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ABSTRACT

In this work, the electron paramagnetic resonari€eR) parameters g factorg gnd g and the hyperfine structure
constants Aand A of a tetragonal V& center in KZnCIS@3H,O crystal are theoretically studied from the high
order perturbation formulas of these parametersda@d ion in tetragonal symmetry (compressed octahedron)
these formulas, the contributions to the spin Heonikn parameters from the s-and p-orbitals as vesl the
spin-orbit coupling coefficient of the ligands asken into account. The calculated EPR parametec @ptical
band positions in this work are in good agreemeitt tihe experimental data.
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INTRODUCTION

Vanadyl ion (V3" as the most stable cation among the moleculaampagnetic transition metal ions has been
extensively used as a probe to study local strast@nd properties in doped crystals by means aftriélec
paramagnetic resonance technique[1-8]. Theé®ien has the electronic configuration [Ar] 3dnd the single
unpaired spin leads to Paramagnetism inVThe behavior of the unpaired electron in ¥@omplexes is
dominated by the strong V=0 bond, as a results mb#te complexes possesg, Symmetry with both g and A
values found to be axially symmetric. This is sup@d by many EPR experiments. For example, Deviahetee
studied the EPR and optical spectramvO®" ion in KZnCISQ.3H,0 (Potassium zinc chloro sulphate triphydrate,
PZCST) crystal9]. From the EPR spectrum, they suggest that tfé*\on can occupy the substitutional and
interstitial positions of Zf in the PZCST crystal lattice. the spin Hamiltoniparametersy; and g. and the
hyperfine structure constants) And A for the VG ion in PZCST were theoretically treat on the basfis
molecular calculations and various adjustable patara. The contributions to g factors and A coristéom the
spin-orbit coupling coefficient of the ligand®Qvere ignored for the significant covalent systéne. contributions
from the ligand s-orbital were neglected as wetltually, for the sake of the high valence statéhefimpurity \*,
the covalence effect and hence the admixtures leetwiee orbitals of the metal and the ligand iony fp@come
significant. This point can be illustrated by*"\ion in other complexes( for example\doped TiQ[10]), and can
be also illustrated by tHewer observed hyperfine structure constangs{&73 cm and A~-64 cm[9]) thanvVO?*
ion in some oxides(e.g.,A175.5 cit and A~-68.2 cm' for GeQ: VO?[11] ). In addition, the third-order
perturbation terms were neglected in their theoagtireatment. In order to explain the experimergpin
hamiltonian parameters of PZCST crystal: #@ a better extent, in this work, the anisotrogidactors and
hyperfine structure constants of this center wereestigated by the perturbation formulas of & &sh in
tetragonally compressed octahedra. In these fosntha contributions from the s- and p- orbitald #re spin-orbit
coupling coefficients of the ligands are taken iatoount based on the cluster approach.
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MATERIALSAND METHODS

For a 3d(VO?") ion in tetragonally compressed octahedra, ithdvigrbital doubleng of the original cubic case
would split into two orbital singlet%Alg (172 >),and281@,(|x2—y2 >) while the original lower orbital triplefr,, would

be separated into an orbital doublet 2EgX|and |yz) and a singlef‘Bzg(|xy>), the latter lying lowest. From
crystal- and ligand-field theory, the LCAO moleautabitals can be expressed as the one-electroic bas
functions:[12][13]

h = Ntl/2(¢t = Aot )

Y= Ne1/2(¢e - /]e)(pe_ As Xs ) 1)

Where ¢, (the subscripty=e or t represents the irreducible representation pf@up) is the d-orbital of the 3d
ion . xp, and xs are the p- orbital and s- orbital of ligard, (the normalization coefficient)amt, (or A)( the orbital
mixing coefficients.) are the molecular orbital ffméents. The normalization relation can be givaen[14]

N (1- 24 Sype + /]tz) =1 , ,
Ne( 1- ZAeSipe_Z/‘sSis"'/]e +/15) =1 (2)

And the approximate relation can be expressed hs[14

NZ= NP [ 1+A8 Supd ~ 21 Supt]
NZ?= Ne2 [1+ )\ez Sdpe2 + )\sz Sds2 =2 Sdpe_ 2N Sud 3

Here N is the average covalency factor, characteristithef covalency effect of ( or reduction of the spibit

coupling coefficient and the dipolar hyperfine sture parameter) for the central ion in crystalg, Gnd Q9

denote the group overlap integrals. In general,niitdéng coefficients increase with increasing threup overlap
integrals, and one can approximately adopt prapuatity between the mixing coefficients and thiared group
overlap integrals, i.ed o/ Spe= A s/S; within the same irreducible representatign e

By using the perturbation procedure similar to timaf15,16], the two-SO-coupling coefficient formasl of the g
factors and the hyperfine structure constants Herad ion in tetragonally compressed octahedra can bigete
from the cluster approach.

g =058 k'CI E-2KIE+2 KA E;2
0-=0s2KJE+2 k'¢ JJUE; E;-1/E;?]

