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ABSTRACT :

The vanadium bronzes p-A V.0, (A=Sr, Ca, Na, L1, Ag ...), first discovered m the 80's, are nixed-
valence compounds V* (3d)/V?* (3dY) presenting very exciting physics such as low dimensgionnal
electronic properties, metal-msulator transition and superconductivity. The stoeclhiometric samples
(Na,Sr)_,V,0,; present a complex phase transition associating a metal-insulator transition (MIT), a
structural transition and a charge ordering occurmng at T,; =170 K for Sr, V.0, and T, ~135 K for
Na, V.0 ,.. Superconducting properties have been alzo evidenced recently at high pressure below T=9 K 1n
NaV,0,..

At room-temperature, they present « metallic » properties (p,~ 10~ Q.cm and p,/p,~ 100) with a quasi-
1D Fernu swrface (from band structure calculations). Swprismgly, NaV, 0O, has a metallic resistrity
associated with a Curie-Weiss magnetic susceptibility whereas SrvV,0,; 18 semiconducting with a Pauli-like
paramagnetic suceptibility suggested delocalized carriers ! The ordering of the Sr (for x=0.9) and Na (for
T=230 K) atoms lead to a doubling of the lattice parameter along the b-axis. Only one type of V423 and
V4EF gite are observed respectively for NaV,O,, and SrV,0,, above the MIT.

Below the Metal-ingulator transition (MIT), a tripling of the lattice parameter 12 obzerved in both cases
aggociated with a charge ordering. Nevertheless, magnetism 1z still present at low-T : a Curie-Weiss
susceptibility 1z observed i the case of NaV,O,; whereas a spm-gap phase 1z revealed in the caze of
SIV.0,:. A charge gap of 200 meV 1z evidenced below the TMI in Sr,V,0,; by angle-ntegrated
photoemigzion measurements associated with a stabilization of the correlated d band. One of the key point
to understand this complex phase transition could be the Fermi wave vector kg which can be extracted from
ARPES measurements on sigle crystals.
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— The MIT has been investigated by ARPES both as tunction of doping
In Sr V0, and as function of temperature in Sr; V,0,; and NaV_ O,..
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X \I Angle-integrated photoemussion spectra obtamed on
\ 1\ ; B SUEE Sty V0, powder samples for different photon energies.
\ - \, —— 212 eV  =——02pD0S The energy dependence allows to clearly identity O,
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spectral teatwre around 1.4 eV. A comparizon with
LMTO Band structure calculations 1z presented. As
expected, the O, spectral feature is well described. On
one hand, the O, -V, hybridization is corroborated by
the strong mncreaze of thiz feature with increasing the
photon energy. On the other hand, the calculated V.,
denzity of occupied states 12 maximum at the Fernu
(¢) Schematic drawmg of the leadmg V-V energy whereas the experimental one shows a maximum
transfert mtegrals m (a.c) plane as around 1.4 eV. Even far from half filling (3d°33), the
proposed from Extended Hiickel Tight obgervation of a strong mcoherent peak at a =zo lhigh
Bindmg calculations [M.L. Doublet ana energy 1 probably due to strong correlations, this 3d
ffafl EE f;i'iizf Zwﬁiﬂi 1251 i‘i{ m:ll::: band cmlstitutiu_.g the l.ﬂwer Hubbard band observed
orthogonal V,-V, and V-V, ladders. nUmerous vanadium L"I'KIEIES..
In addition, no spectral weight has been measured at E;
signing @ guasi-1 D metallic behavior and/or polaronic
effects (small polarons).

(a) C2/m space group

(b} Two legs ladder structure of the V, (left)
and V-V (nght)
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1 — Electronic structure as function of doping

2 - Charge gap accross the MIT: opening of a gap A = 200 meV
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The position of the V., incoherent peak (partially) tollows the 3d band filling : E=1.24 ¢V i the caze of
Sty s V0,5 and NaV,O,; which have the same filling (3d"!”) and E=1.44 eV for Sr, V.0, (3d"*?). This is
corroborated by XPS measwrements suggesting that these measurements are bulk-like !

3 — Angle-resolved results on Sr .V O, single crystals
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The V., spectral feature 12 stabilized below the metal-insulator transition (energy gawn=150 meV). In addition, a
precige mvestigation ot the spectral weight close to the Fernu level evidences the opening of gap i the occupied
density ot states 1n agreement with an increage with more than one order of magmtude ot the resistrvity and the
insulating nature of the low-T phase. The strong BCS ratio measured m this compound 1z lagher than those
measured i standard 2l Pelerls compounds. It 18 cloger to polaronic compounds like T1,0,. ..

Schematic charge distribution DISCUSSION

.-F'_'_'_'_\_\_\_\-\-H = [ - - [ [l = [
(—— <. * > —origin of the abzence of spectral weight at E; (non Fernu liquid, small polarons. . .)
l : : I b — mechanigm of thig (verv) complex transition :

2k Charge density wave excluded by the presence of magnefizm below Ty,

4l Charge density wave (1n a correlated metal) ?

2b — 6b (+<3) a tripling of the lattice parameter 15 possible it p=1/3=0.33 e-/site ( CDW at 4l ) or
& ® —@ p=2/3=0.66 e/site ( CDW at 2k; )

Others. ..
Ve o Vo vV, VoV VY — to answer we need the k; value measured by ARPES
InNaV,0,, 1 k=022 A1~ n/4b in the P2 /a phase (from Okazaki et al., cond-mat/0308368)

St V.0, :3d"*¥ = 6+6=12e/36V . i :
BN TR ...Should be measured on St .V, O, and Sr,;V,0,, single crystals
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ARPES measurements have been done m Nancy! with a UV lamp and a high resolution SES-200 analyzer and at LURE? with a synchrotron radiation source. XPS, 3(T) and p(T) data have been meagsured in Nantes?.



