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D i s c u s s i o n  

At  room tempera tu re  the  B.D.H.  sample is or thorhombic .  
Its lattice constants are 

a = 1 0 . 4 ,  b=8-73,  c - - 7 . 4 A .  

On chemical  analysis it  was found to be a lumin ium 
arsenate  oc tahydra te  (Sharan, 1959). W h e n  hea ted  to 
900 °C. it proved to be completely  identical  wi th  t ha t  of 
Machatschki .  

The labora tory  sample on the other  hand  shows cer ta in  

Table 1. Powder photograph data for the new modification 
of a luminium ortho-arsenate 

sin s 0 (obs.) sin ~ 0 (calc.) hkl 

0.0197 0.0200 200 
0.0287 0.0288 101 

0-0296 020 
0.0494 0.0496 220 
0.0718 0-0716 130 
0.0790 0.0792 003 
0-0882 0"0888 410 
0.0999 0.0992 203 
0.1107 0-1106 420 
0.1477 0.1466 430 
0.1565 0.1555 431 
0.1641 0.1634 340 
0.1821 0.1818 432 
0.2023 0.2024 143 

510 
0.2263 0.2274 234 

0-2490 0.2496 025 
0.2727 0.2792 244 

0.2811 0.2802 ] 161 
L 702 

162 
0.3057 0"3066 235 

0.3572 0.3584 [ 245 
( 821 

0.3765 0.3764 171 
0.4527 0-4524 734 
0.4869 0.4876 750 
0.5540 0.5546 147 
0.5841 0.5832 066 
0"6037 0.6026 275 
0-6309 0.6298 038 
0"6597 0.6594 384 
0-6857 0-6866 148 

str iking features.  The compound  as prepared  has two 
propert ies in common  wi th  t ha t  of Strada.  I t  is amor- 
phous at  low tempera tu res  a n d  becomes crystal l ine on 
heat ing it to about  850 °C. Bu t  it  differs from tha t  of 
S t rada  in t ha t  it does not  show any  crystal l ine na tu re  on 
hea t ing  to 550 °C. The modif icat ion obta ined at  abou t  
850 °C. is ent i rely different from tha t  repor ted  by Strada.  
The sin s 0 values and  the  intensities are different for both.  
The new modif icat ion has been indexed by  using Lipson's 
and  Vand 's  method ,  by  tak ing  

22/4a 2 =A-~  0.0050, ),2/4b2----B--- 0.0074, ~2/4c~---- C= 0.0088. 

The cell turns  ou~ to be or thorhombic  wi th  lat t ice con- 
s tants  as 

a =  10.90, b =8.96,  c = 8 . 2 2  A .  

The val id i ty  of the  lat t ice constants  is apparen t  from the 
good agreement  be tween  the  observed and  calculated 
sin s 0 values as given in Table 1. 

S t rada  has no t  s ta ted  any th ing  about  the  s tabi l i ty  of 
his sample.  The present  labora tory  sample hea ted  to 
about  850 °C. has proved  to be unstable.  I t  could no t  re- 
ta in its s t ruc ture  even for three  days.  Dur ing  this t ime it 
mus t  have  undergone  a n u m b e r  of crystal lographic trans-  
formations.  Pre l iminary  studies show tha t  the t ransforma-  
tions depend  largely upon (1) the  a m o u n t  of wa te r  of 
crystall isation,  (2) the  the rmal  his tory and (3) the tem- 
pera ture .  Deta i led  studies are in progress and  will be 
repor ted  in due course. 

The work  was carr ied out  in the  Labora to ry  of the  
Banaras  H i n d u  Univers i ty  under  the supervision of Dr  
B. Daya l  to w h o m  the  author ' s  thanks  are due. The 
au thor  is also grateful  to Dr  K.  S. Kr i shnan ,  F .R.S.  for 
his act ive interest  in the work.  
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Mall inckrodt  UO 3 has been s tudied by  Perio (1953) who 
states t ha t  the un i t  cell is or thorhombie  wi th  dimensions 

a = 12.98, b = 10.70, c = 7-49 Kx .  

Al though the  agreement  be tween  calculated and  observed 
values of 1/d ~ is good, one is suspicious of this s t ruc ture  
because of the  exceedingly large proport ion of absent  
lines. F u r t h e r  doubt  arises when  a t t empts  are made  to 
index higher-angle lines, when  the  agreement  between 
observed and  calculated values of 1/d 2 becomes in- 

creasingly bad.  F r o m  these observations,  it  was decided 
t ha t  Perio 's  s t ruc ture  was incorrect.  I t  has been repor ted 
t ha t  some summat ion  relations exist be tween pairs of 
sin ~ 0 values which indicate  t ha t  the compound  m a y  be 
monoclinic (Dawson et al., 1956). 

