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What's the difference (1) ?

As soon as your sample is not a free atom any longer,
there is anisotropy: the orientation of the applied field
w.r.t. the molecule or solid matters.
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What's the difference (2) ? What's the difference (3) ?
Quenching of the orbital angular momentum in many solids (L~0)
The moment of the
@ O considered atom does
- . . me = +1/2 M =+1/2
not only interact with the Lo —_— s=1/2 A
. . = 2p —_
eé external field and with the s=112 a2 ] |:> I mg= 72 EI m =2
1 . . - L m=+12
e - field due to its own nucleus, B 20 B0
- Al . . 0 =
bi; but also with the fields due =172
‘ to other nuclei and due to
(V] electrons around those
other nuclei (fades out with
distance).
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EPR Hamiltonian for solids/molecules EPR Hamiltonian for solids/molecules
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® S instead of J (quenching of L) ® hyperfine coupling (=interaction between electron spin and nuclear spin)
@ no scalar g,, but a g-matrix (or g-tensor) : @ has an isotropic part (contact interaction and orbital interaction) and an
anisotropic pa ipolar interaction). )
Jxx Gxy Yz This is a Cartesian tensor, not
a spherical tensor. That means
g Gur Guu Gy the matrix need not to be symmetric,
Gzx 9=y 9 nor need the trace fo be zero. The direction of |h_e contact field is anisgtropic, »
Terms with such a tensor (thatis not a multiple of the unit matrix) are called anisotropic. f’n“:rff:f‘:?';‘x':ies'jo':" Only the magnitude survives
Their value depends on the orientation of the applied field w.r.t. the sample.
(Here: the way in which B, is — slightly — perturbed by internal fields depends on the orientation of B,.)
The sp_atialvdwstnbgtion ofvthe velevctro_ns determines
® Evenif q is a multiple of the unit matrix, the diagonal element might differ 'Sr:re]a(;‘rZ'ife‘:‘e;%eg';sﬁfﬂz':&?:;g‘fg,?gf‘)s::g‘;;izd field.
slightly from g.. This reflects the fact that the field felt by the electron is not
only the applied field, but a sum of applied field and local (internal) fields.
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EPR Hamiltonian for solids/molecules
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® hyperfine coupling (=interaction between electron spin and nuclear spin)

@ has an isotropic part (contact interaction and orbital interaction) and an
anisotropic par{{dipolar interaction}> -
Applied field

. . . . is vertical:
Reasoning from the point of view of the electron spin:
some spatial Applied field
electron distribution at every point — and also is horizontal:

at this green one — there
might be a local spin.

We want to know the
dipolar field produced

by that particular spin

at the nuclear site
(integrate afterwards over

the entire volume]

= different field
at the nuclear site

EPR Hamiltonian for solids/molecules
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® hyperfine coupling (=interaction between electron spin and nuclear spin)

@ has an isotropic part (contact interaction and orbital interaction) and an
anisotropic par{{dipolar interaction}>

Reasoning from the point of view of the nuclear spin:

some spatial
electron distribution

Applied field
is vertical:

Applied field
at every point — and also is horizontal:
at this green one — there

might be a local spin.

We want to know the
dipolar field produced

by the nucleus at

that green spot

(integrate afterwards over
the entire volume

3 different angle between
local spin and field due to the nucleus
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EPR Hamiltonian for solids/molecules
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® hyperfine coupling (=interaction between electron spin and nuclear spin)

® has an isotropic part (contact interaction and orbital interaction) and an
anisotropic part (dipolar interaction).

@ interaction not only with the nucleus of the ‘own’ atom, but with all nuclei
in the solid

EPR Hamiltonian for solids/molecules
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® interaction between the nuclear spins and the external field
® to a good approximation isotropic
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Description of a
EPR spectrometer
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taken from the internet)
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A modified Varian electron i (EPR) is used with

a klystron to do ferromagnetic resonance (FMR) spectroscopy in the X-band (9.53 GHz).
The magnetic sample to be measured is placed between the poles of an electromagnet,
at the end of a shorted waveguide or centered in a cavity. An incident microwave signal
couples to the sample and is partially absorbed. A crystal detector then measures the
reflected microwave signal. This signal from the crystal detector is then input into the
lock-in amplifier where it is compared with the reference signal. The outpulvollage from
the lock-in amplifier vs. the external icfield corr to the of

the absorption curve. The half power linewidth and magnetic resonance field can be then
found easily.

