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FRUSTRATION DRIVEN LATTICE DISTORTIONSIN Li2VOSiO4 AND VOMoO4�P. Carretta, N. Papinutto, C.B. Azzoni, M.C. MozzatiE. PavariniDipartimento di Fisi
a �A. Volta� � INFM Unitá di Pavia, 27100 Pavia, ItalyS. Gonthier and P. MilletCEMES � CNRS, 31055 Toulouse Cedex, Fran
e(Re
eived July 10, 2002)NMR and EPR measurements in the two-dimensional frustrated anti-ferromagnets on a square latti
e Li2VOSiO4 and VOMoO4 are presented.It is found that a stru
tural distortion, possibly driven by the frustration,takes pla
e in both 
ompounds. The modi�
ations indu
ed by the distor-tion in the NMR and EPR spe
tra on 
ooling 
an be a

ounted for by aprogressive growth of the size of the domains where the latti
e is distorted.PACS numbers: 76.60.Es, 76.75.+i, 75.10.Jm, 75.50.Ee1. Introdu
tionOne of the most relevant e�e
ts indu
ed by frustration in an antiferro-magnet is the degenera
y of the ground-state. In a two-dimensional S = 1=2frustrated Heisenberg antiferromagnet on a square latti
e (2DFQHAF), with
ompeting antiferromagneti
 intera
tions J1 along the sides of the square andJ2 along the diagonal, for J2=J1 � 0:65 the ground-state is two-fold degen-erate and the magneti
 wave-ve
tor 
an be either Q = (qx = �=a; qy = 0) or(0; �=a) [1℄. When the temperature is lowered below J1 + J2, an Ising tran-sition takes pla
e and the 2DFQHAF 
ollapses in either one or the otherground-state [2℄. Re
ently, two prototypes of 2DFQHAF have been iden-ti�ed: Li2VOSiO4 and VOMoO4 , with J1 + J2 ' 8:5 K and ' 155 K,respe
tively [3, 4℄. Both systems are 
hara
terized by a similar temperaturedependen
e of the spin sus
eptibility (see Fig. 1), whi
h is 
onsistent with� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1407)
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ted for a 2DFQHAF with J2=J1 ' 1 [5℄, where the two-folddegenerate ground state is expe
ted. However, experimentally it was foundthat Li2VOSiO4 ground-state has always Q = (�=a; 0) (with x the dire
-tion of V4+ spins) [3℄, sin
e the degenera
y is relieved by a latti
e distortiono

urring above the transition temperature T
 to the 
ollinear ground-state.Here we will show from NMR and EPR measurements that su
h a stru
-tural distortion starts at a temperature Tdist whi
h roughly s
ales with J1+J2and that it is of di�usive nature, namely the size of the distorted domainsprogressively grows as the temperature is lowered below Tdist.
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T/ΘFig. 1. Spin sus
eptibility of Li2VOSiO4 and VOMoO4 as a fun
tion of T=�, with� = J1 + J2 = 8:7 K and 155 K, respe
tively, the Curie�Weiss temperature. Theamplitude of the sus
eptibility of VOMoO4 has been res
aled by a fa
tor slightlylarger than the ratio between the Curie�Weiss temperatures indi
ating a slightlylower purity of VOMoO4 sample with respe
t to Li2VOSiO4.2. Experimental results and dis
ussionThe NMR shift�K is related to the stati
 uniform sus
eptibility � by theequation �K = A�+Æ, where A is the hyper�ne 
oupling and Æ the 
hemi
alshift. Hen
e, the plot of �K vs �, derived from SQUID magnetizationmeasurements, dire
tly yields A. In Fig. 2 we report the 
orrespondingplots for Li2VOSiO4 and VOMoO4, with �K measured on 7Li and on 95MoNMR lines, respe
tively. It 
an be noti
ed that in both 
ompounds aroundTdist ' 4:3 K for Li2VOSiO4 and ' 100 K for VOMoO4, a sizeable 
hangein the hyper�ne 
oupling 
onstant takes pla
e, suggesting the onset of alatti
e distortion. It is interesting to observe that, in spite of the hugedi�eren
e in the ex
hange 
ouplings, for both 
ompounds Tdist=(J1 + J2) =
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e Distortions in Li2VOSiO4 and VOMoO4 14090:57 � 0:08, suggesting a 
ommon origin of the distortion. In fa
t, one 
anjustify the similarity in the values of Tdist=(J1 + J2) for both 
ompoundsby 
onsidering the magnetoelasti
 
oupling, whi
h leads in �rst order toTdist ' C(J1 + J2)=k, where C is a 
onstant related to the 
rystal stru
tureand k is an e�e
tive elasti
 
onstant [6℄. Taking into a

ount the similarityin the stru
ture of the two 
ompounds [7, 8℄ one 
an assume that C and kare 
omparable and, thus, Tdist=(J1+J2) should be the same for Li2VOSiO4and VOMoO4. Therefore, in these 2DFQHAF a latti
e distortion developssin
e there is a magnetoelasti
 energy gain and, a

ordingly, the degenera
yof the ground-state is relieved.

