JOURNAL OF SOLID STATE CHEMISTRY 91, 180-185 (1991)

LETTERS TO THE EDITOR
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Single crystals of SrysLa; sV,0; (Sr;Ti;Os-type) and Sr, V305 (Sr,Ti;O,p-type) have been grown by a
melt method in molybdenum crucibles at high temperatures and from a strontium borate flux. Crystal
structures have been refined from single crystal X-ray data. The crystals are large enough for resistivity
measurements: Sr,V,0y; is metallic down to 4.2 K, while Sry sLa, sV,0, is a semiconductor. A possible
correlation exists between the observed electrical properties and the degree of distortion in the V-0

polyhedra. © 1991 Academic Press, Inc.

1. Introduction

Transition metal oxides with perovskite
and related structures have been of interest
in our laboratories for several years. In par-
ticular, compounds with d' configuration
ions, especially the series LnTiO;, where
Lrn is a lanthanide or Y, show remarkable
electrical and magnetic properties, such as
metal-semiconductor transitions and many
varieties of long range and short range mag-
netic order (/). Given the intense interest
manifest recently concerning the properties
of d° compounds, such as the superconduct-
ing copper oxides with layered perovskite
structures, it seemed reasonable to explore
the crystal chemistry and the physical prop-
erties of layered perovskite oxides of d!
ions, i.€., one-electron analogues of the one-
hole copper oxides in hopeful anticipation
of observing parallel behavior. SrvVO; is a
metal with unusual magnetic properties (2),
but little is known about the existence and
properties of the so-called Ruddle-
sden-Popper, R-P, phases which are re-
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ported for the corresponding Sr-Ti-O sys-
tem (3). Sr,VO, (4, 5) and Sr,V;0, 4 (6) have
been reported recently, but single crystals
have not been grown, and a detailed struc-
ture is lacking for the latter phase. In addi-
tion, no phases with doping on the Sr site,
for example by La, have been reported.
Here we describe the preparation of single
crystals and the crystal structure of a new
layered perovskite, (SrLa),V,0,, the de-
tailed structure of Sr,V;0,,_,, and their
electrical resistivities.

I1. Experimental

Preparation and Crystal Growth

Sr,sLa, sV,0,. Single crystals of this ma-
terial resulted from the melting of the
K,NiF,-type solid solution Sr, ([L.a, ,VO,. A
mixture of SrCO; (Ceramic, pure certified
chemicals), LaVQO, (made from V,0; and
prefired Research Chemicals 99.99%
La,0;), and V,0; (Fisher, 99.9%) in the mo-
lar ratio 1.6:0.4:1.0 (Sr:La:V) was re-
duced in hydrogen at 1300°C for 20 hr then
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TABLE I

CRYSTALLOGRAPHIC DATA FOR Sr,sLa; sV,0,
AND Sr, V304,

Sry sLag V0, SrgV3047

Crystal dimensions (mm) 0.22 X 0.11 x 0.02 0.20 x 0.14 x 0.006
Cell constants (A}

a 3.879(1) 3.852(1)

¢ 20.408(5) 28.00(6)
Cell volume (A%) 307.07(2) 415.46(2)
pem™h 256.09 267.47
Secondary extinction x 0.0036(4) 0.0006(7)
26 range (°) 2~60 2~ 60
Total reflections 912 1139
Unique reflection 147 178
R 0.033 0.050
R, 0.034 0.052

loaded into an open molybdenum crucible
and melted by radio frequency induction
heating at 1800 = 50°C under 0.5 atm of
prepurified argon. The temperature was
measured by a radiation thermometer
(300C, IRCON Inc). The sample was then
slow cooled over 10 hr to 200°C. Many,
black, plate-like crystals were recovered,
with dimensions up to 4 X 2 x 0.05 mm’.
EDAX data confirmed the presence of Lain
the crystals. It has not yet been possible to
prepare this phase in the absence of La in
either polycrystalline or single crystalline
form.

Sr,V;0, ;. A mixture of Sr, (La; ;VO, and
SrVO, (weight ratio about 1.3:1.0) and an
equal weight of Sr;B,0, was loaded into a
Mo crucible, % or 1 in. diameter. The cruci-
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ble and contents were then evacuated to
10~°mm Hgin an induction heating furnace.
The system was back-filled to 0.5 atm of
prepurified argon and then heated to 1700 =
50°C and cooled to room temperature in 10
hr. Deep blue-violet crystals were recov-
eredupto3 x 2 x 0.03 mm’. In spite of the
presence of La in the melt, its concentration
in the crystals was shown by EDAX to be
less than 1%. It has not yet been possible to
prepare single crystals of this phase without
including La in the melt.

