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An electron diffraction study of the intergrowth phases occuring in the composition range between 
BizTeOS and BizTez07 is reported. The complexity of the phase region is considerable and a large 
number of new superstructures have been found, many of which produce incommensurate diffraction 
patterns. The phases are composed of ordered intergrowths of Bi,Te05- and Bi,Te207-like units which 
evolve smoothly with composition across the existence range of these structures, approximately 
lBi203: 1.35Te0, to lBiz0s:l.85Te02. It is proposed that the compounds conform to the description 
“infinitely adaptive phases.” Q 1991 Academic press, IX. 

I. Introduction 

In two previous publications, Mercurio et 
al. (I) and El Farissi et ai. (2) have reported 
on studies of the phases to be found in the 
composition region between Bi,TeO, and 
Bi,Te,O, in the B&O,-TeO, system. These 
authors determined the structure of Bi,TeO, 
and gathered enough information to propose 
an idealized model for the phase Bi,Te,O,. 
These parent structures are both derived 
from a cubic fluorite type substructure of 
unit cell parameter aF which contains or- 
dered columns of Te atoms arranged so as 
to accommodate the lone‘pairs of electrons 

*To whom correspondence should be addressed. 

associated with the Te4+ state. The compo- 
sition region between these two parent com- 
pounds contains a homologous series of 
phases of considerable complexity. The ide- 
alized structures of these phases, however, 
can be described as intergrowths of the two 
parent structures, as shown in Fig. 1. 

As always with such regions of complex 
intergrowth, it is difficult to carry out phase 
analysis using classical powder X-ray dif- 
fraction techniques. It has therefore been 
necessary to turn to electron diffraction to 
elucidate this aspect of the composition 
range. In a preliminary study (3) we calcu- 
lated the electron diffraction patterns ex- 
pected from these types of phases and com- 
pared the results with experimentally 
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FIG. 1. Projections down (001) of the idealized structures of the intergrowths (a) Bi,Te05 + Bi,Te207, 
(b) 2BizTe0, + Bi2Te207, (c) Bi,Te05 + 2Bi,Tez07, (d) BizTeOS + 4Bi,Tez07. 

obtained patterns and with optical recon- 
structions of diffraction patterns expected 
from such intergrowths. In this paper we 
present a more complete study of the elec- 
tron diffraction patterns and show that the 
composition range contains a large number 
of ordered phases of the type described by 
Anderson as “infinitely adaptive phases” 
(4). The diffraction patterns themselves can 

be interpreted as arising from ordered in- 
tergrowth of structural lamellae of thickness 
3aF and contiguous pairs of lamellae of 
thickness 4ar. 

II. Experimental 

The samples were prepared from high- 
purity or-Bi20, and TeO,. The B&O, was 
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initially heated at 550°C overnight in flowing 
oxygen. Immediately before use it was 
heated for a period of several hours at 800°C 
in air and checked by powder X-ray diffrac- 
tion for phase purity. The TeO, was pre- 
pared from the decomposition of Te(OH), 
which had been heated overnight in flowing 
oxygen at 550°C in a gold crucible. The reac- 
tion is 

H,TeO, -+ TeO, + 3H,O + +O,. 

Before use the TeO, was heated in air at 
550°C for several hours in a gold crucible 
and checked for phase purity by X-ray dif- 
fraction. Appropriate weights of these sam- 
ples of B&O, and TeO, were ground together 
in an agate mortar and heated in sealed gold 
tubes for 16 hr. After heating, the tubes were 
quickly removed from the furnace and then 
allowed to cool in air. The compositions pre- 
pared and temperatures used are shown in 
Fig. 2. 

After reaction, samples were checked by 
X-ray powder diffraction using a Guinier-de 
Wolff powder camera. For electron micro- 
scope examination, small quantities of sam- 
ples were gently crushed in an agate mortar 
under n-butanol and a drop of the resultant 
suspension was allowed to dry on a holey 
carbon support film on a copper grid. Sam- 
ples were examined in a Jeol 1OOB electron 
microscope operated at 100 kV and fitted 
with a top-entry stage capable of *30” tilt, 
a Jeol 1OOC electron microscope fitted with 
a side-entry stage capable of 260” tilt or a 
Jeol2OOCX electron microscope operated at 
200 KV and fitted with a top-entry stage 
capable of *lo” tilt. The compositions of 
some samples were determined with a Jeol 
35CF scanning electron microscope fitted 
with an EDAX analysis system. 

