the cavity.
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Poor Resolution

Poor Resolution 9.9

» Microwave power set too high. Saturating microwave
power levels will broaden your resonance line. Verify that the
linewidth is independent of the microwave power level by
recording the spectrum at various power levels.

* Modulation amplitude set too high. Large field modu-
lation amplitudes will broaden your resonance line, particu-
larly as the modulation amplitude approaches the linewidth.
Reduce the modulation amplitude to ensure that the spectrum
is independent of the modulation amplitude. (See
Figure 8-5.)

* Modulation frequency set too high. The spectral reso-
lution is limited by the field equivalence of the modulation
frequency used. Reduce the modulation frequency to verify
that the linewidth is independent of the frequency. (See
Figure 2-17.)

» Time constant too long for sweep time. A larger time
constant will begin to filter out the high frequency compo-
nents of your signal. Consequently, if the sweep rate is too
fast relative to the time constant, the spectrum will appear
distorted and broadened. To avoid this problem make sure
that the time required to sweep through one of your EPR
lines is at least ten times the length of the time constant. (See
Figure 8-3.)
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Poor Resolution

+ Magnetic field inhomogeneities or gradients.
Extremely narrow lines, less than 20 milliGauss, may be lim-
ited by magnetic field irregularities. Vary the position of the
cavity in the magnet air gap. If the linewidth changes, check
for magnetic objects in or around the magnet. If possible,
suspend these objects by a string and watch for a deflection
in the same field strength as used in the experiment. Do not
attempt this with the cavity in the magnet. The force of a fer-
romagnetic object being pulled into the magnet air gap can
cause serious damage to accessories in the air gap.

+ Spectrometer not thermally stabilized. Be sure that the
spectrometer has been turned on for several hours. Verify that
the laboratory conditions are within specified limitations, i.e.,
temperature fluctuations, etc.

Elexsys E 500 User's Manual: Basic Operations 9-15



Lineshape Distortion

Lineshape Distortion 9.10

Microwave power too high. The effect of saturating
microwave fields is to broaden the resonance. This is easily
apparent for single structureless lines; however, small split-
tings may become unresolvable if strongly saturating levels
of microwave power are used. Lower the microwave power
until you obtain a power independent lineshape.

Modulation amplitude too high. Large field modulation
will broaden the resonance line. Lower the modulation
amplitude to a region where the lineshape is independent of
the modulation amplitude. (See Figure 8-5.)

Time constant too long for sweep time used. A safe
rule of thumb is that the time required to sweep through an
EPR line should be ten times the length of the time constant.
(See Figure 8-3.)

Modulation frequency too high. The modulation fre-
quency can determine the resolution of the experiment. The
spectral profile may also change, due to the effect of molecu-
lar dynamics, if saturating microwave fields are applied.
These effects are especially pronounced if the motional fre-
quency for the spin dynamics is similar to the applied modu-
lation frequency. The technique of saturation transfer is based
on this mechanism. The spectral profile may change mark-
edly if the modulation frequency is varied while applying
strong microwave fields. (See Figure 2-17.)

Magnetic field gradients. These may produce highly
asymmetric lineshapes. Reposition the cavity within the mag-
net air gap to check the magnet for homogeneity. Check for
magnetic objects in or around the air gap. Magnetic field
inhomogeneity could also obscure small splittings due to
overlapping spectral components.
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Lineshape Distortion

* Anisotropic g matrix. It is natural for a sample with a
highly anisotropic g-matrix to produce asymmetric lines.

+ Background signal. A strong background signal from
contamination of the EPR cavity or the sample can distort
your EPR spectrum.

* High conductivity. High conductivity exhibited by sam-
ples with mobile electrons will result in asymmetric lines
known as Dysonian lineshapes. This results from a mixing of
absorption and dispersion components induced in the sample
itself.

+ Lossy samples. If you put large lossy samples in a cavity,
you can also obtain Dysonian lineshapes. Use progressively
smaller capillaries until you obtain a symmetric lineshape.

* Microwave reference phase. The dispersion signal from
easily saturated samples can be very large compared to the
absorption signal. To minimize the contribution of the disper-
sion signal, carefully adjust the microwave reference phase.
In addition, make sure that the AFC offset is close to zero.

* Magnetic field drifts. Magnetic field drift may produce an
asymmetric or distorted line for samples exhibiting very nar-
row resonance linewidths. This problem may arise for line-
widths less than 20 mG. Use a field-frequency lock system to
eliminate field drift problems.
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No Signal When Everything Works 9.11

Check cables. Make sure that all the cables are connected.
Check the modulation cable and the preamplifier cable.

Sample position. If you have a small sample, make sure
that the sample is centered in the cavity.

Magnetic field values. Are you using the correct field val-
ues to see your EPR signal? If you are using a cryostat,
remember that the microwave frequency drops and hence the
field for resonance will also be lower. Is the Hall probe posi-
tioned properly in the magnet?
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Warning Noises

Warning Noises 9.12

* High pitched noise from the heat exchanger. The
heat exchanger will emit a high pitched noise when it
requires more distilled and deionized water.

+ Warning sound from the console. The ventilator units
emit a warning noise when they are not functioning properly.
There are two ventilators (three for a double console). Check
the Temp LEDs. Frequently it is because the filters are dirty.
Turn off the spectrometer and take out the filters. Reinstall
them after cleaning. The filters should be cleaned every
month.

* Funny noises from the iris motor. Stop turning the iris
motor immediately. You may be breaking the iris screw.
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Brief Tips on SGI IRIX A

IV
= ~

If the workstation com-
ing with your Elexsys
spectrometer current
UNIX operating sys-
tem coming with your
Elexsys spectrometer is
a PC the UNIX operat-
ing system is Linux.
Go to Appendix B for
brief tips on Linux.