Resistivity Measurements

The van der Pauw method was used for all
dc resistivity measurements. Samples were
provided with four contacts, using silver
paint and 0.025 diameter gold wire. The con-
tacts were ohmic. The measurements were
performed using a Keithley-181 nanovolt-
meter. For both samples, Sr, ;La, sV,0, and
Sr, V50, ,, the crystals used were about 3
X 2 mm?® in area and the resistivities are
specified for current flow in the ab plane.

X-Ray Diffraction

The single crystal data were obtained on
a Nicolet P3 diffractometer with graphite
monochromatized MoK« radiation X =
0.71069 A in the 6-26 scan mode at room
temperature. Scan speed varied from 4.9 to
29.3°/min and four octants (hkl and hkl)
were collected. Absorption corrections

TABLE 11

PosITIONAL AND THERMAL PARAMETERS FOR SrsLa; sV,0,

Atom Position X v z Uy Uy Usn
(Sr/La), 2b 0 0 4 0.0085(6) 0.0085(6} 0.0061(13)
(Sr/La), 4e 0 0 0.3173(1) 0.0079(4) 0.0079(4) 0.0033(9)

v 4e 0 0 0.0959(1) 0.0061(7) 0.0061(7) 0.0001(23)
0O, 2a 0 0 0 0.0193(45) 0.0193(45) 0.0010(99)
0O, 8g 0 H 0.0962(4) 0.0102(30) 0.0061(28) 0.0153(48)
0O, 4e 0 0 0.1989(7) 0.0219(34) 0.0219(34) 0.0074(67)

Note. Occupation factors for Sry and Sr, are 0.48(4) and 0.53(2), respectively.
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TABLE III
PoSITIONAL AND THERMAL PARAMETERS FOR Sr, V3,044

Atom Position x y z B(AY) Occupation

Sty de 0 0 0.4309(1) 0.0092(9)

Sr, 4e 0 0 0.2980(1) 0.0070(5)

Vv, 2a 0 0 0 0.0101(18)

v, 4e 0 0 0.1387(1) 0.0091(13)

0, 4c 0 i 0 0.0170(69)

0, 4e 0 0 0.0690(5) 0.0106(45) 0.85(4)
0, 8¢ 0 3 0.1380(3) 0.0106(45)

0O, 4e 0 0 0.2097(5) 0.0121(28)

were applied using the y-scan method, and a
secondary extinction correction was applied
according to F* = F(1 — 0.0001F2x/sin 9),
where F* is the calculated structure factor
and x is the extinction coefficient. Refine-
ment was carried by the program SHELX
76 in space group I4/mmm (No. 139) in both
cases. Cell constants were determined by
least-squares refinement of 15 well-centered
reflections in the range 20° < 26 = 30°. At
the end of refinement the difference Fourier
maps showed only 1.1 and 1.5 residual
electrons/cm®> for Sr,;La,V,0, and
Sr,V,;0, 5, respectively. For both samples
the occupation number of the oxygen sites
was refined. In the case of Sr,V;0,,_, one

TABLE IV

BoOND DISTANCES (A) FOR Sr, sLa, sV,0;
AND Sr4V309_7

Sr, sLa, 5V,0, NASOY

(Sr/La)~0, (x4) 2.743(2)
(Sr/La),~0, (x8) 2.760(2)
(Sr/La),~0, (x4) 2.623(5) Sr;-0; (x4) 2.726(5)
(St/La),-0; (x4) 2.763(5) Sr-0; (x4) 2.630(3)
(St/La),-0, (x1) 2.418(16) Sr,—0, (x4) 2.732(3)

Sr—0, (x4) 2.730(5)
Sr-0, (x4) 2.724(4)

V-0, (x1) 1.9593) Sr,-0, (x1) 2.477(15)
V-0, (x1) 1.940(1) Sr;-O, (x4) 1.926(1)
V-0,  (x4) 2.101(15) Sr,-0, (x2) 1.931(14)
V,—0, (x1) 1.951(14)
V-0, (x4) 1.926(1)

V-0, (x1) 1.988(14)

site was found to be 85(4)% occupied giving
x = 0.3(1), while no significant oxygen defi-
ciency was detected in Sr, La,sV,0,. It
was not possible to check this by thermo-
gravimetric analysis as the individual crys-
tals are too small for TGA. Table I lists
other parameters relevant to the particular
compounds examined.

