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I n t r o d u c t i o n  

Of t he  six c o m p o u n d s  r e p o r t e d  in t he  u r a n i u m - r u t h e n i u m  
s y s t e m  (Dwight ,  1961; R o u g h  & Baue r ,  1958) t he  s t ruc-  
t u r e  of on ly  U R u  s is k n o w n  (Heal  & Wil l iams ,  1955). 
I n  o rde r  to inves t iga te  this  s y s t e m  f u r t h e r  a p r e l i m i n a r y  
s t u d y  of U2Ru  was  u n d e r t a k e n .  

E x p e r i m e n t a l  p r o c e d u r e  a n d  r e s u l t s  

A m e l t  con t a in ing  17.5 w t . %  R u  (calc. for U2Ru,  17-52%) 
was  p r epa red ,  p o w d e r e d ,  a n d  t h e n  a n n e a l e d  a t  870 °C., 
for  40 hr .  D e b y e - S c h e r r e r  p h o t o g r a p h s  were  t a k e n  w i t h  
Cu K a  r ad ia t ion .  A t t e m p t s  a t  i ndex ing  these  p a t t e r n s  
were  unsuccessful ,  a l t h o u g h  me ta l l og raph i c  e x a m i n a t i o n  
i nd i ca t ed  t he  or iginal  m e l t  to  be  a single phase .  Single 
c rys t a l  m e t h o d s  were  sugges ted .  

T h e  L a u e  s y m m e t r y  was  f o u n d  to  be C2h. Equi -  

Tab le  1. X-ray  powder data for U2Ru  

Qo hllc Qe A x 104 
0"9048 331 0.9040 8 

{12 ,0 ,3  0"9203 
0-9222 ] 2,0,1 0"9227 
0"9541 024 0"9549 -- 8 

913 0.9879 
0.9888 333 0.9875 
1.0290 315 1.0282 8 
1.0906 624 1.0906 0 
1.1232 315 1.1238 --6 
1.1650 333 1.1650 0 

12,2,0 1.2051 
1.2046 12,2,1 1.2043 
1.2225 333 1.2224 1 
1.2434 624 1.2436 --2 

12,2,1 1.2808 
1.2792 12,2,3 1-2783 
1.2930 12,0,4 1.2927 3 
1.3472 931 1.3476 --4 
1.3568 915 1.3571 --3 
1.4038 15,1,I 1-4038 0 

040 1.4307 
1"433]. 12,2,2 1.4314 

606 1.4429 
1.4681 041 1.4682 -- 1 
1.5000 15,1,1 1.4994 6 
1.5320 933 1.5323 --3 
1.5807 042 1"5806 1 
1"5990 ~ 12,0,4 1.5989 

625 1"5997 
1.6073 15,1,5 1.6077 --4 
1.6430 ~ 640 1.6432 

t 915 1.6442 
{ 12,2,4 1.6511 

1.659]" 12,2,3 1.6569 
15,1,2 1.6597 

641 1.6615 

]. Broad, poorly resolved lines 

Qe = h2a*2 + k~b*2 + l 2c*~" + 2hla*c* cos fl* + D sin 2 20 
D = ( -- 10.2 +- 3-2) x 10 -4 

Wave lengths used: 

Cu K a  1 = 1.54050, Cu/Ca 2 = 1.54434 A .  

in revised form 5 Ju ly  1961) 

inc l ina t ion  Wei s senbe rg  p h o t o g r a p h s  were  t aken ,  us ing  
Cu K a  r ad ia t ion ,  a b o u t  t h e  a axis  a n d  the  b axis.  W i t h  
t h e  a id  of a p p r o x i m a t e  la t t i ce  p a r a m e t e r s  ca l cu la t ed  f rom 
r o t a t i o n  a n d  Weissenberg  pho tog raphs ,  a n d  the  obse rved  
intensi t ies ,  t he  s t ronges t  l ines of the  p o w d e r  p a t t e r n  we re  
indexed .  A sin 2 20 abso rp t ion  cor rec t ion  t e r m  was  in- 
c luded  a n d  the  p a r a m e t e r s  re f ined  and  s t a n d a r d  devia-  
t ions  e s t i m a t e d  b y  l ea s t - squa res .  Ref lec t ions  w i t h  
Q ( = 4 s i n  ~ 0/~ 2) < 0 . 9 ( 0 < 4 7  ° ) were  n o t  used .  A compar -  
ison of obse rved  a n d  ca l cu la t ed  Q va lues  is g iven  in 
Tab le  1. T h e  f inal  l a t t i ce  p a r a m e t e r s ,  w i t h  the i r  s t a n d a r d  
dev ia t ions  a re :  

a -- 13.106 +- 0.0014, b -- 3-343 _+ 0.0002, 

e = 5 . 2 0 2  +_0.0009 A;  f l = 9 6  ° 9.6' +2 .8 ' .  

T h e  ca l cu la t ed  dens i t y  for  Z = 4  is 16.92 g .cm.  -s 
(observed,  17.00 g .cm.-a) .  