III. Results and Interpretation 

The phase analysis resulting from the 
electron diffraction patterns is summarized 
in Fig. 2 and reported in Table I. These data 
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FIG. 2. Compositions 1Biz03:xTe02 studied in the 
present investigation; 0, samples containing only in- 
tergrowth phases; 0, samples containing only a Biz 
Te05-type structure; @, samples containing both in- 
tergrowth phases and a BizTe05-type structure; a, 
samples containing both intergrowth phases and Biz 
Tez07 ; W, samples containing only BizTez07. The dot- 
ted lines represents tentative phase boundaries. 

show that for samples richest in B&O,, with 
B&O, : TeO, ratios of 1 : 1.1, 1: 1.2, and 
1: 1.3, only diffraction patterns similar to 
that of Bi,TeO, were observed. In these, 
the b* axis of the fluorite-type subcell was 
always divided into three by two equispaced 
superlattice spots, as shown in Fig. 3a. We 
tentatively interpret this as revealing the ex- 
istence of a Bi,TeO,-like solid solution re- 
gion which will be discussed in a future pub- 
lication. Over the middle part of the 
composition range, diffraction patterns 
characteristic of the intergrowth phases 
were found. In samples prepared at 65O”C, 
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TABLE I 

ELECTRON MICROSCOPE PHASE ANALYSIS 

Temperature Experimental multiplicity Mean SD 
B&O3 : xTe0, (“Cl 1 No. 1 u (0 

1.0 800 
1.1 800 
1.2 800 
1.3 800 
1.4 800 

1.45 800 

1.Y 800 

1.5a 800 
1.2 730 
1.3 730 

1.4 730 

1.6 730 

1.7 

1.8 

1.3 

730 

730 

700 

1.4 700 

1.85 700 

1.9 700 

1.0 650 
1.1 650 
1.2 650 
1.3 650 
1.4 650 

1.5 650 

1.6 650 

3.0 only 
3.0 only 
3.0 only 
3.0 only 

23.6, 21.6, 23.0, 22.2 
21.9, 22.2, 21.2, 21.6 
24.7, 21.1, 21.8, 22.2 
23.3 
21.2, 20.4, 21.4, 21.5 
19.6, 19.8, 20.8, 21.2 
19.2, 19.1, 19.4, 18.6 
18.6, 18.6 
17.7, 18.9, 19.6, 18.9 

3.0 only 
3.0, 3.0, 3.0, 3.0, 3.0 
22.0, 21.8, 21.0, 22.3 
22.3 
19.7, 19.7, 20.0, 19.9 
20.2, 19.9, 19.1, 19.1 
19.5, 20.2 
16.4*, 17.2, 16.1, 16.4 
15.1, 15.7*, 15.1, 17.5 
16.3 
12.7*, 13.2, 12.8, 13.1 
12.5 
11.5, 11.3, 11.6, 11.9 
11.6, 11.4, 11.8, 12.3 
3.0, 3.0, 3.0, 3.0, 3.0 
3.0 
22.3, 22.1, 21.8, 21.7 
21.2, 20.1, 19.3, 20.1 
19.5, 19.5, 19.3 
11.2, 11.0, 11.2, 10.9 
11.1 
10.8, 11.3, 11.6, 10.2 
11.6 

3.0 only 
3.0 only 
3.0 only 
3.0 only 

3.0, 3.0, 3.0, 3.0 
15.8, 17.2, 17.7, 19.1 
19.1*, 19.0*, 16.5 
15.5, 18.0, 15.5, 15.8 
14.6*, 15.4, 14.6, 15.7* 
15.5*, 14.2* 
13.9, 12.6, 13.3*,14.2 
12.8, 13.2, 14.2*, 15.8* 
13.5, 14.0, 13.0, 12.8 

