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THE NUMERICAL SYNTHESIS OF THE ESR SPECTRA
OF V** IMPURITY IN SOME OXIDE GLASSES

SVETOZAR KALAVSKY*, Bratislava

The ESE spectra of Vi+ inpurities in the oxide glasses NasO . 2B,0;,
Na0 . P;0; and Naz0 . 28i0, were scanned at room temperature at a 3 cm
wavelength. Their models were obtained by a digital computer.

L INTRODUCTION

In 1955 [1] Sands showed that ESR spectra of paramagnetic impurities
in vitreou materials may also provide information about the state and structure
of the impurity centres. The later literature on this problem was surveyed by
Wong and Angell [2], and by Altshuler and Kozyrev [3].

In an amorphous material any orientation of an impurity centra has an
equal probability. The observed spectrum is a superposition of contributions
from all centres. In spite of the fact that such a spectrum shows no angular
dependence, it sometimes anables us to determine the spin Hamiltonian
constants of the individual anisitropic centres. The question of the relationship
between the observed spectrum and the spin Hamiltonian constants has been
solved mainy for spectra without a hyperfine structure [4, 5, 6). The solution
is usually based on the idea that the principal peaks arise (in the observed
spectrum) approximately in such magnetic fields, in which the lines of individual
centres in their angular dpendence achieve extreme positions. This idea is
insufficient for the interpretation of more complex spectra with a distinguish-
able hyperfine structure. Difficulties and uncertainties arise in the central
part of spectrum due to the overlapping of spectral lines.

We suppose that better results can be obtained if we can calculate the shape
of the spectrum for the given constants of the spin Hamiltonian and for the
given assumptions about the shape and the width of the individual spectral
line. A comparison of the synthetical spectrum, obtained in the above describe
way with the observed spectrum is the starting point for the better estimation

* Katedra vieobecnej fyziky PFUK, Mlynsksé dolina, 816 31 BRATISLAVA, Cze-
<choslovakia,

113



of the spectral parameters. Afterwards it may follow a new synthesis of the
spectruum ete.

. EXPERIMENTAL

. In .ﬁpm present work we have confined ourselves to study of vanadium (V4+)
1 oxide glassed Na,O . 2B303, Naq0 . P20; and Naz0 . 28i0;. Vanadium in
all the samples was added in the form of V,0j (cca 1 mol %,). A reduction of
Vi+1o baramagnetic V4+ was realized by the preparation of glasses in a reducing
flame. We have obtained dark green optical transparent glasses. Typical ESR
H%ooﬁ.m, of one sample scanned at room temperature at a frequency of 9126 MHz
is shown in Fig. 1 by a solid curve. (All spectra were scanned by a ESR spectro-
meter with high frequency modulation, constructed by Ing. Surka at the
Institute of Experimental Physics PF UK in Bratislava.)
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Fig. 1. The ESR spectrum of the impurity V4+ (2 mol %) in the glass NasO . 2B:0; at

a frequency of 9126 MHz and a temperature of 300 K. Solid curve — experimentsl

spectrum, dashed curve — synthetic spectrum for gn = 1944, 9 = 1.974, 4, = 168.0 x
X 10-4¢em-1, A, =553 x 10-1om-1 and AH = 35.2 Qe.
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III. CALCULATIONS

There are some papers which are devoted to similar materials 7,8 9]. It
is generally accepted that the ESR in these glasses is caused by the molecular
ion of VO2+. We concentrated on the problem of the numerical synthesis of
these spectra only.

We assume that a paramagnetic centra containing a VO2+ ion and the
nearest neighbouring atoms have in the first approximation the axial spin
Hamiltonian with the Zeeman and the hyperfine interaction terms only. Since
the configuration of V4+ is (Ar)3d, the electronic spin of the centre is § = 1/2.
We suppose further that the odd electron interacts only with the nucleus of
V33, that is I = 7/2. In the following text and formulae we use the usual
notation according to [10].

If kv > max (4, 4 ) and if Am = 1 (for the electronic spin) and AM = 0
(for the nuclear spin), then for the resonance magnetic field of the line with
the nuclear quantum number M we can write

Hu(0) = a(0) M2 + B(O)M + ¢(6), (1

where @ is the angle between the direction of the magnetic field and the centre
axis. The used notations are

A7 Aj+42 (4 — 32 [ gg.\

a(@) = (sin 20@)2 (1)
dhvgp A2 8hvgpA2 g2
b(0) -
98
by A% AR 4 A4
N ™ S i i I(I+1).
g8 4hvgp 42
We shall seek the synthetic spectrum in the form
I np2
H oy | ZHO B | . oao @)
M=T10

where p(0) is proportional to the probability of the absorption and the function
S{x} represents a hypothetical shape of each individual line with the width
parameter AH.

In our numerical calculations the integration in (2) has been replaced by
the summation over a sufficiently thick set of values of @. The function Sz}
was replaced by a derivative gaussian, or lorenzian one. The values of s gys
4, A, are determinable by the assignment of experimental spectral peaks
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to the extreme pos
and (1') 16 equations for 4 parameters, which can be solved by the nonlinear

& unique choice of solution. A further synthesis for various 4H, for gaussian
and lorentzian shapes of the Individual lines enables us to oo_h&:mm on th

shapes and widths of the individual lines. e
. The calculations were performed by the litle computer ODRA (programmed
in MOST). Better results were obtained for the gaussian shapes of the individual

Table 1

T
'he ESR spectral parameters of V4+ (2 mol %) in some oxide glasses (temperature 300 K.
frequency 9126 MHz) .

——— ——
Sample Ay x 100 A x 100
!r/ll’l/wm_ 9L [em-1] .m.SlJ AH[Oe}
Naz0 . 2B504 : Va+ 1944 1era iemn T
: : 1.974 168.0
Naz0 . PyOs : Va+ L1933 1974 176.6 Mw.w ww

Naz0 . 28i0, ; 44+ 1.939 1.971 172.2 55.2 29
sk .
/lj

The dashed line in Fig. 1 shows i
NayO . 3B.0r e g. 1 shows the best synthetic spectrum for the glass

MMFEmmmm by (1), (1), .Obm can see that there are finite differences between
~. & %S_Eobm. of wwmhm n the synthetic spectrum and the positions of these
M_MM_ M% H”M mh.m:w :w the symbols - 712y, 4-7/2, ete. in Fig. 1 correspond to
pothetical choice 4 > 0. The sha e of th i is i
deponsn ot cigt o P e synthetic spectrum is in-

IV. DISCUSSION

?BM:?Q@ 72y : msﬁ.;zmw —7/2y, or amplitude 5/2; : amplitude —b5/2y) is
ooM.. . The 497.5 of this quantity is 2 in the synthetic spectra, Similarly, the
Tatios of the widths of these lines are 0.5 or 1 in the observed Spectra or syn-
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thesized ones, respectively. This discrepancy, according to our opinion, is
residual. One may explain such an effect by a dispersion of the spin Hamiltonian
parameters caused by irregularities of environment of the Paramagnetic
centres. Some authors {11, 12] have shown that a dispersion of the Parameters
exhibits an influence upon the widths of the lines. If the resonance field is
increasing, the width of the line is increasing, too. It may be expected that
this effect is more complicated in the presence of hyperfine interactions.
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