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I n  t h e  course  of our  s tudies  on t h e  phys ica l  a n d  crys ta l lo-  
g raph ic  p roper t i e s  of oxidic  semi -conduc to r s ,  we  syn-  
thes ized  CdIn20a  a n d  i nves t i ga t ed  its s t r uc tu r e .  T h e  
ear l ier  r e p o r t  a b o u t  its s t r u c t u r e  was  m a d e  b y  Passe r in i  
(1930), who  f o u n d  the  s t r u c t u r e  to be  t e t r a g o n a l  w i t h  
l a t t i ce  p a r a m e t e r s  

a = 8 . 6 5 ,  c = 9 . 8 7  A; c/a=l.14, dx=7.3Og.cm. -a. 

A s s u m i n g  the  d i s t r i bu t i on  of ca t ions  as ' no rma l ' ,  Goode-  
n o u g h &  Loeb  (1955) sugges ted  this  t e t r a g o n a l  d i s to r t ion  
f r o m  the  ideal  cubic  s y m m e t r y  of spinel  as due  to  square ,  
c o p l a n a r  (dsp 2) b o n d  f o r m a t i o n  b y  I n  3+ a t  t h e  o c t a h e d r a l  
sites. 

CdIn204 p r e p a r e d  b y  us shows,  howeve r ,  t h e  cubic  
s y m m e t r y ,  a n d  is m o r e  l ikely  to  h a v e  ' inverse '  d i s t r ibu-  
t i on  of ca t ions .  P o w d e r e d  samples  we re  o b t a i n e d  b y  
h e a t i n g  i n t i m a t e l y  mixed ,  equ imo lecu l a r  p ropor t ions  of 
CdO (A.R.  qua l i ty )  a n d  In203 (ob ta ined  f rom t h e  pu re  
m e t a l  d isso lved  in acid,  p r e c i p i t a t e d  as h y d r o x i d e  a n d  
f ina l ly  ign i t ed  in  air) a t  800 °C. in air  for  24 hours .  

Tab le  1. Observed and calculated X-ray data 

hkl do dc Io Ic 
111 5-309 5-263 13 13 
220 3.232 3.222 38 38 
311 2.757 2.749 100 132 
222 2.620 2.631 30 28 
400 2.287 2.279 27 17 
331 1-973 2-091 3 < 1 
422 1.863 1.861 25 15 
511 / 1 . 7 5 4 )  
333 1.755 1.754 50 56 
440 1.609 1.611 50 61 
531 1.536 1.541 3 3 
442 - -  1.519 < 1 < 1 
620 1-438 1-441 5 7 
5 3 3 }  1.381 1 .390}  
622 1.374 45 51 
444 1.318 1.316 9 3 
7 1 1 )  1.275 1 .276}  
551 1.276 5 1 
642 1.216 1.218 12 9 
7 3 1 }  1-187} 
553 1.186 1-187 44 29 
800 1.136 1-139 15 9 
733 ~ 1.113 < 1 < 1 
644 ~ 1.106 < 1 < 1 
822 1.071 1.074 5 4 
751 } 1.052 / 
555 1.050 1-052 35 24 
662 1.046 
840 1.024 1-019 6 4 
911 - -  1.000 < 1 < 1 
753 ~ 1.000 < 1 < 1 
842 ~ 0-994 < 1 < 1 
664 - -  0.972 < 1 < 1 
931 0.953 0.955 17 11 
844 0.931 0.930 22 16 

* Contribution No. 610 from the National  Chemical La- 
boratory,  Poona. 

T h e  h e a t e d  p r o d u c t  was  q u e n c h e d  in air,  whi le  in a n o t h e r  
e x p e r i m e n t  t h e  p r o d u c t  was  s lowly cooled ( l ° /min . ) ,  to  
r o o m  t e m p e r a t u r e .  These  were  t h e n  e x a m i n e d  in a 14 cm.  
D e b y e - S e h e r r e r  c a m e r a  us ing  Mo Ka r a d i a t i o n  f i l te red  
t h r o u g h  Zr  foil. B o t h  t he  q u e n c h e d  a n d  a n n e a l e d  p r o d u c t s  
gave  t h e  s ame  cubic  p a t t e r n .  T h e  r eac t i on  was  f o u n d  to  
be  comple te ,  as lines d u e  to  u n r e a c t e d  Cd- a n d  In -ox ide s  
we re  n o t  observed .  T h e  obse rved  spac ings  are  set  ou t  in 
Tab le  1. 