III. Results and Discussion

Two new Ruddlesden—Popper phases,
(SrLa);V,0, and Sr,V;0,,_,, have been pre-
pared in single crystal form. While this work
was in process polycrystalline Sr,V;0, 4 was
reported, but detailed structural information
is lacking (6). (SrLa),V,0; is reported here
for the first time in any form. That these
compounds are Ruddlesden—Popper phases
is suggested by the cell constants, Table I,
which are very similar to those of Sr;Ti,0O,
and Sr,Ti;0,, (3). The structure refinement
for both compounds is confirmatory; the re-
sults are listed in Tables II and 1II. Assum-
ing possible compositions for both phases
to be Sr;_,La,V,0,_,and Sr,_ La, V;0,_,,
refinement yields x = 1.46, y = 0.0 for the
former and x = 0.0, y = 0.30 for the latter.
These values are in reasonable accord with
the Sr/La ratio estimated from EDAX data.
Selected bond distances are shown in Table
Iv.

The data of Figs. 1 and 2 indicate that
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Fi1G. 1. Temperature dependence of the resistivity
(ab plane) for (a) Sry sLa, sV,0; crystal and (b) Sr, V305 5
crystal.

SrysLa, V,0; is a semiconductor while
Sr,V,0,, is a metal over the temperature
range 4.2 to 300 K. The resistivity curve of
Fig. 1 plotted as log p versus T'is a sigmoidal
with temperature. Only a portion of the data
produces a linear log p versus 77! law,
yielding an activation energy of ~0.03 eV
within the range 75 to 155 K. The metallic
behavior of Sr,V,0, 5 can be compared with
the polycrystalline results of Ref. (5). The
300 K resistivity value for the crystals of 5
x 1074 ohm cm~! is lower by an order of
magnitude than that for the polycrystal, 2 x
1073 ohm cm ™!, which is the expected trend.
The temperature dependence of the resisti-
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vity cannot be fitted to a power law in this
range. More detailed studies of the electrical
and the magnetic properties of these materi-
als are in progress.

It is useful to compare the structural de-
tails and the electrical properties of these
new phases with related compounds such as
SrVO; and Sr,VO, in the case of Sr,V;0q -,
which contains predominantly V4*, 3d', and
LaVO,; and SrLaVvVO, for Sr,La,V,0,,
which contains predominantly V3*, 342, In
previous studies of a related 3d' system, the
LnTiO; series, where Ln is a lanthanide, a
correlation was noted between the degree
of distortion in the Ti—O octahedron and the
electrical properties, namely that the activa-
tion energy for conduction increased mono-
tonically with the degree of distortion (7).
In this case the distortion is of tetragonal
symmetry; the four V-O distances in the
plane normal to the fourfold axis are neces-
sarily equal. Thus, a convenient distortion
index (DI) is given by [(V-0). ...
(V=0),iane)/(V=O)pape- Both  SrVO; and
Sr,VO, contain only one type of octahedron
while for Sr,;V;0,, there are two distinct
octahedra, as can be seen in Fig. 2b, com-
prising a block of three octahedra stacked
along the c-axis, one central and two termi-
nal. For cubic SrVO;, which is metallic, the
DI is, of course, exactly zero, while for
semiconducting Sr,VO,, DI = 0.036. Metal-
lic Sr,V;0, - is interesting, as the DI for the
terminal octahedra is 0.021, similar to
Sr,VO,, while for the central octahedron it
is 0.004, an order of magnitude smaller. A
DI of similar magnitude can be computed
for metallic LaTiO,, 0.006 (8). This suggests
that the metallic properties of Sr,V,O, ; may
be associated with the central VO, octahe-
dron, raising the possibility that the d elec-
trons associated with the terminal octahedra
may not be delocalized. In fact, the mag-
netic  susceptibility of polycrystalline
Sr,V;0,5 can be analyzed in terms of Cu-
rie-Weiss law plus temperature-indepen-
dent contributions (6). Of course, metallic
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F1G. 2. Unit cells for (a) Sr;sLa, 5V,0, and (b) Sr,V;0, ;.

conductivity could result from the small
amount of electron doping due to the oxygen
nonstoichiometry; Sr,V,0,, contains for-
mally 20% V3*. It should be noted that simi-
lar and even larger doping levels in the
Sr,_,La VO, system are not sufficient to
produce metallic behavior (9).

For the predominantly V3*, 34? systems
all of the known oxides are semiconductors,
LaVO;, SrLaVvO,, and Sr, ;La, ;V,0,. Cor-
relation effects are expected to be more im-

portant here but the DIs are all similar, 0.036
for LaVO, (10), 0.090 for SrLaVO, (11), and
0.047 for Sr,sLa, sV,0,.
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