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During the course of a s tudy of the system Pd-Hg ,  the 
randomly  subst i tuted solid solution of mercury in palla- 
d ium was examined.  The early observation of Berzelius 
(1813) tha t  the last traces of mercury are quite difficult 
to expel from pal ladium amalgam suggests a solid solu- 
tion. In  the range from zero to 13"8 at .%, mercury dis. 
solves in palladium, with an expansion of the  pal ladium 
lattice. Values of the  lattice parameter  were calculated 
from backreflection lines showing resolved CuKa doublets 
(2~1 = 1.5405 A, 2a2 = 1-5443 A) using a Nor th  American 
Phillips camera wi th  a nominal  radius of 5.73 cm. The 
film was moun ted  in the  unsymmetr ica l  or Straumanis 
position so tha t  the effective radius could be de termined 
for each pat tern.  The values of the uni t  cell parameter ,  
a 0, are given in Table 1. 

Table 1. Cell edge versus atomic percentage of palladium 
in palladium amalgam 

Index 100.0 at.% Pd 93.8 at.% Pd 87.6 at.% Pd 

hkl a o a o a o 
400 3.884/~ 3.907 A 3.942/~ 
331 3.888 3.909 3.943 
420 3.888 3.909 3.945 

Average 3"887/~ 3.908/I~ 3.943/~ 

Standard deviation 0.001 /~ 

Carefully purified pal ladium (Terada, 1961; Terada & 
Cagle, 1960) and triply-distil led mercury were heated in 
sealed, evacuated,  Pyrex tubes to prepare the samples. 
The value of a 0 observed for the purified palladium, 
3.887 A, is in agreement  with the value 3.8898 J~ reported 
by Swanson & Tatge (1953). The data  of Table 1 may  
be represented analytically by the equat ion 

zld =2.16 x 10-3m + 1.93 × 10-am2( _+0.002 .,'~) 

in which Ad is the  increase in lattice parameter  in /~ 
over tha t  for pure pal ladium and m is the  atomic per- 
centage of mercury in the sample. 

At  concentrat ions above 13.8 a t .% of mercury a phase 
P d t t g  which is body-centered tetragonal  (AuCu type, L10) 
with cell parameters  a 0 =3.026 /~, c o = 3.702 /~ for stoi- 
chiometrie composit ion was obtained.  This was first 
observed by Bi t tner  & Nowotny  (1952). I t  is, however,  
identical with  the  mineral  potarite,  discussed in detail  
elsewhere (Terada, 1960; Terada & Cagle, 1960), which 
had  been previously described as apparent ly  isometric 
(Palache, Berman  & Frondel,  1944). 
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In  a recent  paper Kar tha  & A_hmed (1960) have shown 
tha t  in structure-factor calculations an a tom with  aniso- 
tropic thermal  m o v e m e n t  may  be represented by four 
a toms of ¼ weight each if the anisotropy is not  too large. 
For  two dimensions, or when the vibrat ion ellipsoid is 
an ellipsoid of revolut ion about  the major  axis, the 
anisotropically vibrat ing a tom need only be split into 
two atoms of ½ weight  each. For  the two-dimensional  

__ 2 case wi th  zlB < 1 A the discrepancy between the 'correct '  
exponent ial  representat ion of the tempera ture  factor and 
the  suggested approximat ion was s ta ted to be less than  
2 % within the l imiting sphere for Cu Ka radiation.  This 
discrepancy, however,  increases for increasing values of 
AB, and soon becomes quite appreciable. 

During a recent three-dimensional  ref inement  of the 

crystal s tructure of (PNC12)4 (Ketelaar & De Vries, 1939), 
it  appeared tha t  for some atoms AB values considerably 
larger than  1 A 2 had  to be applied. As only a machine  
programme for structure-factor calculations with isotropic 
thermal  parameters  was available, we invest igated in 
which way K. & A.'s me thod  could be extended.  We 
found tha t  for atoms with AB < 1.3 /~2 it could be used 
satisfactorily in a slightly modified form. The anisotrop- 
ically vibrat ing atoms with larger values of zJB had,  
however,  each to be split into more than  four fractional 
parts. 

This lat ter  extension of K. & A.'s method,  by which 
many  'atoms'  become involvcd in the  structure-factor 
calculation, is ra ther  laborious. In  general it is advan-  
tageous only if no structure-factor p rogramme is available 
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w h i c h  can  dea l  in  t h e  c o n v e n t i o n a l  w a y  w i t h  a n i s o t r o p -  
ical ly  v i b r a t i n g  a t o m s ;  or  for  a c rys t a l  s t r u c t u r e  for  w h i c h  
a n  an i so t rop i c  c a l cu l a t i on  is r e q u i r e d  for  one  or  two  a t o m s  
only .  