Not everyone may be familiar with the UNIX operating system.
If the workstation coming with your Elexsys spectrometer is an
SGI 02 the UNIX operating system is IRIX. This chapter
explains some basic aspects of UNIX based on IRIX. It is not
meant to be an in-depth treatise: the UNIX documentation
should be consulted for more details. If you are already familiar
with UNIX, you can easily skip this section. If you have not
used UNIX before, we highly recommend SGI’s on-line book,
especially the end user’s manual. The manual can be found
under Help in the Toolchest.
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Login

Login A1

One of the advantages of the UNIX system is security. Security
is accomplished by assigning each user an account with a user
name and a password. There are two types of accounts: root or
super user, and user. You will typically use the user accounts for
all operations. The root or super user account is solely for
administration and maintenance only. It is common to create a
guest account that everyone can log into without a password.
(Note: the data and files in a guest account are not protected.)
Before you start you need to login into your own account. If you
don’t have an account yet ask the system administrator to create
one for you or login as guest.

B
(o e (o (o e
3 B BB @
root xuser rjd rtw dvk
o o o o
@ B B @
db iii ceh jbh
[}
Login name:l
Xepr_E500

Figure A-1  The login screen.
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Login

UNIX is case sensi-
tive. Make sure you use
the correct case for
every character of your
user name, password,
as well as any com-
mands.

The login screen looks like that in Figure A-1. Double click the
icon with your user name or type your user name in the Login
name box and press ENTER: the system will prompt you for
your password. Typing the password and pressing ENTER
brings you to the desktop of your account.
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The Desktop

The Desktop A.2

On the right side of the desktop, there are a few icons for quick
access to commonly used programs or utilities. Double-clicking
an icon launches that application or opens that folder. (See
Figure A-2.)

Minimized
Running
Program

Minimized
Console
Window

Program
Icon

Figure A-2  An IRIX desktop.
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The Desktop

By default there is an iconized window called the console. The
console window displays system error messages. You can open
it by left-clicking with your mouse. Leave the console window
on. On the top left corner you will find the Toolchest. From the
Toolchest you can access the UNIX shell, application programs,
help manuals, utilities, system information, and your desktop

configurations.

The Toolchest A.2.1
The Desktop tool contains many useful features. (See
Figure A-3).

Desktop 3 Access Fites l e
Briker 0 .zha.:ed ,f?esaumes < in Auto o ,Yn.
Selected a LISTIIZE - pen O}ll'
j'—a Extra Desks As Anot, Home D1rect0ry
| LOChEd ()| . By Bemq Folder
. Controf Auclio
Find ]
——— Empiv Dumpsier
System 3 . . Open a UNIX
el B SR Shell Window
& Start ScreenSaver
Open Unix Shell
tog Out

Figure A-3  The Desktop tool.
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The Desktop

Opening your Home Directory A.2.2

You can open your home directory folder by clicking Desktop
and Access Files, and then In my Home Directory. A window
will open showing the contents of your home directory. (See
Figure A-4.)

Figure A-4 A window of your home directory.
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The Desktop

You can access other paths and view the contents of other direc-
tories or subdirectories. Drag the folder you want to open to the
small box on the top left corner. (See Figure A-5.) The contents
of the window will change to the folder you just selected. You
can also double click on that folder to open another window and
show the contents of that folder.

Figure A-5  Changing to a subdirectory.
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The Desktop

Creating a New Directory A.2.3

You can create a new directory or a new folder. Click Actions
on the menu bar and then New Directory. (See Figure A-6.) A
new folder named empty.dir will appear in the window.

Figure A-6  Creating a new directory.
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The Desktop

Clicking on the name of the folder allows you to change the
name of the folder. After you enter the name of the new folder
press the Enter key. (See Figure A-7.)

Figure A-7  Naming a new folder.
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The Desktop

The UNIX Shell

VAN

You need to move the
mouse pointer inside
the window so that you
can start to type.

Logging Out

A.24

A UNIX shell is a command line interpreter. You can execute
UNIX commands in this shell. Commonly used UNIX shell
commands are listed below:

Is <directory> list the contents of a directory
passwd change the password
pwd display the working directory
cd <directory> change the directory

mkdir <directory> make a new directory

cp <filel> <file2> copy filel to file2

rm <file or directory>remove or delete a file or directory
mv <filel> <file2> move or rename a file

cat <file> display the contents of a file

less <file> display file contents using paging
man <command>  launch the on-line technical reference

whatis <command> display a short description of a command

To find a list of UNIX shell commands you can type Xman in a
UNIX shell.

Use the man command to find out how to use the above com-
mands.

A.2.5

You can log out from your account by clicking the Log Out but-
ton under Desktop in the Toolchest. (See Figure A-3.)
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The Desktop

The Find Tool A.2.6

The Find tool is very useful when you need to find a file or a
program. (See Figure A-8.) Clicking the Applications button
under Icon catalog will bring you to a folder that contains vari-
ous application programs. (See Figure A-9.)

Sefected T

Internet

find 3 Search For Files
System [ Fife QuickFind

Heip O Hest QuickFind
Demaos

lcon Catalog
Applications
Colfaboration
ControfPanefls
Datalransialors
Demaos
Deskiopioals
Medialools
Printing
Supportfools
Weblioals

Figure A-8 The Find tool.
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The Desktop

Click to Turn to

Other pages of
Icon Catalog

Figure A-9  Application icons.

Among them is the Xepr program. You can also find a text editor
called jot. Double clicking any of these icons launches the pro-
gram. You can drag the icon by clicking and holding the left
mouse button and drop it on the desktop for your convenience.
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The Desktop

The System Tool A.2.7

Using the system tools you can get information on your system
configurations. (See Figure A-10.) You can also configure the
printers. If you do not have a console window you can start a
new one by clicking Utilities and then Start New Console.

You can also shut down the system with this tool. However, you
need to consult the system administrator unless it is an emer-
gency because root or super user privileges are needed to shut
the system down or change the configuration.

