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Change of electronic properties on the doping-induced insulator-metal transition in Lat Sr VO3
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Changes in electrical, magnetic, and optical properties have been investigated for the doping-induced
insulator-metal (I M) tr-ansition in hole-doped Mott insulators, Lat Sr„VO3. In the optical spectra, the I M-
transition is characterized by doping-induced transfer of spectral weight into the in-gap region. Resistivity in

the metallic phase near the critical magnetic phase boundary shows such a temperature dependence as ex-
pressed by the relation p = po+A T' over a wide temperature range (2—200 K) with the enhanced coefficient
A towards the phase boundary. The results are argued in terms of effect of the antiferromagnetic spin Auctua-

tion on the charge transport.

Renewed interest in the electronic properties of 3d
transition metal oxide compounds with strong electron
correlation has been aroused by the discovery and subse-
quent extensive studies of high-temperature (high-T, ) super-
conducting cuprates. LaVO3 and its hole-doped analogs
La& Sr VO3, as well as V203 and related compounds, have
long been known as a system which shows the insulator-
metal (I M) transit-ion relevant to the strong electron corre-
lation effect similarly to the case of the high-T, cuprates.
Recent studies on the high-T, cuprates have shown the ne-
cessity of comprehensive investigation on the interplay be-
tween the spin and charge dynamics with the case of finely
filling-controlled samples. Here, we update the results of
the electronic properties and their filling dependence for
La& Sr VO3 using melt-grown polycrystals. We have found
a conspicuous change in conductivity spectra, i.e., the col-
lapse of the Mott gap and resultant spectral weight transfer,
in the present vanadate system which is to be compared with
the case of the hole-doped cuprate and titanate systems.
The charge transport in a barely metallic state near the I-M
phase boundary (x=0.2 of Lat „Sr„VO3) appears to be
strongly affected by antiferromagnetic spin fluctuation and
shows a non-Fermi-liquid-like behavior.

The parent compound LaVO3 is one of prototypical Mott
insulators with the electron configuration of 3d and under-
goes a magnetic phase transition to a weakly ferromagnetic
state with essentially antiferromagnetic spin ordering below
T&= 140 K. ' The other end compound SrVO3 with configu-
ration of 3d' is a good metal perhaps due to the large d
electron transfer interaction mediated with strong hybridiza-
tion between V 3d and 0 2p states. This is in contrast with
similar 3d perovskites of a Ti + -based oxide, e.g.,
LaTi03, which are all Mott insulators. ' The solid solution
La& „Sr VO3 can be formed over the whole composition
region (0~x~1). The nominal hole doping by substitution
of Sr for the La site causes an insulator-metal (I M) transi--
tion around x= 0.2. The Seebeck coefficient in the insu-
lating or semiconducting region below x=0.2 was reported
to be positive, indicating the hole-type conduction. At low
temperatures of the insulating phase, antiferromagnetic phase
appears to survive up to the I-M phase boundary. On the
other hand, the Hall coefficient for x~0.3 is negative and

TABLE I. Oxygen stoichiometry (8) and the magnetic phase
transition temperature (TN) of the samples of La, „Sr„VO3+spre-
pared by the arc-melting method in the present study.

0
0.05
0.10
0.15
0.20
0.22
0.25
0.28
0.30
0.40
0.50

3.044
3.071
3.024
3.059
3.025
2.994
3.022
3.012
3.032
3.028
3.046

Tn (K)

144
126
110
95
75
20

small in magnitude (RH ———2X10 cm /C for x=0.4),'
which is typical of a metal. However, little has been known
about the interplay between the charge transport and spin
dynamics in the immediate vicinity of the I-M transition in
this compound, which is in contrast with the famous case of
V203

Polycrytalline powder of La& Sr VO3 was first prepared
by a solid state reaction of starting compounds, V205,
La203, and SrCO3 at 1300 C in How of a forming gas of
Ar/H2 (93/7%). Firing and grinding procedures were re-
peated several times. Then, the powder was pressed into pel-
lets and melted under Ar atmosphere with a tri-arc furnace.
Several specimens were further annealed at 1200 C for 90 h
in flow of Ar/H2 (93/7%%uo) gas.

Thermogravimetric analysis (TGA) was performed to
check the possible oxygen nonstoichiometry. The oxygen
nonstoichiometry 8 (Lat „Sr„VO3+s) was determined by
assuming that the perovskite A-site composition (La/Sr) co-
incided with the prescribed stoichiometry and that the prod-
uct of the TGA procedure (heating the sample to 1000 'C in
oxygen gas Row) contained only V +. The results are shown
in Table I together with observed critical temperature (Ttt)
for the antiferromagnetic spin order (vide infra). The speci-
mens appear to contain excess oxygen, in particular, for the
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for the three-dimensional case. The Curie-Weiss-like be-
havior such as

C
x(Q)= ~+T

may be expected for nearly antiferromagnetic metals such as
La& Sr VO3. Here, the Weiss temperature To tends to van-
ish at the critical boundary, which may lead to T depen-
dence of the resistivity as observed. To confirm the present
scenario, the strong antiferromagnetic spin fluctuation should
be detected by other probes, such as NMR and neutron in-

elastic scattering, near the critical boundary, namely, in the
region of X=0.20—0.25 for the case of La& Sr VO3.

In conclusion, we have observed the conspicuous change
of the low-energy electronic structure with hole doping (x)
in the doped Mott insulator compounds La& Sr VO3. The
barely metallic state in the immediate vicinity of the antifer-
romagnetic phase shows the T dependence of resistivity
down to low temperature, perhaps due to the strong antifer-
romagnetic spin fluctuation.
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