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The addition of LaeOa to a two-phase matrix sample of a fixed nominal 
composition Bi3Sr2Cu2Os.5 results at 800 °C in a series of solid solutions of 
the 2201 structure type similar to those reported by Horyfi e t  al .  [ l l .  The 
maximum solubility of lanthanum oxide reaches 0.6 LaeOa molecule as referred 
to Bi3Sr2Cu2Os.5 (n~o15 = 1.2). The secondary phase which is CuO, present 
in the starting sample in a quantity of 5.6 wt.%, does not change significantly 
through all the series (see Fig. 1) and in the end sample of the series 
(nL~o,.5 = 1.2) it remains equal to 4.73 wt.%. The above was determined on 
the basis of reflection intensity ratios of the coexisting phases after the 
intentional enrichment of each particular sample with some known quantities 
of CuO. This has permitted us to establish that  the series is based on, and 
in fact it originates from, the 2201-structure-type phase of the terminal 
composition corresponding to BiaSr2Cul.25OT.75. Measured densities were 
corrected for the presence of the additional phase (CuO) according to the 
formula 

100 wt.%(CuO) wt.%(2201) 
= ÷ 

daverag e d(CuO) d(2201) 

It is interesting to note the atypical variation of the lattice parameters vs .  
n~ol.5 (Fig. 2), especially of a and b. As determined from the splitting of 
200 and 020 reflections (Fig. 3) the orthorhombic distortion reaches its 
maximum level not at the end of the series ( i .e .  for n~ol.5 = 1.2) but somewhat 
earlier (nL~ol.5 =0.9).  It should be noted that almost identical results are 
reported by Sales and Chakoumakos [2l although referred to a different 
series of solid solutions, namely to Bi2(Srl_~La~)2CuO~ type. 

A similar anomaly has been found considering sample densities observed 
within the series. As can be seen in Fig. 4 (crosses), for the La203 concentration 
interval 0 < ~h~ol.~ ~< 0.1, the densities increase sharply; then, up to n~o~5 = 0.4, 
they remain constant. For still higher concentrations of LaeO3 a parabolic- 
like decrease of sample densities can be seen. It should be noted that all 
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Fig. 2, Variation of  lattice p a r a m e t e r s  a ,  b and c v s .  La203 conten t  for  the series  of  

Bi3Sr2La~Cu].25OT.75 + L5n type. 

these variations take place within the single-phase region of the matrix 
structure. This means that, depending on the concentrat ion of La203, a 
variable number of defects within the 2201-type structure is created. 

For  an analytical description of the behaviour mentioned above, the 
series has been expressed with a different formula, so as to be more suitable 
for  further consideration, namely 

[ (BiaSr2CUl.2S) i/(6.2s + n)La~(6.25 + ~)0(v.75 + ,.sn)/(6.25 +~) ] z 

In this formula the terms in square brackets represent  atomic contributions 
of separate structure components  for each particular sample of given 
n~o,.6. In this way the formula reflects a hypothetical oxide of MeOx type 
with 

7.75 + 1.5n 
X = 

6 . 2 5 + n  

Z is the number  of MeOx molecules in the unit cell; the atomic per  cent of 
bismuth plus strontium plus copper  is equal to 6.25/(6.25 + n )  and the atomic 
per  cent  of lanthanum is n/(6.25+n). 

Using the classical equation for density 

d =Z" WM~O~ 
6.02" Y(/~ a) " 10 
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Fig. 3. Orthorhombic distortion within the  series: the profiles of  split 200  and 020 reflections 
for n =  0 -0 .9  ( top) and n =  1.0-1.3 (bottom).  

we have been able to determine Z as a function of n~o~.5. The results are 
shown in Fig. 5 as crosses. Our supposition concerning possible variations 
of the structural unit cell content is now quite evident. Three different regions 
of specific structure defectiveness are as follows. 

