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In experimental EPR studies of single crystals, the question of intensities of different resonance lines is
usually considered as secondary. Meanwhile, in studying the EPR of Ni-doped GaBO3; we have observed a
drastic change in intensity of several lines when the microwave magnetic field was rotated with respect of the
crystal axes. A theoretical consideration of the corresponding perturbation operator allows to adequately
account for this phenomenon.
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INTRODUCTION

The electron paramagnetic resonance (EPR) is observed in the conditions where the
ground state of a paramagnetic ion is split by an applied magnetizing field B, and the
energy difference between different split levels is matched by energy quanta of the

microwave field B,. Usually, B is much stronger than B,, therefore the latter does not

affect the positions of different spectral lines but it is directly responsible for their
intensities. Meanwhile, in the analysis of single crystal EPR spectra, the issue of relative
intensities of different features is usually considered as secondary in comparison with that
of the resonance fields.

Recently, we have studied the EPR of GaBOs single crystals doped with iron and
nickel [1]. In the latter case, we have found a striking dependence in intensity of certain
lines; almost disappearing at some orientations. Is has seemed interesting to provide a
theoretical analysis of this dependence and compare it with the experimental findings.

THEORY

Electronic transitions between the energy levels corresponding to different
projections of the effective electron spin S are induced by the magnetic component of the
electromagnetic wave interacting with the electron magnetic moment whose components
are:

(ﬂgS),;ﬁZgiSw i=x,y,z (1)
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where x,yandz are local symmetry axes (coinciding in our case with main
crystallographic directions x_,V,,z.), [ is the Bohr magneton and g, are components of
the electron g tensor g supposed to be diagonal. The transition intensity W, between a

couple of levels p and g 1is proportional to the square of modulus of the matrix
element [2]

M, =PB(p|B,-g-S|q). )
Usually, in EPR conditions B, L B, so, we choose B and B, respective directions

along z, and y, axes of the laboratory frame X;,),,z,. The relation between the
laboratory and the crystallographic frame is described by the following rotation matrix [3]:

—cosy cosdcosp—sinysing —siny cosdcos@+cosysing sinFcos @
A

|, =| —cosy cosdsingp+sinycosp —siny cos Isingp—cosycose sinIsing |(3)

cosy sin sin iy sin 3 cos 3

Where §,¢,7—y are Euler angles, see Fig. 1. One can see that in the x_,,,Zz,

frame $and ¢ are spherical angles of B, and y describes the orientation of B, in the
plane perpendicular to B .

Fig. 1. Definition of Euler angles between the crystallographic frame and the
laboratory frame.
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The unit vectors of B and B, in the crystallographic frame are given, respectively,

by the third and the second columns of the A4, matrix, viz.:

sin $cos ¢ —siny cosFcos @+ cosy sin @
[=|sin%sing | and [ =| —siny cosIsin@p—cosy cose |. €))
cos Y siny sin 4

Thus, the matrix element (2) can be expressed as follows:
t,, = BB (p|l (% 0.v) -9 S|q). (5)
with I, defined in Eq. (4).

EXPERIMENTS AND DISCUSSION

Nickel-doped GaBOs crystals were prepared in the Crystal Growth Laboratory of the
Taurida National University (Simferopol) [4]. They have rhombohedral calcite structure

with the space group ng [5]. The crystals having the shape of thin hexagonal plates,

have been studied by EPR with an X-band spectrometer in the Institut de Chimie de la
Matiére Condensée de Bordeaux (Pessac, France). The spectra have been measured in two
different configurations (i) and (ii), see Fig. 2. In both configurations, B was in the basal

plane ($=90°) and B, was either parallel (i), ¥ =0° or perpendicular (ii), ¥ =90° to
this plane.

Q) (ii)
A BI A B[

AL,

B B
Fig. 2. Two different orientations of the crystals: (i) B, L C; and (ii) B,PC;. In
both cases, B L B, and B L C,.

Fig. 3 compares the EPR spectra for both configurations. In the context of the present
study, most interesting are two features — closely spaced doublets — at ca. 0.04 and 0.23 T.
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One can see that the intensities of these features in the cases (i) and (ii) are strikingly
different.

Fig. 3. EPR spectra for B, parallel, 7 =0° (i) and perpendicular,  =90° (ii) to the
basal plane of the crystal.

