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Abstract : Electron Paramagnetic resonance (EPR) study of some VO doped single
crystals of MgSba (SO4)3 F12(M = Cs, Rb, NHa) have been carried out. An introduction
and theoretical background related to the above investigations have also been discussed.
The result, discussion and conclusions drawn are presented in this paper.

1. Introduction

Compounds having composition 3MS0,4SbF; (M = Cs, Rb, NH,) form hexagonal
systems with closely similar cell constants and each unit cell containing three formula
units'. The infrared spectra (IR) of MgSb4(SO4)3 ¥z exhibit splitting of deformation and
valence vibrations of the SO4 groups into compoundsz, indicating that sulfate groups are
coordinated with the antimony atoms hence the MgSby(SO4); Fi2 compounds are not
double salts of the 3MSOy. 4SbFj type. It is believed that SO, groups act as bridges
which bind the antimony atoms. NQR Study3 suggested that there are four types of
antimony atoms differing in respect of their environment. These antimony sites have
different coordination polyhedron having different strengths of binding and are similar to
those in antimony sulfides*>. Electron paramagnetic resonance has well established
merits in the study of phase transitions® and the vanadyl ion (V02+) has been fruitful
particularly in the study of ferroelectric phase transitions’ 3. EPR study of VO?* jons
doped in (NH,)Sby (SO4)3 Fyp between room temperature (RT) and liquid nitrogen
temperature (LNT) has been also reported by Agarwal and Chand’.

2. Theory of EPR of Vanadyl Ion (VO*h

Jorgensonlo and Furlani!! using simple crystal field model have given the energy
level scheme for vanadyl ion. Model could not account for the observed magnetic
properties of VOSO,4 SH,0 and concluded that 7 bonding between vanadium and oxygen
must be important. The energy level scheme in crystalline fields of octahedral and
tetragonal symmetry is shown in Fig. 1. The parameters Dy and D, show specifically the



62 N. L. Shukla and Bharat Morbhatt

degree of tetra;onality present in the field!'2. For the ground state configuration one d
electron in VO** is placed in the B, orbital and the predicted electronic transitions are

B,, - ZEg(—3DS+5DI)

2 2
By, - Bl(lqu)

and By, > ZA,g,(lqu-ws—sq).

91(d22) 2y,

60q-2Ds -6Dt

eg 2Eg

d'(2p) 6Dq+ 20s - Ot
e (dxz,dyz) 2E

— 4Dq- Ds + 40t

w

ba(dxy) 282

~4Dq+ 2Ds~ Dt

Oh Civ

Fig 1. Energy level scheme of VO*' in crystalline fields of octahedral
and tetragonal symmetry (after Ballhausen and Gray ]9)

The value of Dq is obtained directly from the transition 282 g = 2Bl g and the
values of D and Dy can be calculated from the other two observed transitions. Ballhausen
and Gray'? have shown that a pure crystalline field model which only consider c-bonding
to be present is not adequate and for an accurate description of the electronic structure of
the VO** ions and its complexes n-bonding must also be included. In vanadyl ion
complexes the unpaired electron is in the orbital singlet state 2B2 - On the application of
magnetic field this spin doublet splits into two and paramagnetic resonance absorption
can be observed between these two levels. As S = 1/2, the crystal field terms do not enter
into the Spin Hamiltonian'* and thus the resonance spectra are described by a Spin
Hamiltonian of the form!S

@.1 M=B.B.g.S+S.4.1

the energy eigen-value for this Spin-Hamiltonian have been given by Pryce!® and
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Bleamey17 explicitly to second order in the special case in which g and A are axially
symmetric and have the same principal axes. In the case of VO?** electronic spin S = 1/2
and Nuclear Spin is 7/2. There are eight transitions corresponding to Am = % 1 (spin
quantum) A = 0 (nuclear Spin quantum) selection rules are given by

2.2) B(m) = B, - %’Bl - LAZZ%( Ajlﬁ;sz ZJ [1(] +1) - mz]
S Og

(AL - A% B &

~ 2[32}(2 21181 /gzj (sinzze)m2
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where

By = hv/gB; k2g? = g:f'lAzu cos? 0 + gzl Azi Sint 0,

0 being the angle between the symmetry axis of A and the direction of magnetic field B,
g2 = g211 cosh + gzl sin® and B(m) is the resonance field corresponding to m
values.