Desktop 3
Bruker
Selected 3
lnternet 3
Find

Get System
Information

Manage the
Printers

System [  System Manager
Help O Filesystem Manager

Printer Manacger
Software Manager

Shut Down ) o Start a New
License Manager

the System - Console
Confidence Tests

Uiitities . Enable Remoré Display I

estarl System Disable /‘?ﬁmre Display
LSRG Sy Start A@w Console

HRestart Window Manager

AppleTaik Manager

Figure A-10 The System tools.
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The Desktop

The Help Tool

A.2.8

You can find many different kinds of help using the Help tool.
(See Figure A-11.) Use the Info Search tool to quickly find any
information you need. We recommend that you at least read the
End User’s Book in On-line Books.

Desktop 3
Bruker O
Selected 3
Internet
Find ]
Svstem O
8 info Search |
How Do |..

Onfine Books

Man Pages
Release Notes

Legal Notice

Figure A-11 The Help tool.
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Changing the Password

Changing the Password A3

To change your password you can open a UNIX shell window
and type passwd. (See Figure A-12.)

Xepr_E500 1% passwd
Changing password for jjj
Old password:

New password:

Re—enter new password:
Xepr_E500 2% |

Figure A-12 Changing your password.

You will be prompted for your old password and a new pass-
word. You need to re-enter the new password to confirm it. For
security reasons, passwords are not displayed as you type them.
We recommend changing your password every two months. The
system expects your password to be at least six characters long
with at least two alphabetic characters and at least one numeric
or special character. Only the first eight characters are used. The
new password must differ from the old one by at least three posi-
tions. Avoid using Ctrl characters, your name, or other
easy-to-guess words in your password.
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Basic Mouse Functions

Basic Mouse Functions

The SGI basic mouse functions by default are:

Left mouse button: operation
Middle mouse button: paste
Right mouse button: menu

A4
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An Application Window

An Application Window A5

Title M
Tool Bar Benu
ar
Bar
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S. Jetwisten  Frocesig  Sewports | freperies  Qploe !Hi

T O e o o e I o o e e e
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Figure A-13 The parts of an applications window.

Application  Most SGI programs operate in an application window. (See
Window  Figure A-13.) Xepr displays all its commands and spectra in the
application window.
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An Application Window

Viewport Each application window has a working area. The working area
for Xepr is called a viewport. Acquired spectra are displayed in a
viewport. You may have multiple viewports open at the same
time, however, only one is active at a time. The active viewport
is the one upon which operations will be performed.
Viewport The viewport bar displays the number of the viewport. The
Bar active viewport has a red viewport bar at the bottom and the
inactive viewports have grey bars. You activate a viewport by
clicking the viewport bar.
Title The bar on the top of a window is the title bar. It shows the name
Bar  of the application. The color of the title bar indicates whether a
window is active or not. Moving the mouse pointer inside the
window activates that window. You can type in the window only
when it is active. By clicking and dragging the title bar, the win-
dow may be moved.
Other elements in the title bar are:
Di Maximize The maximize button of the application window expands it to
Button  fj]] the entire screen. You may restore the window to its original
size by clicking this button again.
a i Minimize The minimize button of the application window shrinks the win-
Button  dow and places it on the desktop. A click on the minimized win-
dow opens it up to its original size.
Control Double-clicking this button closes the window and exits the pro-
=§ Menu  gram. A single mouse click opens a drop-down menu. Consult
Button your SGI documentation for further information regarding the
commands in the menu.
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An Application Window

Menu
Bar

Tool
Bar

Info
Line

Window
Border

The horizontal bar under the title bar of the application window
is the menu bar. It displays the names of the available drop-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
buttons to activate the most commonly used commands. Click-
ing on a button activates the commands.

This area of the application window displays program status
information including mouse button status, guiding messages or
the confirmation line, macro record indicator, and elapsed time.

The perimeter of the window is the window border. When the
cursor is placed anywhere on the straight edge of a window bor-
der, a red arrow with a short line replaces the regular cursor. If
you click and drag, the window can be resized to the desired
size. When the cursor is placed on a corner of a window, a red
right angle with an arrow replaces the regular cursor. If you click
and drag a corner, the two sides that form the corner are resized
simultaneously.
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An Application Window

Dialog Boxes

A.5.1

Many commands open a dialog box. (See Figure A-14.) The
dialog box allows you to enter required input for acquisition or
processing. What follows is a description of the basic elements
of a dialog box and how to use them.

‘ = Spectromeler Configuration
Feld l Misc. l Signal Channell ENDOR l FT-Epr l W-Band l
Folder Calibration Data Set:|B515s1 Resonator: [ 1 ﬁ
Tab Delete Data Set: g;}gs:qh B W
shy
altest
caltes ) Drop-down |m
ms_5sWi =
Freq. [Kiz] 1 E;Tﬁ};‘“"’"“ List Phase #2
|1[|[| 0 A e _| 45.03 |31B 28 Izss 62 =~
90.00 |_ SHEELE o "_| 53.25 |2.5u |323.91
|au.uu |55 |7u.93 |53.a4 |7a.44 |14.[|E
|7n.un |73 |65.43 |59.32 |226.25 |2uu.31
Is[l.[l[l |97 Iﬂs.?ﬂ |74.7E |314.E4 |315.52 Scroll
|5n.un |141 [53.46 |62.45 |331.72 |351.41 ; Bar
Slider
= Microwave Bridge Tuning Bar . .
ﬁ Editable Turning
Feweiy\ | Box  feg Knob
- >
- Shice\ y current
> offset [ DD 5
Signal Phase:
e L ——_

Close |

fence Anm:

off

Attenuation [dB]:
21600

-

s

Help |

S
slope | 0.0 J’
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| Integrate |

Button
subl

Close I

Arrow
Buttons

Figure A-14 The parts of a dialog box.
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An Application Window

Editable Box The editable box is a plain box with a white background. As the
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 cen-
ter field. After a click with the left mouse button in the text of
the box, an insertion marker appears (a vertical line). Any text
(or numbers) you type are inserted after the insertion marker.
Several characters may be selected or highlighted simulta-
neously by clicking and dragging over the desired text. Any
typed text replaces the highlighted text. The selected text may
also be deleted by pressing the Del key. The left and right arrow
keys of the keyboard move the insertion marker left and right.
Keeping the keys pressed repeats the action automatically.

