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G r o u p e  d'espace du tungsta te  de cadmium,  CdWO4. P a r  JEAN COING--BOYAT, Laboratoire d'Electrostatique 
et de Physique du Mdtal, Institut Fourier, Place du Doyen Gosse, Grenoble (Is~re), France 

(Refu le 20 avril 1961) 

Le  t u n g s t a t e  de  c a d m i u m ,  sous fo rme  de p o u d r e  cr is ta l l ine  
a 6t6 6tudi6 aux  r ayons  X ( rad ia t ion  Ka d u  fer), au  
m o y e n  d ' u n  d i f f r ac tombt re  'Nore lco ' ,  pa r  Sha rp  (1960) 
qui  a d6 te rmin6  les d imens ions  de  la mai l le  monoc l i n ique  
e t  propos6 le g roupe  d ' e space  P21/c(C5h). 

Les r6flexions de  t y p e  hO1 n ' e x i s t e n t  que  si 1 = 2n ce 
qu i  condu i t  aux  groupes  possibles 

P21/c(C~h); P2/c(C~h) et  Pc(C2s). 

De plus,  Sharp ,  n ' a y a n t  observ6 a u c u n e  raie (0k0) d o n t  
k soit  impair ,  en  a conclu  au  g roupe  P21/c. 

Or, b ien  que faibles, les raies  (010) e t  (030) ex i s t en t :  

T a b l e a u  1. Diagramme de poudre de CdWO 4 
(Co Ka 1, 2 = 1,78892/~) 

hkl do dc I o 
010" 5,855 /ix 5,853 A 7 
100 5,027 5,023 9 
011" 3,8343 3,8315 10 
110 3,8066 3,8115 33 
i l  1 3,0768 3,07~ 100 
111 3,01ss 3,01so 87 
020 2,9275 2,9264 26 
021"[* 2,5344 59 
002J 2'5339 2,5339 
200 2,5119 2,5116 28 
210" 2,3091 2,3082 1 
102" 2,2868 2,2863 4 
121 2,2513 2,25o9 7 
112" 2,1296 2,1296 6 
112" 2,09o2 2,0914 8 
030* 1,9505 1,9510 2 
022 1,9159 1,9156 22 
220 1,9062 1,9060 19 
130 1,8186 1,81s7 24 
202 1,80s0 1,8074 21 
221 1,7962 1,7957 14 
221 1,7723 1,7725 17 
202 1,7610 1,7611 16 
131 1,7167 1,7169 5 
131" 1,7068 1,7067 2 

* Raies non signal@es par Sharp. 
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on p e u t  les observer  sur  des clich6s de c h a m b r e  h focalisa- 
t ion  e t  sur  des d i f f r a c t o g r a m m e s  ob tenus  ~ la r ad i a t i on  
K a  d u  coba l t  (Tab leau  1). 

Ces raies  sont  visibles grace  au  n i v e a u  tr6s faible du  
fond con t inu  que  l 'on ob t i en t  avec  des appare i l s  6quip6s 
de  m o n o c h r o m a t e u r s  : chambre /~  focal isat ion t y p e  Guinier ,  
d i f f r ac tom6t re  C.G.R.  (6quip6 d ' u n  m o n o c h r o m a t e u r  
mod61e Guin ie r  et  d ' u n  gon iom6t re  mod61e Ber tho ld) .  

A u t r e  f ac t eu r  favorab le :  le t u n g s t a t e  de  c a d m i u m  
6ta i t  tr6s b ien  cristall is6; le d d b u t  de  sa p r6pa ra t i on  6 ta i t  
iden t ique /~  celle de  Sharp ,  ma is  le pr6cipi t6 blanc,  s6ch6, 
a 6t6 ensu i te  chauff6 jusqu'/~ 900 °C. 

Des  4chant i l lons  pou r  d i f f rac tom6t r ie  p a r  r6flexion,  
pr6par6s avec  un  tel  t u n g s t a t e  p r6sen t en t  tr6s f ac i l emen t  
u n  effet  d ' o r i e n t a t i o n :  les mic ro -c r i s t aux  t e n d e n t  ~ se 
p lace r  de  tel le sor te  que  leurs  p lans  r@ticulaires (0k0) 
so ient  parall@les au  p lan  de  l '@chantillon; les tames (0k0) 
sont  s lo ts  cons id6 rab lemen t  renforc@es, et  en  par t icu l ie r ,  
les raies  (010) et  (030) r e s so r t en t  tr@s b ien  (Tableau  1). 
Ce phSnom@ne m e t  donc  en relief les raies  (0k0) d o n t  k 
est  impai r ,  roams, mSme  en l ' absence  de  t o u t  effet  d 'o r ien-  
ra t ion,  la raie  (010) est  b ien  visible.  

Le  g roupe  P21/c 6 tan t  ainsi  exclu,  le g roupe  d ' e space  de  
CdWO 4 est  soit  P2/e, soit  Pc. 