All  t he  ref lexions  could  be  i n d e x e d  on the  basis  of a 
cubic  u n i t  cell w i t h  a = 9 . 1 1 5 + 0 . 0 1  A, a n d  t h e  corre-  
spond ing  spacings  are  g iven  in c o l u m n  3. T h e  ex t inc t ions  
sugges t  t he  s t r u c t u r e  to  be  of t he  spinel  type ,  cons i s t en t  
w i t h  t h e  space  g roup  O~-Fd3m. W i t h  Z = 8  a n d  V =  
756 Aa~ t h e  ca l cu l a t ed  dens i t y  7.52 g .cm.  -~ c o m p a r e s  
sa t i s fac tor i ly  w i t h  t h e  e x p e r i m e n t a l  va lue  of 7.13 g .cm.  -z, 
d e t e r m i n e d  b y  p y c n o m e t r i c  m e a s u r e m e n t .  T h e  a t o m i c  
coo rd ina t e s  a s s u m i n g  ' inverse '  d i s t r i b u t i o n  a re :  

8 I n  s+ a t  000, ¼¼~ 

8 Cd~+ and 8 In~+ at ~ ~ ~, ~ ~ ~, 
~ ,  ~ 

a n d  

32 02 -  a t  uuu, u(e(z, ~u(e, ~(zu, 

¼+ u ~ - u  ¼+ u, ~+ u ¢+ u ~ - u  

~- f.c.c. 

T h e  Ihkz va lues  we re  ca l cu l a t ed  for  all  non-ze ro  re- 
f lexions up  to  h2+k2+l~ = 96 f rom t h e  express ion  
Ica( l+ cos 2 20)/(s in ~" 0 cos 0).p._F~k I for  va lues  of u rang-  
ing f rom 0"380 to  0.400 a t  in t e rva l s  of 0"005. T h e  scale 
f ac to r  (K) was  in i t i a l ly  a d j u s t e d  b y  m a k i n g  Z, Io a n d  
XIc equa l  a n d  f inal ly  t h e  D e b y e  t h e r m a l  p a r a m e t e r  
(B =0 .21  A 2) a n d  K were  d e t e r m i n e d  f rom the  e q u a t i o n  

Ic exp [ - 2 B  (sin 0/A) 2] =KIo 

b y  t h e  m e t h o d  of leas t  squares .  Since t h e  in tens i t ies  are  
r a t h e r  insens i t ive  to  t he  o x y g e n  p a r a m e t e r ,  t h e  u v a l u e  
c a n n o t  be  r e d u c e d  to  a n a r r o w  l imit .  H o w e v e r ,  c o m p a r i n g  
ref lexions  such  as 111, 400 a n d  422, w h i c h  a re  r e l a t i ve ly  
m o r e  sens i t ive  to  changes  in u, a n d  us ing  t h e  func t i on  

R =Z,([~Ic]- 1~Io[)/2:J~Io] as a c r i t e r i o n ,  

t h e  bes t  a g r e e m e n t  appea r s  to  be  for  ~ - - 0 . 3 8 5  a n d  
R = 0 . 1 4 .  T h e  c a t i o n - o x y g e n  d i s t ance  is 2.13 A a t  t h e  
t e t r a h e d r a l  s i te  a n d  2.19 A a t  t h e  o c t a h e d r a l  site,  t h e  
f o r m e r  r ep re sen t i ng  t h e  I n - O  d i s tance ,  w h i c h  is in  
a c c o r d a n c e  w i t h  t h e  size cons ide ra t i on  t h a t  t h e  ionic 
r ad ius  of I n  3+ (0.92 A) is smal le r  t h a n  t h a t  of Cd 2+ 
(1"03 A). 