Drop-down This input method is used for parameters that have a limited
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 and the arrow points upward. The presently
active option is highlighted. The highlighted choice is changed
by pressing the up and down arrow keys of the keyboard. You
may also select the desired choice by clicking the value with the
left mouse button. Click the upward pointing arrow. The
drop-down list then disappears with the newly selected value or
option displayed in the box.

Check The check box acts like a toggle. When clicked, the action turns
Box  the option on or off. The color of the box turns into green indi-
cating 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, such as OK, Cancel,
Close, or Help is displayed in the center of the button.
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An Application Window

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. Sometimes there are two sets of arrow boxes. The left
arrow buttons allow you change the value in coarse steps while
the right arrow buttons change the value in fine steps. The up
and down arrows next to the box move you through the allowed
values for the variable sequentially. If the background of the box
were gray, you are then not able to edit the values, but must
change them with the arrows.

Slider The slider bar is used to vary a parameter continuously between
Bar jts allowed limits. For example, it is used to vary the microwave
source frequency from 9.2 to 9.9 GHz. Clicking to the left or
right of the rectangular bar acts as a coarse adjustment while
clicking the left or right arrows allows fine adjustments. Keep-
ing the mouse button pressed repeats the action automatically.
The value of the parameter is indicated graphically by the rect-
angle to supply you with visual feedback. The parameter may be
varied as well by clicking and dragging the rectangular bar.

Scroll  The scroll bar looks like a slider bar but functions differently. It
Bar s used to view entries in a list. For example, it is used in the
Save As dialog box to choose subdirectories. Clicking the up or
down arrows scrolls the list up and down. Keeping the mouse
button pressed repeats the action automatically. The position of
the viewed entry in the list is indicated graphically by the square.
The list may be scrolled as well by clicking and dragging the
square.

Folder Some dialog boxes have several folders in a dialog box. Clicking
on the tab of the folder brings that folder to front.
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An Application Window

Turning A turning knob is used to change the parameter continuously.
Knob  Click and hold the left mouse button on the knob and turn it
clockwise (increasing the value) or counter-clockwise (decreas-

ing the value).
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Brief Tips on Linux B

A/
\@/

If your Elexsys EPR
spectrometer is
equipped with an SGI
02 workstation, the
UNIX operating
system you have is
IRIX. Please go to
Appendix A.

Not everyone may be familiar with the UNIX operating system.
If your Elexsys EPR spectrometer is equipped with a PC the
UNIX operating system is Linux. This chapter explains some
basic aspects of UNIX based on Linux. It is not meant to be an
in-depth treatise: the Linux documentation should be consulted
for more details. If you are already familiar with UNIX, you can
easily skip this section. If you have not used UNIX before, we
highly recommend Linux’s on-line help. The icon of the inte-
grated help system can be found in the bottom panel of the
screen if you are using the GNOME graphic interface. The
Linux Documentation Project http://www.linuxdoc.org/ is an
organized collection of documents which offer step-by-step
instruction on various Linux tasks. These documents are called
HOWTOs. You may find and install them from the CDs that
come with your system.
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Login

Login B.1

One of the advantages of the UNIX system is security. Security
is accomplished by assigning each user an account with a user
name and a password. There are two types of accounts: root or
super user, and user. You will typically use the user accounts for
all operations. The root or super user account is solely for
administration and maintenance only. Before you start you need
to login into your own account. If you don’t have an account yet
ask the system administrator to create one for you or login as
Xuser.

Session  Language  System ‘

Welcome to epr-linux.bruker.com

Flease enter your login

Figure B-1  The login screen.

The login window looks like that in Figure B-1. Type your user
name in the Login box and press ENTER: the system will
prompt you for your password. Typing the password and press-

UNIX is case sensi- ing ENTER brings you to the desktop of your account.

tive. Make sure you use
the correct case for
every character of your
user name, password,
as well as any com-
mands.
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The Desktop

The Desktop B.2

On the left side of the desktop, there are a few icons for quick
access to commonly used programs or utilities. Double-clicking
an icon launches that application or opens that folder. (See
Figure B-2.)

Home
Directory

Program
Icon

Minimized
Running

Program Program
Manager Panel Program Selection

Desktop

v ¢ 2 @8Ny 2 [ Po—

Figure B-2 A GNOME desktop.
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On the bottom of the screen you will find a panel. From the
panel you can access the Main Menu, commonly used applica-
tion programs, iconized running windows, the help system, and

the desktop selector.

Opening your Home Directory

| File Edit Sefings

B.2.1

You can open your home directory folder by clicking the Home
Directory icon on the desktop. A window will open showing the
contents of your home directory. (See Figure B-3.) You can
access the subdirectories by clicking the folders in the right win-
dow. You can also change to other directories by clicking the
folders in the tree on the left window.