(1) For 0 < n < 0 . 1 ,  a deeply deficient (Z=  19) origin matrix of the 2201 
type is observed in which the vacant atomic sites become quickly occupied 
with increasing n~o~.5 to the normal level Z ~ 2 0 .  

(2) For 0.1 < n < 0 . 4 ,  a region of close to normal (free of vacancies) 
solid solutions of the 2201-type structure is obtained, characteristic of an 
n-independent content of the unit cell (Z~20) .  

(3) For 0.4 < n < 1.1, a region is observed within which the solid solutions 
are characteristic of an n-dependent level of vacancies. The origin of these 
solid solutions is the 2201-structure-type matrix phase of a 21-atom unit 
cell [3]. 

The analytic fitting to the experimental values (curves 1, 2 and 3 in 
Figs. 4 and 5) looks satisfactory. The appropriate formulae used for the 
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Fig. 4. Exper imental  and calculated densit ies for the series of solid solutions of 
Bi3Sr2La~Cu].2sOT.75+Lsn type v s .  n:  × ,  exper imental  values; curves 1, 2 and 3, calculated 
densities. 

calculations are the following: (1) 0~<n<0.1,  Z =  19.3+ti,  and ~=2N19; (2) 
0.1 <n~<0.4, and Z=20--0.1,  where Z is constant and does not depend on 
nL~Ol.,; (3) 0.4~<n~< 1.1 and Z = 2 1 - A  where 

A= We, - (N~2,-N~19) 
F 

Here N2~ = 21n/6.25 and N19 = 19n/6.25 are the number of lanthanum atoms 
recalculated for a 21-atom or 19-atom unit cell respectively; F--  6.25/(6.25 + n) 
is the atomic fraction of bismuth plus strontium plus copper. 

v~rlthout detailed structural studies there is no possibility of defining a 
way in which La atoms build into the crystal lattice of the solid solution 
prepared here. In this respect, there are several possibilities such as a directed 
substitution, i .e. a substitution referred to a given structure component (for 
instance strontium), or a proportional one, i .e. subjected to each of the 
structure components.  Indeed, apart from classical (free of vacancies) ex- 
change of ions (region 2), both the mechanisms can ensure a charge of the 
structure unit cell within region 3 with an appropriate amount of vacancies. 
However, none of them can cause variation of these vacancies to go as a 
function of nL~O~.5 along the parabolic-like line, as observed. In our opinion 
the real mechanism responsible for the structure defectiveness in this region 
is much more complex. From the analytical equation found, we can only 



L20 

2 1 . 0 .  

z i 
~ , 5  

20,0 (2) ~ '  

19.5 

19.0 

19.5 J _  

o.o 

Single-phase region 

0 . t  0 . 2  0 .3  0 .4  0 .5  0 .6  0 ,7  0 ,9  0 .9  1 .0  

Two-phase 
region 
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guess that  linearly increasing the total amount of vacancies Nel/F vs.  
n~o l ,  (logically proportional to the number of lanthanum atoms and inversely 
proportional to the atomic contribution of the remaining Me structure com- 
ponents) becomes the subject of modification due to the complexity mentioned 
above. 

The case of region 1 seems to be simple. According to us, it consists 
of a direct introduction of N19 La ions into the most convenient M e - 0  
structure layer of layers (all of them are satisfactorily deficient), accompanied 
by the stream of extraNx9 ions of all the structure components in a 3:2:n:1.25 
ratio, distributed through the appropriate Me-0  layers to ensure a twice as 
fast densification of the unit cell, as observed in real samples. 

R e f e r e n c e s  

1 R. Hory~i, J. Ziaja, P. W. Klamut and M. Wotcyrz, J. Le s s -Common  Met., 166 (1990) L1. 
2 B. C. Sales and B. C. Chakoumakos, Phys.  Rev.  B, 43 (1991) 12994. 
3 R. Horyfi, I. Filatow, J. Ziaja and M. Wolcyrz, Supercond.  Sci. Technol., 3 (1990) 347. 