The exact values of the resonance fields for these features, respectively, 0.0396 and
0.0406 T for the low-field one and 0.2259 and 0.2286 T for the medium-field one, have
been determined by diagonalizing the general spin Hamiltonian matrix for trigonal
symmetry [6, 7]. The corresponding resonance intensities have been calculated as
follows [8]:

qu o V2:B2Blz ‘<p|llx (g S)x +lly (g ' S)y +l]2 (g S)Z

where v is the frequency of microwave field and /|

q) (©)

[, and [, are direction cosines of

X%
B,, see expression (4).

Fig. 4 shows calculated relative intensities of the resonance features in question. The
transitions (a) and (b) occur between non-adjacent levels 13 and 1«4, respectively, and
one can see that their intensities are much weaker that the intensities of transitions (c)
and (d) between adjacent levels, 152 and 23, respectively. The intensities of (a) and (b)
transitions become particularly low in the vicinity of ¥ =90°, resulting in

“disappearance” of these features, in good accordance with the experimental results shown
in Fig. 3.
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Fig. 4. Transition intensities for low-field, 0.0406 (a) and 0.0396 T (b), and medium-
field, 0.2286 (c) and 0.2259 T (d) resonance features vs. the angle i .

CONCLUSIONS

We have observed an unusually pronounced dependence on the orientation of the
microwave field B,, of intensities of certain EPR lines of Ni** in gallium borate single

crystals. The results of the theoretical analysis of this dependence are in good agreement
with the experimental observations and clearly show the importance of using correct
expressions of intensities of the resonance transitions interpreting the experimental EPR
spectra.
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Cene3nboBa K. KyroBa 3anexnicts inTeHcuBHocreii ainili EIIP B GaBOs, jeropanomy Hikejaem /
K. Cene3snboBa, M. Ctpyrauskmii, C. SIrynos, 5I. KasBa // Bueni 3anucku TaBpiiiChbKoro HanioHaJbHOTO
yHiBepcutety iMeHi B. I. Bepuancekoro. Cepist : ®Di3uko-mMarematnysi Hayku. — 2014, — T. 27 (66), Ne 2. —
C. 86-91.

B excniepumMenTanpaux nocinimkeHHsx ETIP MoHOKpHCTaNiB MMTaHHS PO IHTEHCHBHOCTI PI3HUX PEe30HAHCHUX
JiHIN, SK MpaBUio, BBakaeTbcss BTopuHHHUM. [Ipote, mpu EIIP-mocnimkennsx GaBOs, neroBanoro Ni, mu
CHOCTEpIiraJid pi3Ky 3MiHY IHTEHCHUBHOCTI Psiiy JiHIM mpH oOepTaHHI MiKPOXBHUJIBOBOI'O MAarHiTHOTO IIOJIS
BITHOCHO KpHCTaJIiYHUX oceil. TeopeTHdHuil po3riasa BiAMOBIZHOTO omeparopa 30ypeHHS 03BOJISE
a/IeKBAaTHO MOSCHUTH II€ SIBUILIE.

Knrouogi cnoea: intencusHicts niniit EITP, 6opar rasmiro.

Cene3neBa K. YruoBas 3aBucumocTs uHTeHcuBHocTed JuHuii JOIIP B GaBO3, nerupoBanHoM
HukejeM / K. CenesneBa, M. Crpyraukuii, C. SIrynos, $I. KisiBa // Yuensle 3anmcku TaBpuueckoro
HalMoHaNbHOTO yHUBepcutera mMmeHH B. M. Bepragckoro. Cepusi : Pu3nMko-mMareMaTHUeCKHUE HAYKH. —
2014.—T. 27 (66), Ne 2. — C. 86-91.

B skcnepumenrtansHbIX uccnegoBaHmsx OIIP MoHOKpuCTamnoB Bompoc 00 HHTEHCHBHOCTSX Pa3IHYHBIX
PE30HAHCHBIX JIMHUIA, KaK MPaBUJIO, cYUTaeTCs BTOpuuHBIM. TeM He Menee, mpu DI1P-uccnenosanusax GaBO3,
nerupoBaHHOro Ni, Mbl HaOJIIOJAIM pe3KOe HM3MEHEHHe HHTCHCHBHOCTH psia JIMHMH TPH BpalleHHU
MHKpPOBOJIHOBOI'O MarHUTHOTO TI0JII OTHOCHUTENIBHO KpUCTaIIMYECKUX ocel. TeopeTuyeckoe paccMOTpEHUE
COOTBETCTBYIOIIETO OIIEPaTOPa BO3MYILECHHS IT03BOJIACT aeKBATHO OOBACHUTH 3TO SIBICHHUE.

Knrouesvie cnosa: vatencuBHocTh tuHuit DI1P, Gopar rammms.
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