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31211 samples and Sample Holders

a sample tO b-e EPR/ESR active, it must have one ;
radicals, parumagnetnc metal ions, and irradiated materic lOr o el e S ] et
¢ of sample requi erials are some examples of such materials.
The amOUR® ™ ple required depends on the type of spectrometer (what bP d is us A i
(498 of expenment——CW, pulsed, and double-resonance experi s lik and is used) and on the
NDOR) (di . o iments like electron nuclear double
reSO“ancg (\E;:olumes)cff ;.S;:rlrllssled n ﬂ_“" following)—but in general, liquid and solid samples ca:n be
measured: : ple required range from 20 pL to 1 mL at co i ‘
20 mM for most experiments. ncentrations of 10 nM to
| Sam;r)}te holll(;i;ag ?STP; :Hlll'flll Cclh.ameler or capillary tubes or flat cells made of clear fused guartz.
ngh'Pfl 1ty qma ¥ q ére. mste'ad of glass because most glass contains traces of iron oxide,
which 15 p;ra 1ag etllc ]31_‘ gives rise to large background signals. Specialty cells include flow-
trough cells, tissue-holding cells, and cells for electrochemical studies. Wide varieties of sample
holders for EPR (and NMR) are offered by Wilmad-LabGlass and may be viewed at www.wilmad-
[abglass.com. Other vendors include Vitrocom and Bruker.

O.rgamc .nonpolar solvents can normally be used at all temperatures. Aqueous samples pres-
ent d;fﬁf:ultles at temperatures above 0°C, due to the interaction of the large electric dipole of
water with the standing wave in the resonator cavity. To minimize this interaction, thin, flat cells
are used for aqueous samples in X-band systems and very narrow quartz capillaries are used in
Q-band systems.

Organic radicals can often be measured at room temperature. For many metals, the spin-lattice

relaxation time broadens their EPR signals significantly at room temperature. In order to narrow the
ryogenic temperatures (liquid Ny, 77 K. or liquid He, 4 K).

EPR linewidth, such samples are oftenrunatc
bital angular momentum with local

The mechanism for the relaxation time is interaction of the or
vibrational modes. Metal ions with little orbital angular momentum, such as Cu? and VO?*, can

usually be observed at room temperature.

For

312.2 Miniature ESR Spectroscopy
f large size and high cost and

aturization of sensor technol-
smaller ESR systems. Several
stem, the Micro-ESR™

The standard commercial instrumentation described earlier is Of
generally requires highly trained personnel. Recent advances 11 mini

ogy and in microwave electronics have resulted in the devel(')p‘ment of

companies now offer benchtop systems: For example, 2 miniature ESR sy
(Active Spectrum, Inc., W trum.com), brings ESR spectroscopy 0 the benchtop and
2 d online sensor are shown in Figure 3.81.

K;I)Online e G i f th rum shown o0 the instrument screen
ote t ivati of the s g : .
Thtesﬁ;s;n%eg;\;a;:;e::::l a4 samarium cobalt perm?nent magnet, with a fixed field of 11 221 G 't?;t
is swept by a coil over a narrow range of 135 G- This corfesponds to a frequency of 3.5 j Z : e
system (Figure 3.81) includes an integrated touch screem, mtern?l computer, thermoelectric COOIET,
- available in an x-band version (9.5 GHz; 3480 + 200 G).
¢ diameter tubes. Solid

and power supply. The instrt ,
{ : i tubes, 2.0 mm Or 5.8 mm 1nne
Sk introduced 17 et s ith only 25-50 pL sample volume

samples and liqui les in any W
feqtgreil ?g? ti,‘g‘gi:?:‘:yﬁem and 100 pL sample volume minimum for the X-band system-

3.12.3 ESR Spectra and Hyperfine Interactions

~2.0023. The excitation frequenci

frequency and ma

e electron is Be
4 electron differ

The g-factor for a fre .
on the total magnetic moment. we obtain 4 gpectrum at known .
can calculate the g-factor or our sample. The energy Jevels of a bound, unpairé
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(b)

grated touch screen. The dimensions are

ometer with inte [
ith 24V DC power input, USB interface, and

ESR™ gensor w

Figure 3.81 (a) penchtop Micro-ESR™ spectr

25" x 10" % 10" (b Online Micro- / _
;T5g5di:meter. (Actl(vg Spectrum, Inc., www.activespectrum.com. With permission.)

from those of a free electron due primarily to electron orbital angular momentum. If g does not
equal g, the electron giving rise to the signal is not a free unpaired electron. The magnitude of
the change in the g-factor gives information about the atomic or molecular orbital containing the
unpaired electron. Organic radicals have g values from 1.99 to 2.01, while transition metal com-
pounds have a wider range of g values, 1.4-3.0, due to factors like spin—orbit coupling. The g-factor
helps us characterize the type of sample we are measuring. It can identify a specific metal ion,
its oxidation state, spin state, and coordination environment. For example, cytochrome oxidase, a
metalloprotein with more than one metal center, displays an ESR spectrum with multiple g-factors
that are used to identify and characterize the different centers.

ESR is a sensitive probe for the local environment of a transition metal. Orbital angular momentum
can be very large for the d orbitals of transition metals. As an example, if a transition metal is surrounded
l:!y six identical ligands bound symmetrically by the d orbitals, a single transition results (i.e., asinge
lgne in the spectrum). As the symmetry is lowered either by substitution of one or more ligands or distor
tion of t'hc symmt‘:try.(Jahn—Tellcr distortion), anisotropy appears in the ESR signal. ESR can be used 0
detc;rir:cncc ;t:: gxsxgu:::c::it; arnec: LT](t)orfdmati'on of tranfsition metal centers in compounds. .
field), it might be s'uppos'ed thz;l al“li Ergg d Ch‘ange in the ele?tron‘s spin state (with or against tle
B0 8t i e, Bt i would consist of a single transition. FOrIacE
el ’ s not the case. Bound unpaired electrons are very sensitive to the nuclei aroud

, through magnetic moment interaction, § PR

The interaction between an un .raztlon, o e wed
energy levels; this interaction is c':\illlléfl tl:}:e;tmn E{;nd t]earby I?UClei Ry addi.tional alle0 d
coupling can tell us the identity and number Of)tper e interaction or hyperfine coupling. Hy'pancﬁ
from the electron, The interactions with ne dtm'n.s in a radical or complex as well as their dlSt'

s with neighboring nuclei can be described by Equation >

E =g“ﬂB()M, +£1Mlm[ (3.20) t

where

:zn i8 the hyperfine coupling constant
18 the nuclear spin quantum number

The value of u is m
S measured
ed as the distance between the centers of two signals (Figure 3830
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