The sample of UO3 was prepared  by oxidat ion of 
U.~Os a t  700 °C. under  150 arm. oxygen, and the X - r a y  
diffraction pa t t e rn  was produced using a Guinier- type 
focusing camera  wi th  monochromat ized  Cu K a  radiat ion.  

Examina t ion  of the diffraction pa t t e rn  revealed several 
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sin 2 0 
d(hkl) (A) I [ I  o (obs.) 

6.533 m 0.0139 
4.992 s 238 

4.784 w 259 

4.396 s 307 
4.368 s 312 
3.445 vs 500 

3.253 vs 560 

3.052 s 635 

3.037 s 643 
2-798 s 758 

2.788 s 761 

2.753 m 783 

2-629 m 858 

[ 
2"393 vvw 1036(B) / 

2-202 w 1224 ( 

f 

2"175 w 1255 ( 
2.130 w 1303 
2.122 w 1310 
2.107 w 1337 

2.091 m 1357 

2.016 vw 1459(B) 

1.995 vw 1491 

1.912 m 1622 

1.895 m 1652 

1.868 w 1741 

1.836 w 1760 

1.830 w 1771(B) 

T a b l e  1. Calcula ted  a n d  observed X . r a y  da ta  

sin S 0 
(eale.) 

0.0139 
239 
258 
259 
260 
309 
313 
5OO 
557 
557 
558 
559 
561 
633 
636 
636 
643 
757 
760 
762 
781 
781 
783 
785 
86O 

1032 
1035 
1035 
1041 
1224 
1224 
1254 
1254 
1256 
1258 
1301 
1308 
1337 
1358 
1359 
1362 
1453 
1455 
1461 
1463 
1486 
1493 
1622 
1628 
1652 
1654 
1655 
1743 
1754 
1760 
1765 
1767 
1768 
1771 
1772 
1777 
1777 

(hkl) d(hkl) (h)  

2O0 
220 1.821 
121 
130 1.788 
12T 
211 1.769 
211 
002 1.760 
141 1.745 
400 

1.739 
112 
14T 
11~ 1.721 
122 
122 
202 
205 1.709 

132 
132 1.677 

250 
151 1.658 
430 
15~ 
42T 1.631 
232 
332 
242 
260 1.597 
24~ 
O23 
53T 
170 
600 1.542 
123 
252 

1.532 
451 
45T 
36T 1.527 
223 
270 
5O2 

1.519 
460 
313 
522 1.472 
442 
271 1.464 
550 
55~ 
180 

1.442 
640 
333 
371 
602 
181 1.419 

542 
605 
560 1.408 
612 
423 
641 1.389 
470 
54~ 1.369 

[(B) indicates broad,  diffuse line.] 
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sin S 0 
(obs.) 

1788 

1856 

1896 

1914 
1947 

1964 

2000(B) 

2031 

2109 

2]58 

2229 

2326 

2490 

2529 

2545 

m 2569 

vw 2740 

m 2767 

w 2853 

w 2944 

vw 2991 

vvw 3076 

w 3165 

sin S 0 
(cale.) (hkl) 

1784 153 
1789 612 
1792 423 
1859 281 
1891 253 
1896 561 
1898 471 
1916 433 
1946 462 
1960 462 
1967 632 
1996 651 
1999 004 
2001 552 
2006 651 
2029 381 
2031 104 
2105 740 
2108 523 
2155 263 
2155 290 
2157 214 
2161 642 
2229 800 
2320 722 
2323 304 
2326 363 
2327 314 
2329 750 
2329 820 
2330 390 
2489 0,10,0 
2489 273 
2494 623 
2524 1,10,0 
2530 244 
2543 244 
2543 404 
2547 334 
2568 414 
2568 463 
2570 405 
2573 490 
2740 812 
2767 434 
2768 254 
2768 812 
2846 910 
2852 283 
2852 850 
2853 504 
2939 832 
294I 444 
2945 354 
2949 723 
2981 672 
2987 524 
2989 0,10,2 
3073 733 
3077 534 
3080 49~ 
3165 454 

sp l i t  l ines,  s u g g e s t i n g  a m o n o c l i n i c  or t r i c l in ic  u n i t  cell. 
I t  p r o v e d  poss ib le  t o  i n d e x  t h e  f i lm  in  t e r m s  of  a m o n o -  
cl inic u n i t  cell  h a v i n g  t h e  d i m e n s i o n s  

a = 1 3 . 0 5 + _ 0 . 0 2 ,  b - 1 5 . 4 5 _ + 0 . 0 5 ,  c = 6 . 8 9 _ + 0 . 0 2 / ~ ;  

fl -- 89.63 _+ 0.01 °. 
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Observed and  calculated values of sin s 0 are given in 
Table 1. 

