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T h e  Ba(WC) t y p e  of s t r u c t u r e  was  h i t h e r t o  desc r ibed  in 
two  w a y s :  

e i t he r  D~a, P6/mmm, w i t h  

l W :  in  l a  0 , 0 , 0 .  

1 C  a t  r a n d o m  in 2 d  ½,2 ~,½; ],½,½. 
or D~h, P-6m2, w i t h  

l W :  in l a  0 , 0 , 0 .  

l C :  in l d  ½,~,½. 
o r l f  ~ ½,½ 

T h e  l a t t i ce  cons t an t s  are :  

a = 2 . 9 0 6 5 ,  c = 2 . 8 3 6 6  A (Pearson,  1958) . 

These  a l t e rna t i ve s  can  be  r ead i ly  d i s t ingu i shed  us ing  
the  n e u t r o n - d i f f r a c t i o n  m e t h o d  since t h e  c o h e r e n t  scat-  
t e r ing  a m p l i t u d e  of t h e r m a l  n e u t r o n s  for  c a r b o n  is 
0 .66 .10  -z2 era. as c o m p a r e d  w i t h  0 .47 .10  -12 cm.  for  
t ungs t en .  

T h e  e x p e r i m e n t  was  ca r r ied  o u t  us ing  1.41 /~ n e u t r o n s  
re f lec ted  f rom a n  A1 m o n o c h r o m a t o r  cu t  a long t h e  (100) 
p lane .  T h e  p r o p o r t i o n  of second-o rde r  r ad i a t i on  in t he  
m o n o c h r o m a t i c  b e a m  was  f o u n d  to  be  5O/o . Measure-  
m e n t s  up  to  2 0 - - 8 0  ° we re  m a d e  a u t o m a t i c a l l y  on the  
n e u t r o n  s p e c t r o m e t e r  des igned  b y  Bl inowski  (1958). 
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Fig. 1. Neutron diffraction pat tern of WC. 

Counts  were  t a k e n  each  10' of s ca t t e r ing  angle  in t h e  p e a k  
a rea  a n d  each  30' on t h e  b a c k g r o u n d  line. T h e  c o u n t i n g  
t i m e  was  14 min .  W C  powder ,  2/~ g ra in  size, ana ly t i c a l l y  
a n d  X - r a y  cont ro l led ,  c o n t a i n e d  in an  a l u m i n i u m  t u b e  
15 m m .  in d i a m e t e r  was  used .  A neu t ron -d i f f r ac t i on  
p a t t e r n  of W C  is s h o w n  on Fig .  1. A s u m m a r y  of ob- 
se rved  a n d  ca l cu la t ed  in tens i t ies  is g iven  in Tab le  1. 

Tab le  1. Neutron diffraction data for W C  

Ic Ic 
for space for space 

group group 
hbil Ia P6/mmm P6m2 
0001 1 0.67 0.67 
1010 13 0.79 13-10 
1011 43 28.90 42.70 
1120 16 18-40 18.40 
0002 8 5.88 5.88 
1121 1 0.95 0.95 
2020 4 0.23 3-57 
1012 8 0.45 7-36 
2021 18 13-60 19.25 

T h e  R fac to r  de f ined  as:  

R = Z(Io - Ic)/,F, Io 

is 0.47 for  P6/mmm a n d  0.07 for  P-6m2. This  leaves  no  
d o u b t  t h a t  t h e  space g roup  for  Bh t y p e  of s t r u c t u r e  
shou ld  be  P-6m2 w i t h :  

l W :  in  l a  0 , 0 , 0 .  

1 C: in I f  2 1 ~-, 3, 1 • 

F o r  th is  case t h e  t e m p e r a t u r e  f ac to r  as d e t e r m i n e d  
f rom the  slope of t h e  p lo t  of l o g a r i t h m  of Io/I¢ versus  
sin 2 0/~t 2 is 2B = 2 . 2 2  /~2. 
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Whi l e  a t t e m p t i n g  to  o r i en t a t e  a c leavage  f r a g m e n t  of a 
h igh ly  absorb ing  mine ra l  in an  X - r a y  d i f f rac t ion  camera ,  
we were  faced  w i t h  a smal l  d i f f icu l ty  w h i c h  led to an  
i m p r o v e m e n t  in t h e  t e c h n i q u e  used  for se t t ing  a g iven  
zone axis para l le l  to  t h e  r o t a t i o n  axis of t he  camera .  