Layout  Commands  Help

4 A B A

Back Up  Farward Rescan  Home lcans Erief  Detailed Custom

: LDCaTIDﬂ:ithmE.’XUSBI’

= ﬁ'{

23 hin
23 hoot
I dey

Ca=eprFiles
B 3 lib

~ C3lost+found
- Camisc

G C3mnt

- C@opt

B @ proc

- [C3 root

- 3 shin

i I3 ttphoot

i Ctmp

7} 23 usr

7 M3 var

3 M W Bl

K N
&

bootps bottormpanel jpg bruker avi

£ 2 ©

lagin.jpg mbct_win btl tftp

ifeonfig—print license dat txt

T 9

Spectra =eprfiles

a o

[Show all files

Figure B-3

The home directory window.
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The Desktop

Creating a New Directory B.2.2

You can create a new directory or a new folder from the direc-
tory window you just opened. Click File on the menu bar and
New > Directory. (See Figure B-4.)

| File| Edit Sefings Layout Commands Help

Create Mew Window e aEl| o i it =hig
0 Mew i == lcong Erief Detailed Custom
+— Terminal
: Open... F3
o Directany...
Copy..
ao 2 & & ©
i Celete... Gnumeric
Maove... File.. sharedData o -axial . DSC cu—axial. DTA el —axial par cu-axial spe
Show directory sizes Q ? a @
X Close window Cll+w
ol -axial.sph DSC.GRF ruby par Fuby spe

3 Desktop

3 Spectra

(3 animation
3 namail

83 screendump

EHER =eprFiles
k- 3 Acquisition

3 Help
23 Macros
23 ProDel —
23 PulseSPEL
23 Setup

B C3lib

- 3 lost+found
- Camisc

B 23 mnt Al
Creates a new directory

[Shaw all files

Figure B-4  Creating a new directory.
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A dialog window appears requesting the name for the new direc-
tory. (See Figure B-5.) Type in the name for the new directory
and click OK to close the dialog box. A new directory with that
name will be created in the current directory.

@OK ‘ & Cancel J

Figure B-5  The dialog box for creating a new directory.
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The Find File Tool B.2.3

The Find File tool is very useful when you need to find a file or

a program. In the directory window, click
Commands > Find File. (See Figure B-6.)

| File Edit 3Seftings Layout Commands| Help

< A = & Find File.. | g =9
Back Up Foreard Re Edit mime types. f  Detailed Custom
{ Location:thumeMused o FENEEER, = |
S Bun Command in panel...
3 bin Exit %
C@boot -EI - -
I dev . animation Boy Seout
I et

T 8 G

3 BoyScout

Desktop nismail screendumg
3 Desktop
L3 Spectra % % %
23 animation
3 nstail Spectra sysfile wept Files
(3 screendump |
3 sysfile o
Locate files on digk iShDW all fileg

Figure B-6  Launching the Find File tool.

In the dialog box that appears, enter the directory that you want
to search. If you enter “.” the search will start from the current
directory; Entering “~” starts the search from your home direc-
tory. Entering “/” starts the search from the root directory. You

need to enter a file name. If you do not know the entire file
name, you can use a wild card, e.g. “*” or “?”.
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You can also find files that have certain content by entering a
string in the Content box. Click OK to start the search. (See

Figure B-7.)

Figure B-7

(=[]

Startat. ||

Filename: [MyFiIe|

Content: ]

QgQOK]

X Cancel J

The Find File dialog box.
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The UNIX Shell B.2.4

All the Linux functions we introduced above can be executed by
shell commands. A UNIX shell is a command line interpreter in
which you can enter UNIX commands. (See Figure B-8.)

I File Edit Settings Help

[xuser@epr-1imux xuserl$ i

Figure B-8 A shell window.

To open a shell window, you can simply click the terminal emu-
lation program icon in the bottom panel to open a shell window.
(See Figure B-9.)

Terminal
Emulation
Program

o

4"?“& 1
L

Figure B-9  The terminal emulation program in the bottom panel.
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You can also click the right mouse button on the desktop to bring
up a menu and then click New > Terminal. (See Figure B-10.)

ey

B " Teminal l
Arrange lcons ~ Directory...
Tidy Icons URL Link...
Create Mew Window Launc_her...
Rescan Desktop Directory ;I'he GlIMP
Rescan Devices Grnumetric

Recreate Default lcons

Configure Background Image
Desktop Properties

Figure B-10 Starting a shell window by right- clicking the
desktop.

Commonly used Linux shell commands are listed below:

Is <directory> list the contents of a directory
passwd change the password
pwd display the working directory
cd <directory> change the directory

mkdir <directory> make a new directory
cp <filel> <file2> copy filel to file2

Depending on your rm <file or directory>remove or delete a file or directory
window manager set-

. mv <filel> <file2> move or rename a file
ting you may need to

move the mouse cat <file> display the contents of a file
pointer inside the win- ) ) .
dow in order to start less <file> display file contents using paging
typing.

man <command>  launch the on-line technical reference

whatis <command> display a short description of a command
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To find a list of UNIX shell commands you can type Xman in a
UNIX shell. It brings up a manual browser, the xman window.
(See Figure B-11.)

Hanual Browser

Figure B-11 The xman manual browser.

You can also use the man command to find out how to use the
above commands.

Changing the Password B.2.5

To change your password, open a UNIX shell window and type
passwd. (See Figure B-12.)

File Edit Setings Help

[xuserGepr-linux xuser]$ passwd

Changing password for xuser

{current) UHIX password:

Hew UHIX password:

Retype new UHIX password:

passwd: all authentication tokens updated succes
sfully

[xuserfepr-1inux xuserl$ [

Figure B-12 Changing your password.

You will be prompted for your old password and a new pass-
word. You need to re-enter the new password to confirm it. For
security reasons, passwords are not displayed as you type them.
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The Main Menu

We recommend changing your password every two months. The
system will warn you if the password is too short or it is too easy
to guess. Avoid using Ctrl characters, your name, or other
easy-to-guess words in your password.

B.2.6

The main menu in the bottom panel contains various application
programs, tools, as well as system configuration. (See
Figure B-13.)

Figure B-13 The main menu icon.

The Help Tool

4]

% @

B.2.7

You can find many different kinds of help by clicking the Inte-
grated Help System icon in the bottom panel. (See
Figure B-14.)

Integrated
Help System

E N (G

Figure B-14 The Integrated Help System (info, man, HTML).
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Logout B.2.8

It is always a good practice to log out after you finish your work.
Click the main menu icon and then click Log out. (See
Figure B-15.)

