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Introduction 

A simplified structural model of the high-temperature 

superconductor Biz (Sr, Ca)l Cuz Os is of a high tetragonal 

symmetry F4/mmm (a=5.4 1, c=30.7 I). It is built of two 

alternating blocks, the oxygen - deficient perovskite (P) block 

and the triple-layer rock-salt block (RS) (See Fig.1). In the 

centre of the P block there are two conducting CuOZ planes which 

sandwich the Ca layer. Because of the mentioned oxygen 

deficiency, calcium is eight-fold (cube) coordinated instead of 

the common dodecahedral coordination of large cations in 

perovskites. The coordination of cooper is square-pyramidal in 

which, however, the apical oxygen is largely displaced leaving 

copper effectively in the square-planar bonding. The Sr sites 

are located at the boundary of both blocks and their 

surroundings is the mixture of the dodecahedral and octahedral 

coordinations. It involves nine close oxygen atoms. 

The Bi cations are in the centre of the rock-salt block and 

their coordination shown in Fig.1 is octahedral. Such 

arrangement would be, however, unstable since it brings four 

oxygennelghbours wlthlnthe Bi layer to a distance a/2 = 2.7 ?I 

which is out of the region of possible ~i'+ - 0 bonds (2.0 - 2.5 

I). In fact, the Bi coordination is largely distorted. That is 

the main reason for a decrease of the Biz ( S ~ , C B ) ~  CuZOB symmetry 

and appearance of a superstructure with period of approximately 

5a. 

As it is known from the early work of Subramanian et al.[l] 

and following single-crystal studies the fundamental structure 

can be described within the orthorhombic symmetry Amaa. There 

is much less confidence about the nature of the superstructure. 

The most complete information about the real arrangement of - ,..A- 
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Fig. 1 - Scheme of the Biz Srz Ca Cuz 0. structure. 

(P- the perovskite block, RS- the rock-salt block). 

atoms comes of Gao et al.[2] who analyzed own single-crystal 

X-ray data using the approach of incolnmensurate modulation of 

the displacive type. They determined the modulation of Bi, Sr 

and Cu cations and average positions of other atoms. Observed 

modulation displays components mainly in the a, c plane and 

amplitudes are as large as 0.5 1. Independently on their work we 

have undertaken a single-crystal neutron diffraction study and 

solved the problem of the superstructure using a different 

procedure. Here we present our results. 

Instrumentation and samples 

  if fraction measurements were performed by the time-of-flight 

method on the neutron diffractometer DN-2 which is equipped with 

the linear position-sensitive detector. The diffractometer is 

placed at the mlrror-guide tube of the pulsed reactor IBR-2 at 

the Joint 1nstit.ute of Nuclear Research in Dubna. The great 

advantage of the apparatus is the scanning of the whole angular 

sector (-10") of the reciprocal plane at once and the high 

counting rate which is necessary for the investigation of 

extremely small crystals. 

The integrated intensity of the Bragg reflection (intensity 

of a Laue spot) is given [3] by 

where N(A) is the spectrum of the white neutron beam inciding 

the sample. With the use of the mirror guide the spectrum has a 

cut- off at A- 1 1, maximum at A-  2 'A and falls down in the 

long-wavelength side approximately as x - ~ .  From that it follows 

that the experimental sensitivity to the structure factor F:,, 

is nearly uniform in the region A>2 'A (practical limit is 8 'A ) ,  

but it decreases quickly in the short-wavelength side. With the 

det-ector in positions 28=20°- 120' the range A=2-8 'A corresponds 

(Bragg law h=2d.sin8) to the interplanar spacing d-1.1 - 25 'A 

which was the actual extent of our investigation. 

Samples Biz (S~,ca)~ CuZ OB used in our study were grown by a 

pseudo-flux method from melts with excess of copper [4]. The 

samples were of the plate or wedge shape with maximum face 2x2 

d and width up to 0.8 nun. Some samples displayed facets 

apparently at right angles, giving the impression of a single 

crystal. However, the neutron diffraction has shown that each 

specimen contained several single-crystal blocks, sometimes 

slightly misoriented, sometimes disposed nearly perpendicularly. 

Comparison with diffraction on a very thin mica-like platelet 

revealed that even in bulk samples the width of blocks (the 

dimension along the c-axis) was microscopic. 



In all investigated blocks the Biz (Sr, Ca) a CuZ om phase (c=30.7 

1) was found to be interleaved with layers of the Biz(Sr,Ca)Cu06 

phase (c=24.3 1) the amount of which was estimated on the basis 

of diffracted intensity to 5%. On the other hand, no signs of 

the Biz (Sr, Ca), Cu3 Oi phase ( c - 371) were detected in our 

samples. 

Extensive diffraction study was performed on a specimen which 

contained only two relatively large single-crystal blocks, quite 

misoriented. Investigation on one chosen block included 

measurements of four reciprocal planes hko, hOC , Okl , hhC and 

number of individual reflections associated mostly with the 

superstructure. Each measurement, which generally comprised 

detection of one or few reflections (sometimes with their higher 

orders), took 3 hours. Because of this long exposure the study 

was confined to one octant only and the Th,: k,zC symmetry was 

checked on selected reflections. 

