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Electron Paramagnetic Resonance:
molecules and solids
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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) ?

The moment of the
considered atom does
not only interact with the
external field and with the
field due to its own nucleus,
but also with the fields due
to other nuclei and due to
electrons around those
other nuclei (fades out with
distance).
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Quenching of the orbital angular momentum in many solids (L0)
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What’s the difference (3) ?
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EPR  Hamiltonian for solids/molecules

S instead of J (quenching of L)
no scalar ge, but a g-matrix (or g-tensor) :

Terms with such a tensor (that is not a multiple of the unit matrix) are called anisotropic.
Their value depends on the orientation of the applied field w.r.t. the sample.
(Here: the way in which B0 is – slightly – perturbed by internal fields depends on the orientation of B0.)

Even if     is a multiple of the unit matrix, the diagonal element might differ
slightly from ge. 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. 

This is a Cartesian tensor, not
a spherical tensor. That means
the matrix need not to be symmetric,
nor need the trace to be zero.
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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).

The direction of the contact field is anisotropic,
but its magnitude is not. Only the magnitude survives
in the final expression.

The spatial distribution of the electrons determines
the orbital field. This spatial distribution is only to a 
small extent affected by (the direction of) an applied field.

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).

some spatial
electron distribution at every point – and also

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)

Applied field 
is vertical:

 different field
at the nuclear site

Applied field 
is horizontal:

EPR  Hamiltonian for solids/molecules

Reasoning from the point of view of the electron spin: 
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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).

some spatial
electron distribution at every point – and also

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)

Applied field 
is vertical:

 different angle between
local spin and field due to the nucleus

Applied field 
is horizontal:

EPR  Hamiltonian for solids/molecules

Reasoning from the point of view of the nuclear spin: 
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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 

EPR  Hamiltonian for solids/molecules
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A modified Varian electron paramagnetic resonance (EPR) spectrometer 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 output voltage from 
the lock-in amplifier vs. the external magnetic field corresponds to the derivative of 
the absorption curve. The half power linewidth and magnetic resonance field can be then 
found easily. 

http://www2.physics.colostate.edu/groups/PattonGroup/systems/epr_desc.html

Description of a
EPR spectrometer

(more or less randomly
taken from the internet)
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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

Context: Irradiate (doped) Si with high-energy electrons, in order 
to create defects. Some of these defects have unpaired
electrons (=S), and therefore produce a signal in EPR
experiments.
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(historical) example
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(historical) example

Question: To which defects does these two EPR signals correspond ?

(EPR tells you only that these defects exist, not what they are)
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Further characterization: examine anisotropy, determine PAS of g-tensors
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Conclusion/interpretation (based on a list of
indirect evidence) :
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How to unravel such problems nowadays :
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