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Abstract The x-ray powder pattern of single phase Bi,Sr.CaCu;O,.,, has been identified and fully
indexed using a pseudotetragonal subcell with a=5.408, 9:30.83A and an incommensurate supercell
with reciprocal lattice vector, q*, given by q*=0.211b* —c*. The x-ray powder pattern of the Pb-free
110K superconductor phase “Bi.Sr,Ca,CuiOw,,” has many lines which belong to an incommensurate
supercell. Using electron diffraction photographs as a indexing guide, an indexing scheme for the powder
pattern has been obtained. The unit cell has a geometrically orthorhombic subcell a=5.411, b=5.420, c=
37.29(2) A . Supercell reflections have indices that are derived from the subcell k, | indices by addition of
+q*, where £q*=0.211b%--0.78¢c*.

The incommensurate component in the b direction, 8, is the same for both phases but on going from
2212 to 2223 phase, the superlattic component in the ¢ direction changes from commensurate(¢=1) to

incommensurate(e¢=0.78).

referred to as 2201, 2212 and 2223 phases

1. Introdution .
respectively, are closely related to each other. The

The Bi-Sr-Ca-Cu-0 system contains a number structures  of the ideal members of the
of superconducting phases in a homologous series homologous series are based on alternating Bi,O,
BL,Sr:Can  :CuOom s with n=1, 2 and 3. These and Sr-CuQ.-SrO layers. Figure 1 illustrates the
phases BiSr,Cu0,... T.~20 K ", Bu.Sr{aCu.Oy, ., ideai unit cells of BiSr.Ca, ({Cu,Ounesre, with n=
T.~80K ** and BuSr.Ca.CuQp... T, ~110K #™ 1, 2, and 3. Various structural studies on these

- 268 --



HE 2ol 4 & IBi-Sr-Ca-Cu-0A4d 2AEA e 27z 269

Bi:Sr:Ca:Cu

2201

ok
] Y
4 o]

25

ot —Sr

i

Cu—-
D~—O

10K

Fig. 1. Idealized unit cells of B,Sr,Ca,- CuyOzm-q- with n=1, 2 and 3.

phases have been reported, as follows ;

(1) BiSr,CaCu,0Ox., : this phase has been
investigated by powder x-ray diffraction®™”,
electron

single—crystal x-ray diffraction’?,

diffraction®**~"”,  high  resolution electron

2.12~19)

microscopic imaging and powder neutron

diffraction®”.

The average structure has an orthorhombic
unit cell with dimensions of a~5.4 4, b~5.44
and ¢~30.8A. Electron diffraction studies of
this phase reveal a long period superstructure
in the b direction which appears to be
incommensurate’*"'", A more extensive
examination of the reciprocal lattice® showed
that  the

incommensurate in b but also has an additional,

superstructure is  not  only

commensurate component in c¢® and that the

superlattice wave vector, q*, was given by g*=
(0, 1/4.7, 1). Various structural origins of the
superstructure of 2212 phase has been proposed,
but it is far from clear which model is correct.
These are !

(a) Ordering of Bi depleted zones® ; a
superstructure medel involving ordering of Bi
depleted and Bi enriched zones was proposed
by Matsui et al. They suggest that there is
either a periodic replacement of Bi by Sr and/
or Ca atoms accompanied by lattice distortions,
or that only distortions of the Bi site occurs
without atom replacement.

(b) Additional oxygen in the BiO planes®"’ ;
it has been suggested that the origins of the
superstructure are displacement of Bi cations

assoclated with a small number of additional



270 S8R A4A A3 F (1994)

oxygen atoms in the BiO layers.

(¢} Rotational distortions of the (BiO;)
octahedra® ; it was suggested by Chen et al
that the superlattice is due to some kind of
rotational distortions of the Bi-O octahedra
with respect to the a axis. The presence of the
¢ component in the superlattice wave vector
requires that the Bi-O; octahedra above and
below the Ca layer tilt in opposite directions.
This could be related to the unusual bismuth
coordination. Although the oxygen atoms
around this site form a slightly distorted
octahedron, the lone pair of electrons on the
bismuth ions (Bi**) generally give rise to
much less symmetric environments. It is also
possible that distortions that lower the site
symmetry conld lead to buckling »~f the BiO
layers to ‘form a superstructire associated
with periodic displacements®.

