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What is EPR?

EPR (Electron Paramagnetic Resonance) is a spectroscopic

technique that detects species that have unpaired electrons.

It is also often called ESR (Electron Spin Resonance).

A surprisingly large number of materials have unpaired
electrons. These include free radicals, many transition metal
ions, and defects in materials. Free electrons are often
short-lived, but still play crucial roles in many processes
such as photosynthesis, oxidation, catalysis, and polymer-
ization reactions. As a result EPR crosses several disciplines
including: chemistry, physics, biology, materials science,
medical science and many more.

What kind of information can | get from EPR?

Only EPR detects unpaired electrons unambiguously.

Other techniques such as fluorescence may provide
indirect evidence of free radicals, but EPR alone yields
incontrovertible evidence of their presence. In addition, EPR
has the unique power to identify the paramagnetic species
that is detected. EPR samples are very sensitive to local
environments. Therefore, the technique sheds light on the
molecular structure near the unpaired electron. Sometimes,
the EPR spectra exhibit dramatic lineshape changes, giving
insight into dynamic processes such as molecular motions
or fluidity. The EPR spin-trapping technique, which detects

short-lived, reactive free radicals, very nicely illustrates how
EPR detection and identification of radicals can be exploited.
This technique has been vital in the biomedical field for
elucidating the role of free radicals in many pathologies

and toxicities. EPR spin-labelling is a technique used by
biochemists whereby a paramagnetic molecule (i.e., the
spin label) is used to “tag” macromolecules in specific
regions. From the EPR spectra reported by the spin label,
they can determine the type of environment (hydropho-
bicity, pH, fluidity, etc.) in which the spin label is located.

ESEEM and ENDOR are two EPR methods that measure
the interactions of the electron with the surrounding nuclei.
They are extremely powerful techniques for probing the
structure of “active sites” in metalloproteins. Another
important application for quantitative EPR is radiation
dosimetry. Among its uses are dose measurements for
sterilization of medical goods and foods, detection of
irradiated foods, and the dating of early human artifacts.
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How does EPR work?

EPR is a magnetic resonance technique very similar to NMR (Nuclear Magnetic Resonance). However, instead of
measuring the nuclear transitions in our sample, we are detecting the transitions of unpaired electrons in an applied
magnetic field. Like a proton, the electron has “spin”, which gives it a magnetic property known as a magnetic moment.
The magnetic moment makes the electron behave like a tiny bar magnet similar to one you might put on your refrigerator.
When we supply an external magnetic field, the paramagnetic electrons can either orient in a direction parallel or antiparallel
to the direction of the magnetic field. This creates two distinct energy levels for the unpaired electrons and allows us to
measure them as they are driven between the two levels.

Initially, there will be more electrons in the

lower energy level (i.e., parallel to the field)

than in the upper level (antiparallel). We use

000000 Upper energy level: a fixed frequency of microwave irradiation to
! iented anti- . .
Pl wih hemametic  EXCite sOMe of the electrons in the lower ener
/ p g
/7 hv field. level to the upper energy level. In order for
No magnetc field, the /7 . & the transition to occur we must also have the
R ient rar Mi drive elect [t - — -
Ener slstonsarent andomly e energy level when the ——_ . external magnetic field at a specific strength,
. . »
& » \  applicd field is equal to the T — - such that the energy level separation between
- 5 ¥ \ “field-for-resonance” —_— - .
; 5‘ » the lower and upper states is exactly matched by
.t ‘, N Lower energy level: our microwave frequency. In order to achieve this
electrons oriented parallel o B .
00000000 Twiththemagneticﬁeld. condition, we sweep the external magnet's field
while exposing the sample to a fixed frequency

Magnetic field strength (B,) of microwave irradiation. The condition where
the magnetic field and the microwave frequency
are “just right” to produce an EPR resonance (or

A A absorption) is known as the resonance condition
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microwave irradiation as above figure. Below is a diagram of a typical EPR

The sample is placed in a well as the detection circuitry. spectrometer.

probehead often called
a cavity or resonator.

The PC provides the interface
by which the spectroscopist
controls the spectrometer.

A water cooled iron
electromagnet provides
the external magnetic field
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The spectrometer’s console contains
the electronics that control the magnet, the microwave
bridge, and process the EPR signal.
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