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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 [NHH5(C,0,)] ‘H,O crystal are theoretically studied from the
high order perturbation formulas of these paramstiar a 3d ion in tetragonal symmetry (compressed octahedron)
In these formulas, the contributions to the spimiiftonian parameters from the s-and p-orbitals aallvas the
spin-orbit coupling coefficient of the ligands deken into account and the energy seperations areskated with

the geometrical relationship of present studiedabnal cluster. The calculated EPR parameters iareggood
agreement with the experimental data. The resuéisiascussed.

Key words. Electron paramagnetic resonance (EPR); Crystalsfieand Spin Hamiltonians; VO
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INTRODUCTION

Vanadyl ion (VG") as the most stable cation among the moleculaanpagnetic tran- sition metal ions has been
extensively used as a probe to study local strest@nd properties in doped crystals by means aftriélec
paramagnetic resonance technique [1-10]. Thé"\i@n has the electronic configuration [Ar] ‘3ednd 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 wfaste complexes possess tetragonal symmetryhwith g and
A values found to be axially symmetric. This is paged by many EPR experimefits!. For example, Biyik etal
have studied the EPR spectaf VO?* ijon doped ammonium tetroxalate dihydrate  singlystals
(INH4H5(C,04)] H,0 , ATO hereafter) at room tempe- ratlireand got the nearly axial EPR parameterg g,
Ay, An). According to the EPR spectra, the Nhbn is replaced by V& ion which forming a [VO(H0)*
complex with its nearest neighbours has a tetrdfyodiéstorted octahedral symmetf§}. However, these EPR
experimental results have not been satisfactontgrpreted. In order to investigate the obseneslilts for the
VO?* ion in ATO to a good extent, the high order pdsation formulas of these parameter in tetragonairsgtry
are applied. In these formulas, the energy sepaisatire correlated with the local structure andciatributions
form the s- and p- orbitals and the spin-orbitgling coefficients of the ligands are taken inbe@unt for present
covalent systeffl. The results are discussed.

2. Calculations

For a 3d(VO?") ion in tetragonally compressed octahedra, ithdvigrbital doubleng of the original cubic case
would split into two orbital singlet® 4 (|Z>),andBy4 (| -y*>) while the original lower orbital tripl€fT,, would
be separated into an orbital doulflEg (|xz and |y2) and a singletB,4(|xy>), the latter lying Iowegiﬂ[”?. From
the cluster approach, the one-electron basis famstior an octahedral dluster can be written d&*!

h = Ntl/2(¢t = A Xot )
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Y= Ne1/2(¢e - /]e)(pe_ As Xs ) 1)

Where ¢, (the subscripy=e, or t,q represents the irreducible representation p§@up) is the d-orbital of the 3d
ion . xp, and xs are the p- orbital and s- orbital of ligarid, (the normalization factors)amd}, (or Ay (the orbital
mixing coefficients) are the molecular orbital dasénts, The normalization relation can be writtes:™!

N; (1- 24 Sype + /1t2) =1 , ,
N(l_ ZAeSipe_Z/]sSis'F/‘e +/15):1 (2)

and the approximate relation can be expresséd as

N2=N’[1 +)\t25dpt2_2)\t Spt ]
NZ= N92 [1+ )\ez Sdpe2 +)\52 Sd52 - 2A¢ Sﬁpe_ 2N Sy 3)

HereN is the average covalency factor, characteristih@fcovalency effect ( or reduction of the spibibcoupling
coefficient and the dipolar hyperfine structuregmaeter) for the central ion in crystals,%and Q9 are the group
overlap integrals and can be calculated from tlaeBtype self-consistent field functions with fhgurity-ligand
distance . In general, the mixing coefficients @age with increasing the group overlap integraisl ane can
approximately adopt proportionality between theingxcoefficients and the related group overlapgrdss, i.e. A .
I Spe= A s/S within the same irreducible representatignTéus, the spin-orbit coupling coefficients and tbital
reduction factors can be derived from the aboveatous:

L=N(@%+ A°12) T = (NeNQ)Y* (L%~ MAL° 12)
k=N (L+AT72) K= (NeN)Y?[1- A (AHAA)2] @)

whereZ®% andZOp are the spin-orbit coupling coefficients of theer3d and ligand ions, respectivel.denotes the
integral R<ns|aiy | npy>, whereR is the impurity-ligand distance in the studiedteys here R0.197nm is taken

for the VO in cubic field”. From the distance R and Slater-type SCF funciidtd, one can calculate the group
overlap integrals which are collected in the Tahle

By using the perturbation procedure similar to tinalRefs[17][18], the two-SO-coupling coefficierdrfulas of
the g factors and the hyperfine structure constéortghe 3d ion in tetragonally compressed octahedra can be
derived from the cluster approdch

0,=0s8 k' E-2kAE+2 k'
0. =05~ 2KJE+2 k' JUE, Er- VE/]
A/=P[-k-4 N*I7+(g/~Qs) +6(9.~0s)/14]
A= PT-k+2 N7 +11(g. —go)/14]
P=N;Po P'=N:Ne)* Po (5)

where g (=2.0023) is the spin-only valud?, is the dipolar hyperfine structure parameter effiee 3dion.«k is the
isotropic core polarization constant. The energyoteinators Eand E stand for the energy separations between the
excited’B,, ’E and the grountB, states. They can be obtained from the strong didditapproach as follows:

E,=E(B,) ~E(B,)= 10 O,
E, = ECE,) - E(B,)= -3 Ds+5D; (6)

Here D, is the cubic field parameter and, [, tetragonal ones. From the superposition modeltheadyeometrical
relationship of the studied [VO@)s]** cluster, they can be determined as follow:

D=7 AR)I(R/R.)?- (Ro/R/) Y] (7)
B (16/21)A(Ry) [ (R/R.)"“~ (Ro/R/)“]

Where the # (=<3)and §(=5) are the power-law exponenig(r) and A (R) are the intrinsic parameters with the
reference bonding lengttRy(=0.197nm). For 3d octahedral clusters, the rati@d,(R)=10.8A(R) and
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R(Rg)=§D have been proved to be valid in many crySt4g, and can be reasonably adopted here. For
4 q

[VO(H,0)s)?*, to our knowledge, no optical spectra data weponted. However, the valuBg=2040cm' was
estimated in the interpretation of the EPR pararsefer [VO(H,0)s]>" in DADT crystal!, and here we take
Dq=2040cm".The crystal structure da andR, denote the metal-ligand distances parallel anggueticular to
the tetragonal axis, respectively. Here we takeRheRy~0.197nn#*! andR, as the adjustable parameter. Thus, by
using the formulas of g factors and hyperfine cttrce constants, and fitting the calculated restdtsthe
experimental data, one can have

N=0.94 Kk=0.792 £,=1.55nm

the molecular orbital coefficientdf, A, A5 can be got from equations (2) and (3) and showrable 1. the spin-
orbit coupling coefficient€( '), the orbital reduction factor&,( k') , P,P' can be also abtained from the equation
(4) and the the free-ion valuég =248 cm’® andPy=136x10" cmi* for V** ¥ andg, = 151 cm* for 0* ¥ and also
shown in table 1. The calculated EPR parametersalected in table 2.

Table 1.The group overlap integrals, molecular orbital coefficients Ny and A(and A), spin-orbit coupling coefficients(in cm™) and the
orbital reduction factorsfor VO?" in ATO single crystal

Sﬁpt Sﬁpe Sjs A Nt Ne /1t
0.04773 0.12396 0.09863 1.02055 0.95254 0.99309 7502
B B Z 14 K K P P

€ S
0.26446 0.21010 241.7 235.9 0.9888 0.9084 12932

Table2. The EPR parametersfor ATO: VO? crystal

g g AJ10*-a A./10*-cm
Caf 19 1.9 -189.2 -68.2
Expf® 1.9 1.9 -195 -63.2
& Calculations by using equation (5) and includihg tigand orbital contributions in this work.
"The signs of the experimental hyperfine structerestants were not given in Ref. [6]. Based on hieetetical calculations in this work and
various observed results fof\or V&) in oxides [24], these signs should be negative.

DISCUSSION

(1)From Table 2, one can find that the calculatsllts based on the higher perturbation formuilakiding the
ligand and orbital and spin-orbit coupling conttibns are in good agreement with the experimedédh. This
suggests that the formulas and the related parasredepted in this work can be regarded as suithbigéew of the
high valence state of %, the significant covalency ( or admixture) betweke metal and ligand orbitals can be
expected. This point can be illustrated by the Eney factorN (=0.94< 1) in equation (3) and the obvious mixing
coefficients (see Table 1) obtained from the clusigproach in this work. This situation is also riduin other
crystals doped ¥ (vanadyl) ion§°1?%1¢] Based on the studies, inclusion of the contrimsifrom the SO coupling
coefficient and the orbitals of the ligands leanthie variations of about 0.01 and 0.03 for tHewated g and g,

(2) Based on the analysis of the EPR parameteescan have th&,~0.155nm, this means that the [VQ®)s]**
octahedron around 4 ion is significantly compressedR= Ry—£,~0.042nm). Similar local distortions were also
found in other V3" ions doped crystals. For exampleR=0.047 nm and 0.039 nm were found for ¥Gn
KZnCISO, * 3H,04?% and DADT crystdf'. Therefore, the local distortion obtained in tiisdy can be regard as
reasonable.

(3) The core polarizatior =0.792 obtained in this work is closed to that=3.735) VG* in DADT crystal*! and
within the range 0.6-1.0 which is supported by mangieS?81%°! this also suggests that the related parameters
used here can be regarded as reasonable.

(4) the observed values @&, and A. from the EPR experiment given in Ref[6] are pwsitiHowever, the
theoretical calculations are negative (see Tablel2 fact, these negative signs of the hyperfimacsure constants
are supported by the experimental results for maotghedral V& or V** clusters in various cryst&8:%, This
means that the calculated results obtained herbeaagarded as suitable.

CONCLUSION

In this work, the contributions from the ligand talts and spin-orbit coupling interactions are ¢desed in the

theoretical investigations of the EPR parametersHe V& ions in ATO. On the basis of the studies, the exyg

octahedron around % ion is significantly compressed along the &is(AR=0.042nm). The calculated EPR
3
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parameters based on the above contributions antb¢haé structure in this work are in good agreemeith the
experimental data.
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