(d) Lave'r misfiL structure compesed of 19
Cu pairs commensurate with 20 Bi pairs™ and
a sinusoidal displacement of Bi, Sr in b, ¢ di-
rections and of Cu in the ¢ direction only'.

(e) Sunshine et al suggest that the
superlattice could be due to the presence of and
ordering of Sr or Bi in the Ca site with nxygen
incorporaticn to e mplete ity « nordinetion sphere,
There 1s a clear indiestion from  structural
refinemen:s tha additional electron density is
pressn: an the +a g1e oned tossibiv oL ihe vipeant
oxyger sites in that layer

Fr B, st ot e suggest that of the several
tvpes ol supcratructare models, only the model
with additicnnt oxvgen in the BiO planes was
found i, it all the structural data. Therefore,
they proprsed a model that consists of a periodic
additinr o{ one in ten oxygen atoms in the B0
planes giving a formula of Bi,SrLaCu,-Oy . and
a displacement of the surrounding atoms.

Powder x-rayv diffraction data have been
reported for BiSr.'aCu.Os.., indexed on an
ortherhombic cell, a=5.41040.003, b=5.439
+0.005, ¢=30.78+0.03A%. This indexing
scheme did not involve use of the supercell

along b, which was given as 27.2A. 5 times

the subcell repeat. In the powder x-ray
patterns reported by several authors®®’ for
this compound, several rather strong peaks
have been left unindexed. Since a
polycrystalline sample is unusually identified
by the powder x-ray diffraction method, it is
very important to check if those extra peaks
are due to the satellite reflections or due to an
impurity phase.

(2)  BpSrLaCuiOi+. ; electron

and high resolution electron microscopy have

diffraction

been used to study the modulated structure of

10 Structural

the 110K superconducting phase
determination indicates that the crystal is
incommensurate in at least one direction and
that ihe average structure has a  nsenao
terpagonad une cell wath moll dimensions o 513
A and oo 36 3R AL The structural reodu! cen
18 mamly raused by the displacements of Bi
atoms 1n the BiO planes as described above for
the orgins of superstructure in the 2277 phase.
X-rav powder data for single phase 29223,
without Pb doping, have not been reported
previously. Tallon ¢t al™ reported the effects
of Pb-substitution for Bi in the homologous
superconducting series for nearly single phase
n=3, in which th» x-ray powder diffraction
pattern was indexod usin: a pseudo ietragonal
unit coll with a= 5410 and ~—37.124 8 The
following two points ve important issues |
whether ‘the ervstal structure of the Ph-
substituted saraple 1s the same s that .7 ine
Ph-free one. and whe e the () airms aee
located in the crystal stucture. Htashl er al®”
observed the Pk ateni auag ewh reschition

transmission clect=on e seseo e G TTRMY b

which Ph atort. were iccated oo ihe 13-
layers with an aromie ratio of Phowe B of G
but the modulated structure atong the © s
was the same as n the case of a Pb free
samnple. This results Indicates that the crystal
structure of the Pb-doped sample appears to
be the same as that «f Pb free sample.
Recently, a calrulated pewder patiern was g~

enerated based on the unalogous struct ue of
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the T1-2223 phase and luttice paramelters
given by Zandbergen ef al*”. Powder X-ray
diffraction data have been reported for the PPh
doped 2223 phase, Bi, ,Pb, 1aorCaCus0yy |,
indexed on 4 pseudo-tetragonal cell with a=35.
410A and ¢=37.124A by Tallon et al® ;
however, there are no good  reported
experimenta! data for 2223 phase.  One
objective in this work has heen to prepare such
data and index ther. Like the 2712 phase,
materizis  witie w3 bt 4 5.4 %5 A
subceli i the basal plane with the same 19/4

supcrlattice  in the h*

ICOmMMmensurate
direcuon™“ . The incommensurate ~1/5h*
component probably has similiar origins 1o
those suggested in the 2212 phase.

