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NMR and EPR measurements in the two-dimensional frustrated antiferromagnets on a square latti e Li2 VOSiO4 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 a

progressive 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.Ee

1. Introdu tion

One of the most relevant ee ts indu ed by frustration in an antiferromagnet is the degenera y of the ground-state. In a two-dimensional S = 1=2
frustrated Heisenberg antiferromagnet on a square latti e (2DFQHAF), with
ompeting antiferromagneti intera tions J1 along the sides of the square and
J2 along the diagonal, for J2 =J1  0:65 the ground-state is two-fold degenerate 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 transition takes pla e and the 2DFQHAF ollapses in either one or the other
ground-state [2℄. Re ently, two prototypes of 2DFQHAF have been identied: Li2 VOSiO4 and VOMoO4 , with J1 + J2 ' 8:5 K and ' 155 K,
respe tively [3, 4℄. Both systems are hara terized by a similar temperature
dependen e of the spin sus eptibility (see Fig. 1), whi h is onsistent with
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the one expe ted for a 2DFQHAF with J2 =J1 ' 1 [5℄, where the two-fold
degenerate ground state is expe ted. However, experimentally it was found
that Li2 VOSiO4 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 distortion
o 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 +J2
and that it is of diusive nature, namely the size of the distorted domains
progressively grows as the temperature is lowered below Tdist .
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Fig. 1. Spin sus eptibility of Li2 VOSiO4 and VOMoO4 as a fun tion of T= , with
 = J1 + J2 = 8:7 K and 155 K, respe tively, the CurieWeiss temperature. The
amplitude of the sus eptibility of VOMoO4 has been res aled by a fa tor slightly
larger than the ratio between the CurieWeiss temperatures indi ating a slightly
lower purity of VOMoO4 sample with respe t to Li2 VOSiO4 .

2. Experimental results and dis ussion

The NMR shift K is related to the stati uniform sus eptibility  by the
equation K = A + Æ, where A is the hyperne oupling and Æ the hemi al
shift. Hen e, the plot of K vs , derived from SQUID magnetization
measurements, dire tly yields A. In Fig. 2 we report the orresponding
plots for Li2 VOSiO4 and VOMoO4 , with K measured on 7 Li and on 95 Mo
NMR lines, respe tively. It an be noti ed that in both ompounds around
Tdist ' 4:3 K for Li2 VOSiO4 and ' 100 K for VOMoO4 , a sizeable hange
in the hyperne oupling onstant takes pla e, suggesting the onset of a
latti e distortion. It is interesting to observe that, in spite of the huge
dieren e in the ex hange ouplings, for both ompounds Tdist =(J1 + J2 ) =
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0:57  0:08, suggesting a

ommon origin of the distortion. In fa t, one an
justify the similarity in the values of Tdist =(J1 + J2 ) for both ompounds
by onsidering the magnetoelasti oupling, whi h leads in rst order to
Tdist ' C (J1 + J2 )=k , where C is a onstant related to the rystal stru ture
and k is an ee tive elasti onstant [6℄. Taking into a ount the similarity
in the stru ture of the two ompounds [7, 8℄ one an assume that C and k
are omparable and, thus, Tdist =(J1 + J2 ) should be the same for Li2 VOSiO4
and VOMoO4 . Therefore, in these 2DFQHAF a latti e distortion develops
sin e there is a magnetoelasti energy gain and, a ordingly, the degenera y
of the ground-state is relieved.
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29 Si NMR spe tra in Li2 VOSiO4 show for T  Tdist a shifted line, asso iated with 29 Si nu lei in distorted domains [3℄, whose intensity grows on
ooling. In VOMoO4 a similar observation an be done on the basis of EPR
measurements. 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 saturation
of the signal and is not expe ted if the magneti ion has a pyramidal oordination as V4+ . However, if valen e u tuations take pla e in the distorted
regions so that the magneti ion be omes Mo5+ , the EPR signal might derease. In fa t, when Mo5+ is in a regular tetrahedral oordination the EPR
signal is an eled out by the sele tion rules. Hen e, the progressive de rease
of the EPR signal with de reasing temperature ould also be asso iated with
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a orresponding in rease of distorted domains in VOMoO4 . The o urren e
of valen e u tuations is a onsequen e of the non-negligible hopping integral
between V and Mo, via O 2p orbitals and ould also support the hangeover
in 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 the
spin sus eptibility ( ir les) in VOMoO4 , measured experimentally with a SQUID
magnetometer after subtra tion of the Van-Vle k

ontribution.

The area of the

EPR signal, whi h in prin iple is proportional to the spin sus eptibility, was res aled
to mat h the value of the spin sus eptibility at room temperature.

In on lusion, it was shown that in VOMoO4 and Li2 VOSiO4 a latti e
distortion of diusive hara ter takes pla e at a temperature whi h s ales
with J1 + J2 , suggesting that the distortion is driven by the magneti frustration.
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