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A P u - C o  a l loy  i ngo t  of n o m i n a l  c o m p o s i t i o n  25.5 a t .%  Co 
was  p r e p a r e d  b y  arc  m e l t i n g  a n d  t h e n  was  h e a t  t r e a t e d  a t  
440 °C for  one  week .  I t  was  n o t  poss ib le  to  o b t a i n  g o o d  
q u a l i t y  s ingle c rys ta l s  because  t h e  f r a g m e n t s  of  t h e  i n g o t  
b e c a m e  s o m e w h a t  d i s t o r t e d  w h e n  i t  was  c rushed .  
Never the l e s s ,  a f t e r  cons ide rab le  sea rch ing ,  a c rys t a l  of 
p o o r  b u t  usab le  q u a l i t y  was  f o u n d .  A f t e r  p r e l i m i n a r y  
precess ion  p h o t o g r a p h s  h a d  been  t a k e n ,  l a t t i ce  c o n s t a n t s  
a n d  in tens i t i es  were  m e a s u r e d  w i t h  a Gene ra l  E lec t r i c  
Co. X R D - 5  e q u i p p e d  w i t h  a s ing le -c rys ta l  o r i e n t e r  a n d  
sc in t i l l a t ion  c o u n t e r .  C rys t a l l og raph i c  d a t a  a re  s u m -  
m a r i z e d  in Tab l e  1. T h e  l a t t i ce  c o n s t a n t s  a re  s l i g h t l y  
la rger  t h a n  t hose  f o u n d  b y  E l l io t  & L a r s o n  (1957). 

Tab le  1. Crystallographic data for PuaCo  

Orthorhombic,  space group Cmcm 
Z =  4 
a = 3 .475±0 .004A (~MoKal---0.70926 A) 
b =10.976+_0.010 
e = 9.220+_0.008 

do = 14-82 g.cm -a 
dc = 14.65 g.cm -a 

I n t e n s i t y  m e a s u r e m e n t s  we re  m a d e  of re f lec t ions  oc- 
cu r r ing  a t  20Me _~ 46 °, a n d  m o s t  of t h e  e q u i v a l e n t  reflec- 
t ions  were  m e a s u r e d  four  t imes .  A f t e r  a p p l i c a t i o n  of a 
spher ica l  a b s o r p t i o n  co r r ec t i on  ba sed  on  t h e  m e a n  r ad iu s  
of t h e  i r regu la r ly  s h a p e d  f r a g m e n t  (~uR --- 3.4), a ¢ correc-  
t i on  based  on  t h e  v a r i a t i o n  of i n t e n s i t y  w i t h  ~ for  reflec- 
t ions  a t  X = 9 0  °, a n d  L p  cor rec t ions ,  t h e  e q u i v a l e n t  
F~o(hkl) were  ave raged .  T h e  a g r e e m e n t  b e t w e e n  e q u i v a l e n t  

re f lec t ions  expres sed  as X]F~t-F~HI/2F~ was  18%.  Of 
156 n o n - e q u i v a l e n t  ref lec t ions ,  119 were  obse rved .  

T h e  s t r u c t u r e  was  so lved  b y  p a c k i n g  c o n s i d e r a t i o n s  
a lone  a n d  th is  t r ia l  s t r u c t u r e  was  l a t e r  s h o w n  to  be  in  
a g r e e m e n t  w i t h  t h e  t h r e e - d i m e n s i o n a l  P a t t e r s o n  func-  
t ion .  A leas t - squares  r e f i n e m e n t  was  t h e n  p e r f o r m e d  w i t h  
t h e  full  m a t r i x .  Al l  non -ze ro  Fo were  w e i g h t e d  e q u a l l y .  
F o r m  fac to r s  were  u s e d  in f u n c t i o n a l  f o r m  ( F o r s y t h  & 
Wells,  1959), a n d  t h e  p a r a m e t e r s  of F o r s y t h  & Wel l s  
were  u sed  for  Co. F o r  P u ,  

fPu = 45.91 exp(  - 1.442 s 9) + 23.72 exp(  - 15.32 s ~) + 7.13 

w h e r e  s = sin 0/2. 

T a b l e  2. Least-squares parameters for PuaCo  

Atom Set x y z B 
Pu ,  4c 0-0 0-0778+0.0013 ¼ 2.1+-0-3 A S 
Pu9 8f 0.0 0.3678+-0.0009 0.0553+0.0010 2.2+-0.2 
Co 4c 0.0 0.778 +_0"005 ~ 3.7+_1.2 

T h e  a b o v e  f u n c t i o n  is a n  exce l l en t  a p p r o x i m a t i o n  to  
t h e  T h o m a s - F e r m i - D i r a c  P u  f o r m  f ac to r  c u r v e  (Ibers ,  
1960) w i t h  a n  a n o m a l o u s  d i spe r s ion  co r r ec t i on  of 

* Work performed under  the  auspices of the  U.S. Atomic  
Energy Commission. 

