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I 1 /cc 2 c(1 +/c) 1 
f =  8N% (4z~ " +/~2)---------~ + (4/c2z ~ +#~)~ + [z2(1 +/c)2 _ ~ # 2 1 2  " 

(3.1) 

The computed  scat ter ing factors are listed in Table 1. 
On comparison, it is found tha t  the scat ter ing factors 

obtained in this note  are in perfect  agreement  for Li+-C 4+ 
with  the results of Womack  et al., obtained from a much  
more  elaborate calculation. They  differ for H -  and He 
but  the m a x i m u m  deviat ion is 0.0007 electron for both  
the  systems. The present  work indicates tha t  relat ively 
good scat ter ing factors can be obta ined from relat ively 
poor wave functions in support  of Ibers 's  (1959) observa- 
tion. 

The authors  are grateful  to :Prof. A. R.  Verma for his 
interest  in this work.  
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I n t r o d u c t i o n  

The Z phase of N b - R e  is isomorphous wi th  a Mn. I t  is 
cubic, wi th  space group I43m, and the 58 a toms in the 
uni t  cell occupy four crystal lographical ly dist inct  sites. 
Greenfield & Beck (1956) were unable  to conclude from 
their  X- ray  diffraction da ta  whe ther  there is ordering 
among these sites, bu t  Niemiec & Trzebiatowski  (1956) 
found tha t  the intensities of two low-angle powder  
arcs were consistent wi th  an ordered distr ibution.  
A single-crystal invest igat ion was unde r t aken  to obtain 
fur ther  evidence. 

measuremen t  of intensities. After  an exposure t ime of 
190 hours, only 63 (40%) of the  independent  reflexions 
wi th in  the l imiting sphere were recorded,  28 of these 
being so faint  t ha t  their  measu remen t  was considered 
unsat isfactory.  The s t ructure  ref inement  was carried out  
with the remaining 35 reflexions, the intensities of which 
were measurable  wi th  an uncer ta in ty  of less than  15%. 
Corrections for absorption, which were essential, were 
computed  by the me thod  of Rogers & Moffett (1956), 
and these varied by a factor  of three over the range 
within which da ta  were collected. 

E x p e r i m e n t a l  

The specimen had  the composition Nb 25 at. % - R e  75 at.  % 
and had been annealed in an argon arc furnace at  
2200 °C for two hours. 

The large linear absorption coefficient of 1660 cm -1 for 
mo lybdenum radiat ion necessitates the use of a small 
crystal,  and  a f ragment  of cross section 0.01 x 0.04 m m  
was selected. The latt ice pa ramete r  was de te rmined  by 
the me thod  of Fa rquaha r  & Lipson (1946). The value 
obtained (a = 9.692 _+ 0.002 •) was larger than the values 
given by K n a p t o n  (1958) (a=9"683 A) and Niemiec & 
Trzebiatowski  (a=9 .676  A) for an alloy of the same 
composition. To check tha t  the f ragment  was represen- 
tat ive,  the latt ice pa ramete r  was de te rmined  from 
powder  data ,  a 9 cm d iameter  camera  and Cu Ka 
radia t ion being used, and the value obtained was 
9-693_+0.001 A. The calculated densi ty  is 17.2 g.cm-3; 
the measured  densi ty  was 17.6 _+ 0.3 g.cm -3. 

A zero-layer Weissenberg photograph was taken  with  
Me Ka radia t ion with  the use of a multiple-fi lm pack, 
and the spots were in tegrated slightly to facili tate the 

S t r u c t u r e  d e t e r m i n a t i o n  

The four groups of sites in the a Mn s t ructure  are defined 
by five parameters ,  as shown in Table 1. Sites a and c 
have  coordinat ion number  (C.N.) 16, and the D 1 and D 2 
sites have  C.N. 13 and 12 respectively.  

Table 1. Parameters defining sites in the a Mn structure 

Parameters 
Mul- -~ 

tiplieity a Mn Z phase Nb-Re 

2(a) . . . .  
8(c) x----0.317 x=0.314 

24(g) D 1 x--0"356 z----0.042 x--0.360 z=0"040 
D 2 x=0.089 z=0.278 x=0-096 z=0.277 

In  accordance with  the alloy composition, the uni t  
cell contains 14.5 atoms of niobium and 43.5 of rhenium.  
St ructure  factors were first computed  for the arrange- 
ments  A and B of Table 2, the fractional coordinates 
given by Bradley & Thewlis (1927) for a Mn being used;  
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s t r u c t u r e  B, in  w h i c h  t h e  s i tes  w i t h  C.N. 16 are  com-  
p l e t e l y  o c c u p i e d  b y  n i o b i u m ,  g a v e  m u c h  t h e  b e t t e r  
a g r e e m e n t  w i t h  o b s e r v a t i o n .  T h e  s c a t t e r i n g  f ac to r s  u s e d  
were  t h o s e  of T h o m a s  & U m e d a  (1957), a n d  a c o m p l e x  
c o r r e c t i o n  for  d i spe r s ion  was  m a d e  ( D a u b e n  & T e m p l e t o n ,  
1955). 

