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Th e EP R of V O 2 + in R bH C2 O 4 single c rys tals has b een st udied in
X -band at ¤ 2 90 K . T hree sites have been observed. V O 2+ enters the lat-

tice at substitution al and interstitial sites. Spin- H amil toni an parameters are
evaluated.

PACS numb ers: 76.30.Fc

1. I n t rod uct io n

The electro n paramagneti c resonance (EPR ) of vanadyl ion, V O2 + , has been
studi ed in a vari ety of host latti ceswhi ch f al l into two categori es, tho se in whi ch the
VO 2 + ion is free to rota te (at least at norm al tem perature) and tho se in whi ch i t
is preferenti al ly ori ented. The second typ e usually occurs when the latti ce conta ins
a numb er of oxygens whi ch are coordi nated to vanadyl as is the latti ce conta ini ng
wa ter of hydra ti on, sulfate ions, or other oxyg en rich groups [1]. A rota ti ng vanadyl
ion is usual ly observed when i t is coordi nated by halogen or when the ni tra te ion
is involv ed in the coordi nati on. In thi s paper we report the EPR of VO 2 + doped
R bH C2 O 4 (R HO) sing le crysta ls at ¤ 2 9 0 K.

2. Cr y st al st r u ct u re

R HO is isom orpho us to KHC 2 O 4 (KHO) [2]. The detai led crysta l struc-
ture studi es of R HO are not avai lable. Ho wever, R HO is exp ected to have the
sam e structure as tha t of KHO. The crysta l structure of KHO is m onoclinic wi th
group P (2 1 =c ) [3]. The uni t cell has dim ensions a = 0 : 4 3 1 9 nm , b = 1 :2 8 9 0 nm ,
c = 0 : 7 6 6 0 nm and Ù = 1 0 1 : 9 6 £ and conta ins four form ula uni ts. The crysta l is
bui l t of inÙnite chain of hydro gen oxalate ions held to gether by short hydro gen
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bonds of 0.2534 nm paral lel to (1 0 2) pl anes. The pota ssium (rubi di um ) ions are
situa ted between the oxalate chains. Each m onovalent ion is coordi nated to seven
oxa late oxyg ens originati ng from Ùve di ˜erent oxalate ions at a distance (f or KHO)
from 0.2704 nm to 0.2964 nm wi th a mean K { O di stance of 0.2827 nm . Al l the
m onovalent ions l ie on general positi ons in the latti ce.

3. E x per i m en tal

Single crysta ls of R HO doped wi th VO 2 + were grown by slow evaporati on of
an aqueous soluti on at room temperature ( ¤ 3 0 0 K). The VO 2 + was intro duced
into the host latti ce by addi ng 0.5{ 1 wt % of vanadyl sul fate. The EPR exp eriments
were perform ed wi th an X- band JEO L FE- 3X spectro meter equipp ed wi th a TE 0 1 1

cyl indri cal cavi ty and 100 kH z Ùeld m odul atio n. As a reference for magneti c Ùeld
streng th the resonance l ine of di phenyl picryl hydra zyl (D PPH) wi th 2.0036 is used.

4. R esu l t an d d iscu ssio n

The EPR spectra consisted of a numb er of overl appi ng angular dependent
eight l ine hyp erÙne patterns, each pro duced by ions located at a speciÙc site.
These eight l ine hyp erÙne patterns result from the hyp erÙne coupl ing of a sing le
unpa i red electron wi th a 5 1 V (99.8% abunda nt, spi n I = 7 =2 ) nucl eus. At least
three di stinct hyp erÙne patterns of di ˜eri ng intensi ti es were observed, indi cati ng
at least three chemical ly di stinct ion sites whi ch wi l l be cal led I, I I and I II (Fi g. 1)
in order of decreasing intensi ty . D etai led analysis has been carri ed out only for
the intense VO 2 + centers (si te I and I I) because i t was not possibl e to fol low the
angular vari ati on of the hyp erÙne l ines of VO 2 + centers of low intensi ty (site I II).

Fig. 1. T he EPR spectrum of V O 2+ in RbH C 2 O 4 single crystals for an arbitrary ori-

entation at ¤ 290 K .

Ang ul ar variati on studi es in ab , bc0 ( c0 i s at 9 0 £ to a and b axes) and c 0 a

pl anes indi cate a set of eight l ines of VO 2 + at site I and I I. Ho wever, al l the l ines
of VO 2 + at site I I are not resolved at al l ori enta ti ons. A f ul ly resolved sixteen
l ine spectrum could not be obta ined at al l , al tho ugh i t is clear tha t the spectrum
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consists of two sets of eight l ines (Fi g. 1). For certa in orienta ti ons, at m ost six l ines
of site I I get separated in ei ther extrem i ty from the l ines of site I. The tw o sets
correspondi ng to site I and I I thus m ove alm ost to gether f or di ˜erent ori enta ti ons
of the crysta l . A m axi mum Ùeld separati on of 2.3 m T between the two extrem e
hi gh Ùeld hyp erÙne l ines of site I and I I are observed for som e ori entati ons. The
spectra exhi bi t hi gh anisotro py in bc0 ( c 0a ) plane whi le in ab plane the ani sotro py
is very smal l. The z axi s of site I and site I I make an angle of ¤ 3 £ and ¤ 9 £ ,
respect ively, wi th c0 axi s in bc 0 pl ane whi le x and y axes nearl y coinci de wi th a

and b axes. The z axi s of site I I I makes an angle of ¤ 5 £ wi th the b axi s.
The VO 2 + EPR spectra have been analysed usi ng the spin-Ham il to nian for

an orbi tal ly non-degenerate electron

H = Ù eSgB + SA I ;

where the term s have thei r usual meaning. The quadrup ole and nucl ear Zeeman
intera cti on are ignored, as they contri bute negl igibly.

