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of  Equation 7 of  [2],  for a bimodal distribution 
in which there was little or no overlap between the 
large and small size range flaw populations. 
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X-ray characterization of  SrCeO 3 and 
BaCe03 

The compounds SrCeO3 and BaCeO3 have been 
examined by numerous authors in order to deter- 
mine their crystal structures. Both compounds 
exhibit non-ideal perovskite-type crystal structures; 
with regard to their symmetry, however, a great 
deal of  the data reported in the literature are 
often in disagreement. 

SrCeO3 has been assigned, with varying lattice 
parameters, a cubic cell [1, 2], a tetragonal cell 
[2, 3], an orthorhombic cell [ 4 - 7 ]  and a menu- 
clinic cell [ 8 - 1 0 ] .  According to Preda and 
Dinescu [2], SrCeO3 undergoes a phase transition 
from a high-temperature cubic structure, obtain- 
able by quenching, to a low-temperature tetragonal 
structure, obtainable by slow cooling. 

BaCeO3 has been assigned, with varying lattice 
parameters, a cubic cell [ 1 - 5 ,  11, 12], a tetragonal 
cell [2], an orthorhombic cell [6] and a menu- 
clinic cell [9, 10]. For BaCeO3, too, Preda and 
Dinescu [2] have found evidence o f  a phase 
transition from a high-temperature cubic structure, 
obtainable by rapid cooling, to a low-temperature 
tetragonal structure, obtainable by slow cooling. 

Because of  their interesting electrical character- 
istics, which have been pointed out by Lunge et al. 
[13], SrCeO3 and BaCeO3 appear to be suitable 
materials for use as high-temperature semicon- 
ductors; therefore, the present investigation was 
undertaken in order to determine the crystal 
structures of  the two cerates under different 
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operating conditions and to verify the existence 
o f  the phase transition reported by Preda and 
Dinescu [2], 

The raw materials used were CeO2 (99.9% 
pure) and reagent grade SrCO3 and BaCO3. To 
prepare the stoichiometric compounds in the mole 
ratio of  1 : 1, the starting materials were weighed, 
mixed and homogenized by hand-mixing in agate 
mortars for 4h ,  pressed into discs and air-fired 
at 1400~ for long time periods to ensure the 
completion of  the reactions; equilibrium was 
considered to have been attained when the X-ray 
diffraction patterns o f  specimens subjected to 
successive heating and cooling treatments showed 
no further change. 

The specimens were subjected to different 
cooling treatments: namely, some of  them were 
quenched in water at 20 ~ C, some were cooled in 
air, some were allowed to cool in the oven, and 
some were annealed at a temperature of  450 ~ C for 

T A B L E I Crystal data of S I C e O  a 

Parameter Value 

a 5.997 -+ 0.002 A 
b 12.308 -+ 0.004A 
c 8.615 -+ 0.003 A 
v 635.88 A 3 
FW 275.74 
Z 8 
6talc 5.76 gcm -3 
6ex u 5.68 g cm -a 

V = volume, FW = formula weight, Z = number of 
formula weights per unit cell, 6calc = calculated density 
and 6 exp = experimental density. 
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T A B L E I I X-ray powder diffraction data of SrCeO 3 at 20 ~ C 