I n  v iew of t h e  h igh  abso rp t ion  of U 2 R u  a n d  t h e  
i r regu la r  shape  of t he  c rys ta l  used  for  t he  Weis senbe rg  
p h o t o g r a p h s  ( the  bes t  c rys t a l  f ound  was  0.5 x0 .2  x0 .1  
ram.  in size) i t  is p robab l e  t h a t  t he  obse rved  in tens i t ies  
do n o t  possess a h igh  degree  of accu racy .  I n  cons ide ra t ion  
of this  u n c e r t a i n t y  in t he  in tens i t ies  i t  was  dec ided  to  go 
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Fig. 1. (a) HOL Harker  section. (b) H½L t t a rker  section. 



1302 S H O R T  C O M M U N I C A T I O N S  

through  only the  pre l iminary  stages of a s t ruc ture  deter- 
mina t ion  in order to arrive a t  an approximate  s tructure,  
and  not  to perform a complete s t ructure  determinat ion.  

I f  this s t ructure  contains mirror  planes then  packing 
a rguments  dic ta te  tha t  all a toms mus t  lie in these mirror  
planes. (The metall ic  radii, for coordinat ion number  8 
(Pauling, 1947), are:  U, 1.463 A; Ru,  1.283 A). This is 
consistent wi th  the observation, from the Weissenberg 
photographs,  t ha t  the hO1 layer  is identical  in appearance 
to the  h21 layer bu t  no t  to the hl l  layer. If  the space 
group is assumed to be cent rosymmetr ic  then  it mus t  be 
ei ther  P2/m,  with  both mirror  planes having the  same 
atomic composit ion (since 2'(0k0) was observed = 0, for 
k odd), or P21/m. 

HOL and H½L Harke r  sections were calculated using 
an IBM 650 compute r  and  are shown in Fig. l(a) and (b). 
(In bo th  Figs. contours are d rawn at  the same equal 
a rb i t ra ry  intervals.  Negat ive  contours are omitted.)  
A possible solution can be obta ined by  placing (un- 
identified) a toms a t  roughly  

+1 (x, y, z; x, y ~, z +½) + ((n/3), 0, 0; (2n + 1)/(6), 0, ½), 
n = 0, 1, 2 .  

This a r rangement  of a toms m a y  be placed into P2/m by 
pu t t ing  a 2-fold axis at  x = 0, z = 0 or x = ~1~, z = ¼, or into 
P21/m by pu t t ing  a 2-fold screw axis a t  x = ~ ,  z = 0 or 
x = ~, z = ~;. These four cases are exhaustive.  I n  order  to 
locate the atoms of U and  R u  s t ructure  factors (trig- 
onometr ic  par t  only) were calculated for all possible 
ordered arrangements ,  consistent wi th  the symmet ry ,  

C C ~ 

b 
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Fig. 2. Suggested atomic packing in U~.Ru. (The size of the 
circles represents relative distance from the observer.) 

for each case, and  compared  qual i ta t ively  wi th  the  
observed data.  

The atomic assignments shown in Fig.  2 give the  best  
agreement  between the calculated and observed s t ruc ture  
factors (Table 2). This configurat ion can be placed into 
P2/m by placing the origin at  x = y = z = O  (axes abc) or 
into P21/m by placing the origin at  x = ~ ,  y =  -¼,  z = 0  
(axes a'b'c'). However ,  the  above s t ructure  is only 
approximate  as suggested by the Ha rke r  sections and as 
evidenced by  the fact t ha t  the given atomic positions 
lead to a calculated intensi ty  of zero for reflections wi th  

Table 2. Qualitative comparison of observed and 
calculated structure factors 

Class of reflections IFo] ]FcF 
Ok0 kod d 0 0 

keven vs 912 

hkl (h + k)odd vw 0 

h----6n, /even vs 912 
]Ceven h----6n, /odd m 192 

h----6n +_2 w 96 

{ h~6nq-3,  /even m 192 
/Coda h----6n+ 3, loda vs 912 

h-~6n +_ 1 w 96 

h + k  = 2n + 1 whereas a few are observed as very  weak 
reflections. 

The s t ruc ture  m a y  be considered to consist of ap- 
proximate  layers of a toms parallel to (001). Al te rna te  
layers contain only U atoms wi th  the in te rmedia te  
layers having the a tomic composit ion ~1 U, ~-Ru. 

The au thor  wishes to t h a n k  Dr  M . V .  Nev i t t  for 
proposing the problem, Mr R.  A. Conner for assistance 
in prepar ing the samples, Mr A. P. Baudino for prepar ing 
the il lustrations and  Dr  M. H.  Mueller for assistance 
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Methods of X- ray  crysta l lography provide a suitable 
means  of obtaining informat ion about  the internal  
s t ruc ture  of grains in photographic  emulsions (Herz, 
1960). I n  part icular ,  the  measurement  of line broadening 

* Communication Number 2202H from Kodak Research 
Laboratories. 

can give information about  the presence of small crystal- 
lites and latt ice distort ion (Waidelich, 1958). We repor t  
here the outcome of some prel iminary investigations into 
this problem. 

The unambiguous  in terpre ta t ion  of measurements  of 
line broadening is difficult, especially when  both distor- 
t ion and size effects are present  together.  This was shown 


