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The angular dependences of the EPR line widths during the rotation of an external static magnetic
field in three mutually perpendicular planes were studied experimentally. A theoretical analysis was
carried out of the spin-phonon mechanism of line broadening. A satisfactory agreement between theory

and experiment was obtained.

THE angular dependences of the EPR line widths and
the influence of external electric fields on the profile
and width of the EPR lines have been investigated ex-
perimentally and theoretically.'* A theory has been
developed on the assumption that the line broadening is
due to the spin-phonon interaction. An explanation
exists''? of the experimentally observed correlation
between the angular dependences of the splitting of a

line in an external electric field and the line width. A
dependence of the EPR line profile on an external elec-
tric field was predicted in'*! and detected experimentally
in®!, A qualitative explanation of the angular dependence
of the line width and of the correlation effect was also
given in"®! on the assumption that the line broadening

is due to the electric fields of impurities in crystals.

An experimental investigation of the angular depen-
dence of the line width of the EPR of Cr** in ZnWO, was
carried out in'*"*’®! using a magnetic field rotating in a
plane perpendicular to a symmetry axis. A theoretically
calculated half-width®) has three free parameters,
which have been determined by comparison with experi-
ment.

It has seemed necessary to carry out new experi-
ments and to compare results with the theory so as to
reduce the number of free parameters. Such a compari-
son should make it possible to determine the role of
the spin-phonon mechanism in the line broadening. With
this purpose in mind, we investigated experimentally
and theoretically the angular dependences of the EPR
line width during the rotation of a magnetic field in three
mutually perpendicular planes.

The measurements of the EPR half-width were
carried out using an EPR spectrometer working in the
3-cm range at room temperature. We used single-crys-
tal samples of ZnWO, with admixtures of Cr* ions and
compensating Li* impurities. The concentration of the
Cr ions was approximately 0.1% in the original charge.
The samples were oriented in the resonator in such a
way that when a magnet was rotated, the orientation of
the magnetic field was varied in one of the three planes:
Xz, yz, Xy (the y axis was assumed to coincide with the
C. symmetry axis of a crystal). We investigated the
EPR line corresponding to a transition between levels
of the lower Kramers doublet. The experimental results
are presented in Figs. 1-3.

A theoretical analysis was carried out using the quan-
tum transport equation method, similar to that described
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FIG. 1. Angular dependence of the EPR line half-width (transition
— 3/2 = — 1/2) during the rotation of H in the xz plane. The continuous
curve is theoretical (A, =10, A, =33, A, = — 5.8); the points and the
dashed curve represent the experimental results.
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FIG. 2. Angular dependence of the EPR line half-width (transition
— 3/2 - — 1/2) during the rotation of H in the yz plane. The continuous
curve is theoretical (B, = 27, B, = — 23); the points and the dashed
curve represent the experimental results.
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FIG. 3. Angular dependence of the EPR line half-width (transition
— 3/2 = — 1/2) during the rotation of H in the xy plane. The continuous
curve is theoretical C, = 8.4, C, = — 3.4); the points represent the experi-
mental.
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in®?. The solution of a system of transport equations
for the components of the density matrix with a Hamil-
tonian including the pure spin part (the Zeeman com-
ponent and the crystal field), the phonon part, and the
spin-phonon interaction, made it possible to determine
the dynamic magnetization and the EPR line profile.

The high-temperature approximation was used to ob-
tain the following formulas for the EPR line half-width,
corresponding to a transition between levels in the lower
Kramers doublet in those cases when a magnetic field
was rotated in the xz, yz, and xy planes [Eqgs. (1), (2),
and (3), respectively] :
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Here, 0 and ¢ are, respectively, the polar and azimuthal
angles; <I>i\’ K is the Fourier transform of the correla-
tion function (cf.’?); wo = 2D, where D is the crystal
field constant.

Eqgs. (1)—(3) take into account only those terms of
the spin-phonon Hamiltonian

K s.p==F8, + Fi (S + iS,) + Fit(Sx — iSy)

which are linear in spin.

It is evident from Eqgs. (1la)—(3a) that the parameters
Aj, Bj, and Cj are related by three expressions, for ex-
ample,

Ao + Az =B, + Bz- l/on =y + CzY i/2Bo= Co—Co. (4)

Comparison of the theory and experiment was car-
ried out for the anisotropic part of the half-width, found
as the difference between the observed value and the
average ‘‘background’’. This background was evidently
due to approximately isotropic interaction mechanisms,
which were not allowed for in the theory.

1t is evident from Eqgs. (2) and (3) that the half-widths
of the lines in the case when the magnetic field rotates
in the yz and xy planes are even functions of the angle.
Figures 2 and 3 show that the experimental values of
the half-widths are indeed represented by curves which
are symmetrical with respect to the origin of the coor-
dinates.
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Comparison of the theoretical predictions with the
experimental results for the three planes makes it pos-
sible to obtain good agreement by a suitable selection of
parameters (cf., for example'?! for the xz plane). How-
ever, in this case one of the relationships between the
parameters given in Eq. (4) is satisfied less well than
the other two. This is probably due to the fact that the
theory allows only for one of the possible broadening
mechanisms, i.e., the phonon mechanism. In fact, other
mechanisms, including those producing a nonuniform
line broadening (effect of electric fields of impurities,
mosaic structure, scatter of values of the crystal field
constants, etc.), also result in angular dependences of
the line width. Moreover, the use of an isotropic aver-
age ‘‘background’’ may give rise to errors in estimates
of the parameters. Therefore, we should expect only a
qualitative agreement between the theory and experi-
ment.

Use of the relationships given in Eq. (4) to compare
the theoretical predictions with the experimental results
(determination of two parameters by ‘‘joining’’ the half-
width in the xy plane, and of one parameter by the same
procedure in the yz plane, and use of the parameters
determined in this way in plotting the curve in the xz
plane) gives the results shown in Figs. 1-3.

1t is evident from Egs. (la)—(3a) that the knowledge
of the coefficients Aj, Bj, and Ci makes it possible to
carry out approximate estimates of some Fourier trans-
forms of the correlation functions.

In conclusion, we must mention that it would be de-
sirable to investigate the temperature dependences of
the line widths in order to separate the various broad-
ening mechanisms.
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