In this work, x-rav powder diffraction
studies of single phase 2217 sumiples  ape!
samples  of comrposiion 2294 containing

predominattv the 2023 Hhuse are presented.

II. Calculation of subcell and supercell d-
speicings
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Fig. 2. Schematc diagrams of suteliite reflections
on the (0, k, 1) reciprocul piane. Open circles
indicate the reflections from subcell, while solid cir-
cles locate the incommoensurate superlattice

reflections.
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Figure 2 shows  schematic  of satellite
reflections in the (0 k 1) reciprocal lattice
plane. Upen circles indicate the reflections
from the subcell, while solid circles locate the
superlattice reflections. Satellite spots appear
on either side of the supercell positions in the
reciprocal lattice.

Subeell and supercell d-spacings are calcu-

lated using the following equations.

For subcoli
1/ (daw)" =h*/a®+ k¥ /b? +12/¢?

For supercell :
LA L) =ha 1 (k- 6) /b2 (1 o) et
P ) = 1+ (k #8) /b (1ve), o

Where the supcrlattice has vector q* - 8b* +
£e*, 0<6< 1. For each subcell d spacing, the
'wo superceil d spacings correspending to +q
¥ ure given as d” and d . Procedures used for
indexing supercell reflections are given in the

results section.
II. Experiments

(1) Sample preparations
BL.Sr.CaCu,O,, (2212 phase) ; samples with
starting  composition BiSr.CaCu.0,., were
prepared by solid state synthesis. The starting
materials were BLO, SpC(n, Ca(C0, and CuO.
Prior to weighing, the Cu0 was diicd at T00C
and the other reagents wore diied at ~500C

for eore  ther 4 Lo

Stolchiometrie
quantities totalling ~5g were weighed, mixed,
dried and reacted in gold foil crucibles at 700
~800C for 24~48 hours. They were then
removed from the furnace, reground to obtain
a homogeneous mixture, made into pellets to
increase tcaction 1ate and refired at 880°C for
48~72 hours. After reaction ar 880 C for 18
~72 hours the pellets ware removed, crushed,
repelleted and fired at 880°C for a further 72
hours in air. These long heaimg 1imes were
required to ensure complete elimination of the
2201 phase, Bi-(SrCa).Cul), . ..

BLSe.Ca.CnyO,. Samipiles of nominal com.

positions, RSO0 (2ys s phasc)  and
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BiSrCaCu,0,(1112 phase), were prepared by
solid state synthesis from mixtures of Bi,Os,
SrCQ;, CaCos and CuQ. The mixtures were
heated at 850C for 24 hours followed by
further grinding and pelleting. Next, they were
sintered in air in the temperature range 870~
900°C for 7 to 30 days.

(2) X-ray powder diffraction study

Phase identification of the samples and ac-
curate d-spacing measurements were carried
out by =x-ray powder diffraction using a
Phillips Hagg Guinier model XDC-700 powder
camera, Cuxa, radiation. The procedure for
indexing powder patterns and determination of

unit cell dimensions was carried out using a

least square programme, POWCAL, LSQC and
DSPC in Aberdeen University of U.K.

IV. Incommensurate structure and x-ray
powder diffraction data for Bi.Sr.CaCu.O;.,

It)ivas found that the x-ray powder pattern of
the 2212 phase always contained lines that could
not be indexed on the orthorhombic subcell.
These extra lines that could not be indexed on
the orthorhombic subcell. These extra lines are
shown arrowed in figure 3. They were attributed
to the supercell and, with the aid of electron
diffraction photographs as an indexing guide, the

complete pattern could be indexed accordingly.

Intensity (arb. units)

ns

"3

28 (deg)

Fig. 3. Powder x-ray diffraction pattern of Bi,Sr.CaCu,0y+,, showing the presence of
extra lines (arrowed) that can not be indexed using the orthorhombic subcell.

