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Abstract The crystalline structure of LaTigsV,0; solid solutions, prepared by arc-melting palletized mixtures
of predried La,0s, V;03, TiO,, and Ti, was investigated by transmission electron microscopy and computer image
simulation. Computer image simulations were performed by the multislice method for a wide range of sample
thickness and defocusing value. The structure of LaTizsVy,0; was determined as a GdFeQs-type orthorhombic
(a=558 &, b=7.89 A, and c=5.58 A) with a space group P..,.. No evidence of ordering of Ti and V atoms in
LaTie5V 203 was found.
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1. Introduction

The study of metal-insulator (M-I) transitions in
transition-metal oxide systems is of very attractive
to scientists [1]. LaTi;.,V,Os is an unusual perovskite-
related compound because the antiferromagnetic
ordering of the end members, LaTiO; and LaVO;, is
disrupted and the metal-like conductivity is
observed for concentration in the range 0.10 <x <
0.25 [2]. LaTiO; was first reported in 1954 (3] but
it was not until 1979 that its structure was

determined as the GdFeO,-type orthorhombic struc-
ture with a space group P, by the X-ray diffraction
(XRD) studies from a melt-grown, highly twinned
crystal [4]. At present, it is established that LaTiO;
is a semiconductor with a band gap of 0.01eV [5],
and that LaTiO; with an oxygen content of 3.0 is
paramagnetic [6] or canted antiferromagnetic with
a metal (M)-insulator (I} transition at 125K [7].
There are several different reports about the crystal
structure of LaVO, ie., cubic perovskite structure
[8], tetragonally distorted perovskite structure [9],



568 J.Y. Kim, EJ. Yun, K.S. Park, K.H. Shim, S.Y. Ryou and Y.H. Kim

hexagonal distortion of the cubic perovskite
structure [10], and isostructural to LaTiO; with the
orthorhombic GdFeQ;-type structure (space group
P....) [11]. Despite of the discrepancy in the crystal
structures, it is agreed that LaVO; is a semicon-
ductor with a band gap of 0.14 eV [9].

It is not obvious why solid solutions of antifer-
romagnetic LaTiO, and LaVO, would give metal-
like conductivity. This is especially surprising for
B-site-substituted transition metal oxide systems.
Formation of solid solutions through disordered
substitutions on perovskite B sites in metallic ABO,
phases (B=transition metal) invariably localizes
electrons and results in insulating behavior [12, 13].
It 1s suspected that it could take place in two cases.
First, if these compounds have a orthorhombic or
tetragonal structure of lower symmetry, the ordering
of Ti and V atoms within discrete layers of the unit
cell could account for the unexpected loss of magnetic
ordering and onset of metallic conductivity. Second,
for rare earth oxide compounds, physical properties
depend strongly on the size of the rare earth ion
[14] or may be structurally controlled [15]. M-I
transitions are associated with the change in struc-
tural parameters such as metal-oxide (M-O) distance
or metal-oxide-metal (M-O-M) angle. The structural
parameters control the band width of valence and
conduction bands, and thus directly affect the ratio
of electron correlationship energy to band width
and ultimately the transport properties. In this
work, We describe the structural properties of
LaTig3V,20; phase for explain of an unusual M-I
transition in the LaTi, V,0, phases. The crystalline
structure of LaTiy3Vy,0; was investigated by trans-
mission electron microscopy and computer image
simulation.

2. Experimental

LaTiy6Vo204 solid solutions were prepared by arc-
melting palletized mixtures of predried La,0s V,0;,
TiO, and Ti. The oxygen contents of the mixtures
were adjusted to be oxygen deficient (~1.0) to
compensate for the slight oxidation in the dc arc
furnace. The palletized mixtures and a button of
zirconium metal were placed in separated cavities
of a water-cooled copper hearth inside an arc furnace
that was evacuated and purged with gettered Ar
gas several times prior to the reaction. Samples

Table 1
Input microscope parameters used in the computer
simulation of lattice images

Operating voltage (V) 200 kV
Radius of objective aperture (r,) 3.37nm?
Spherical aberration coefficient (C,) 2.3 mm
Semi-angle of illumination 1.0 mrad
Half-width of Gaussian spread of 0.0 nm
vibration

Half-width of Gaussian spread of 5nm
defocus _

were fired several times with repetitive turnings.
Before each pellet was fired, the zirconium metal
was melted in order to purify the atmosphere inside
the furnace. The resulting phases were then
pulverized in a percussion mortar and then finely
ground. All single phase samples were stored in a
vacuum atmosphere dry box to prevent oxidation.

The crystal structure of LaTisV,:0; was inves-
tigated by transmission electron microscopy (TEM).
In order to confirm the crystal structure determined
from TEM, experimental high-resolution lattice
images were compared with computer simulated
ones. The computer simulations of lattice images
were performed using the multislice method [16-18),
assuming a GdFeQO;-type orthorhombic structure
with a space group -Pnma. The sample thicknesses
ranged from 50 to 200 A with a step of 7.89 A, and
the defocusing values from -300 to -1100 A with a
step of 200 A. The input microscope parameters
used in the computer simulation of the images are
given in Table 1.