%, Programs
& Favorites
@ Applets
4% KDE menus

i;j Run...
5§ Panel -

o Lock screen

Log out
% @ 28sNx °

Figure B-15 Logging out from the Main Menu.

=t
Ll
=t
Ll

1]

A dialog box appears with three radio buttons: Logout, Halt,
and Reboot. (See Figure B-16.) Select Log out and then click
Yes. Clicking No brings you back to the desktop of your
account. If you want to halt or reboot the system, please consult
your system administrator first.

@ Really log out?

"]

_l Save current setup

[ Action
< Logout
|« Halt

|+ Rehoot

Q@ ves @ o

Figure B-16 The log out dialog box.
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Basic Mouse Functions

Basic Mouse Functions

The basic mouse functions by default are:

Left mouse button: operation
Middle mouse button: paste
Right mouse button: menu

B.3

B-14



An Application Window

An Application Window B.4

Title M
Tool Bar Benu
ar
Bar

BRUKER Sepr 0O
E ferunition  Proceisng  Vewports  freperties  Optoes !HI

Bl @ Aly] el z2zli)iz]s] 8] =mfad Bl oo -] A2 8] nlafe)olnfe]

s ] R BB [ v e | v|m
T e _,m;
Indegrmtion... I
Finting... e -
== o ——
il Inactive 2D |* -
— ™ Viewport |* J
E e | f._ 3 %0 J4m 14am 1w
R T | e | e pot) Whewport £ (iranary) 1t 104 mtemsty 1
T Active 1D 4
iz Viewport
Inactive 1D
Viewport i
oo | -
] Viewport
: | Title i Bar
- B0 900 —{ y
B0 | 14w e 34w a0 e amm auw asm o o T s Tem | 1om | tam o o
Info | u-nv.l : ¥ --.-..u,;mA. e [
Line 0 Tt =
Window
Window
Border
Border L - |

Figure B-17 The parts of an applications window.

Application  Most Linux programs operate in an application window. (See
Window  Figure B-17.) Xepr displays all its commands and spectra in the
application window.
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Viewport

Viewport
Bar

Title
Bar

=1 Maximize
| B Button

[ Minimize
1=l Button

= Control
=i Menu
o Button

%W Close Button

Each application window has a working area. The working area
for Xepr is called a viewport. Acquired spectra are displayed in a
viewport. You may have multiple viewports open at the same
time, however, only one is active at a time. The active viewport
is the one upon which operations will be performed.

The viewport bar displays the number of the viewport. The
active viewport has a red viewport bar at the bottom and the
inactive viewports have grey bars. You activate a viewport by
clicking the viewport bar.

The bar on the top of a window is the title bar. It shows the name
of the application. The color of the title bar indicates whether a
window is active or not. Moving the mouse pointer inside the
window activates that window. You can type in the window only
when it is active. By clicking and dragging the title bar, the win-
dow may be moved.

Other elements in the title bar are:

The maximize button of the application window expands it to
fill the entire screen. You may restore the window to its original
size by clicking this button again.

The minimize button of the application window shrinks the win-
dow and places it on the desktop. A click on the minimized win-
dow icon opens it up to its original size.

This button is located in the left top corner of the window. A sin-
gle mouse click opens a drop-down menu. Consult your Linux
window manager documentation for further information regard-
ing the commands in the menu.

Clicking the Close button closes the application window.

The appearances of these buttons may be different depending on
which window manager you use and how it is set up.

B-16
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An Application Window

Menu
Bar

Tool
Bar

Info
Line

Window
Border

The horizontal bar under the title bar of the application window
is the menu bar. It displays the names of the available drop-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
buttons to activate the most commonly used commands. Click-
ing on a button activates the commands.

This area of the application window displays program status
information including mouse button status, guiding messages or
the confirmation line, macro record indicator, and elapsed time.

The perimeter of the window is the window border. When the
cursor is placed anywhere on the straight edge of a window bor-
der, an arrow with a short line replaces the regular cursor. If you
click and drag, the window can be resized to the desired size.
When the cursor is placed on a corner of a window, a right angle
with an arrow replaces the regular cursor. If you click and drag a
corner, the two sides that form the corner are resized simulta-
neously.
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Dialog Boxes

B.4.1

Many commands open a dialog box. (See Figure B-18.) The
dialog box allows you to enter required input for acquisition or
processing. What follows is a description of the basic elements
of a dialog box and how to use them.

‘ = Spectromeler Configuration
Feld l Misc. l Signal Channell ENDOR l FT-Epr l W-Band l
Folder Calibration Data Set:|B515s1 Resonator: [ 1 ﬁ
Tab Delete Data Set: g;}gs:qh B W
shy
altest
caltes ) Drop-down |m
ms_5sWi =
Freq. [Kiz] 1 E;Tﬁ};‘“"’"“ List Phase #2
|1[|[| 0 A e _| 45.03 |31B 28 Izss 62 =~
90.00 |_ SHEELE o "_| 53.25 |2.5u |323.91
|au.uu |55 |7u.93 |53.a4 |7a.44 |14.[|E
|7n.un |73 |65.43 |59.32 |226.25 |2uu.31
Is[l.[l[l |97 Iﬂs.?ﬂ |74.7E |314.E4 |315.52 Scroll
|5n.un |141 [53.46 |62.45 |331.72 |351.41 ; Bar
Slider
= Microwave Bridge Tuning Bar . .
ﬁ Editable Turning
Feweiy\ | Box  feg Knob
- >
- Shice\ y current
> offset [ DD 5
Signal Phase:
e L ——_

Close |

fence Anm:

off

Attenuation [dB]:
21600

-

s

Help |

S
slope | 0.0 J’

Abaseline y - <offsets> + x * <slope> is

| Integrate |

Button
subl

Close I

Arrow
Buttons

Figure B-18 The parts of a dialog box.
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An Application Window

Editable Box The editable box is a plain box with a white background. As the
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 cen-
ter field. After a click with the left mouse button in the text of
the box, an insertion marker appears (a vertical line). Any text
(or numbers) you type are inserted after the insertion marker.
Several characters may be selected or highlighted simulta-
neously by clicking and dragging over the desired text. Any
typed text replaces the highlighted text. The selected text may
also be deleted by pressing the Del key. The left and right arrow
keys of the keyboard move the insertion marker left and right.
Keeping the keys pressed repeats the action automatically.

