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ELECTRONIC AND MAGNETIC PHASE TRANSITIONSIN QUASI ONE-DIMENSIONAL �-Na1=3V2O5UNDER PRESSURE�S. Klimm, D. Ciesla, G. Obermeier, P. PfalzerV. Eyert, and S. HornUniversität Augsburg, Universitätsstr. 1, 86135 Augsburg, Germany(Reeived July 10, 2002)The pressure dependene of the phase transitions in the quasi one-dimensional vanadium oxide �-Na1=3V2O5 has been studied by magnetisuseptibility and eletrial resistivity measurements. Under pressure themetal�insulator (MI) transition at TMI = 130 K shifts to lower, the mag-neti transition at TN = 24 K to higher temperatures. This behavior isdisussed in terms of inreasing interhain oupling.PACS numbers: 71.30.+h, 62.50.+p1. IntrodutionAmong the strongly anisotropi sodium vanadates NaxV2O5 the quasione-dimensional (1D) �-Na1=3V2O5 is the only metalli ompound. It ex-hibits a metal�insulator (MI) transition as a funtion of temperature atTMI = 130 K [1℄. The monolini struture omprises three inequivalentvanadium sites [2,3℄. Two of the sites (V1, V2) have an otahedral and one(V3) a square pyramidal oxygen oordination. The latter site is assumedto be lose to a V5+ (d0) oupation, leaving one eletron, donated by thesodium ions, to be distributed among four V ions on the V1 and/or V2 sites.Below TMI di�erent eletron on�gurations in a harge ordered state havebeen disussed [4�7℄. Resistivity measurements above TMI show metallibehavior along the b axis, while semionduting behavior is observed per-pendiular to b. At TN = 24 K a magneti transition ours [1℄, whih hasbeen shown by NMR measurements to be long range in nature [4℄. FromEPR and magnetization measurements [7�9℄ it was onluded, that the or-dered state is a anted antiferromagnet, with the ferromagneti omponent� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(819)



820 S. Klimm et al.aligned along the b axis. External pressure is expeted to inrease inter-hain interations and therefore an yield information about the e�et ofdimensionality on the phase transitions in this ompound.2. Experimental resultsNeedle like single rystals of a typial size of 4 � 0:4 � 0:2 mm3 weregrown by a �ux method. The resistivity was measured using a standardfour-probe DC-tehnique. AC-suseptibility measurements were performedusing a mutual indutane bridge in whih several rystals were aligned withthe b axis parallel to the magneti �eld. Quasi hydrostati pressure experi-ments were arried out in a self lamped CuBe piston-ylinder ell.Anomalies in the eletrial resistivity at 240 K and 222 K signal ordering onthe Na sublattie. While these transitions appear to be independent of pres-sure, the MI transition shifts to lower temperatures at a rate of 28 K/GPa.The onset of the magnetially ordered state at TN is indiated by a uspin the AC-suseptibility, whih shifts to higher temperatures at a rate of5 K/GPa with inreasing pressure. Fig. 1 summarizes the pressure depen-denies of the phase transitions. TMI(p) was investigated for two di�erentsamples (open and �lled symbols in Fig. 1(left)) both showing the samepressure dependene.
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Fig. 1. Pressure dependenies of the MI transition (left) and the magneti transition(right) as determined by resistivity and suseptibility measurements, respetively.NEXAFS measurements in the total eletron yield (TEY) mode wereperformed on the O 1s edge under ultra high vauum at the U41-1/PGMbeamline at the BESSY 2 storage ring using a rystal of the same bath asfor the resistane measurements. A lean surfae was prepared by leavingthe rystal inside the vauum hamber. NEXAFS spetra of the O 1s edge