T h e  t e c h n i q u e  usua l ly  e m p l o y e d  w h e n  the  zero l aye r  
l ine is recognizable  on the  f i lm a n d  the  m i s o r i e n t a t i o n  
is smal l  is t h a t  of Weisz  & Cole (1948) w h i c h  m a k e s  use 

of a doub le  osci l la t ion (or a doub le  Laue)  p h o t o g r a p h  in 
c o m b i n a t i o n  w i t h  t h e  fo rmulae  of t I e n d e r s h o t  (1937): 

dz = R sin 20 sin i£ 

d .  = R( 1 - cos 20) sin i . ,  (1) 

w h e r e  R is t he  r ad ius  of t h e  cy l indr ica l  c a m e r a ;  i~ a n d  i .  
a re  the  angu l a r  er rors  on t h e  two  arcs  of t h e  g o n i o m e t e r  
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head ,  respectively transverse and parallel to the  X-ray 
beam;  d± and d, are the corresponding displacements of 
a given diffraction spot from the equator  of the film due 
to i± and i , ;  and 0 is the  corresponding Bragg angle. 

On one side of the film the  two displacements add and 
on the  other side they  subtract,  and the  usual procedure 
is based on measurements  made  wi th  two pairs of spots 
having  approximate ly  the  same Bragg angle 0, one pair 
on each side of the film. 

I t  happened  tha t  in our oscillation photographs it was 
impossible to obtain such pairs of spots with approx- 
imately  the same Bragg angle and, furthermore,  in some 
cases useful spots would only appear on one side of the  
film, tha t  is, on one half of the equatorial  layer line. 
The following procedure proved quite successful in over- 
coming this difficulty. 

For  any given spot in the  approximate ly  or ientated zero 
layer line one can write:  

(1 - c o s  20) sin i H _+sin 20 sin i I = D / R ,  (2) 

where D is one half of the  distance between two diffrac- 
t ion spots due to the two successive oscillation (or Laue) 
photographs at 180 ° to each other;  these two spots would 
coincide if there were no set t ing errors. The other  symbols 
have  the  same meaning  as in (1). 

As for every such pair of spots D and 0 can be measured,  
and R is an ins t rumenta l  constant,  one can write as m a n y  
equat ions (2) as pairs of spots are considered, whatever  
their  value of 0 and even in the ex t reme case where they  
are all on one of the two halves of the  zero layer line. 

Two pairs of spots can be used to de termine  the values 
of s i n i ,  and sini±,  but  if more than  two pairs are 
measured a more accurate result can be obtained by a 
least-squares calculation. 

However,  in practice, it  is best to solve the  problem 
graphically. Each equat ion (2) represents a s traight  line 
if sin i H and sin i± are taken  as variables along the co- 
ordinate  axes. These straight  lines can be drawn very 
quickly as their  intersections with the coordinate axes 
can be de termined quite easily. All these straight  lines 
- - t h r e e  or four should be suff ic ient-- intersect  or nearly 
intersect  at  a point  tha t  gives the  values of sin '/H and 
s in  i±. 

To avoid mistakes, one should be very strict  in ob- 
serving certain sign conventions.  These could be for 
instance:  

(a) i I is positive when, looking against  the  direction 
of travel  of the incident  X-ray beam, the  zone axis 
appears to be t i l ted in a positive angle relative to the 
rota t ion axis of the camera, within the  plane perpendic- 
ular to the X-ray beam. 

(b) i H is positive when an observer, placed in such a 
way as to have the  X-ray beam passing in front of h im 
from right to left, sees the zone axis t i l ted in a positive 
angle relative to the camera axis,  within the  plane deter- 
mined  by the lat ter  and the  X-ray beam. 

(c) D is positive or negat ive when the  stronger of the 
two spots tha t  form a pair (corresponding to the longer 
exposure time) is above or below the  equator  of the film, 
respectively. 

(d) I t  follows from (c) tha t  the conventions adopted  
in (a) and (b) apply when the goniometer  of the camera 
is in the position corresponding to the longer exposure, 
and tha t  the corrections have to be referred to this 
position. 

(e) If  the  film is observed looking against  the  direction 
of the  incident  beam, and  the  centre of the  film corre- 
sponds to 0 = 0 °, the  posit ive sign mus t  be used for the  
second te rm of equat ion (2) for spots on the  right, and 
the  negat ive  sign for spots on the  left. 
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(b) 
Fig. 1. (a) Zero layer line for {l = O, i l l  > O; 

(b) Zero layer line for i I > O, ill = O. 

Wi th  these rules in mind,  Fig. 1 shows the  separate 
effects of a positive iu and  a positive i±. All other  cases  
follow easily. In  order to help newcomers to X-ray 
crystal lography in finding the  most  suitable technique 
for set t ing their  crystals for their  particular case, we give 
below a list of references on this subject.  

We are indebted  to Dr hi. Joel  for suggesting the  
me thod  outl ined in this note.  
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