Drop-down This input method is used for parameters that have a limited
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 and the arrow points upward. The presently
active option is highlighted. The highlighted choice is changed
by pressing the up and down arrow keys of the keyboard. You
may also select the desired choice by clicking the value with the
left mouse button. Click the upward pointing arrow. The
drop-down list then disappears with the newly selected value or
option displayed in the box.

Check The check box acts like a toggle. When clicked, the action turns
Box  the option on or off. The color of the box turns green, indicating
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, such as OK, Cancel,
Close, or Help is displayed in the center of the button.
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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. Sometimes there are two sets of arrow boxes. The left
arrow buttons allow you change the value in coarse steps while
the right arrow buttons change the value in fine steps. The up
and down arrows next to the box move you through the allowed
values for the variable sequentially. If the background of the box
were gray, you are then not able to edit the values, but must
change them with the arrows.

Slider The slider bar is used to vary a parameter continuously between
Bar jts allowed limits. For example, it is used to vary the microwave
source frequency from 9.2 to 9.9 GHz. Clicking to the left or
right of the rectangular bar acts as a coarse adjustment while
clicking the left or right arrows allows fine adjustments. Keep-
ing the mouse button pressed repeats the action automatically.
The value of the parameter is indicated graphically by the rect-
angle to supply you with visual feedback. The parameter may be
varied as well by clicking and dragging the rectangular bar.

Scroll  The scroll bar looks like a slider bar but functions differently. It
Bar s used to view entries in a list. For example, it is used in the
Save As dialog box to choose subdirectories. Clicking the up or
down arrows scrolls the list up and down. Keeping the mouse
button pressed repeats the action automatically. The position of
the viewed entry in the list is indicated graphically by the square.
The list may be scrolled as well by clicking and dragging the
square.

Folder Some dialog boxes have several folders in a dialog box. Clicking
on the tab of the folder brings that folder to the front.
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Turning A turning knob is used to change the parameter continuously.
Knob  Click and hold the left mouse button on the knob and turn it
clockwise (increasing the value) or counter-clockwise (decreas-

ing the value).
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Index

A

acquiring

1D spectra 3-12 to 3-27

2D spectra 5-55 to 5-60

field sweep 5-33 to 5-46

2nd harmonic 5-44 to 5-46

setting center field 5-38 to 5-39

time scan 5-47 to 5-54
acquisition server

server name 3-6
adding spectra (See processing, algebra.)
AFC

adjustment 7-30 to 7-33

fine-tuning (Gunn bridges) 7-26 to 7-29
applications 1-1to 1-4

biology and medicine 1-4

chemistry 1-2

ionizing radiation 1-3

materials research 1-3

physics 1-2

auto tune 5-30

B

bar
menu A-19, B-17
scroll A-22, B-20
slider A-22, B-20

title A-18, B-16
tool A-19, B-17

baseline

background signal 9-9

correction (See processing, baseline cor-
rection.)

drifting 9-8

fluctuating 9-8

variable temperature operation 9-8
bibliography 10-1 to 10-20
box

check A-21,B-19

control menu A-18, B-16

dialog A-20 to A-23, B-18 to B-21

editable A-21, B-19

bridge (See microwave bridge.)
bridge status 5-7
button

arrow A-22, B-20
cancel A-23, B-21
maximize A-18, B-16
minimize A-18, B-16
OK A-22,B-20

push A-21,B-19

C

calibration of signal channel and cavity

calibration file
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reading in  7-23
cavity

description 2-15to 2-18
dip 3-11,7-8

absence of 9-3
disconnecting 7-18
matching 2-17

errors 9-3, 9-6
reconnecting 7-19 to 7-23

center field (See setting, center field.)
comment 3-13
cooling water

turning off 3-32
turning on  3-2

coupling (See cavity, matching.)
creating a new experiment 3-12
cryostat
drop in resonant frequency 7-8, 8-2
improving S/N  8-7
curve fitting (See processing, curve fit-
ting.)

D

data history (See processing, data history.)
dataset

dataset table 4-14, 6-9
handle number 6-9
load 4-13

save 4-14

selecting dataset 4-15
display

(See also viewport.)

2D spectra 5-61 to 5-65

expand 4-16

moving a spectrum 4-22

toggling 1D/2D 4-15

toggling Re/Im 4-15

zooming 4-15, 4-22

drop-down list A-21, B-19

E

EPR

basic practice 2-10 to 2-23

basic theory 2-1to 2-9
exiting Xepr 3-29

experiment

creating from dataset 5-15

duplicating 5-14
experiment table 5-16

link (See experiment, linked.)

linked 5-48 to 5-53
loading 5-18

new 5-11to 5-14
saving 5-16
selecting 5-19

transferring parameters 5-20
working with 5-11 to 5-21
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Index

F

field modulation

amplitude optimization 8-13
frequency 2-21
theory 2-18 to 2-20

field sweep 5-33 to 5-43

(See also magnetic field controller.)
address 2-21

file

exporting ASCII 6-7
exporting ESP  6-7
importing 6-5
loading 6-2

saving 6-6

finding EPR signals 8-2to 8-4
fine tune 5-30

G

g-factor 2-4, 2-6

H

Hall probe 2-22
hardware information 5-7 to 5-8
heat exchanger

turning off 3-30 to 3-31
turning on 3-4 to 3-5
warning noises 9-19

help 4-281to 4-34

helpful hints 8-1to 8-15

hot keys 4-27

how to use manual 1-6to 1-7

hyperfine interaction 2-7 to 2-8

info line A-19, B-17
integration (See processing, integration.)
interactive control 5-22 to 5-29
introduction 1-1to 1-8
iris 2-17

iris tip size 9-6
iris screw

disconnecting 7-18
proper setting of limit switches 7-19
reconnecting 7-22

L

lab conditions and stability 8-6, 8-15

magnet power supply

shut down due to fault 9-7
turning off 3-30 to 3-31
turning on 3-4 to 3-5
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magnetic field controller 2-21 to 2-23
marker

dot 4-16

free line 4-16
horizontal line 4-16
vertical line 4-16

menu bar 4-3
meter 5-9
monitoring tool 7-2
microwave bridge 2-12to 2-14
tuning (See tuning.)

