Available online at www.scholar sresear chlibrary.com

Scholars Research Library & P
) °
Scholars Research g’ ?{‘D
Archives of Physics Research, 2013, 4 (4):28-32 g ¢ ]
(http://scholarsresearchlibrary.com/archive.html) % Y
Library

ISSN : 0976-0970
CODEN (USA): APRRC7

Theoretical investigations of the optical spectra and EPR parametersfor VO**

In Zinc Potassium Phosphate Hexahydrate

Bao Fang Zhang

Department of Electronic Information Engineeringhangjiagang Campus
Jiangsu University of Science and Technology, Zfiagang 215600 , P.R.China

ABSTRACT

The optical spectrum band positions and EPR pararady factors g g;and hyperfine structure constantgahd
A, for VO ions in zinc potassium phosphate hexahydrate aeoretically studied from the complete
diagonalization (of energy matrix) method (CDM).the calculation, the contributions to the EPR gameters
from the s-and p-orbitals as well as the spin-odoupling coefficient of the ligands are taken iaftount. The
calculated EPR parameters and optical band pos#tisimow good agreement with the experimental data.
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INTRODUCTION

Paramagnetic V& ions which reflect the local symmetry and the ctieal properties of the host are widely used as
probes in various crystalline materials and thetede paramagnetic resonance spectra of Mén in different
diamagnetic host lattices have been studied by mamiers to get information about the structurenaiyics and
environment of the host latticBs? The VG ion has the electronic configuration [Ar]’3and the single unpaired
spin leads to Paramagnetism in ¥OThe behavior of the unpaired electron in3/@mplexes is dominated by the
strong V=0 bond, as a results most of the complprasess tetragonal symmetry with both g and Aegafaund to
be axially symmetric. For example, Ravikumar etaléhstudied the EPR and optical speofrs#O?* ion doped zinc
potassium phosphate hexahydrate (ZnKP®H,O, ZPPH) at room temperatfife and got the axial EPR
parameters (ggo , Ay, An). According to the EPR and optical spectra, thepagnetic impurity has entered the
lattice only substitutionally and the local struet@round the impurity is the,Csymmetry® But until now, these
EPR experimental results have not been satisfaciaterpreted. For example, in the treatmentthefg factors for

a 3d ion in tetragonally distorted octahedral basedtimm simple perturbation formulas and three adplsta
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parameterse( %, B2 k) in Ref[8], the third-order and the higher ordertprbation terms were ignored. And the

ligand orbitals and spin-orbit coupling interactomere ignored as well. In order to investigatedhserved results
for the VO ion in ZPPH to a good extent, the complete dialipaizon (of energy matrix) method (CDM) based on
the cluster approach are applied. In CDM, the doutions from the p- and s- orbitals as well as sp&-orbit
coupling of the ligands are taken into account. fdsellts are discussed.

2. Calculations
From the cluster approach, the one-electron basistibns for an octahedral diuster can be written d3t°!
W= Ntl/2(¢t = A Xt )
We= Ne1/2(¢e = Ae Xpe= 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 diagénts, The normalization relation can be writas™:

N; (1- 24 Sipe + /1t2) =1
N ( 1- ZAeSipe_ ZAsSis + /1e2 + /152) =1 (2)
and the approximate relation can be givefiths

NZ=NE[L+M Supt — 2 A Sope]
N2= N92 [ 1+ )\ez Sdpe2 +)\52 Sd52 =2 Sﬁpe_ 2 s Sis] (3)

HereN is the average covalency factor, characteristih@fcovalency effect ( or reduction of the spibibcoupling
coefficient and the dipolar hyperfine structuregsaeter) for the central ion in crystalg,Jand Qg 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 .
| Spe= A s/S; within the same irreducible representatignTéhus, the spin-orbit coupling coefficients and trbital
reduction factors can be derived from the aboveatous:

{=N(@a+ MT0p2) T = (NP2 (@5~ Ar’/2)
k=N (L+AF2) K= (NN *[1- A AHAA)/2] (4)
where’% andZOp are the spin-orbit coupling coefficients of theefr3d and ligand ions, respectivel.denotes the
integral R<nS|a% | npy>, whereR is the impurity-ligand distance in the studiedteys

The Hamiltonian for the'don in crystal-field can be written&s
H=Hr+H;{{,{)*Hcr(Dg,Ds, Dy) ®)

Here H; is the free-ion HamiltonianHs,(¢,{") is the spin-orbit coupling interactions includitwo SO coupling
parameterg andZ'. Hce is the crystal-field Hamiltonian for 3don in tetragonal symmetry,LD; (D;) are the cubic
field and the tetragonal field parameters respelti According to the strong field basis functidnstetragonal
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symmetry, one can get the 10x10 complete Hamiltomatrix elements of the crystal field and spiniocoupling
based on the two-SO-parameter model. Diagonalittiegenergy matrix, one can get the eigenvalues€tiegegy
levels and the optical spectrum band positions) thedwave functions of the ground state. For the spublet
ground state, the wave function can be written as:

|O" >=Cy|(f >+Co|(f > +Ca| ¢l >+Cal > +Cs| 14>
O™ >=¢;|(f >+Colf >+Cal g >—Cal ¢hy>—Cs| > (6)