P2/c(C4h) est  le g roupe  le plus  p robab l e  car  c 'est  jus te-  
m e n t  celui  a u q u e l  appa r t i e rmen t ,  su ivan t  Broch  (1929), 
les au t r e s  t u n g s t a t e s  de  m 6 t a u x  d iva len t s  d o n t  les d imen-  
sions de  mai l les  p e u v e n t  @tre compar@es k celles du  tung-  
s t a t e  de  C a d m i u m  (Tableau  2). CdWO 4 est  donc  tr~s 
p r o b a b l e m e n t  i so type  de  ces au t res  t ungs t a t e s .  

J e  remerc ie ,  p o u r  ses conseils,  Mons ieur  B e r t a u t ,  
D i r e c t e u r  de  R e c h e r c h e s  a u  C.N.R.S .  
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T a b l e a u  2. MaiUes des tungstates du type M g W O  4 
a b c fl 

MgWO 4 4,69 A 5,68 tlx 4,92 A 89 ° 40' (Swanson) 
FeWO 4 4,70 kX. 5,69 kX. 4,93 kX. 90 ° (Broch) 
MnWO 4 4,84 kX. 5,76 kX. 4,97 kX. 89 ° 07' (Broch) 
CdWO 4 5,026 A 5,854 A 5,070/~ 91 ° 29" (d'apr@s le pr6sent travail) 
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The  d i scove ry  of an  e r ror  of 0.09 /~ in t he  c o m p u t a t i o n  
of t he  C-C1 d i s t ance  f rom the  f inal  p a r a m e t e r s  (Reed  & 
Lipscomb,  1953), has  led to a leas t -squares  r e f i n e m e n t  of 

t h e  pub l i shed  d a t a  for t he  s t r u c t u r e  of 1 ,2-d ich loroe thane  
a t  - 1 4 0  °C., a n d  to  t he  revised p a r a m e t e r s ,  
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xcl  = 0.318 +_ 0.001, yc] = 0-278 +_ 0.001, zcl = 0.084 +_ 0.001, 
xc = 0.099 +_ 0.003, yc = 0.003 +_ 0.005, zc = 0.094 +_ 0.002, 

w h i c h  are  s u b s t a n t i a l l y  u n c h a n g e d  f r o m  t h o s e  p r e v i o u s l y  
r e p o r t e d  ( R e e d  & L i p s c o m b ,  1953) e x c e p t  for  t h e  y a n d  z 
p a r a m e t e r s  of t h e  C a t o m s .  A g r e e m e n t  f ac to r s  of 

2:lFo 2 -Fc~l/XFo ~ = 0.17 a n d  
[2:W(Fo ~ _ Fc2)2] ½ /[ ZwFo 4] ½ = O. 11 

were  o b t a i n e d  for  all  o b s e r v e d  d a t a ,  for  ou r  u sua l  choice  
( L a v i n e  & L i p s c o m b ,  1954) of  we igh t s ,  w. T h e  r ev i sed  
b o n d  d i s t a n c e s  are  C-C1 = 1.80 +_ 0.02, C-C -- 1.55 +_ 0.03 
a n d  C 1 . . .  C1 = 4-22 +_ 0.01 A. T h e s e  va lue s  f r o m  t h e  sol id 

Rw • 

P 0"35 //J/ 
/; 

O I 2 . . . .  /,e / 
x~ 

I n t o o.2 o~4 o!6 o'.a (A) 
( x, x,  - x ,  xa ) 

Fig. 1. Values of Rw=~W(Fo2--1xc2)~XwlZ'o a for N202 dis- 
ordered by a statistical center  of s y m m e t r y  9". The average 
of X1X~ and XaX 4 is 1.12+_0.02 A, while the  average of 
X 2 . . .  X 3 and X 1 . . .  X 4 is 2.40+_0.01 A. The do t ted  line 
shows ref inements  for various X1Xg--XaX a in which the  
shorter  distance X9 • • • X a between NO groups is an N • • • N 
distance, while the  solid curve indicates results for which 
an average scat tering factor for N and O is employed for 
all atoms.  

p h a s e  are  n o t  in  v e r y  g o o d  a g r e e m e n t  w i t h  t h e  v a l u e s  of  
C-C1 = 1.78 _+ 0.01 a n d  C-C = 1.49 +- 0.03 a n d  C 1 . . .  C1 = 
4.31 +_0.02 /~ o b t a i n e d  in a n  e l ec t ron  d i f f r ac t i on  s t u d y  
( A i n s w o r t h  & Kar l e ,  1952) of  t h e  gas,  w h i c h  c o n t a i n s  
a b o u t  27% of g a u c h e  m o l e c u l e s  in a d d i t i o n  to  t h e  t r ans -  
f o r m  to  w h i c h  t he se  d i m e n s i o n s  a p p l y .  

