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The authors have discovered a new polytypic Sr4V3010-x phase and have proposed structural models 
for this phase, which can be obtained by introducing double V-O layers in an ordinary SrrVO., phase. 
The atomic stacking difference along the c-direction between the ordinary Sr,V,O10 phase and the new 
phase is discussed. 0 1991 Academic Press, Inc. 

Introduction 

Since the discovery of layered perovskite 
compounds Sr,,, 1Vn03n+, , several research 
groups have investigated some of their phys- 
ical properties, such as structural, electri- 
cal, and magnetic properties (1-3). It is con- 
sidered that the compounds are one of the 
candidates for new high T, superconductors 
with appropriate doping. In structural stud- 
ies, Cyrot et al. (I) performed X-ray and 
neutron diffraction analyses on Sr,VO,, and 
they determined the refined atomic posi- 
tions. In addition, Nozaki et al. (2) showed 
schematic unit cells for this series, i.e., n = 
1, 2, and 3. 

However, neither an intergrowth as 
shown in a Bi-based superconducting sys- 
tem (4, 5) nor a polytypic growth has been 
reported. Moreover, very few transmission 
electron microscopic (TEM) observations 
have been carried out for characterizing 
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such locally irregular structures. Therefore, 
the authors report a study by means of TEM 
on the structure of a new polytypic 
Sr4V3010-x phase associated with the in- 
tergrowth of an ordinary Sr,VO, phase, and 
propose models for this new phase. 

Experimental 

The crystals examined in this study were 
prepared by the following synthesis proce- 
dure: starting materials, SrC03 and V,O,; 
sintering temperature/time, 1523 K/ 10 hr. ; 
atmospheric condition, in H, gas. The au- 
thors obtained a Sr-V-O compound which 
can be considered to be composed of the 
new phase discovered in this study. 

TEM observations were performed in the 
following manner in order to characterize 
this Sr-V-O compound from the viewpoint 
of crystal regularity. As the first step, the 
crystal was fairly crushed into powder, and 
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the powder was dispersed on an amorphous 
carbon thin film. The observations were car- 
ried out by use of a JEM-4OOOFX type trans- 
mission electron microscope at an accelerat- 
ing voltage of 400 kV, and multiple-beam 
lattice images and selected area diffraction 
patterns were obtained. 

Results and Discussion 

Figure 1 shows a high resolution micro- 
graph taken from a beam incidence of [ 1 lo]. 
It is well known that Srn+lVn03n+, com- 
pounds are constructed by the stacking of 
two types of c-planes, i.e., V-O layers and 

Sr-0 layers (2). It is also well known that a 
zone axis HREM image of a fairly thin re- 
gion taken close to the Scherzer condition 
often reveals the projection of cationic col- 
umns as black dots, and lighter atoms often 
have a fainter contrast (6). The HREM im- 
age in Fig. 1 is considered to be taken near 
the Scherzer condition, and the fainter con- 
trast along the [ liO] direction can be associ- 
ated with V-O layers indicated by small 
arrows. The numbers denoted with small 
arrows indicate the observed number of 
V-O layers. In the case of the ordinary 
Sr,VO,, the stacking sequence along the 
c-direction is 

-(Sr, O)-(V, O)-(Sr, 0)-(St-, 0)-(V, 0)-(Sr, 0)-(Sr, 0)-(V, 0)-(Sr, 0)-, 
k-O.63 nm-0.63 nm -4 

where (V, 0) and (Sr, 0) indicate the V-O 
layer and Sr-0 layer, respectively. There- 
fore, we can consider that the fainter c- 
planes, i.e., the (V, 0) layers, are visible 
with a distance of about 0.63 nm in an 
HREM image taken with a beam incidence 
of [llO] of Sr2V0, (I). Such fainter images 
of the (V, 0) layers with distance of about 
0.63 nm are observed in a local region in 

Fig. 1, and the authors estimate that such 
regions are constructed with the ordinary 
Sr*VO, phase; however, many regions re- 
veal a different contrast, indicated by “2” 
with small arrows in Fig. 1. The authors 
estimate that the denoted “polytype” re- 
gion in Fig. 1 can be associated with the 
stacking of 

-(V, 0)-(V, 0)-(St-, 0)-(Sr, O)-(V, O)-(St-, O)-(Sr, 0)-(V, 0)-(V, 0)-. 

!i&? Doublel 
layered layered 

Figures 2(a) and (b) show schematic rep- and (b) can be denoted as Sr,V,O,,-,, i.e., 
resentations of the cationic arrangement of the n = 3 case, but have a different crystal 
the “polytype” region derived from the structure compared with an ordinary 
HREM results. Both Figs. 2(a) and (b) con- Sr,V,O1,, phase (Fig. 2(c) shows the ordinary 
tain double (V, 0) layers inserted into two Sr,V,O,O phase as in Ref.(2)). Thus, the au- 
(Sr, 0) layers, and the authors consider that thors can propose new polytypic models of 
this is the reason for the double layered Sr4V3010-x, as shown in Figs. 2(a) and (b), 
fainter image indicated by “2” in Fig. 1. and the intergrowth of an ordinary Sr,VO, 
Moreover, the atomic models in Figs. 2(a) phase is observed in the local region, as 
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FIG. 2. (a) and (b) show possible models for new polytypic Sr4V,0,,. (c) shows the model of ordinary 

Sr4V3010 as in Ref. (2). 
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FIG. 3. Diffraction patterns from polytypic Sr4V3010-x. Zone axes of (a) and (b) are [OOl] and [l lo], 
respectively. Superlattice reflections are observed in these patterns. 
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shown in Fig. 1. The authors also estimate 
that the stacking of the new phase is very 
similar to that of the ordinary Sr,VO, phase. 
Moreover, the relation of the stacking be- 
tween the new phase and the ordinary 
Sr,VO, phase also is similar to the structural 
relation between the Y-Ba-Cu-0 (l-2-4) 
phase and the Y-Ba-Cu-0 (l-2-3) phase 
(7), because the l-2-4 phase has an excess 
Cu-0 layer, as the new phase contains an 
excess V-O layer. In the case of the l-2-4 
phase, double Cu-0 layers inserted into two 
Ba-0 layers have oxygen vacancies along 
the b-axis, and this is the reason for the 
formation of Cu-0 fences along the b-axis 
(7). Thus, it is possible that the double (V, 
0) layers in the discovered phase are con- 
structed by the introduction of oxygen va- 
cancies which make V-O fences in the same 
manner as YBa,Cu,O,. Moreover, the oxy- 
gen content derived from thermogravime- 
tric study was about x = 2 for Sr,V,O,,-,, 
and this result strongly suggests the pres- 
ence of such fences. On the other hand, it is 
also noteworthy that the electron diffraction 
patterns of this new phase contain weak su- 
perlattice reflections, as shown in Fig. 3. 
The patterns in Figs. 3(a) and (b) were taken 
from the beam incidence of [OOl] and [l lo], 
respectively. The superlattice reflections 
are due to a long-range ordered structure, 
and they can be considered to be associated 
with some reasons, for example, a kind of 

ordered oxygen vacancies (8, 9). A detailed 
refinement of the atomic position, especially 
the oxygen atomic position and occupation, 
is now in progress. 
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