Electron diffraction photographs of the a*b*
plane of the reciprocal lattice, figure 4, showed
the incommensurate supercell parallel to b¥,
similar to that reported by othres?? 8>,
Starting with the 020 reflection, which is one
of the strongest low angle lines in the x-ray
powder pattern, the nearest satellite spots In
the electron diffraction pattern were, initially,
assigned the Indices (0 246 0). Their
seperations from the subcell 020 refleection
were measured and was estimated as 0.21.
The positions of the two corresponding lines in
the powder x-ray diffraction pattern were
then calculated to be 2.44 A (260=136.8") and 3.
02 A (29.6°) and coincided approximately with

two of the unindexed lines arrowed 1n figure 3.

(1) In order to make a more accurate
determination_ of & and confirm the indexing of
these two powder lines, their positions were
measured accurately and the reverse calcula-
tion made, to give 8 for each.

1/(d )t =h?/a>+ (k—8)*/b*+ (1 —e)*/c* (1)

1/(d*wp)?=h*/a’*+ (k +8)*/b*+ (1 +¢)¥/c* (2)

The calculation was carried out using
equation (1) and (2).

For 8=0.25(¢=0)

1/(d™ )= (0)2/(5.41)* + (2 - 0.25)/(5.
41)%+(0)?/(30.82)?
d wp=3.091A
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1/(d )= (0)2/(5.41)*+ (2 +0.25)%/ (5.
41)2+ (0)?/(30.82)*
A =2.404A

Table 1. Supercell d spacings (A) about (0 248
0) and (0 2—8 0) for each given 8 value

k P d w(A) d'w(A)
4 025 80914 24044
5 0.20 3.0055 2.4590
[¢] 0.167 2.9509 2.4969

(ii) The calculated supercell d spacings (table

1) were plotted against the given 8 values (0.
25, 0.20, 0.167) (figure 5).

(i) The apparent & values from figure 5 for the
two 020 satellite lines are significantly
different and indicate that the Indexing
scheme cannot be correct.

Since the & value obtained by electron
diffraction was measured from photographs of
the a*b* plane, it was next considered possible
that the superstructure had a component In
the ¢ direction, which would not have been
evident from the a*b* projection. The two
satellites were then assigned indices (0 2 + F

1), in accord also with electron diffraction

Fig. 4. Electron diffraction Patterens for the a*b*
plane for (a) sample annealed at 400°C and (b)
sample annealed at 830°C in air.
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Fig. 5. Unsuccessful attempt at indexing supercell Fig. 6. Successful attempt at indexing supercell
lines by taking account of incommensurate lines by taking account of incommensurate

superstructure in b. supercell in b and commensurate supercell in c.
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results that showed the superstructure to have
a commensurate component in ¢ as well as the
incommensurate component in kj“).

The procedure for obtaining a more accu-
rate & value using this scheme was carried out
as described below :

(i) The d spacings (A) for the supercell
lines were calculated using equation (1) and
(2) in order to plot against & values, 0.25, 0.20
and 0.167. The results are listed in Table 2.

Table 2. Supercell d spacings (A) about (0 2+8
F1) for a given & value.

5 4wl A) 4wl A)

i‘; N 7():2‘;)777_" 3.07‘6_36_H~‘_N2‘-.3970NW
5 0.20 2.9913 2.4513
2.9380 2.4884

6 0.167

(ii) The calculated supercell d spacings (table
2) were plotted against (figure 6).

(i) The & values for the two 020 stellites
were found to be in excellent agreement as
shown in figure 6, with a value §=0.211.

Since two of the unidexed lines in figure 3
could be indexed satisfactorily on the supercell,
it is highly likely that other powder lines will
also appear that depend on the supercell. Two
possible situations were considered for their
indexing. Une in which the supercell lines have
indices (h, k+38, {+1), (h, k—8,1-1) and the
other with indices (h, k+38,1—1), (h, k—38, 1+
1). These two possibilities are indistinguishable
for the 020 reflection but for reflections with

non~zero [ values, the two possibilities give

114516
S0
=887 [ jin-es
LETII B
5 \;‘ 1'115
0] [117 |
i f\ |
Fl
‘ | “\
| | i 13
\‘ ‘/% N ‘
IR ‘ 0010 \J: ‘H‘ -
0512 ( ‘\ x ‘ | i
’7‘3“? ; I | | ! ‘H‘;
[ ! i ‘! i . i
AN AN VAT
f\ / \\ /N l\ ,f\f}t \J\‘\/ Wy ‘\ '/' ! !