A r e i n v e s t i g a t i o n  of t h e  N202 s t r u c t u r e  ( D u l m a g e ,  
Meyer s  & L i p s c o m b ,  1953) ha s  n o w  led  to  de f in i t e  con-  
c lus ions  c o n c e r n i n g  t h e  m o l e c u l a r  s t r u c t u r e  in t h e  
s t a t i s t i c a l l y  d i s o r d e r e d  sol id p h a s e .  A series of least -  
s q u a r e s  r e f i n e m e n t s  w i t h  t h e  a s s u m p t i o n  of i so t rop ic  
t e m p e r a t u r e  f a c to r s  ha s  b e e n  ca r r i ed  o u t  for  a se t  of 
m o d e l s  each  of  w h i c h  a v e r a g e s  to  t h e  s t a t i s t i ca l  m o d e l  
p r e v i o u s l y  desc r ibed ,  a n d  k n o w n  w i t h  h i g h  prec i s ion .  
T h e  r e su l t s  (Fig.  1) c lea r ly  f a v o r  t h e  p l a n a r  equ i l a t e r a l  
t r a p e z o i d a l  m o d e l ,  as  c o m p a r e d  w i t h  t h e  r e c t a n g u l a r  
m o d e l ,  a n d  f u r t h e r  sugges t  t h a t  t h e  t w o  NO g r o u p s  a re  
j o i n e d  b y  a n  N . . . N  b o n d  a b o u t  2.18 /~ in  l e n g t h .  
E s t i m a t e s  of e r ro rs  of a b o u t  +_0.03 /~ for  th i s  d i s t a n c e  
a n d  t h e  c o r r e s p o n d i n g  O . . .  O d i s t a n c e  of 2.62 /~ a re  
t i e d  to  t h e  a s s u m p t i o n  of i so t rop ic  t e m p e r a t u r e  fac to rs ,  
b u t  t h e  i n t r o d u c t i o n  of a n i s o t r o p i c  t e m p e r a t u r e  f a c t o r s  
(which  g a v e  a s i n g u l a r  m a t r i x  in  ou r  a t t e m p t s  to  re f ine  
t h e  s t r u c t u r e )  w o u l d  p r o b a b l y  r e q u i r e  m u c h  l a rge r  
e s t i m a t e s  of t h e s e  er rors .  

T h e  or ig in  of each  of F igs .  1-6 of t h e  N20~ p a p e r  
s h o u l d  be  p l a c e d  a t  t h e  c e n t e r  of t h e  f igure  r a t h e r  t h a n  
a t  t h e  c o r n e r  in o r d e r  to  agree  w i t h  o u r  a t o m i c  c o o r d i n a t e s  
a n d  t h e  c e n t r o s y m m e t r i c  e q u i v a l e n t  p o s i t i o n s  x, y, z; 
x , y , z ;  ½ - x ,  ½ + y , ~ ;  ½+x, ½ - y , z  in  P21/a. Also,  in  
F ig .  2 t h e  p a i r  of n u m b e r s  0.621 a n d  0.601 s h o u l d  be  
i n t e r c h a n g e d ,  as s h o u l d  t h e  p a i r  0.399 a n d  0.379. 

W e  wish  to  t h a n k  D r  R .  D e a n  D r a g s d o r f ,  w h o  ra i sed  
a q u e s t i o n  l e ad ing  to  o u r  d i s c o v e r y  of t h e s e  mis labe l l ings ,  
for  r e a d i n g  t h e  N~O~ p a p e r .  
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A p r e l i m i n a r y  s t age  h a s  b e e n  c o m p l e t e d  in t h e  c r y s t a l  
s t r u c t u r e  d e t e r m i n a t i o n  of t h e  fo l lowing  c o m p l e x e s :  

(a) Zn (NOs)eTu  4, (b) t tgC12Tu 3, (c) Ni (NOa)eTu e . 

T h e  las t  t w o  h a v e  b e e n  o b t a i n e d  for  t h e  f i r s t  t i m e  in 
ou r  l a b o r a t o r y .  

T h e  d i m e n s i o n s  of  t h e  u n i t  cells a re :  

(a) a = 22-53 +_ 0.06, b = 9.43 +- 0.02, c = 8-90 _+ 0.03 A 

(space g r o u p  D12~) . 

N = 4 ( ca l cu l a t ed  4.05) for  t h e  n u m b e r  of f o r m u l a  u n i t s  
w i t h i n  t h e  u n i t  cell. 

(b) a = 8.65 _ 0.03, b = 19.72 +- 0.02, c = 8.07 +- 0.02 A 
(space g r o u p  C2h ) , 5  . 

f l = 9 1 - 6 + - 0 . 2  °. 

N = 4 ( ca l cu l a t ed  3.96). 

(c) a = 2 5 . 4 3 _ + 0 . 0 3 ,  b = 9 . 2 2 + _ 0 . 0 3 ,  c = 1 7 . 3 8 + _ 0 . 0 2 / ~ ;  
f l = 1 4 0 . 2 + 0 . 1  °. 

T h e  poss ib le  space  g r o u p  b e i n g  C~h a n d  Cs 4. N = 4 (cal- 
c u l a t e d  3.96). 