3. Results and discussion

The selected area diffraction (SAD) technique
was used to determine if there was ordering
between the Ti and V atoms in the B sublattice,
and to obtain the unit cell length and space group
from several different zone axes of many different
crystals. Then, it was determined if unexpected spots
were the result of multiple diffraction. Diffraction
due to double diffraction can be distinguished by
tilting the crystal about the direction which contains
the spot in question. The intensity of this spot will
remain if it is an allowed reflection and it will
disappear if it is due to double diffraction. _

We investigated the diffraction pattern with [101],
[0101, [001], [100) and [011] zone axes. Figure 1(a)
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shows a selected area diffraction (SAD) pattern
from LaTigsV,20s This pattern can be indexed as
the [101] zone axis of an orthorhombic structure (a
=c=558 A and b=7.89 A). For checking the double
diffraction, systematic absences of reflections were
investigated by tilting the crystal about the
direction which congams the reflection in question.
When the sample was tilted away from the [101]
zone axis with respect to the [010] axis, the (010)
spot was disappeared as shown in Fig. 1(b). This
indicates that the (010) spot is an additional spot
arising from the double diffraction. In Fig. 1(b), the
conditions for allowed (0k0) reflections are k=even
integer. When the sample was tilted away with
respect to the [111] axis, the (111), (121), and (101)
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Fig. 1. (a) (101) SAD pattern from LaTizgVo20; with

an orthorhombic structure. SAD patterns obtained from

the sample tilted away from the [101] zone axis with
respect to the (b) [010] and (c) [111] axes.

spots did not disappear as shown in Fig. 1(c). There-
fore, these spots correspond to allowed reflections.

A different zone axis [010] of the same orthor-
hombic structure gave the SAD pattern shown in
Fig. 2(a). The sample was tilted away from the
[010] zone axis with respect to the [100], (0011,
and [201] axes, respectively, as shown in Figs. 2(b)-
(d). The (100) and (300) spots were disappeared in
Fig. 2(b), and the (001) and (003) spots were
disappeared in Fig. 2(c). Hence the (100), (300),
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Fig. 2. (a) (010) SAD pattern from LaTiysV(;0s.

SAD patterns obtained from the sample tilted away

from the [010] zone axis with respect to the (b) [100],
(c) [001], and (d) [201] axes.
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(001), and (003) spots originated from the double
diffraction. The (101), (201), and (301) spots,
however, remained as shown in Fig. 2(d), indicating
allowed spots. From these results, the conditions
for allowed (h00) and (00I) reflections are h=even
integer and /=even integer, respectively, and the
conditions for allowed (h0l) reflections are h=even
or odd integer and /= éven or odd integer. Also, the
patterns from the [001], [100], and [011] zone axes
of LaTipgV,,0; were obtained, as shown in Figs.
3(a)-(c). The above results indicate that the most
probable structure of LaTisV,,0; at room tempera-
ture is GdFeOs-type orthorhombic (a=5.58 A, b=
7.89 A, and c=5.584) with a space group P,
(reflection conditions; Okl: k+1=even integer, hk0:
h=even, h00: h=even integer, 0k0: k=even
integer, 00l: 1=even integer). This result agrees
with the XRD and synchrotron X-ray diffraction
(SXRD) data [19]. In addition, no evidence of ordering
of Ti and V atoms in LaTi,sV,,0; was found (The
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Fig. 3. (2) (001), (b) (100), and (¢) (011) SAD pat-
terns from LaTio'8V0_203.

evidence of ordering of Ti and V atoms is an
additional spots in SAD pattern with a lattice
parameter of 2a, where 2a, is the unit cell para-
meter). From these results, the presence of metallic

..ol
i
= > %

L R Y
BAEEE N XSS
L

P )
a9 als

!
|

J
redeoders
redadure
‘esrnonee
)msasans
09000»{
tobs

e
'e
I3
re
ha

L:

& S b e 3 Edk )
Fig. 4. Experimental (101) lattice images obtained from
the same sample area under two different defocusing
values, (a) -700 and (b) -900 A.
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conductivity in LaTizsV,,0; is not obvious now. We
can only suppose this behavior with the change in
structurally parameters (Hubbard model) [15].

In order to confirm the orthorhombic structure
of LaTiysV,.0; determined from TEM, a visual com-
parison of experimental and computer simulated
lattice images of LaTigsVe,0; was carried. (101)
experimental lattice images from the same sample
area were obtained under two different defocusing
values (Fig. 4). In Fig. 4, the periodicities along the
[010] and [101] directions in area A correspond to
the (010) and (101) interplannar spacings, respec-
tively, and the periodicities along the [010] and
{1011 directions in area B to the (020) and (101)
interplannar spacings, respectively. It is shown that
the (010) spot was generated by double diffraction
(see Figs. 1(a) and (b)), which contributes to the
generation of the (010) lattice fringes in area A.
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Fig. 5. (101) simulated lattice images from LaTiysVo,0; With a sam

The computer simulations of lattice images were
performed using the multislice method, assuming a
GdFeOs-type orthorhombic. The atomic positions
and unit lengths obtained from the Rietveld refine-
ment of neutron data are shown in Table 2. By a
comparison of the experimental images (Fig. 4) and
the simulated images (Fig. 5), the experimental
images were in good agreement with the simulated
images. The experimental images indicated by A in

Table 2 _
Refined structural parameters for LaTiysV20; at 50 K

Atom Site X y z B Fraction
Symmetry (iso)

La m.
Ti 1
Vv I
0 (1) .m.
0@1

X R T

&

ple thickness of (a) 94.8, (b) 126.4, (c) 158.0,

and (d) 189.6 A. (The defocusing values for each column are, from left to right, Af=-500, -700, -900, and -1100 A).
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Figs. 4(2) and (b) are well matched with the
simulated images obtained -700 and -900 A defocusing
values, respectively, at 158 A sample thickness. Also,
the experimental images indicated by B in Figs. 4(a)
and (b) are well matched with the simulated images
obtained -700 and -900A defocusing values,
respectively, at 126 A sample thickness. The good
agreement between the experimental and simulated
images confirms that LaTiogVes0; compound has a
GdFeOy-type orthorhombic (a=5.58 A, b=7.89 A,
and c=5.58 A) with a space group Py
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