A F i R
l ﬁ w IA T °28
Fig. 7. Part of fully indexed powder pattern

showing subcell and supercell reflections.

rise w two different seits of d spacings.
Comparison of calculated d spacing for the
supercell reflections associated with the three
strongest subcell reflections 020, 115 and 117,
table 3, with the observed powder pattern
indicates the latter scheme to be correct.

The positions of the most prominent
superlattice lines are indicated in figure 7. All
of the extra hnes and shoulder peaks can be
indexed by considering the satellites about the
three strongest lines, 020, 115, and 117. It Is
lkelv  that manyv other powder hnes are
present that were too weak to he observed by
our techniques but which would be detected

using high intensity x -ray {or neutron)

Table 3. Calculated subcell and possible supercell d spacings ( A), for the three strongest x-ray powder

diffraction reflections. Equations 1 and 2 are used for calculating d',, and d ., the pair of supercell

reflections corresponding to +g*,.

q‘l 7;b*_+ C*
hkl dus C dw dw
020 27052 z43vz 30096
117 2.6886 25686 3.2741
115 3.3511 2.8615 3.7201 +

+ has no counterpart in the observed powder pattern.
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Table 4. Powder diffraction pattern for the Bi,Sr,CaCu,0y4.. (2212) superconductor, based on a subcell
5.410x5.410 x 30.84 A.

h k
B

0 1

0 0

0 0

1 1

1 1

1 (1-8)

1 1

1 (14+95)

0 0

0 (2--8)

1 1

1 (1+8)

1 (1 -8

0 2

2 0

§] 2

2 0

0 0

1 1

0 (2+8)

2 0

V] 2

2 0

0 2

1 1

2 2

2 0

0 2

1 1

2 2

3 1

1 3

3 1

1 3

2 2

3 1

1 3

0 2

2 0

2 2

1 3

3 1

1 3

3 1

0 4

4 0

0 2

2 0

1 3

3 1

+Shoulder peaks were observed beside the 117 line at 2.8913 A but their d spacings and intensilies could

1

2
1
6
8
1
3

V) I o)

—
(]

RN OO X DD 3~

O = = = 00 20 = O =
w oo 3]

—_—
NN

15

20
15
15

5.34
5.16
3.861
3.801
3.591

3.2530
3.1471
3.0854
3.0116
2.8913

+

+
2.7064

2.6658
2.5709
2.5545
2.4397
2.2166
2.0326
2.0123
1.9118
1.8625
1.8115
1.7136
1.6877
1.6491

1.6254
1.5946

1.5735

1.6323

1.3874

1.3530

1.3397

1.3150

not be accurately measured.

dlobs)
15.5

- 154
5.33
5.14
3.855
3.797
3.586
3.2741
3.2511
3.1451
3.0837
3.0096
2.8886
2.8615
2.8545
2.7052

2.6645
2.5698
2.5524
24392
2.°143
2.0336
2.0160
1.9129
1.8632
1.8109
1.7135
1.6877
1.6487

1.6255
1.5949

1.5697

1.5344
1.5305 -

1.3877
1.3526
1.3396

1.31561

d( cal)

14
3

o
o

)
o w

25

[N

28

15

]

T lobs)

© Ul{ea)

19
2
0

22
4

24

100

53

48

o o
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sources. Electron diffraction photographs show
the presence of superlattice reflections about
every subcell reflection and in some cases,
higher order supercell reflections have
significant intensity and might be expected to
appear in the x-ray powder pattern.

The relative positions of the superlattice
lines depend very much on the h k | values of
the parent, subcell lines. Thus, for the 020 line
the supercell lines appear on either side of the
subcell line in the powder pattern ; for the 115
lines, one satellite line coincides with the
subcell line and one occur at lower d spacings
whereas for the 117 lines, both satellites occur
to the same side of the subcell line.