4 5 6 7 8
1.2

1.4

1.6

1.8

0.000 0.005 0.010 0.015 0.020
0

1000

2000

3000

4000

5000

VOMoO
4

T=53 K

T=112 K

T=293 K

-1
03  95

∆K

104χ (emu/mole)

Li
2
VOSiO

4

 

T=5 K

T=100 K7 ∆K
 (

pp
m

)

χ (emu/mole)Fig. 2. Left: 7Li NMR shift in Li2VOSiO4 plotted against the spin sus
eptibilityderived from magnetization measurements with the temperature as an impli
itparameter. The temperature of a few sele
ted points is shown. The solid lineseviden
e the 
hange of hyper�ne 
oupling on 
ooling. Right: 95Mo NMR shift inVOMoO4 vs the spin sus
eptibility derived from magnetization measurements.29Si NMR spe
tra in Li2VOSiO4 show for T � Tdist a shifted line, as-so
iated with 29Si nu
lei in distorted domains [3℄, whose intensity grows on
ooling. In VOMoO4 a similar observation 
an be done on the basis of EPRmeasurements. Upon 
ooling below 100 K one noti
es a de
rease of V4+integrated EPR signal, mu
h more pronoun
ed than the one of the stati
uniform sus
eptibility (see Fig. 3). This de
rease is not due to a saturationof the signal and is not expe
ted if the magneti
 ion has a pyramidal 
oor-dination as V4+. However, if valen
e �u
tuations take pla
e in the distortedregions so that the magneti
 ion be
omes Mo5+, the EPR signal might de-
rease. In fa
t, when Mo5+ is in a regular tetrahedral 
oordination the EPRsignal is 
an
eled out by the sele
tion rules. Hen
e, the progressive de
reaseof the EPR signal with de
reasing temperature 
ould also be asso
iated with
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orresponding in
rease of distorted domains in VOMoO4 . The o

urren
eof valen
e �u
tuations is a 
onsequen
e of the non-negligible hopping integralbetween V and Mo, via O 2p orbitals and 
ould also support the 
hangeoverin the resistivity behavior below Tdist ' 100 K [9℄.
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Fig. 3. Temperature dependen
e of the area of the EPR signal (squares) and of thespin sus
eptibility (
ir
les) in VOMoO4 , measured experimentally with a SQUIDmagnetometer after subtra
tion of the Van-Vle
k 
ontribution. The area of theEPR signal, whi
h in prin
iple is proportional to the spin sus
eptibility, was res
aledto mat
h the value of the spin sus
eptibility at room temperature.In 
on
lusion, it was shown that in VOMoO4 and Li2VOSiO4 a latti
edistortion of di�usive 
hara
ter takes pla
e at a temperature whi
h s
aleswith J1 + J2, suggesting that the distortion is driven by the magneti
 frus-tration. REFERENCES[1℄ see L. Capriotti, Int. J. Mod. Phys. B14, 3386 (2000) and referen
es therein.[2℄ P. Chandra, B. Dou
ot, Phys. Rev. B38, 9335 (1988).[3℄ R. Melzi, P. Carretta, A. Las
ialfari, M. Mambrini, M. Troyer, P. Millet,F. Mila, Phys. Rev. Lett. 85, 1318 (2000); R. Melzi, S. Aldrovandi, F. Tedoldi,P. Carretta, P. Millet, F. Mila, Phys. Rev. B64, 024409 (2001).[4℄ P. Carretta, N. Papinutto, C.B. Azzoni, M.C. Mozzati, E. Pavarini, S. Gonthier,P. Millet, unpublished.[5℄ S. Ba

i, E. Gagliano, E. Dagotto, Phys. Rev. B44, 285 (1991).[6℄ O. T
hernyshyov, R. Moessner, S.L. Sondhi, Phys. Rev. Lett. 88, 067203 (2002).[7℄ P. Millet, C. Satto, Mat. Res. Bull. 33, 1339 (1998).[8℄ H.A. Ei
k, L. Kihlborg, A
ta Chem. S
an. 20, 722 (1966).[9℄ I. Shiozaki, M. Ohashi, H. Kadowaki, J. Phys. So
. Jpn. 69, 3873 (2000).