13 

3.0 
3.0 
3.0 
3.0 

22.3 1.0 

20.7 

18.9 

18.8 
3.0 
3.0 

21.9 

19.5 

0.7 

0.4 

0.8 

0.5 

0.7 

9 16.2 0.8 

12.9 

11.7 

0.3 

0.3 

3.0 

22.0 
19.9 

11.1 

11.1 

0.2 
0.7 

0.1 

0.6 

3.0 
3.0 
3.0 
3.0 
3.0 

17.6 

15.5 

13.6 

1.3 

1.0 

0.9 
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TABLE I-Continued 

ELECTRON MICROSCOPE PHASE ANALYSIS 

Temperature Experimental multiplicity Mean SD 
B&O3 : xTeOz (“Cl 1 No. 1 - (0 

1.7 650 12.0, 12.1, 12.0, 12.4 11 12.0 0.2 
12.1, 11.7, 12.0, 12.0 
11.6, 12.0, 12.0 

1.8 650 10.4, 10.4*, 10.5, 10.5 10 10.6 0.3 
11.1, 10.4, 11.0, 10.5 
10.4, 10.4 

1.85 650 11.7, 10.6, 11.9, 10.4 8 10.7 0.7 
10.2, 10.4, 10.4, 9.9 
8.0, 8.0 2 8.0 

1.9 650 10.3, 10.3, 10.1, 10.5 5 10.2 0.2 
9.9 
8.0, 8.0, 8.0, 8.0, 8.0, 8.0 6 8.0 

2.0 650 8.0 only 8.0 

Note. All patterns contained straight rows of superlattice spots except those marked 
by an asterisk which were tilted. 

a Two different preparations. 

4.53 

crystal fragments with diffraction patterns 
identical to that expected from the phase 
Bi,Te,O, were observed to coexist with the 
intergrowth phases in the TeO,-rich part of 
the composition range, revealing the exis- 
tence of a narrow two-phase region under 
the preparation conditions used in this 
study . 

The diffraction patterns from the in- 
tergrowth phases consisted of an almost 
square array of intense reflections which 
correspond to the (200) reflections expected 
from the fluorite substructure. Precise in- 
dexing leads to the conclusion that each sec- 
tion contained the b” and c” axes, i.e., the 
electron beam was parallel to [ 1001. No sub- 
division of the c* direction was observed, in 
accordance with previous observations (2, 
3). However, in the b* direction, superlat- 
tice spots were always seen. The intensity 
of the superlattice reflections rose to a maxi- 
mum at a point somewhere between 4 and 8 
of d*020 and between f and 9 of d*,,O as can 
be seen from the examples shown in Figs. 
3b-3f. The quantity d*,,20 is defined as the 

distance from the 000 to the 020 sublattice 
reflection. The number, spacings, and inten- 
sities of the superlattice reflections varied 
greatly. Generally, the rows of superlattice 
spots were strictly parallel to the b* direc- 
tion, but we draw attention to the fact that 
some diffraction patterns, summarized in 
Table I, were found in which the superlattice 
spots were at a small angle to this direction 
and hence showed an “orientation anom- 
aly” (5). Despite the complexity, the super- 
lattice spots were always sharp and no 
traces of diffuse scattering or streaking were 
ever detected. 

In order to characterize the extent of the 
apparent unit cell in the direction parallel to 
the b axis, an experimental multiplicity, 1, 
was determined. The quantity I is defined 
as the ratio d*020/d*sL, where d*sL is the 
separation of two adjacent superlattice re- 
flections measured near to the maxima in 
intensity referred to above. The results are 
recorded in Table I and the average values 
of I are plotted as a function of composition 
in Fig. 4. This reveals that the superstruc- 
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FIG. 3. Electron diffraction patterns from (a) II 3&O, : lTeOz (Bi2Te05), 1 = 3; (b) lB&O, : 1.4Te0, 
prepared at a temperature of 800°C; (c) 1Bi,03: l.STeO, (800°C); (d) 1Bi,03: 1.6Te02 (730°C); (e) 
1Bi20j : 1.7Te0, (730°C); (f) lBi,O, : 1 .8Te02 (730 ‘C). 

ture evolves both with composition and with 
the temperature at which the samples were 
prepared. 

The values of 1 given in Table I indicate 
that the diffraction patterns were mostly in- 
commensurate. This feature could some- 
times be directly seen as “spacing anoma- 
lies” (5). These anomalies occur at three 
points between the fluorite subcell 000 and 
020 reflections shown in the schematic ex- 
ample in Fig. 5. They are clearly visible on 

Figs. 3e and 3f and will be revealed by mea- 
surement on some of the other figures. 

