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MAGNETIC HAMILTONIANS FORLi2VOSiO4 AND Li2VOGeO4�H. Rosner, R.R.P. Singh, W.E. Pi
kettDepartment of Physi
s, University of California, Davis, CA 95616, USAW.H. Zheng and J. OitmaaS
hool of Physi
s, University of New South Wales, Sydney NSW 2052, Australia(Re
eived July 10, 2002)Ex
hange 
ouplings are 
al
ulated for the isostru
tural 
ompoundsLi2VOSiO4 and Li2VOGeO4 using LDA, suggesting the realization of alarge J2=J1 quasi-2D spin-half Heisenberg model in both 
ompounds. Hightemperature expansions for the uniform sus
eptibility and spe
i�
 heat areused to �t the experimental data. The range and quality of unbiased �tsas a fun
tion of the parameters J1, J2 and g are reported, 
on�rming J2 asthe largest ex
hange 
onstant for these materials.PACS numbers: 71.15.Mb, 75.10.Jm, 75.30.Et1. Introdu
tionIn re
ent years there has been 
onsiderable theoreti
al interest in thesquare-latti
e Heisenberg model with nearest neighbor (NN) ex
hange J1and se
ond neighbor (NNN) ex
hange J2. However, only very re
ently thematerials Li2VOSiO4 and Li2VOGeO4 have been identi�ed [1℄ as possiblerealizations of systems with substantial J2=J1. Here, we dis
uss ab initio
al
ulations for the ex
hange 
onstants of these materials based on LDAand on �ts to the experimental spe
i�
 heat CP and uniform sus
eptibility� data using high temperature expansions (HTE). The range and qualityof unbiased �ts are reported as a fun
tion of J1 and J2. Both the ab initio
al
ulations and the �ts to the experimental data 
on�rm a large J2=J1 ratio.2. Ele
troni
 stru
ture 
al
ulationsLi2VOSiO4 (Li2VOGeO4) 
rystallizes in the tetragonal system P4=nmm,with a = 6:3682 (6.4779) Å and 
 = 4:449 (4.520) Å [2℄ exhibiting a layeredmagneti
ally a
tive network of spin half V4+ ions. The V4+ arrangementsuggests that both the NN and the NNN in-plane 
oupling should be signif-i
ant.� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1505)



1506 H. Rosner et al.In order to obtain a reliable hopping part of a tight-binding (TB) Hamil-tonian, band stru
ture 
al
ulations were performed using the s
alar rela-tivisti
 full-potential nonorthogonal lo
al-orbital minimum-basis s
heme [3℄within the LDA. V(3s; 3p; 4s; 4p; 3d), O(2s; 2p; 3d), Li(2s; 2p), Si(3s; 3p; 3d)and Ge (3d; 4s; 4p; 4d) states, respe
tively, were 
hosen as the basis set. Alllower lying states were treated as 
ore states. The paramagneti
 
al
ula-tions result in a valen
e band 
omplex of about 10 eV width with two bands
rossing the Fermi level EF (see Fig. 2 in Ref. [4℄) and are very similar forboth 
ompounds. The two half-�lled bands at EF originate from the twoV per 
ell and are well separated by a gap of about 3 eV from the rest ofthe valen
e band 
omplex. They exhibit mainly V 3dxy and minor O(2)2px;y 
hara
ter (oxygens of the basal plane of the VO5 pyramid). Therefore,strong 
orrelation e�e
ts 
an be expe
ted whi
h explain the experimentallyobserved insulating ground state.Be
ause the low-lying magneti
 ex
itations involve only orbitals withunpaired spins 
orresponding to the half-�lled bands, we restri
t ourselvesto a two band TB analysis taking into a