T h e  c o o r d i n a t e s  of t h e  o r d e r e d  s t r u c t u r e  ]3 w e r e  t h e n  
r e f i ned  b y  d i f f e rence  m e t h o d s .  A n  overa l l  i so t rop ic  
t e m p e r a t u r e  f a c t o r  of  0-25 /~2 was  app l i ed ,  and ,  w i t h  
t h e  f ina l  p a r a m e t e r s  s h o w n  in  T a b l e  1, t h e  R v a l u e  was  
0-13. 

To  d i s cove r  t h e  ef fec t  of v a r y i n g  t h e  deg ree  of o r d e r i n g  
b e t w e e n  t h e  D~ a n d  D 2 si tes ,  c a l cu l a t i ons  w e r e  ca r r i ed  
o u t  w i t h  t h e  o t h e r  a r r a n g e m e n t s  g i v e n  in T a b l e  2. 
T h e  resu l t s  g i v e n  t h e r e  s h o w  t h a t  t h e  r e s idua l  s t e a d i l y  

Tab l e  2. Ordering of sites 

Rat io  of Nb : Re 
Strue- Sites . ^ . 
ture  a and c Site D 1 Site D~ R value 

A 0.24 
B Nb 2.25 : 21-75 2.25 : 21.75 0.13 
C Nb 1.5 : 22.5 3 : 21 0.14 
D Nb 3 : 21 1.5 : 22.5 0-13 
E Nb 3-75 : 20.25 0.75 : 23.25 0.12 
F Nb 4.5 : 19-5 0 : 24 0-12 

Distr ibut ion of Nb and  Re is r a n d o m  in s t ructure  A. 

d i m i n i s h e d  as t h e  n i o b i u m  n o t  a c c o m m o d a t e d  in t h e  
a a n d  c s i tes  was  i nc reas ing ly  c o n c e n t r a t e d  in t h e  D 1 s i te ,  
u n t i l  a m i n i m u m  of 0.12 was  r e a c h e d  w h e n  n i o b i u m  was  
a l m o s t  e n t i r e l y  a b s e n t  f r o m  D 2. W i t h  th i s  s t r u c t u r e ,  
t h e  R v a l u e  c o m p u t e d  o v e r  all  t h e  o b s e r v e d  re f l ex ions  
was  0-22. 

W e  are  g r a t e f u l  to  D r  K n a p t o n  of  A . E . I . ,  A l d e r m a s t o n ,  
for  s u p p l y i n g  t h e  s p e c i m e n s ,  a n d  to  t h e  D e p a r t m e n t  of 
Scient i f ic  a n d  I n d u s t r i a l  R e s e a r c h  for  a g r a n t  for  
e q u i p m e n t .  
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C r y s t a l  d a t a  p r e v i o u s l y  r e p o r t e d  for  1 ,2 -d i ch lo ronaph-  
t h a l e n e  (Tro t t e r ,  1960) a c t u a l l y  c o r r e s p o n d e d  to  t h e  
1 ,3 -de r iva t ive  (Tro t t e r ,  1961). T h e  d a t a  for  t h e  1,2- 
d e r i v a t i v e  h a v e  n o w  b e e n  d e t e r m i n e d  f r o m  p recess ion  
f i lms ;  c rys t a l s  of 1 , 2 - d i c h l o r o n a p h t h a l e n e  are  t h i c k  
colour less  p la tes ,  w i t h  (100) wel l  d e v e l o p e d ,  a n d  sma l l e r  
{011} fo rms .  

Crystal data (A, Mo Ka = 0 . 7 1 0 7 / ~ )  

1 , 2 - D i c h l o r o n a p h t h a l e n e ,  C10I-IsC12; M ,  197.1; m . p . ,  
37 °C. 

Monocl in ic ,  

a = 7.26 + 0-02, b = 8.96 _+ 0.02, c = 13.72 + 0 . 0 3 / k  ; 
f l =  104.2 ° +0 .1% 

V o l u m e  of t h e  u n i t  cell :  865 A ~. 
Dm ( f lo ta t ion  in a q u e o u s  K I ) :  1.51 g . c m  -s, 
Dx (wi th  Z = 4) : 1.51 g . c m  -3. 
A b s e n t  re f lex ions  : hO1 w h e n  l is odd ,  0k0 w h e n  k is odd .  

Space  g r o u p  is P21/c(C~h ). 
N o  f u r t h e r  w o r k  on  th i s  c o m p o u n d  is p l a n n e d .  

T h e  a u t h o r  is i n d e b t e d  to  D r  W o l f g a n g  S t r e h l o w  for  
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s ample ,  a n d  to  t h e  N a t i o n a l  R e s e a r c h  Counc i l  of C a n a d a  
for  f inanc ia l  s u p p o r t .  
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