An indexing scheme for the complete,
observed powder pattern i1s given In table 4.
Although the symmetry of both subcell and
supercell 1s orthorhombic, the a and b
parametérs of the subcell are so similiar that
the subcell has been treated as geometrically
tetragonal. Many x-ray powder lines, which
should appear as closely spaced doublets, e.g.
020 and 200, appear as singlets. The only
subcell line in table 4 which belongs uniquely
to the orthorhombic cell is 011 since 101 is
systematically absent. The calculated intensities
given in table 4 were based on a crystal
structure determination of the subcell”. There is
satisfactory agreement between observed and
calculated intensities for the subcell lines.

Figure 4 shows the electron diffraction
patterns for samples of Bi;Sr,CaCu,Os:. an-
nealed at 400 and 830°C in air to give excess
oxygen contents, x, determined by titrimetry
as 0.190 and 0.178, repectively and with
superconducting transition temperatures of 73
and 87K. Spot sizes are different due to
diffrent

significant

crystal  thickness ; however, no

differences in the electron
diffraction patterns were seen, figure 4, nor
any detectable shifts in the value of &
determined from the x-ray powder pattern. It
is unusual that so many satellite reflections

are observed in a powder pattern and that one

of them (1, 138, 6) is quite strong.

In summary, the x-rav powder diffraction
pattern of single phase Bi,Sr.CaCu,O4,, has
been identified and fully indexed using a
pseudo-tetragonal subcell with a=5.408, c=
30.83 A and an incommensurate supercell with
reciprocal lattice vector, g* given by q*=0.
211b* —c*. For samples with different oxygen

* s essentially constant ;

stoichiometry x, q
therefore the incommensurability appears not

to be connected directly with oxygen content.

V. Superstructure and x-ray powder
diffraction data for the 110K phase.

Ok

Fig. 8. Electron diffracion Patterns for the (hk0)
and (hhl) reciprocal lattice planes lor samples an-
nealed jat 880°C in air for 30 days.
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Table 5. Powder diffraction pattern for the Bi-Sr-Ca-Cu-0 (2223) superconductor, based on a subcell
5.410x5.420 x37.29 A

Diffractometer o -

h k [ q d(Higg) d(cal) o I _ d{cal)

0 0 2 18.8128 18.6430
0 1 1 5.3811 5.3545 4.7 5.3640
1 1 1 3.8032 3.7976 4.0 3.80947
0 1 7 ] 3.7991J
1 1 3 3.6641 3.6670 5.2 3.6596
0 1 7 +1 3.5945 3.5882 4.7 3.5884
1 1 1 +1 3.4556 3.4507 18.8 3.4494
1 1 5 3.4110 34124 13.4 3.4065
1 1 3 +1 3.3754 4.8 3.3796
0 2 2 -2 3.2536 3.2527 7.7 3.2538
1 1 5 +1 3.2173 3.2135 6.3 3.2139
1 1 7 ] 3.1117 3.1075 9.7 3.1093
0 0 12 3.1072]
0 2 0 -1 3.0024 3.0099 17.4 3.0218
1 1 5 +2 2.9972]
i 1 7 +1 2.9843 7.8 2.9903
1 1 9 -1 2.8294 6.6 2.8375
1 1 9 ] 2.7991 2.8003 40.5 2.8121
0 0 14 +1 2.8040}
0 2 0 2.7039 2.7125 100 2.7101
0 2 2 2.6879 27.4 2.6819
0 0 14 2.6625 2.6624 23.6 2.6633
2 Q 4 +1 2.6267 2.6233 3.3 2.6204
2 0 4 2.5993 2.5982
2 0 4 —1 2.5573 5.3 2.5432
0 1 13 2.5368 2.5389 11.1 2.5351
2 0 6 2.4803 2.4806
0 2 0 +1 2.4444 2.4455 8.1 2.4492
0 2 10 2.1975 2.1947 5.3 2.1922
2 0 12 +2 2.1284 2.1275 3.8 2.1269
0 2 10 +1 2.1056 2.1115 5.1 2.0970
2 0 12 2.0376 2.0380 12.4 2.0404
2 2 4 -2 2.0285 5.0 2.0249
2 2 0 —1 2.0181 6.0 2.0154
2 0 12 —1 1.9769 1.9778
2 2 4 -1 1.9552 1.9542 10 1.9530
2 2 0 1.9168 1.9164 36.5 1.9147
1 1 17 1.9045 7.3 1.9032
2 0 14 1.8927 1.8949 7.2 1.8980
2 2 4 1.8698 1.8755
2 2 0 +1 1.8152 10.5 1.8156
0 3 3 1.7844 1.7832 3.5 1.7879
2 0 14 —2 1.7771 1.7767
2 1 15 1.7354 1.7342
3 1 5 1.6679 1.6680
3 1 7 1.6308 1.6292 3.8 1.6293
1 1 21 1.6100 3.8 1.6293
3 0 12 +2 1.6033 1.6012 7.7 1.5974
1 3 11 1.5302 5.8 1.5294
0 3 13 1.5285 1.5254 4.7 1.5287
0 4 0 1.3544 1.3551
0 0 28 1.3304 1.3316
2 3 13 - 1.3309