h k l dcale dob s lob s h k I dealc dob s lob s 

1 10 5.391 5.37 M 0 45 I 
0 02}  4.307} 4.301 MS 4 00 / 
1 20 4.295 4 21 

/ 1 21 3.844 3.850 W 0 06 
0 40 3.077 3.079 S 2 80 
1 22 3.041 3.040 VS 3 5 3 
2 00 2.999 3.004 S 3 62 
0 32 2.971 2.969 MS 2 8 1 
1 03 2.590 2.587 W 0 91 
1 23 2.387 2.384 W 4 40  
1 50 2.277 2.276 W 3 05 
2 40 2.147 2.146 S 3 71 
0 14 2.122 2.125 M 2 82 
2 41 2.084 2.087 W 2 16 
1 60 1.941 1.941 W 4 42 
1 2 4 }  1.925} 0 8 4  
3 1 1 1.923 1.922 M 2 9 1 
2 42  1.922 0100  
1 61 1.894 1.894 M 0 75 
1 62  1.770 1.770 S 4 04 
0 44}  1.764} 1.763 MS 3 64 
3 31 1.759 1102 
2 5 2  } 1.740} 1.742 S 3 16 
3 22 1.739 1 66 
0 71}  1.723} 1.722 M 3 55 
2 43 1.720 5 30 
3 40 1.677 1.677 VW 5 1 2 
2 34}  1.609} 1.606 W 2 56 
1 6 3 1.608 0 47 
0 80}  1.538} 1.537 W 4 44  
1 35 1.536 2 93 
2 70 1.517 1.518 M 

1.503 / 
1.500 / 1.502 M 

1.436 t 
1.436 / 1.438 W 

1.369 } 
1.365 1.368 W 

1.359 1.359 S 
1.352 
1.351 ~ 1.350 MW 
1.348 ) 
1.305 } 
1.305 1.305 VW 
1.305 

1.288 / 1.287 VW 
1.286 / 
1.252 1.251 VW 
1.232 ] 
1.231 
1.231 ~ 1.232 M 

1.231 ) 
1,192 1.191 W 
1.161 } 
1.161 1.162 VW 

1.154 ] 
1.153 ~ 
1.151 | 1.152 M 

1.150) 
1.146 ] 
1.143 ] 
1.143 | 1.144 M 

1.142 ] 

Intensities: VS = very strong, S = strong, MS = medium 
VW -- very weak. 

a period of  two months .  Such a procedure was 
fol lowed in order to verify that  the aUotropic 

t rans format ion  reported b y  Preda and Dinescu [2],  

occurred in the two metacerates examined.  

D e b y e - S c h e r r e r  powder  diffract ion pat terns 
were obta ined  in  a camera, 114.6 m m  in diameter  
using C u K a  radiat ion.  Reflect ions were recorded 

b y  means  of  a goniometer  and a G u i n i e r - d e  Wolff  
camera using CuKa  radiat ion.  Intensi t ies  were 

de termined by  a scint i l lat ion counter  in conjunc-  

t ion  wi th  a pulse-height analyser at a scanning rate 
of  1 ~ 20 rain -1. Calibrat ion of  X-ray pat terns  was 
carried out  using Pb(NO~)2 as an in terna l  s tandard.  
Densi ty  measurements  were made using the picno- 

metr ic  method .  
The diffract ion pa t te rns  of  the specimens 

quenched  in water  at 20 ~ C were identical  to those 

3504 

strong, M = medium, MW = medium weak, W = weak, 

of  the specimens cooled in  air or allowed to cool 

in the oven or annealed at 450  ~ C. No evidence was 

T A B L E I I I Crystal data of BaCeO3 

Parameter Value 

a 6.212 +- 0.002 A 
b 
c 8.804 +- 0.004 A 
V 339.69 A 3 
FW 325.45 
Z 4 
6eale 6.36 gcm -~ 
Sex p 6.29 gcm -s 
sg (prob.) 92 

V = volume, FW = formula weight, Z =  number of 
formula weights per unit cell, 6 eale = calculated density, 
6ex p --- experimental density and sg (prob.) = space group 
(probable). 
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T A B L E I V X-ray powder diffraction data of BaCeO3 at 
20 ~ C 

h k I deale dob s lob s 

112} 3.109} 3.105 VVS 
200 3.106 
103}  2.653} 
2 1 1 2.649 2.650 VW 

2 0 2 2.538 2.540 VW 
0 0 4 2.201 2.204 S 
2 2 0 2.196 2.194 S 
2 2 1 2.131 2.128 VW 

222}  1.965} 1.961 VW 
3 1 0 1.964 
3 1 1 1.917 1.916 VW 
2 0 4 1.796 1.801 VS 
3 1 2 1.794 1.792 VS 
2 2 4 1.555 1.556 S 
4 0 0 1.553 1.552 S 

