PHYSICA &

e ]
www.elsevier.nl/locate/physc

ELSEVIER Physica C 341-348 (2000) 2133-2134

Charge ordering in NaVO;5 : 5V NMR in a single crystal
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We have made NMR measurements on a sample of single crystals to study a charge ordering in NaVeQO1s, a
mixed valence oxide of V** and V®*. Our NMR results clearly show that the charge ordering takes place at

Tco=130 K in N3V6015.

Quantum spin systems with a characteristic
low-dimensional structure have attracted much
attention from both experimental and theoreti-
cal aspects. The phase transition in a’-NaV30s5
first discussed as the spin-Peierls transition [1] is
considered to be a charge ordering transition in
a quarter-filled spin-ladder system. Theoretically
the intersite Coulomb interaction was pointed out
to play an important role in the formation of the
charge ordering in NaV20s [2]. We investigated
various vanadium oxides to understand phenom-
ena, of the charge ordering. In vanadium bronzes
A, V205 (A = alkali, alkaline earth and metals)
which contain NaV,;0Os5, it is known that there
are several phases with structual, magnetic and
electric properties different from each other. Re-
cently we found phenomena which may come from
the charge ordering in Na;/3V205 (NaVgOgs), a
mixed valence oxide of V4t and V3t with the 3
structure where there are three V sites, V1, V2,
and V3 {3, 4]. In this paper we have made 5!V
NMR experiments using a sample of single crys-
tals to study the charge ordering in NaVgOgs.

Small single crystals of NaVgO,5 were grown
by a self flux method as was described in Ref.
[3]. NMR experiments were made for a sample of
the single crystals stacked parallel to the b-axis.

We observed a drastic change in the 51V NMR
spectrum at T,=130 K. Figure 1 shows the NMR

spectra taken at 40, 80 and 160 K with an exter-
nal filed H parallel to the b-axis. Above T, we
observed two sets of 1V NMR spectrum as are
denoted by S1 and S2 in the spectrum at 160
K. Each spectrum is well explained by taking ac-
count of the electric quadrupole effect. However
below T, three sets of NMR spectrum were ob-
served as is seen in the spectrum at 80 K. The 52
spectrum is split into two spectra denoted by S2,’
and S2,,’. With further decreasing temperature T
we observed an additional spectrum (S3’) with a
short nuclear spin-spin relaxation time. Thus we
observed the four 51V NMR spectra below Tgo.
This change in the NMR spectrum indicates that
the charge ordering from a mixed valence state to
a charge-ordering state takes place at T¢,.

From these NMR spectra, we determined the
51V Knight shift parallel to the b-axis, K;. Fig-
ure 2 shows the T dependence of Kj for each
spectrum. A jump of K} is clearly seen at Ti,.
Also it should be noted that the S1°, S2,’ and
S24,’ shifts gradually increase with decreasing T
below T,. This means that the spin susceptibil-
ities of S1’, 82, and S2;,’ decrease with decreas-
ing T. On the other hand, the S3’ shift decreases
with decreasing T. That is, the spin susceptibil-
ity of S3’ increases with decreasing T', obeying the
magnetic susceptibility. Thus the S3’ spectrum is
concluded to come from the magnetic V4+ site.
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Figure 1. NMR spectra taken at 40, 80 and 160
K with the external filed parallel to the b-axis in
NaVgO;5. The arrows in each 'V NMR spec-
trum (S1, 82, S1’, S2,°, S2,,’ and S3’) represent
central and/or satellite transitions due to the elec-
tric quadrupole effect.

We also observed a drastic change in the nuclear
quadrupole frequency of each V site accompanied
by the chare ordering at T,,.

In the antiferromagnetic (AF) state below
Tn=24 K, we observed 31V antiferromagnetic nu-
clear resonance (AFNR) in zero external field.
At 1.5 K, the AFNR spectra were observed at
0.1, 17.9, 30.3 and 81.0 MHz, corresponding to
the four paramagnetic NMR spectra. The AFNR
spectra at 0.1 and 81.0 MHz are reasonably con-
cluded to come from the nonmagnetic V5+ (S1’)
and the magnetic V4*+ (S3’) sites, respectively.
On the other hand, the spectra at 17.9 and 30.3
MHz are considered to be due to the V5+ sites
(S2,” and S24,’) with a transferred hyperfine field
from the V4t site. Thus these AFNR spectra
clearly show the presence of the charge ordering
below T¢,. We also found from the analysis of the
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Figure 2. Temperature dependence of the 31V
Knight shifts parallel to the b-axis in NaVO;5.

S1’ NMR spectrum that the nonmagnetic V5+
site is the V3 site. . Therefore the magnetic V4+
site should be located at the V1 or V2 site. One
possible model of the charge ordering structure is
a zigzag or single-chain structure of V4* located
at the V2 site. Another is a single-chain structure
located at the V1 site.

In conclusion we found from the present 51V
NMR measurements that a charge ordering takes
place at 130 K in NaVgOss.
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