T h e  X - r a y  s ca t t e r i ng  fac tors  for  Cd 2+ a n d  I n  a+ a re  
iden t i ca l  a n d  the re fo re  t h e  ca t ion  d i s t r i bu t i on  as e i the r  
' n o r m a l '  or  ' inverse '  c a n n o t  be  d e t e r m i n e d  b y  this  t ech-  
n ique .  H o w e v e r ,  t h e  obse rved  cubic  s y m m e t r y  sugges ts  
t h e  s t r u c t u r e  to  be  inverse ,  a n d  is cons i s t en t  w i t h  t h e  
b o n d i n g  p roper t i e s  of t h e  ca t ions .  B o t h  I n  3+ a n d  Cd 2+ 
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have the 4d 1° configuration in the ground state and have 
a preference for the te t rahedral  sites. The dsp ~ hybridiza- 
t ion for In  3+, suggested by Goodenough & Loeb (1955), 
does not  appear feasible on energy considerations, l~e- 
cently Miller (1959) has calculated site preference energy 
in spinels for different cations, and accordingly it can be 
concluded tha t  the  ' inverse' s tructure is more stable 
than  the  'normal '  by about  11 kcal./g.mol, and hence 
the  structure should be almost  completely ' inverse' at  
room temperature .  

Fur ther  discussion of the structure along with the 

infrared absorption analysis results will be published 
elsewhere. 

Our thanks  are due to Dr A. P. B. Sinha for valuable 
discussions. 
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The two well-known crystalline forms of carbon are 
graphite and d iamond (face-centered cubic). X-ray dia- 
grams of amorphous carbon contain three or more diffuse 
bands. Heretofore emphasis has been placed on the fact 
tha t  the  angular positions of these bands correspond 
approximately  to the  positions of the (002), (100), (110), 
etc., reflections of graphite.  

Strong peaks at  the angular positions of the (00l) 
reflections of graphite lattice tend  to support  the presence 
of graphite-like layers (turbostratic) in carbons (Warren, 
1941; Biscoe & Warren,  1942). However,  some non- 
graphitizing (Franklin, 1951) carbons have weak peaks 
at  these angular positions and quali tat ive and quanti ta-  
t ive deductions regarding their  s tructure are based on 
profile analyses of the  scattering intensities in terms of 
the (h/c) reflections of graphite-like layers and Fourier  
transforms of the  scattering intensities (Franklin, 1950). 
The hardness, densi ty  and non-graphit izabil i ty of some 
carbons do no t  appear to be entirely compatible with a 
graphite-l ike structure. Therefore, theoretical  work on 
the scattering intensities of te t rahedral ly-bonded struc- 
tures of carbon appeared desirable. Prel iminary results 
are presented here, and full details will be published later. 

A graphite-l ike layer containing 26 carbon atoms 
(Fig. 1, Model No. 20) was first considered. The intensi ty  
J(s) in atomic units, scat tered at any angle 20, was 
computed  by the  Debye formula (Debye, 1915): 

J(s) =.~, (n(r)/N) sin 2~rs/(2rtrs) 
r 

where s = 2  sin 0/A, n(r) is the number  of interatomic 
distances of length r within the  molecule, irrespective of 
direction, and N is the  total  number  of atoms in the mole- 
cules. All carbon bonds were taken  to be of equal length, 
1-4174 A (cf. Diamond,  1957) and all in terbond angles to 
be 120 °. After determining the interatomie distances and 
their  number ,  intensi ty data  were computed  numerical ly 
on the  Univac 120. The results are shown in Fig. 2 
(solid line). 

A molecule containing 26 carbon atoms arranged in a 
d iamond type lattice shown in Fig. 1 (Model No. 12) 

* Special Coal Research Section, Bureau of Mines, Region V, 
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was next  considered. The molecule formed a te t rahedron.  
All carbon bonds were taken to be 1-5420 /~ in length 
and all in terbond angles 109 ° 28.4', the te t rahedral  bond 
angle. The computed  curve is shown in Fig. 2 (dashed 
line). 

In  a d iamond lattice carbon atoms form cross-linked 
buckled layers composed of s ix-membered rings (chair 
type). Cross-linking is in such a manner  tha t  it yields a 
face centered cubic lattice, i.e., the projections on the  
(111) planes of the adjacent  buckled layers do not  super- 
impose. If the projections do superimpose a hexagonal  

Model No. 20. Graphite-like layer 
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Model No. 12. Projection of tetrahedron on { l i d  plane of diamond lattice. 
Shaded circles show superimposed atoms. 

Model No. 19. Projection of hexagonal lattice on (1001 plane. 

Fig. 1. Diagrams of models considered. 