A detailed interpretation of the diffraction 
patterns involves the notation that we have 
previously established (3). Briefly, an in- 
tergrowth structure can be thought of as be- 
ing built up from an ordered sequence of M 
blocks of 4a,/2 (half unit cells of Bi,Te,O,) 
and N blocks of 3a,/2 (half unit cells of 
Bi,TeO,), which allows us to use the com- 
pact notation {4”3N} for the stacking se- 



INFINITELY ADAPTIVE PHASES IN Bi20j-Te02 4.55 

FIG. 3-Continued 

quence in a given structure. The parameter 
L is defined as (4M + 3N) and the stacking 
repeat distance is given by L . a,/2. Thus 
for the intergrowth of Bi,TeOS and Bi,Te,O, 
shown in Fig. la, the stacking sequence is 
{4”32}, L = 4M + 3N = 14 and the stacking 
repeat distance is 14a,/2. 

An overall consideration of the diffraction 
patterns obtained in this study suggested 
that despite the complexity found, only five 

FIG. 4. The mean values of the experimental multi- 
plicity, I, of the intergrowths found in the samples 
heated at 800, 730, 700, and 650°C as a function of the 
composition. 

base structures were present. In the samples 
with compositions closest to the Bi,Te05 
domain the number of superlattice spots ly- 
ing between the 000 and 020 substructure 
reflections was ideally 22. Thereafter, the 
number of such superlattice spots contained 
in the same interval gradually diminished 
via ideal sequences of 19, 16, and 13 to 10 
in samples close to Bi,Te,O, in composition. 

This form of the diffraction patterns leads 
us to calculate the expected intensity varia- 
tions for structures corresponding to L val- 
ues and stacking sequences of 11, (4’3r); 14, 
{4232}; 17, {4233}; 20, {4234}; and 23, {4”35}, 
using the same model to represent the in- 
tergrowth structures that was employed ear- 
lier (3). Briefly, this involves representing 
the structures by an array of &functions and 

0 . . . . . . . . . . . ..I. . 

I+ 
-IGLI’ 

%I. 

FIG. 5. Schematic illustration of the central line in an 
incommensurate diffraction pattern with the “spacing 
anomalies” arrowed. 
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<a> 

CC> 

evaluating the Fourier transform of the 
array. The expected intensities are derived 
directly from the Fourier transform, which 
is a representation of the Fraunhofer diffrac- 
tion pattern of the array of &functions. The 
results are shown in Fig. 6. It is seen that 
the calculated diffraction patterns are com- 
mensurate, that the number of superlattice 
spots lying between the 000 and 020 subcell 
reflections follows the sequence 10, 13, 16, 
19, and 22 and the number of superlattice 
spots lying between the two strongest super- 
lattice spots follow the sequence 4, 5, 6, 
7, and 8. These calculated patterns are in 
agreement with the experimental results and 
confirm that the overall features of the dif- 
fraction patterns can be explained assuming 
an intergrowth of blocks of (3) and (4) as 
proposed in (2) with base structures given 
by the sequence detailed above. 

0.. . . . . . . . . . . . . 

I I. I 

<cl) 

I.81 I I I Il.18 I I.., 

. . . . . . . . . . . . . l o*...*. 

I 

In order to interpret the incommensurate 
aspects of the diffraction patterns, consider 
the patterns shown in Figs. 3e and 3f. The 
incommensurate nature of the diffraction 
patterns is clearly revealed by the spacing 
anomalies visible at the center point between 
the fluorite subcell reflections. Measurement 
of the patterns gives the multiplicity 1 as (12.8 
? 0.2) for Fig. 3e and (12.3 + 0.2) for Fig. 3f. 
These values of I lie between the commensu- 
rate L = 11 and L = 14 sequences. 

A more quantitative analysis can be made 
following the procedure described by de 
Ridder et al. (5). The multiplicity, 1, is not 
an integer in an incommensurate pattern, 
but can be expressed as a ratio plq, where 
p and CJ are the smallest integers cansistent 
with the precision of the data. The periodic- 
ity of the stacking, which is equal to L . a,1 
2, is given by p 3 dozO or 4 . d,, . 

As an example we can consider the dif- 
fraction pattern shown in Fig. 3e. Following 
(5), the multiplicity 1, 12.8, can be written 
as 128110 or 6415, whence L = 64 and the 
stacking repeat distance = 64d,,, = 64a,l 
2. This corresnonds to a seauence of three 1 

* . . . . . .a . . . . . . l m . . . . . . . 