Al though this in te rpre ta t ion  gives only about  one 
quar te r  of the  lines present  (Perio's gave less t han  one 
tenth) ,  it  is felt t ha t  it can be accepted in the absence 
of a be t te r  one, as the  cell is large and  asymmetr ic  and  
the pa t t e rn  is r a the r  diffuse. 

The evidence for the space group is no t  very  conclusive. 
For  P21/c symmet ry ,  (hO1) reflections are absent  if 1 is 
odd. I t  is no t  possible to say whether  (201), (203) and  
(105) are present  or no t  as these reflections would occur 
a t  sin ~ 0=0.0262,  0.1259 and  0-3163 a t  which points 
several other  reflections coincide (see Table 1). The 
other  systemat ic  absence to be expected  is (0k0) wi th  
/c odd. I n  fact, only one (0h0) reflection was observed, 
(0,10,0), a l though the  others do not  coincide wi th  other  
lines. I t  is possible tha t  (hO1) is also absent  when  h is even. 
However ,  this is not  a space-group ext inct ion and,  if this 

absence is real, it is probably  due to some special arrange- 
m e n t  of the u r an ium atoms.  I t  is calculated from densi ty  
measurements  t ha t  there  are 22 formula  UO.~ per un i t  cell, 
bu t  this mus t  be ei ther  20 or 24 for reasons of symmet ry .  
As 24 units  can be f i t ted into the un i t  cell, this value is 
favoured.  

In  the  absence of a single crystal ,  no fur ther  work on 
this compound  is contempla ted .  

The au thor  is indebted  to Dr  E.  Wai t  of A .E .R .E . ,  
Harwell ,  bo th  for the  exper imenta l  facilities and  for 
valuable  discussions, and to Mr G. F.  S la t tery  for his 
encouragement .  
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McCullough & Trueblood (1959) poin ted  out  t ha t  the  
crystal  s t ruc ture  of baddeleyi te  (monoclinic ZrO2) as 
de te rmined  by  N~ray-Szab6 (1936) is no t  correct  and  
publ ished a new descript ion of the s t ruc ture  based on 
single-crystal  da t a  obta ined from a na tu ra l  crystal .  

Approx imate ly  a year  ago while working on the irradia- 
t ion induced phase t ransformat ions  in ZrOe (Adam & 
Cox) we have  also concluded t ha t  the  accepted N£ray-  
Szab6 s t ruc ture  is wrong and  made  accura te  X - r a y  
in tens i ty  measurements  on chemical ly prepared Zr02 and  
HfO2 powder  wi th  a counter  d i f f rac tometer  and  mono- 
chromat ic  copper K s  radiat ion.  Using atomic parameters  
proposed by  McCullough & Trueblood (1959) a satis- 
fac tory  agreement  was obta ined be tween calculated and 
observed F 2 values for bo th  mater ia ls  a l though a few 
minor  discrepancies have  been found. This indicates t ha t  
HfO2 and  Zr02 are isomorphous and  their  s t ruc ture  is 
basically the  same as t ha t  of na tu ra l ly  occurring bad- 

deleyite.  The following unit-cell  dimensions have  been 
de te rmined  using a Guinier- type focusing camera :  

a (A) b (-~) c (A) 
ZrO 2 5.1454_+ 0"0005 5-2075 -+ 0-0005 5.3107 -+ 0-0005 

99 ° 14'_+0 ° 05' 

a (A) b (A) c (A) 
HfO9 5.1156_+ 0.0005 5.1722_+ 0-0005 5.2948 + 0.0005 

99 ° 11' Jr 0 ° 05" 
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International Union of Crystallography 

Fedorov Commemorat ion ,  L e n i n g r a d ,  2 1 - 2 7  M a y  1959 

By  invi ta t ion  of the Academy of Sciences of the U.S.S.R.,  
the  Union par t ic ipated in two Symposia which were held 
in Leningrad,  U.S.S.R.,  from 21 to 27 May 1959 in 
commemora t ion  of the 40th anniversary  of the dea th  of 
the  great  Russian crysta l lographer  E. S. Fedorov.  Under  
the  auspices of the Union and  the Academy,  the meetings 
were organized by the U.S.S.R. Nat iona l  Commit tee  for 
Crysta l lography in cooperat ion wi th  the Ins t i tu te  of 

Crysta l lography of the  Academy of Sciences, the  Minera- 
logical Society of the  U.S.S.R.,  the  Leningrad  Ins t i tu t e  
of Mines, and  the Fedorov  Ins t i tu te  of Crysta l lography,  
Mineralogy and  Pe t rography .  

Over eight hundred  crystal lographers  and  other  scien- 
tists, ma in ly  from the  U.S.S.R.,  and  in addi t ion  from 
fifteen other  countries,  par t ic ipa ted  in the  meetings.  
The a t t endance  of several of these scientists from abroad 