Af '=-16 .5  e lec t rons  (Roof ,  1961). A n  a n o m a l o u s  
d i spe r s ion  co r r ec t i on  of + 0 . 4  e l ec t ron  was  a p p l i e d  to  
/co.  

T h e  f inal  l ea s t - squa res  p a r a m e t e r s  a re  g iven  in Tab le  2. 
T h e  f inal  o b s e r v e d  a n d  c a l c u l a t e d  s t r u c t u r e  fac tors ,  for  
w h i c h  R = 1 5 . 9 %  w i t h  Fo--O o m i t t e d ,  c an  be  o b t a i n e d  
f r o m  t h e  a u t h o r s .  F ig .  1 shows  t h e  a s y m m e t r i c  e l ec t ron  
d e n s i t y  sec t ion  a t  x = 0. I t  is c lear  f r o m  t h e  e l l ipt ic  shapes  
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Fig. 1. Fourier  sections of PuaCo at  x =  0. Contour interval 
is 10 e.A -a. The zero contour  is dot ted.  The light solid lines 
are negative. 

of t h e  p e a k s  t h a t  an i so t rop i c  t h e r m a l  p a r a m e t e r s  w o u l d  
i m p r o v e  t h e  s t r u c t u r e  f a c t o r  a g r e e m e n t .  H o w e v e r ,  we  
be l ieve  t h a t  t h e  q u a l i t y  of t h e  i n t e n s i t y  d a t a  is such  t h a t  
f u r t h e r  r e f i n e m e n t  w o u l d  be  w i t h o u t  va lue .  F ig .  1 was  
d r a w n  on  35 m m  f i lm b y  a n  SC 4020 h i g h  speed  m i c r o f i l m  
recorde r .  T h e  F o u r i e r  s y n t h e s i s  was  c o m p u t e d  on  a n  
I B M  7090, a n d  a 7090 p r o g r a m  t h e n  was  u s e d  to  p r e p a r e  
a m a g n e t i c  t a p e  as t h e  i n p u t  to  t h e  SC 4020. 
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Fig. 2. Project ion of PusCo as viewed down the  a axis. The 
larger circles are Pu.  The solid circles are at  x--½ and the 
dashed circles are at  x = 0. 

A p r o j e c t i o n  of t h e  s t r u c t u r e  as v i e w e d  d o w n  t h e  a 
axis  is s h o w n  in F ig .  2, a n d  t h e  i n t e r a t o m i c  d i s t ance s  are  
g i v e n  in Tab l e  3. P u ,  has  t h r e e  Co a n d  twe lve  P u  n e i g h b o r s  
t h a t  f o r m  a c o n v e x  p o l y h e d r o n  w i t h  22 t h r e e - s i d e d  faces 



836 S H O R T  C O M M U N I C A T I O N S  

Table 3. Interatomic distances in PuaCo. 
The standard deviation of P u - P u  distances is 0.02 

and for Pu-Co distances 0.06/~ 

Pu(1)-2 Pu(1) 3.48 A Pu(2)-2 Pu(1) 3.36 
Pu(1)-4 Pu(2) 3.36 Pu(2)-2 Pu(1) 3.40 
Pu(1)-4 Pu(2) 3.40 Pu(2)-I Pu(1) 3.65 
Pu(1)-2 Pu(2) 3 - 6 5  Pu(2)-I Pu(2) 3.08 
Pu(1)-2 Co 2.80 Pu(2)-2 Pu(2) 3.28 
Pu(1)-I Co 3.29 Pu(2)-2 Pu(2) 3-48 

Pu(2)-i Pu(2) 3.59 
Pu(2)-2 Co 2.69 
Pu(2)-I Co 3.24 

Co-2 Pu(1) 2-80 
Co-1 Pu(1) 3-29 
Co-4 Pu(2) 2"69 
Co-2 Pu(2) 3.24 
Co-2 Co 3"475 

and two four-sided faces. Pu 2 has three Co and eleven Pu 
neighbors tha t  form a convex polyhedron with 16 three- 
sided faces and  4 four-sided faces. The Co a tom has 
nine Pu neighbors, six of which form a trigonal prism and 
three of which are displaced outward from the four-sided 
faces of this prism. This is a common coordination for a 
relatively small a tom surrounded by large atoms. In 

this structure, however, there are two addit ional  Co atoms 
tha t  satisfy the Frank  and Kasper (1958) definit ion of 
neighbor. These Co atoms are displaced by one uni t  cell 
in the x direction and lie outward from the ends of the  
trigonal prism. 