FIG. 6. Calculated intensities for the superlattice 
spots lying between the 000 and 020 subcell reflections 
for the sequences (a) {4231} (L = 11); (b) {4232} (L = 
14); (c) {4233} (L = 17); (d) {4234} (L = 20); (e) {423s} (L 
= 23). In each part of the figure, the intensities of the 
reflections, represented as vertical lines, are shown 
above a schematic illustration of the distribution and 
intensities of the reflections. 
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units of 4232 and two units of 4231 to produce 
the stacking sequence 42324232423242314231. 
The composition has moved slightly closer 
to TeO, by virtue of this substitution. It is 
also possible, of course, to find other se- 
quences which fit the value of L found. We 
consider this further below. An identical 
procedure can be followed with Fig. 3f, lead- 
ing to the conclusion that the stacking repeat 
distance is 123a,/2. This can be interpreted 
as being due to a number of possible repeat 
sequences, one of which is a sequence of 
eight units of 4232 plus one unit of 4231. 

Obviously small changes in the measured 
value of 1 will lead to enormous differences 
in the value of L and hence in the length of 
the stacking sequence. However, even with 
modest values of L, such as that just calcu- 
lated for Fig. 3f, the number of possibilities 
for the stacking sequence is large and it is 
not easy to determine if a chosen sequence 
is correct. For example the sequence sug- 
gested for Fig. 3f is not reasonable from a 
chemical point of view and a sequence with 
more equal numbers of units of 4232 and 4231 
is to be preferred. 

In order to clarify this aspect, calculations 
of intensity profiles were made in the same 
way as before for a sequence of structures 
lying between L = 11, i.e., {4231}, and L = 
14, i.e. {4232}. The sequences [7 ~(4~3’) + 
1 x {423”}]) [4 x {4”31} + 1 x {423”}], [2 x (4239 
+ 1 x {4232}], [ 1 x {4231} + 2 x {4232}], 
[1~{4~3’} + 4~{4~3~}], and [1~{4~3’} + 
7 x {4232}] were chosen to give an overall 
impression of the way in which the diffrac- 
tion patterns evolve between these limits. 
The results are displayed in Fig. 7. The evo- 
lution of the patterns can be best seen by 
viewing the figure at a glancing angle. It 
is apparent that Figs. 3e and 3f are well 
represented by the simulations shown as 
Figs. 7d and 7c, respectively. Stacking se- 
quences appropriate to the relative amounts 
of the end structures present can be esti- 
mated from this figure. 

0. . . . . . . . . . 00.0. d 

OOOF 020F 

FIG. 7. Calculated intensities for the superlattice 
spots lying between the subcell 000 and 020 reflections 
for structures lying between L = 11 {4*3’} and L = 
14 {4*3*}. (a) [7x {4*3l} + 1 x {4232}]; (b) [4x {4*3’} + 
1~{4~3*}]; (c) [2~{4~3’} + 1~{4~3*}]; (d) [1~{4~3’} + 
2X{4232}]; (e) [l x{4*3l} + 4x{4232}]; (f) [l X{423’} + 
7 x {4232}]. In (a) and(f) both the intensities, represented 
as in Fig. 6 and a schematic illustration of the positions 
and intensities of the reflections are given, while in (b) 
to (e) only the schematic reflections are shown. The 
evolution of the patterns is best seen by viewing the 
figure at grazing incidence. 

Discussion 

The phase analysis via electron diffrac- 
tion is in good agreement with that described 
previously, derived from X-ray diffraction 
(2). In the present study, the results indicate 
that superstructures begin to form at compo- 
sitions of about lBi,O, : l.3Te02, The su- 
perstructures evolve smoothly with compo- 
sition to approximately lBi,O, : 1.85Te0,. 



4.58 MERCLJRIO ET AL. 

In the intergrowth composition region the 
composition variation is accommodated by 
ordered deletions or insertions of units of 
(3) in a base structure, which appears to be 
one of five types represented by L values of 
11, 14, 17, 20, and 23. The fact that there is 
no great change in the nature of the diffrac- 
tion patterns after a composition of lBi, 
O3 : 1.85Te0, for samples heated at 650°C 
suggests that a second phase boundary may 
exist near this point. However, the data in 
Table I and Fig. 4 show that the value of the 
multiplicity, I, found in this region falls as 
the temperature decreases. It is therefore 
possible that at lower temperatures the gap 
between L = 8 and L = 11 will be bridged 
and a continuum of phases occur, with an 
absence of a phase boundary. 