3. Experimental

Crystals of M Sb, (SO4)3 Fyy (to be called MSSF) were grown by slow
evaporation of aqueous solution at RT. Appropriate amounts of M,SOy and SbF; were
dissolved in water and mixed together. Small amount (~ 0.1%) of VOSO, was dissolved
and kept for evaporation in a constant temperature bath at 36 + 1°C. To grow mixed
crystals of NH, with Rb, appropriate amounts of respective sulfate were mixed together.
The ammonium and rubidium crystals grow in the form of prisms and the cesium
compounds formed cubic crystals. The crystals were slightly bluish in colour and were
stable under the ambient atmosphere. The compounds crystallize in the hexagonal crystal
system with the cell parametersl.

a=1809 A and C = 7.56 A for NH, compound
a=1702 A and C = 7.50 A for Rb compound
a=1749 A and C = 7.88 A for Cs compound

4. Resuits and Discussions

The crystals were checked by powder X-Ray diffraction technique. The X-Ray
diffractograms are shown in Fig. 2. The observed X-Ray diffraction patterns are in good
agreement with the earlier reportl. EPR signals at X-band frequencies ( ~ 9GHZ) reveal
that at RT all crystals show orientation indpendent eight line spectra. The peak to peak
line width were found to be quite different for the different lines of the spectrum (Fig 3).
The EPR spectra were also recorded at LNT. It was observed that at LNT the EPR spectra
are different as compared to RT (Fig. 4 and 5). However the observed EPR spectra were

orientation independent spectra (OIS) even at LNT.
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Fig2 X-ray diffraction patterns of powder samples of (1)-NH4SSF (II)-RbSSF
(H1)-GSSSF taken at RT with Cu-Ka radiation

Table 1
Spin Hamiltonian parameters for VO>* in Mg Sb, (SO4)3 Fyy for OIS (1-type at RT)

Host (M)

different values of m. The observation of OIS for VO2* in single crystals is not new and
explained on the basis of tumbling of VO?* jon in crystalline hosts similar to in solutions.
The RT spectra are to be called I-type. On cooling the crystals the intensity of I-type
spectra decreased progressively and the spectra disappeared in the temperature range
253-223°K. On further cooling a new kind of EPR spectrum (to be called I-type)
originated and its intensity improved progressively upto LNT. Isotropic parameters'g, and
| Ag | obtained from the analysis of RT spectra are given in Table 1.
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Fig. 3 X-band EPR spectrum of VO?* doped by Rb SSF single crystal at RT.
m denotes the nuclear spin quantum number associated with the hyperfine peak.
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The spectrum is powderlike and the Iland L parts of the Spectrum are identified,
The value of m Corresponding to each transition is also indicated

Table 2
Spin Hamiltonign parameters for VO2+ M, Sby (SO4)3 F 2 atLNT (OIS—]I—Iype)
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| Rbgps
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*10% em?! from ref.9

The SHP obtained from the analysis of II-type spectra at LNT are given in Table 2.
It is seen that the SHp of VO in 4] the hosts under study are in good agreement with
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Fig. 5. X-band EPR spectrum of VO** doped by Cs SSF single crystal at RT and at LNT.
m denotes the nuclear Spin quantum number assigned to transition,
In LNT spectrum the lland L parts of the spectrum are also identified.
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each other. The Teason may be that the Spectra of I-type are recorded at RT ang those of
II- type are recorded at LNT therefore the temperature dependence of SHP may cause the
disagreement.

5. Conclusion
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