PuaCo is isostructural with the compound A12CuMg 
(Perlitz and Westgren, 1943) and also with ReaB (Arons- 
son, B~ckman and Rundqvis t ,  1960). 

We wish to thank  V. Struebing for preparing and hea t  
t reat ing the alloy. 

References 
ARONSSON, n .  B-i/.CKMAN M. & RUNDQVIST, S. (1960). 

Acta Chem. Scand. 14, 1001. 
ELLIOT, R. O. & L ~ s o ~ ,  A. C. (1957). Unpublished work. 
FORSYTg, J.  B. & WELLS, M. (1959). Acta Cryst. 12, 412. 
FRANK, F .C.  & KASPER, J . S .  (1958). Acta Cryst. l l ,  

184. 
IBERS, J . A .  (1960). Private  Communication. 
PERLITZ, H. & WESTGREN, A. (1943). Ark.  Kemi Min .  

Geol. 16B, No. 13. 
ROOF, R. B., Jr.  (1961). Acta Cryst. 14, 934. 

Acta Cryst. (1963). 16, 836 

Eini~,e  S t r u k t u r d a t e n  z u m  S p i n e l l  7 Z n O .  Sb2Os. Von H. SAALFELD, Lehrstuhl fi~r Strulcturforschung, 
Universitat des Saarlandes, Deutschland 

(Eingegangen am 29. Januar 1963) 

Beim Erhi tzen  yon ZnO und Sb2Oa auf 1300 °C beobach- 
tete  Bayer  (1961) die Bildung eines Spinells der Zusam- 
mensetzung 7ZnO.Sb205 mi t  der Gi t terkonstanten  
a=8 ,585  A. FOr diesen Spinell schlug er die inverse 
Kat ionenvertef lung Zn(Sb0,s~Zn2,aa)O 4 vor, olme sic jedoch 
unter  Beweis zu stellen. Kiirzlich haben Linares & Mills 
(1962) Dars te l lungsmethoden zur Zticht~mg grosset 
ZnSb-Spinelle verSffentlicht. Aus Pulveraufnahmen er- 
mi t te l ten  sie die Git terkonstante  a = 8,594 Jr 0,003/~. 

Die Besch~ftigung mi t  Zn-Spinellen veranlasste den 
Verfasser, die Kat ionenver te i lung des ZnSb-Spinells 
experlmentel l  zu fiberpriifen. Durch 15-stiindiges Erhi tzen 
yon ZnO und  Sb20 a bei 1350 °C wurden gentigend grosse 
Einkristal le erhalten. Guinier-Riickstrahlaufnahmen einer 
Pulverprobe ergaben eine Gi t terkonstante  yon 
a - -8 ,594+0,001  A in sehr guter  Ubere ins t immung mi t  
den bisher ermit te l ten  Werten.  

Es wurden mi t  streng monochromat iseher  Mo-Strahlung 
Weissenbergaufnahmen der Zone [110] hergestellt  und 
die Reflexe einzeln fotometr ier t  und  korrigiert (PL-Fak- 
tor, Absorption). Die erste Fouriersynthese lieferte 
neben der Kat ionenver te i lung den Sauerstoffparameter.  
Mit weiteren Verfeinerungsrechnungen wurde ein R- 
Fak tor  yon 0,10 erreicht. Hierbei  ist ein isotroper Tem- 
peraturfaktor  yon 0,3 beriicksichtigt worden. Es zeigte 
sich ferner, dass die s tarken Reflexe dutch Prim~rextink- 
t ion geschw~cht waren. Ein Vergleich mi t  Pulverauf- 

nahmen  ergab eine Schw~tchung der betroffenen Fo-Werte 
urn etwa 15-20~o. 

Die In tegra t ion der Elek t ronendichten  best~tigte die 
von Bayer  vorgeschlagene Kationenvertei lung.  Die 
Tetraederli icken sind ausnahmslos durch Zn besetzt,  
w~hrend sich die restlichen Zn- sowie die Sb-Atome 
statistisch auf die Oktaederli icken verteilen. 

A bstandsverhgiltnisse: 

Sauerstoffparameter x 0 = 0,239 + 0,001 (Nullpunkt  des 
Gitters im Zen- 
trum) 

0,386 _+ 0,001 (Nullpunkt  in 
43m) 

Zn-O : 2,02 A (4-Koordination) 
Zn-0~  
Sb-OJ : 2,06/~ (6-Koordination) 

Der Deutschen Forschungsgemeinschaft  bin ich fiir die 
Bereitstel lung yon RSntgengerhten sehr zu Dank ver- 
pflichtet. 
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