Measurements by the time-of-flight method are generally 

strongly influenced by the secondary extinction because of long 

wavelengths used. To investigate its role, strong reflections 

were measured at different azimuthal angles, varying thus the 

mean diffraction path fC. Such experiments with the strongest 

reflection 220 allowed us to estimate the width of the 

investigated block from dimensions of its face (the a,b plane) 

seen on the surface of the sample. The size of the block was 

established as 1.5xl.Ox0.03 d. Thanks to the very small width, 

nearly all strong and medium reflections could be measured 

practically extinction free. Few exceptions were corrected (max. 

to 20%) using the factor 
< k L  A *  - = (1 + k -.------ T)-l'z. 
sin28 

Results 

Neutron diffraction experiments showed the same diffraction 

picture as the previous X-ray study of Gao et al. [2] - 

fundamental reflections characteristic for the Amaa space group 

(observed lattice parameters a=5.397(1), b=5.401(1), c=30.716(3) 

1) and satellites of the first and second order in position 

given by the modulation vector 2n[7,0,1] with the observed value 

7=0.213 (3) (modulation period 4.69 (7) a ) . In the investigated 

part of the reciprocal space the observable intensities were 

detected for nearly all fundamental reflections allowed by the 

Amaa symmetry and for about a half of satellites of the first 

order. Satellites of the second order were observed only in few 

cases. 

~ o s t  data concerning the superstructure were obtained from 

the hot plane. There were several strong satellites T 0 l 

which indicated large modulation of atomic layers along the 

c-axis. Remarkably strong were the satellites 2+r 0 C (the 

satellite reflection 2.21 0 1 was very strong even among the 

fundamental reflections and reached 1/6 intensity Of the 

strongest reflection 229 ).Relatively strong were also some 

second-order satellites 4+2r 0 t (especially 4.42 0 0). On the 

other hand, satellites 2-7 0 C were weak. Such observation 

indicated that some atoms in the Biz (Sr,Ca). CuzOs structure were 

arranged along the a-axis with spacing rather a/2.21 -2.441 

than with a/2 = 2.7 1 inherent in the true Amaa symmetry.We 

infered immediately that such property is associated probably 

with oxygen in the Bi layer and that the misfit is compensated 

by insertion of extra oxygen after each modulation period. 

Search for the satellites was accomplished in the hkO and Okl 

planes. In the former plane and close to it we observed 

satellites 2+r k C (2.21 1 0, 2.21 2 1, 2.21 1 2, 2.21 3 2). All 

satellites of other types (i.e. lzr k 0, 2-7 k 0, 3*r k 0) were 

unobservable. In the vicinity of the OkC plane we investigated 

satellites r 1 C, r 2 C and r 3 C .  As observable were found only 

some satellites r 2 C. Among them the weak satellite 0.21 2 1 

(disposed in the reciprocal space near the 010 line) evidenced 



some b-axis modulation of the structure. Other T 2 f satellites 

with larger C index were associated rather with the c-axis 

modulation. 

In total, we obtained for the structure refinement data on 

114 fundamental reflections (including 14 unobservable), 72 

satellites of the first order (28 unobservable) and 10 

satellites of the second order (4 unobservable). The 

unobservable satellites included were those which carried a 

substantial information about the structure or were measured 

within a very small absolute uncertainty (concretely those with 

very large d-spacing). The .gross of observable intensities 

displayed sthti'J,tical uncertainty 10-20%. 
1 

Our structural model involved siflusoiqd waving of atomic . . . , 
planes and a redistribution of atoms within the planes due to 

the insertion of extra oxygen into the Bi layer, both periodic 

along the a-axis. Longitudinal displacements associated with the 

redistribution were expressed by two harmonics except for 

oxygens in the Bi layer which were spaced out nearly 

equidistantly (including, of course, the extra oxygen). First 

refinements were carried out in the approximation of a supercell 

5a X b x c (i.e. treating T as equal to 0.2) within the space 

groups Pnnn and Pmnn. Both variants (See Fig.2a and b) yielded a 

satisfactory fit of the fundamental and satellite (properly 

speaking - superstructure) reflections and confirmed the 

expected excess of oxygen in the Bi layer. We note that the 

configuration of the BiO layer in the Pnnn model is the same as 

found recently in the Biz Sr3 Fez OD+ I of the B222 symmetry 151. 

Final refinement was performed within a more realistic model 

shown in Fig.2~. It corresponds to a supercell 19a x b X c, 

possesses the Pnaa symmetry and unites to some extent 

configurations in the previous Pnnn and Pmnn models. The Pnaa 

model accounts for a modulation with the period 19a/4 (=4.75a) 

which agrees well with existing observations on 

Fig.2 - Bonding in the BiO plane in tentative models I'nnn (a) 

and Pmnn (b) of the 5a x b x c superstructure and the 

conclusive model Pnaa of the 19a x b x c supergtructure 

(c) (Bi cations shown by full dots; arrows rqark the 

modulation periods, i.e. the places of the inserted 

oxygen. ) 

Two exceptional cases of the Bi(j) and Sr(j) coordination 

for j=3 (d) and 8 (f). (Labelling as in Figs.2~ and 3a; 

expected shifts marked.) 

Biz (Sr,Ca)lCuzOQ. (The most precise determination of the 

modulation period [2,6] report a value 4.76(1)a.) The refined 

structural parameters are given in Tab.1 and characteristic 

features of the superstructure are illustrated in Figs.2~-f,3 

and 4. Some x and y coordinates in Tab.1 were fixed on special 

values corresponding to the higher Amaa symmetry since our data 

were insensitive to small deviations from them (possible range 

'0.01). For some atoms the modulation parameters as, az were 

smaller than 0.01 and could not be determined with certainty for 

the same reason. 

Finally, we should note that reflections 001 appeared to be 

-40% enhanced with respect to other reflections. The excess of 
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