microwave bridge control 5-30 to 5-32

microwave power optimization 8-4,8-14,

9-12
modulation (See field modulation.)
monitoring panel 3-7, 5-2 to 5-10

mouse functions 4-19

N

nitrogen purge 7-16, 7-20, 9-13
no signal 9-18
noise

excessive 9-10 to 9-11
ground loops 9-10
interference 9-10
microphonics 9-10
worn iris screw  9-10

power line 9-10

variable temperature operation 9-11

O

operating instructions 3-1 to 3-32
optimizing
(See also setup scan.)
receiver gain 8-9
receiver level indicator 5-28
sensitivity 8-6 to 8-15

instrumental factors 8-6 to 8-7
parameter selection 8-9 to 8-14

weak or broad signal 5-25 to 5-29

P

parameter setting

activating 3-14

center field 5-36

dialog box 3-14

field 3-16

microwave power 3-16

number of data points 5-42 to 5-43

number of scans 5-40 to 5-41
(See also signal averaging.)

scan 3-17

signal channel 3-15

sweep width 5-36

time constant (See time constant.)

password 3-2

peak picking (See processing, peak pick-
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ing.)

phase sensitive detection 2-18

poor resolution 9-14 to 9-15

excessive microwave power 9-14
excessive modulation amplitude 9-14
excessive modulation frequency 9-14
excessive time constant 9-14

field inhomogeneity 9-15

poor sensitivity 9-12 to 9-13

calibration file 9-13
cavity choice 9-12
electrical interference 8-6
excessive microwave power 9-12
matching 8-7, 9-12
microphonics 8-6

loose iris screw 8-7
sample position 9-13
water condensation 9-13

power

(See also microwave power.)
computer
turning on  3-2
console
turning off 3-32
turning on  3-3
system

turning off 3-32
turning on  3-2

printing 4-16

printing a spectrum 3-26 to 3-27

processing

algebra 6-53 to 6-54

baseline correction 6-14 to 6-21
curve fitting 6-47 to 6-52

data history 6-55 to 6-56
integration 6-33 to 6-46

peak picking 6-22 to 6-32

Q

Q factor 2-15to 2-16, 9-12

R

reading spectrum

coordinates 4-20
distance 4-21

receiver gain (See also optimizing, receiv-
er gain.) 9-13

resolution (See poor resolution.)

S

safety

chemical 1-ivto 1-vi
electrical 1-iv
microwave 1-vi

sample

lossy samples 9-6
optimizing position 8-8
optimizing volume 8-8
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selecting sample cells 8-8
saving spectra 3-23 to 3-25
sensitivity

(See also optimizing sensitivity.)

instrument factor 8-5

parameter factor 8-5
sample factor 8-5

setting

center field 3-18
interactively 5-38 to 5-39
parameters via zooming 5-33 to 5-37

setup scan 5-22 to 5-24

signal averaging 5-40 to 5-41, 8-15
signal channel 2-18 to 2-21

signal distortion 9-16 to 9-17

asymmetric g-matrix 9-17
background signal 9-17
baseline 9-8 to 9-9
background signals 9-9
linear 9-8
variable temperature operation 9-8
varying 8-15, 9-8
conducting samples 9-17
excessive

field modulation amplitude 2-19, 9-16
microwave power 9-16

modulation frequency 9-16
time constant 2-20, 5-24, 9-16

lossy samples 9-17

magnetic field drifts 9-17
magnetic field inhomogeneity 9-16
microwave reference phase 9-17

signal intensity 2-9

spectrometer 2-10 to 2-11
connecting 3-6

spectroscopy 2-1 to 2-2

spectrum 2-23

starting Xepr 3-2

subtracting spectra (See processing, alge-
bra.)

T

tasks bar 4-3
time constant
description 2-20
optimization 8-10
time scans
creating new experiment 5-47 to 5-48

setting static field 5-47
turning off automatic baseline
correction 5-52
title bar 4-3
tool
acquisition 5-4
acquisition control 5-5
bar 4-3
defining experiments 5-2 to 5-4
lineshape 4-17
qualifier 4-17

troubleshooting 9-1to 9-19
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diagnostic flow chart 9-2
tuning

cavity and bridge
automatic 3-8 to 3-11
manual 7-1to 7-12

errors 9-4
mode 7-5to 7-7
absence of 9-5

turning

off spectrometer 3-28 to 3-32

on spectrometer 3-2 to 3-7
tutorial

acquisition 5-1 to 5-65

data processing 6-1 to 6-56

typographical conventions 1-8

\'

viewport 4-4 to 4-12

dataset display line 4-5
dataset label 4-5

dataset selector 4-6

full scale (FS) 4-6
individual scale 4-9
linked viewports 4-11
linking & unlinking 4-16

multiple viewports 4-10 to 4-12

primary 4-4

properties 4-7
qualifier 4-4

result 4-4

secondary 4-4

W

warming up the spectrometer 8-7, 9-15
warning noises 9-19

water condensation 9-13

waveguide stabilizers

installation 7-19
removal 7-18

window

application A-17, B-15

border A-19, B-17

brief tips A-1to A-23, B-1 to B-21
spectrum A-18, B-16

y4

Zeeman effect 2-3 to 2-6
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