Where ¢ is the LCAO molecular-orbitals for a Bibn in octahedra based on the cluster approactfsed)).
Considering the equivalence between the SH and Zeémteraction, the g factors are:
9/=2<0" |L+0eS,| @ >=4(2GCsk'~C,C1K)+Go( 1-2¢,°-2¢,%)

0. =2<0" |, +GoS,| D >=2(-2+/3 Cre k' +205Ck—2¢1C5 K)+0u(26,2+26,>1) (7)

where g(=2.0023) is the free-electron valk@andk are the orbital reduction factors as mentioneHdr(4). Ly(L,)
and $(S,) are the operators of orbit and spin angular mduores, respectively. The constaits andA. are related
to the g factors. They can be writtef&s
A=P[-k-417+(9/~0s) +3(0:795)/7]
AL =P[-k+2/7+11(g.—gs)/14] (8)

WhereP(=NPy) andP’ (= (N;No)*? P, )are the dipolar hyperfine constants, they aretedl¢o the interaction within
t,g state and betweegynd g states, respectivell, is the dipolar hyperfine structure parameter efftiee 3dion.

K is the isotropic core polarization constant. Fasent system, we ha@, = 248 cm**? pPg= 172x10" cm* M¥for
V** andZ’ = 151 cm'™ for O* respectivelythe group overlap integralg,$(and S9 can be calculated from the
Slater-type self-consistent field(SCF) functidn¥! with the impurity -ligand distance R. For presegstem, the
impurity-ligand length is unkown, but the V-O botethgth £0.197nm) is abtained for VA®in cubic field"”, and
we take R0.197nm here. thus we can calculate the group aweéritegrals which are collected in the Tabfé.1
Applying the above parameters to the related eguositihe spin-orbit coupling coefficiens({’). the molecular
orbital coefficients,, A, ,A) can be got and shown in Table 1. Thus, by fttime calculated ptical band positions
and EPR parameters to the experimental valuesc@méave

N=0.778, = 0.8, D~1490.7 crit, D&-3854 cnt, D= 186 cnf,
The calculated results are shown in Table 2. Fonpaoisons, the theoretical results of the molecatdculations
based on three adjustable parameters in Ref[8]tlargEe based on the traditional formulas in the rtmsef the

ligand orbital and spin-orbit coupling contribut®om Ref[11] are also obtained and collected ind&h

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

Sﬁpt Sjpe Sﬁs A Nt Ne At
0.0477 0.1239 0.0986 1.0206 0.7990 0.8588 0.5515
A A ' k K

€ < Z Z
0.4644 0.3699 216.5047 189.4143 0.9205 0.6360
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Table 2. The optical spectrum band positions (in cm™) and EPR parametersfor VO ionsin ZPPH

calculation Experimeﬁr
Caf Caf  Caf
’B,—~%E 12492 - 12384 12496
- - 12599
B,—~?B; 14920 - 14921 14921
B,—~2A; 29406 - 29400 29403
g/ 1.936 1.922 1936 1.936
g. 1.976 1978 1971 1.976
A, 224 200 201 201
AL 78 76 78 76

3calculations by using the simple perturbation fokasiand three adjustable parameters in previouskiflo
PCalculations by using the high-order perturbatiemrfiulas which were given in Ref[11] but neglecting ligand orbital contributions(i.e.,
taking &'= =N {%and k= k'=N) in this work.

‘Calculations by using CDM in this work
DISCUSSION

From Table 2, one can find that the calculated ltedaased on the complete diagonalization of enengyrix
method (CDM) including the ligand and orbital amnsorbit coupling contributions are in good agreat with
the experimental data. This means that the refedeaimeters adopted in this work can be regardeditble.

(1) Seen form Table 2, the calculated results base@DM are better than those (Eadh Table 2) based on the
simple formulas in the absence of the contributios the ligand orbitals. In view of the high vate state of Y7,
the significant covalency ( or admixture) betweka metal and ligand orbitals can be expected. paist can be
illustrated by the small covalency factir(=0.778< 1) in equatioif3) and the obvious mixing coefficients (see
Table 1) obtained from the cluster approach in wisk. This situation is also found in other crystdoped V'
(vanadyl) iond™*812%1 Based on the studies, inclusion of the contrdmgifrom the SO coupling coefficient and the
orbitals of the ligands leads to the variationglobut 0.07 and 0.04 for the calculatgdhgd @. Obviously, for the
impurity ion V** with high valence state in crystals, the aboverimttions would not to be ignored.

(2)The calculated hyperfine structure constantgiobtl in present work are better than those irptheious studies
and are in good agreement with the experimental. ddany studies show that the core polarizatoin various
V*#(or VO?") clusters in crystals is in the range 0.6M4&2%2Y The valuex =0.8 obtained in this work is within
the range. This also suggests that the relatedrgdeas used here can be regarded as reasonable.

CONCLUSION

In this work, the contributions from the ligand ialts and spin-orbit coupling interactions are ¢desed in the
theoretical investigations of the EPR parametersttie VG ions in ZPPH and the calculated EPR parameters
based on the above contributions in this work argoiod agreement with the experimental data.
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