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Figure 2.1 (2) Nonmagnetic paired electrons and radiation, (b) lonization

and {¢) Formation of an unpaired electron. The self rotation (spin) of a nega-
tively charged sphere of an unpaired electron acts as a small magnet. Magnet-

ic field is produced in the vicinity of an unpaired electron. Defects with un~
paired electrons are called paramagnetic defects.
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Figure 2.2 Lattice defects called "color centers” created by fonizing radia-
tion in NaCl. Some have an unpaired electron and so are paramagnetic.
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Figure 2.3 Energy separation of an unpaired electron spin under a magnetic
field (Zeeman effect). (2) Random orientation of spins without current in the
electromagnet, (b)a partial orientation under the magnetic field and (c) flip-
ping of spins by microwave absorption and flopping of spins in the spin~
lattice relaxation time, T,. o
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The principle of ESR. The unpaired electrons are excited to a high energy

state under a magnetic field by the absorption of microwave "music”. The

excited electron changes its direction of spin and relaxes into the ground state

by emitting phonons (song). Microwave absorption is measured as a function
_ of the magnetic field by ESR spectroscopy.

Spin angular momentum, S(hj2x) (k : Planck constant)

Spin quantum number, S i S =1/2 for an electron.

Magnetic quantum number, M : M=+1/2 and M =-1/2 are allowed.
Bokr magneton, f : the basic upit of a smail magnet for an electron spin.
Magnetic moment, w,: p =-gBS

Spectroscopic splitting factor, g ¢ g=2.0023 for a free electron.

The energy yielding different spin states under the external magnetic
field H is known as the "Zeeman effect” and depends on H and the magnetic
moment (gBM) of the electron. The Zeeman energy, E, = —p H, is

EZ = gﬁHM s . (21)
where H i8 expresséd in Tesla (T';17T=10%gauss} or in mT (1 mT =10

gauss). 'The energy level of an electron with § = 1/2 splits for M = 1/2 and
M =-~1/2 and is shown as a function of H in Figure 2.4 (a).

The resonance condition is represented by
gBH, = hv (2.2
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Table 2.1 The resonance magnetic field £, for the signal at g = 2.0 at
typmai microwave frequency bands (wavelangths) using hv = gBH .
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Figure 2.4 (a) Energy levels of an electron spinas a fnnctmn of a magnetic
field. The resonance by microwave absorption occurs at =hvlgh.
(b} Electronic ground and exciled levels and a transition indnwcicby an optical
absorption: E [eV] = 1239/A (A is a-wavelength in [nm]).