l l i }  1.392} 1.390 S 
33 1.389 1.388 S 
42 1.389 
4 0 4 1.269 1.269 M 

3 1 ! } 1.176 } 1.177 S 
42 1.175 1.173 S 
5 1 1.174 
5 1 3 1.125 1.123 VVW 
0 0 8 1.100 1.100 W 
4 4 0 1.098 1.097 W 
2 0 8 } 1.037 } 
3 3 6 1.036 1.038 MS 
6 0 0 1.035 1.036 MS 
5 3 2 1.035 

Intensities: VVS = very very strong, VS = very strong, 
S = strong, MS = medium strong, M = medium, W = weak, 
VW = very weak, VVW = very very weak. 

therefore found of  the allotropic transformation 
previously reported [2] which is thus excluded by  
the present writers. 

The compound SrCeO3 was indexed according 
to or thorhombic symmetry.  The least squares 
refined latt ice parameters are a = 5.997 -+ 0.002 A, 
b = 12.308 --- 0 .004A and c = 8.615 + 0 .003A at 
room temperature.  Crystal data of  the phase are 
summarized in Table I; spacing values are reported 
in Table II. 

The X-ray diffraction pat tern of  BaCeO3 was 
indexed on the basis o f  a tetragonal unit cell. 

The least squares refined lattice parameters are 

a = b = 6.212 +- 0 .002A and c = 8.804 -+ 0 .004A 

at room temperature.  Crystal data o f  the phase are 

summarized in Table III;  spacing values are reported 
in Table IV. 

Acknowledgements 
This work was supported by the Consiglio di 
Amministrazione of  the University of  Trieste. 

References 
1. A. HOFFMAN, Z. Physik. Chem. B28 (1935) 65. 
2. M. PREDA and R. DINESCU, Rev. Roumaine Chim. 

21 (1976) 1023. 
3. E. K. KELER, N. A. GODINAandA. N. KALININA, 

Zh. Neorg. Khim. 1 (1956) 2556. 
4. R.S. ROTH, J. Res. Nat. Bur. Stand. 58 (1957) 75. 
5. A.J. SMITH and A. J. E. WELCH, Acta CrysL 13 

(1960) 653. 
6. M. DANELON MASTROMONACO, I. BARBARIOL 

and A. COCCO, Ann. Chim. (Rome) 59 (1969) 465. 
7. A.E. SOLOV'EVA, A. M. GAVRISH and E. I. ZOZ, 

Izv. Akad. Nauk SSSR, Neorg. Mater. 10(1974)469. 
8. I. NARAY-SZABO, Naturwiss. 31 (1943) 466. 
9. ldem, Muegyetemi K6zlemenyek (1947) 30. 

10. M. YOSHIMURA, T. NAKAMURA and T. SATA, 
(7aem. Lett. (1973) 923. 

11. E.A. WOOD, Acta Cryst. 4 (1951) 353. 
12. J.P. GUHA and D. KOLAR, J. Mater. Sci. 6 (1971) 

1174. 
13. V. LONGO, F. RICCIARDIELLOando. SBAIZERO, 

"Energy and Ceramics", Materials Science Mono- 
graphs 6, edited by P. Vincenzini (Elsevier, Oxford, 
1980) pp. 1123-30. 

Received 25 March 
and accepted 13 April  1981 

V. LONGO 
F. RICCIARDIELLO 

Inst i tuto di Chimica Applicata e Industriale, 

Universitlz, 
Trieste, 

Italy 

D. MINICHELLI 
Ceramica Fine S.p.A. - Gruppo IRIS, 

Sassuolo (Modena), 

I taly 

3 5 0 5  