*Supercell vector g* is given by q*=0.21b* —0.78c*.



278 s adtslA A4 A3 F (1994)

The electron diffraction patterns of the
(hkQ) and (hhl) planes of the reciprocal
lattice (figure 8) show an incommensurate
supercell in the b and c directions, similiar to
that of the 2212 phase (Bi.Sr:CaCu,Oy+.) and
reported by others®. The distance, 8, from the
main subcell 020 reflection to the first order
satellive reflection was measured and 8 was
0.208. The

incommensurate component along ¢ could be

found approximately to be

seen from the electron diffraction photographs
(figure 8). The superlattice periodicity along
the ¢ axis, ¢, was measured from the (hhl)
plane as approximately 0.75 showing the
supercell to be incommensurate along c.

Indexed powder x-ray diffraction data are
given in table 5. The x-ray powder diffraction
pattern could be indexed using an orthorhombic
subcell, a =5.410(9) £0.002, b=5.420(2) £0.002
and ¢=37.29 +0.02 A, with a supercell vector q*
given by q*=28b* —nec*, where §=0.21, ¢=0.78.
The observed d-spacings were obtained from
both a Hagg Guinier camera and STOE Auto
mated Diffractometer. Indexing of the subcell
lines, especially for the 020, 022 and 0014
reflections, as greatly assisted by utilisation of
the line shape fitting routines on the STOE
diffractometer.

Using the procedures adopted successfully
for indexing the 2212 phase, the supercell lines
were assumed in the first instance to be first
order satellites of the most intense subcell
lines. Specifically, the line at 3.2135 A, which
appeared as a relatively sharp line, was as-
sumed to be a first order satellite of 115.
Depending on the indexing of this satellite, two
supercell vectors were possible, given by g*=§8
b*+nec* and q*=b*—nec* with n=1, 2,--
For each of these, 6 was assumed to be 0.21,
with n=1 and hence a value of ¢ was calculat-
ed. The next stage was to generate a list of
calculated d-spacings for first and second
order satellites associated with all possible
subcell reflections. Two such lists were

produced and compared with the experimental

d-spacings. Only one of these listings, cor
responding to q*=0.21b* -0.75¢*, was able to
give a successful indexing of the supercell
lines. Further trial and error refinment fed to
=0.78 and all the

supercell lines could be successfully indexed,

values of 8=0.21 and

as in table 5. It is noted In table 5, that
although many supercell lines are first order
satellites, five are second order. Some satellite

intensities are fairly strong.
VI. Conclusion

The x-ray powder diffraction patierns of the
2212 and 2223 phase can he indexed using a
pseudo- tetragonal subcell, §:5.408, 3083 A,
with a supercell vector g* given by g* -=02110*
—c* and using an orthorhombic subcell a -
410, Q——B.AZO and o= 37.29 A, with ¢*=0.210b*
-0.78¢c* respectivelv.  The ircommensurate
component in the b directios, S, is i s e far
both phases but on going from 2212 phase the
superlattice component 'n the ¢ direction changes
from commensurate (e=1) to incommensurate(e
=0.78).

In the present study. an effective method
has been developed for indexing the modulated
superstructure in the powder diffraction
pattern and 1t has been shown that many
reflections that cannot be indexed using the
i

subcell are not due (o impurcees bue are

satellite v-flectuions.
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