A =P[-k-4 N'/T+(g -gs) +6(g -gJ)/14]
A = P[- k+2 N7 +11(g —go)/14] (4)

where g (=2.0023) is the spin-only value P is the dipolar hyperfine structure parameter ef fitee 3d ion. For
free V" ion, we have P172x10°cm[17]. k is the isotropic core polarization constant. Basedthe cluster
approachthe spin-orbit coupling coefficients ' and the orbital reduction factdtsk can be written as:

2= Ne(Za+ N, 12) = (NeN)™*(Za— ML, /2)
k=N (1 +A72) K = (NeNo)™[1- A AtAA)/2] (5)

denotes the integraR ns|ai | npy ), where R is the impurity-ligand distance in the studied tsygs here
R~0.197nm is taken for the \);(')in cubic field[18]. From the distance R and Slatgre SCF functions[19,20], the
integralsSy,=0.047726 S45e=0.12396 S;5=0.09863, and\ =1.02055 are obtained.

where {4y and{, are thz spin-orbit coupling coefficients of the” 2ohd ligand ions in free states, respectivaly.

The energy denominators &d E stand for the energy separations between theeeit, °E and the grounB,
states. They can be obtained from the strong diddidcapproach as follows:

E1=E(’B,)- E(B1)= 10 D
E, = E@B,)- E(E2)=-3 Ds+5D; (6)
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Here D, is the cubic field parameter and, D, tetragonal ones. Thus, by using the formulas offaajors and
hyperfine structure constants, and fitting the @ialied results to the experimental data, one caa ha

N=0.81 K=0.538

The valued\; =0.8299,N, =0.8871,4 =0.5029,4, =0.4294 andl; =0.3471 are calculated from equations (2) and
(3). Then the parameteés=221.67 crt, {' =198.80 cr', k =0.9349 and' =0.6902 can be determined from
equation (5) and the free-ion valuies=248 cm" for V**[21] and, = 151 cm" for 07 [22].

The calculated EPR parameters and three opticatrsipe band positions are collected in table 1 and 2

Tablel. TheEPR parametersfor PZCST: VO* crystal

gi g. Ay10* .cm*|  AJ/10% .cmt
Caf 1.927 1.986 -183 65
caf 1.936 1.974 -171 -64
Expt’ 1.936 1.988 -173 -64

& Calculations by using the simple perturbation fatas and adjusting various parameters in the prasioork[9]
P Calculations by using equation (4) and includihg tigand orbital contributions in this work.

Table2. Theoptical spectrum band positions for VO* in PZCST crystal

assignment Cal/ cm' | Expt[9])/ cm®
2B,»E 14407 14405
BB, 16497 16497
B,»?A; | 25764 25765

RESULTSAND DISCUSSION

From Table 1, one can find that the calculated PRRameters o¥O* in KZnCISQ,.3H,0 based on the higher
perturbation formulas including the ligand orbitaintributions are in good agreement with the olervalues,
This suggests that the formulas and the relatednpetersadopted in this work can be regarded as suitalile. T
theoretical g factors and hyperfine structure camtst obtained in this study are slightly bettemttiaose in the
ref[9]. Based on the formulas of the g factors @&ndonstants within the scheme of the conventiongstal-field
theory in Ref[9], the observed values were intagatdry various adjustable parametgfs¢? P, k) and neglecting
the contributions from the SO coupling coefficiamid the orbitals of the ligands. In view of thethigalence state
of V*, the covalency and hence significant admixturéhefmetal and ligand orbitals can be expected. fbist
may be illustrated by small covalency facté(=0.81¢1) in equation (3) and the obvious mixing fioghts (A,
=0.5029, A; =0.4294 andis =0.3471) obtained in present work. Therefore, thenfdas of the EPR parameters
containing the ligand orbital and spin-orbit counglicontributions seem to be more applicable tharstmple ones
in the absence of these contributions for the itigaons on the EPR parameters of impurity ionsavalent
systems.

It can be seen from Table 2 that the calculatedggneeparations show very good agreement with xperémental
data The crystal-field parameters;@nd Q, D; are about 1649.7 cm3382.5cm?, 851.5 crit, respectivelylf one
assumes a decreasetloé metal-ligand distances parapell(i.e the V=Odblemgth) to the tetragonal axis by about
0.03nm, the tetragonal field parameters(D) can be obtained from Newniarsuperposition model. This value is
closed to 0.047nm which can be obtained from ré¢fafl [18] This suggests that the oxygen octahedron around
V* ion is significantly compressed along thgagis. Considering that the radius of"{#0.063nm[23]) is smaller
than that of ZA'(=0.074nm[24]) and that the difference in electrotiggiies between the two ions, the local lattice
distortion can be understood.

CONCLUSION

In this paper, the EPR parameters for a tetragd@&l center in KZnCISQ3H,O crystal are theoretically studied
from the high order perturbation formulas of thgseameters including the ligand contributions. Thaéulated
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EPR parameters and optical band positions aread ggreement with the observed values.
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