Eletroni and Magneti Phase Transitions in Quasi. . . 821are presented in Fig. 2. It is expeted from the quasi 1D struture that thehybridization between V 3d and O2p states is highly anisotropi. This isre�eted by the strong anisotropy of the spetra as the sample is rotatedaround the ystallographi a axis from a geometry with the polarizationvetor ~E of the X-rays parallel to the 1D b axis (' = 0Æ) to one with ~Eperpendiular to the b axis (Fig. 2a). No hanges in the spetra are observedon ooling the sample below the Na-ordering temperature and further belowthe MIT (Fig. 2b), indiating only subtle hanges of the eletroni strutureat these transitions.
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Fig. 2. NEXAFS spetra of the O 1s edge of Na1=3V2O5 as a funtion of angle 'between the polarization vetor of the inident X-rays and the rystallographi baxis (a) and as funtion of temperature T (b).3. DisussionThe phase transitions at TMI = 130 K and TN = 24 K show a pronounedpressure dependene and lear signatures in the magneti suseptibility, in-diating that the V ions are involved in the respetive transition. Aordingto NMRmeasurements [4℄ the 3d-eletrons oupy the V1 and V2 sites aboveTMI. The expeted quasi 1D nature of the resulting eletroni struture ison�rmed by our band struture alulations based on density funtionaltheory, whih show a pronouned dispersion parallel, but a very small dis-persion perpendiular to the b axis. The partial density of states (DOS)further predits a dominant oupation of the V2 sites ompared to V1and almost no oupation of the V3 sites. The 1D nature of the eletronistruture and its onomitant Fermi surfae nesting will leave Na1=3V2O5suseptible to a Peierls like transition. The pressure dependene of the MI-transition is indeed onsistent with suh a senario: appliation of pressurewill inrease the oupling between vanadium hains and, at the same time,the lattie sti�ness. The inrease of interhain interation will inrease the



822 S. Klimm et al.3d-band dispersion perpendiular to the hains and, onomitantly, reduethe nested portion of the Fermi surfae and, onsequently, TMI dereases.An inreased lattie sti�ness will derease TMI further. Inreased interhaininteration will suppress �utuations harateristi of the quasi 1D systemand shift the magneti transition to higher temperatures onsistent with theobserved pressure dependene of TN.To explain that a Peierls like transition results in an insulating state onehas to involve both harge order and eletroni orrelations. Below the Naordering the doubling of the unit ell in b diretion and the onomitantband splitting will lead to 1/4 �lled bands. The NMR results [4℄ suggesta harge ordering below TMI with the 3d-eletrons either ompletely on V1or V2 sites. Our band struture alulations would favor the V2 sites. Ina loal piture this an be realized by a dimerization of V2 sites, resultingin a bonding-nonbonding splitting. The resulting half �lled band situationould lead to an insulating state due to on-site Coulomb interations. Thefat that the NEXAFS spetra show no hanges at TMI suggests only subtleif any hanges in the eletroni struture on a loal sale.Clearly more investigations of the eletroni struture and the lattiedistortions at the MI-transition have to be arried out to obtain a betterunderstanding of the insulating state and the distribution of the d-eletronson the various V sites in the metalli and insulating state of Na1=3V2O5.This work was supported by Grant No. SFB 484 of the DeutsheForshungsgemeinshaft. REFERENCES[1℄ H. Yamada, Y. Ueda, J. Phys. So. Jpn. 68, 2735 (1999).[2℄ A.D. Wadsley, Ata Crystallogr. 8, 695 (1955).[3℄ T.N. Khamaganova, V.K. Trunov, Russ. J. Inorg. Chem. 34, 164 (1989).[4℄ M. Itoh, N. Akimoto, H. Yamada, M. Isobe, Y. Ueda, J. Phys. So. Jpn. 69Suppl. B, 155 (2000).[5℄ M. Itoh, N. Akimoto, H. Yamada, M. Isobe, Y. Ueda, J. Phys. Chem. Sol. 62,351 (2001).[6℄ S. Nishimoto, Y. Ohta, J. Phys. So. Jpn. 70, 309 (2001).[7℄ Y. Ueda, H. Yamada, M. Isobe, T. Yamauhi, J. Alloys Compd. 317-318, 109(2001).[8℄ A.N. Vasil'ev, V.I. Marhenko, A.I. Smirnov, S.S. Sosin, H. Yamada, Y. Ueda,Phys. Rev. B 64, 174403 (2001).[9℄ C. Shlenker, R. Buder, V.D. Nguyen, J. Dumas, A. Friederih, D. Kaplan, N.Sol, J. Appl. Phys. 50, 1720 (1979).