The spi n-Ham i lto nian parameters observed for VO 2 + in R HO are given in
T able. The spin-Ham i l to nian parameters ( k ; ? ) were also determ ined f rom the
spectra ta ken wi th Ùnely crushed crysta ls (Fi g. 2) and are incl uded in Tabl e. The

Fig. 2. The EPR spectrum of Ùnely crushed RbH C 2 O 4 :V O 2+ single crystals at ¤ 290 K .
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T A BLE

Spin- H amilto ni an parameters for V O 2+ ions in
RbH C2 O 4 at ¤ 290 K . V alues of A are in units of
10

À 4 cm À 1 .

Parameters Site I Site I I Site I I I Po w der

A z 176(1) 175(1) 172(1) 173

A x 72(2) 72(2) 74(2) 69

A y 66(2) 66(2) { {

1. 933(1) 1.936(1) 1.935(1) 1.939

1. 976(2) 1.976(2) 1.990(2) 1.979

1. 978(2) 1.978(2) { {

accuracy of the parameters determ ined from the powder spectrum is l im i ted by
the line shapes.

The resul ts suggest tha t VO occupies two m agneti cal ly disti ngui shable
site I and site I I in the latti ce. It is also seen from the angul ar vari ati on studi es
tha t the two sites are not related by any symm etry element in the latti ce (l ike
two f old axi s or mirro r plane) and tha t the vanadyl ions corresp ondi ng to site I
and I I are incl ined to each other by Further, the fact tha t the two sites
show the least ani sotro py in plane and tha t and are nearl y along the
axi s suggest tha t VO are ori ented wi th V{ O axi s nearl y perpendi cular to the
pl ane.

In vanadyl conta ining m ateri als includi ng compl exes in soluti on, the vana-
di um is usually coordi nated wi th other groups, and parti cularl y wi th oxyg ens. The
to ta l coordi nati on numb er for v anadi um in these compl exes is usual ly six (some-
ti m es Ùve as wel l ) and one very short V{ O bond general ly preserves the identi ty
of VO bond [4]. In order to experim enta lly determ ine the ori enta ti on of V{ O
bond in the host, one m ust consider the positi on of pri ncipa l axes of and . It
is reasonably to assume tha t and coinci de wi th the V{ O bond. Thus axi s
can be ta ken along the V{ O bond di recti on.

It can be seen f rom the crysta l structure tha t Rb is the m ost pro bable
site avai labl e to VO for substi tuti on. A search for possible intersti ti al sites in
the crysta l latti ce revealed tha t in each uni t cell there are on the avera ge four
quadra ngul ar pl anes of oxygens. These pl anes f orm two sets oriented di ˜erentl y
in the latti ce. One set of planes is alm ost perpendi cular to the axi s. Thi s can
also pro vi de a suita ble site for VO . On compari ng experim enta l ly determ ined
di recti on of the axi s of the EPR spectrum of VO at site I and II wi th the
structure of the latti ce, it is found tha t the di recti on of the axes are almost
para l lel to the K(R b){ O ( nm , di recti on cosines { 0.0480, 0.2047, 0.9986)
and whi ch is nearl y para l lel to the axi s. Thi s indi cates tha t VO is enteri ng
the latti ce at substi tuti onal as wel l as intersti ti al sites. In (NH SeO latti ce also
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VO 2 + was found to enter at substi tuti onal and intersti ti al sites [5]. Ho wever, i t is
di £ cul t to concl ude whi ch VO 2 + spectrum belongs to substi tuti onal site.

Since two chemical ly identi cal but di ˜erentl y oriented intersti ti al sites are
avai lable in the latti ce, one wo uld expect VO 2 + im puri ty to show no preference
for a parti cular site and one would anti cipate spectra of sixteen l ines of equal
intensi ty corresp ondi ng to two intersti ti al sites in addi ti on to the substi tuti onal
sites. However, the observati on of the spectra of onl y one intersti ti al site indi cate
tha t perhaps there is a large di ˜erence in intensi ti es corresp ondi ng to two inter-
sti ti al sites. A simi lar di ˜erence in intensi ti es was observed in K2 C2 O4 Â H2 O [6]
and Rb2C2 O4 Â H2 O [7]. The observed behavi our is expl ained on the basis of the
dyna mics of crysta l growth [8]. The z axi s of site I II is at about ¤ 5 £ wi th the b

axi s. Thi s di recti on is very close to tha t of K(R b){ O0

2 ( r = 0 :2 7 0 4 4 nm , di recti on
cosines { 0.00566, { 0.9556, { 0.2946) indi cati ng tha t perhaps spectra of site I II are
due to VO 2 + substi tuti ng for Rb + wi th V=O bond nearl y along the K(R b){ O0

2

di recti on whi ch is shortest bond di recti on.
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