Although the analysis for the evolution of 
the intergrowth phases described above is 
correct in principle, it does not account for 
two important observations. The value of I 
found in any sample was higher than that 
predicted by a simple intergrowth of units 
of composition Bi2TeOS and units of compo- 
sition Bi,Te,O,. Moreover, the value of 1 
increased as the temperature of sample 
preparation increased. For example, a 1 : 1 
intergrowth between Bi,TeO, and Bi,Te,O-, , 
corresponding to L = 14, {4232}, should oc- 
cur at a composition of lB&O, : 1.5Te02, 
i.e., MOl,7,43 . From an examination of Fig. 
4, it is apparent that the samples prepared 
at this composition have mean I values of 
15.5 at 650°C and 18.9 at 800°C. In all of the 
samples investigated, the 1 value recorded 
was greater than that expected from a simple 
intergrowth of parent phases of composi- 
tions Bi,TeO, and Bi2Te207, which seems 
to indicate that all the samples contained 
less TeO, than calculated. 

An explanation can be found when the 
extent of the solid solution region at the 
Bi,TeO, end of the phase range is consid- 
ered. According to electron microscope re- 
sults, the Bi,TeO, phase persists up to a 
composition of about lBi,O, : 1.35Te02, i.e. 

MO 1,7,,15, at a temperature of 800°C. Thus 
some of the TeO, is being incorporated into 
the Bi,TeO, blocks and the number of 
blocks of type (4) which can contribute to 
the intergrowth decreases. The domain of 
the Bi,TeOS solid solution appears to in- 
crease with temperature, which would be 
consistent with an increase of the apparent 
value of I with increasing temperature of 
sample preparation. The intergrowth phases 
are now regarded as made up of in- 
tergrowths between the 42 structure of com- 
position B&Te,O, and a 32 structure which is 
a solid solution with a temperature variable 
composition. 

To illustrate this, at 730°C the solid solu- 
tion range seems to be from Bi,TeO* to 
about lBi,O, : 1.35Te0,. A 1 : 1 intergrowth 
between 42 and 32 would have the composi- 
tion lBi,O, : 1.67TeO,, i.e. Mol.,,,, . This is 
in agreement with the results presented in 
Fig. 4 within the precision of our measure- 
ments. The results also suggest that the ex- 
tent of this solid solution becomes smaller 
as the temperature decreases so that prepa- 
rations at 600°C may yield 2 values close to 
that calculated from the ideal model. Simi- 
larly at higher temperatures, it is possible 
that the Bi,TeOS region may extend further 
across the composition range and no in- 
tergrowth structures may form. 

The diffraction patterns obtained in this 
study were all, without exception, well or- 
dered. Indications of disorder such as dif- 
fuse scattering or streaking, which are 
readily observed by electron diffraction, 
were never recorded in these experiments. 
This strongly suggests that every composi- 
tion prepared is capable of producing its 
own ordered structure and that any compo- 
sition whatsoever can be integrated into the 
crystal structure by the same method out- 
lined above. The phases conform to the de- 
scription “infinitely adaptive phases” given 
by J. S. Anderson (4). 

Despite this observation, the fact that 
only five underlying structure types exist 
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raises the question of whether, if samples 
were heated for longer periods of time, the 
intergrowth phases would segregate into 
these structures alone. That is, classical 
two-phase regions may occur between L = 
11andL = 14,L = 14andL = 17andso 
on, instead of the continuum observed in 
the present experiments. Examination of 
samples heated for longer periods of time is 
therefore of some interest. Further experi- 
ments are also needed to clarify the condi- 
tions under which the diffraction patterns 
which showed noncollinear or “tilted” rows 
of superlattice spots are produced. More- 
over, the mechanisms by which these in- 
tergrowths achieve order over large unit 
cells are not yet understood. Finally, we 
draw attention to the simple nature of the 
model used to simulate the diffraction pat- 
terns. Clearly, refinement of this model is 

needed to encompass more crystallographic 
detail. These points will be addressed in fu- 
ture publications. 
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