http://www2.physics.colostate. ro desc.html

GAUSSMETER
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Two examples of EPR spectrometers.
The two coils of the electromagnet
are a typical feature.
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(historical) example (historical) example
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Defects in Irradiated Silicon : Electron Paramagnetic Resonance of the Divacancy Defects in Irradiated Silicon : Electron Paramagnetic Resonance of the Divacancy
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‘The (G6Spectitiis observed in low-resistivity p-type
silicon. In boron-, aluminum-, gallium-, or indium-

doped silicon it grows linearly with irradiation dose as 66
long as the Fermi level remains locked to the acceptor
level. The production rate in a room temperature radia-

Context: Irradiate (dofped) Ssl with h;gh-energ)f/ electrons, in or_der tion at 1.5 MeV ist? ~0.008 defects/cmt per electron/
to create defects. Some of these defects have _unpalred cm? which is an order of magnitude lower than the
electrons (=S), and therefore produce a signal in EPR single-vacancy production (as monitored by the oxygen-

0

vacancy pairs)

Fig. 1. Spectra at 20
KkMc/sec with HJ|(100) and
T=304°K.

experiments.
T

Ih is observed in high-resistivity wer
2-type silicon. Starting with phosphorus-doped silicon,
these defects are not observed until the irradiation has
[proceeded far enough that the Fermi level has receded
to ~ (E,—0.4) eV. It is thus associated with a level at
this position and is observed only when this level does
not contain an electron. The production rate is there-

fore less easy to measure, but it appears comparable [ — a— )
13 lto the G6 spectrum in p-tvpe material. MAGNETIC FIELD (GAUSS) 14

13 14

(h IStO rlcal) exam ple Further characterization: examine anisotropy, determine PAS of g-tensors
o)

PHYSICAL REVIEW VOLUME 138, NUMBER 24 19 APRIL 1965
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Question: To which defects does these two EPR signals correspond ?
200
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(EPR tells you only that these defects exist, not what they are) E 66 o-200204.0003 A1=400£05 (107 e
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Frc. 2. ¢ values versus erystalline orientation with H in the (011) lattice. With the magnetic field I in the (011) plane as shown,
15 plane (see Fig. 3). (a) G6 spectrum, (b) G7 spectrum. this set of axes gives rise to the g values given by cb in Fig. 2. 16
L . . F16. 4. Model of|
Conclusion/interpretation (based on a list of the divacancy. The How to unravel such problems nowadays :
indirect evidence) : G6 spectrum arises|
from one electron in
the extended orbital
between atoms b and|

VI. SUMMARY AND CONCLUSIONS

"t];f the G7 from| VOLUME 88, NUMBER 8 PHYSICAL REVIEW LETTERS 25 FEERUARY 2002
ree.

We conclude that the divacancy introduces a single
donor and two acceptor levels into the forbidden gap
and can therefore exist in four different charge states.
We identify two epr spectra, G6 and G7, as arising
from the singly positive and the singly negative charge
states of the divacancy, respectively.

The model of the divacancy deduced from the
studies in this paper is one in which the two vacancies
are at adjacent atom sites. Four of the six silicon atoms
adjacent to the divacancy bond together by pairs and
the remaining electrons are spread over the other two
atoms, which are separated from each other across
the divacancy. For the G6 spectrum there is one elec-
tron shared between these two atoms; for the G7, there
are three. This pulling together of the other atom pairs
can be viewed as a manifestation of the Jahn-Teller
effect.

First-Principles Theory of the EPR g Tensor in Solids: Defects in Quartz
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A theory for the reliable prediction of the EPR g tensor for paramagnetic defects in solids is presented.

Tt is based on density functional theory and on the gauge including projector augmented wave approach

to the calculation of allelectron magnetic response. The method is validated by comparison with existing

quantum chemical and experimental data for a selection of diatomic radicals. We then perform the first

prediction of EPR g tensors in the solid state and find the results to be in excellent agreement with
i for the | and ituti defect centers in quartz.

DOL 10.1103/PhysRevLett.88.086403 PACS numbers: 71.15.~m, 61.72Bb, 76.30.-v
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