ount NN transfer t1 and NNNtransfer t2 within the [001℄ plane and NN hopping t? between neighboringplanes. Our TB results are shown in the Table. The transfer integrals enableus to estimate the relevant ex
hange 
ouplings. In the strongly 
orrelatedlimit, valid for typi
al vanadates, the superex
hange 
an be 
al
ulated interms of the one-band extended Hubbard model JAFMi = 4t2i =(Ue� ). FromLDA-DMFT(QMC) studies [5℄ and by �tting spe
tros
opi
 data to model
al
ulations [6℄, Ue� � 4�5 eV is estimated for typi
al vanadates. Therefore,we adopt Ue�=4 eV and Ue�=5 eV as representative values to estimate theex
hange 
onstants and their ranges. Our results are given in the Table.TB parameters and ex
hange 
ouplings for Li2VOSiO4 (Li2VOGeO4).t1 (meV) t2 (meV) t? (meV) U (eV) J1 (K) J2 (K) J?(K)8.5 29.1 -4.8 4 0.83 9.81 0.27(12.8) (28.0) (-4.1) (1.88) (9.07) (0.20)5 0.67 7.85 0.22(1.52) (7.26) (0.16)Comparing our J 's with the experimental �ndings for Li2VOSiO4 (J1 +J2 = 8:2 � 1 K [1℄), we �nd ex
ellent agreement for the sum J1 + J2 =9:5 � 1:5 K of the in-plane 
ouplings. In sharp 
ontrast to Ref. [1℄ wherethey estimate J2=J1 � 1:1� 0:1, we �nd a ratio J2=J1 � 12. In Li2VOGeO4we �nd a 
onsiderable smaller ratio J2=J1 � 5.3. Fitting the experimental dataWe have developed HTE for � and CP of the square-latti
e Heisenbergmodel for arbitrary values of J2=J1 [4℄. We have previously shown that theLDA-derived ex
hange 
onstants provide a good des
ription of the experi-
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 Hamiltonians for Li2VOSiO4 and Li2VOGeO4 1507mental properties of these materials [4℄. Here, we provide unbiased �ts tothe experimental data as a fun
tion of the ex
hange 
onstants J1 and J2 andthe ele
tron's g-fa
tor in the material.To judge the quality of the �t, we de�ne [7℄P = 
onst:XTi jAexp(Ti)�Atheo(Ti)j ; (1)where A 
an be � or CP . The 
onstant in front is irrelevant and is adjusted tos
ale the plot for presentation. The variation in P with the model parametersis signi�
ant and the smallest P gives the best �t.Figures 1 and 2 show the �ts for the materials Li2VOSiO4 andLi2VOGeO4, respe
tively. We see that for Li2VOSiO4 the best �t fromCP is very 
lose to J1=J2 = 0. The best �t parameters are J1=J2 = 0:025and J2 = 5:87 K. The shaded region gives a range of J2 values for a givenJ1=J2. The � data give the best �t for J1=J2 = 0:45, J2 = 5:85 and g = 1:97.The �ts have been shown in earlier publi
ations [4℄. They remain very goodeven when P is not at its minimum. The �ts get substantially worse and Pbegins to in
rease rapidly only when J1=J2 approa
hes and ex
eeds unity.
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χFig. 1. Best �t parameter (J2, J1=J2, g) for the 
ompound Li2VOSiO4 from CP(left) and � (right). P gives the quality of the �t (see Eq. (1)).For the material Li2VOGeO4 the best �ts are obtained from CP withparameters J1=J2 = 0:75 and J2 = 4:14, whereas the best �ts for � are withparameters J1=J2=0.55, J2=3.84 and g=1.83. On
e again, we see that the�ts get substantially worse only when J1=J2 approa
hes and ex
eeds unity.These �ts provide strong support for J2 being the largest ex
hange in-tera
tion in these materials. The 
omparison between the two materialsshows that J2 is smaller for Li2VOGeO4whereas the J1=J2 ratio is somewhatlarger in Li2VOGeO4. These results are 
onsistent with the LDA 
al
ula-tions. On the whole, thermodynami
 quantities are not very sensitive tothe J1=J2 ratio and an a

urate determination of these quantities may 
omefrom measurements of spin-wave spe
tra [4℄.
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lusionsWe have presented �rst prin
iples 
al
ulations for the ex
hange 
onstants ofthe materials Li2VOSiO4 and Li2VOGeO4. By 
omparing HTE �ts for � andCP with the experimental data we have shown that these materials are inthe large J2=J1 regime. Be
ause of the demonstrated weak sensitivity of theHTE �ts to the assigned parameters, we have also noted that an a

uratedetermination of the J1=J2 ratio for su
h materials 
ould 
ome from themeasurement of spin-wave dispersion [4℄.We thank F. Mila, O.A. Starykh, S.L. Dre
hsler and P. Carretta fordis
ussions. This work was supported by the DAAD (H.R.), the NSF DMR-0114818 and DMR-9986948, and by the Australian Resear
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