I n  t h e  fo l lowing  d i scuss ion  of t h e  m o d i f i c a t i o n  a n d  t h e  
e x t e n s i o n  of K .  & A. ' s  m e t h o d ,  t h e  s y m b o l s  f r o m  the i r  
p a p e r  a re  used .  Th i s  d i scuss ion  is g i v e n  for  t w o - d i m e n -  
s ions  f irst .  

I n  t h e  case of t w o  f r ac t i ona l  a t o m s ,  t h e  d i s t a n c e  Ax 
of t h e  f r ac t i ona l  a t o m s  f r o m  t h e  a t o m i c  cen t re ,  for  w h i c h  
t h e  b e s t  f i t  to  t h e  e x p o n e n t i a l  f o r m  of t h e  t e m p e r a t u r e  
f a c t o r  cou ld  be  o b t a i n e d ,  was  d e t e r m i n e d  b y  tr ial .  W i t h  

Ax=O.1130(ABx)l/2-O.OO69(ABx) a/~ A (1) 

t h e  a g r e e m e n t  b e t w e e n  t h e  t e m p e r a t u r e  f a c t o r  a n d  i ts  
a p p r o x i m a t e d  f o r m  was  b e t t e r  t h a n  2% for  ABx <_ 1-3/~2 
a n d  ~ < 1.3 A -I  (cut-off  for  Cu K a  r ad i a t ion ) .  As a l r e a d y  
s t a t e d  a b o v e  in K .  & A. ' s  a p p r o x i m a t i o n  w i t h  

Ax = O. 108( zJ Bx) 1/2 

d e v i a t i o n s  of 2 %  occur  for  ABx= 1.0/~2. 
I f  t h r e e  f r ac t i ona l  a t o m s  are  used ,  t w o  p a r a m e t e r s  

m u s t  be  chosen .  L e t  t h e  f r ac t i ons  be  ( 1 - 2 p )  a t  (0, 0) 
a n d  p a t  ( _+ Ax, 0). I n  t h e  ' co r rec t '  f o r m  for  t h e  s c a t t e r i n g  
in t h e  ~ d i r e c t i o n  in r ec ip roca l  space,  

f (~)  =f0(~) exp  ( - B ~ / 4 )  exp  ( -ABx~2 /4 )  , 

t h e  f a c t o r  
f~ (~) = exp  ( -- ABz~'/4) 

is t h u s  s u b s t i t u t e d  b y  a f a c t o r  

fs  (~) = 1 - 2p + 2p cos 2 ~ d x .  

F o r  1-4 < ABz <_ 5 . 0 / ~  t h e  b e s t  a g r e e m e n t  b e t w e e n  
t h e s e  two  f ac to r s  was  o b t a i n e d  if Ax a n d  p o b e y e d  t h e  
fo l lowing  exp re s s ions :  

dx  = 0-0153 + O.1744(ABx) ~/~ ~ (2) 
a n d  

p = [0"1923(ABx) -~/~ +2-1916]  -~. (3) 

T h e  va lues  for  Ax a n d  p c a l c u l a t e d  f r o m  (2) a n d  (3) 
a re  l i s t ed  in T a b l e  1 for  A B z =  1.4 (0 .2 )5 .0  A ~. 

Tab l e  1. Values of zlx and p for AB = 1 . 4 ( 0 . 2 ) 5 . 0 / ~  

~Bx Ax p ABx Ax p 
1-4 ~2 0"2217 A 0"1804 3"2A 2 0"3273 A 0"1892 
1"6 0"2359 0"1821 3"4 0"3369 0"1897 
1-8 0"2493 0"1834 3"6 0"3462 0"1902 
2"0 0"2619 0"1846 3"8 0"3553 0"1906 
2-2 0"2740 0"1856 4"0 0"3641 0"1911 
2.4 0.2855 0.1865 4-2 0.3727 0.1915 
2.6 0-2965 0.1873 4.4 0.3811 0.1918 
2"8 0"3071 0'1880 4'6 0'3894 0'1921 
3.0 0-3174 0.1886 4.8 0.3974 0-1925 

5.0 0.4053 0.1928 

B y  u s i n g  t he se  va lues ,  t h e  a p p r o x i m a t i o n  of ft(~), 
w i t h i n  t h e  l i m i t i n g  s p h e r e  for  Cu  K a  r a d i a t i o n ,  is b e t t e r  
t h a n  2% for  va lue s  of ABx u p  to  2 - 4 / ~ .  F o r  ABx va lues  
b e t w e e n  2.5 a n d  5.0 ~ ,  t h e  d i s c r e p a n c y  b e t w e e n  ft(~) 
a n d f s ( ~ )  r e m a i n s  sma l l e r  t h a n  2% for  t h e  $ va lues  be low 

~max. = 1"48 - 0"30(ABx - 2-0) 1/~"/~-I, i.e. 

S m a x . = l ' 2 7 / ~ - I  for  A B x = 2 . 5 A  2 a n d  S m a x . = 0 " 9 6 A - 1  
for  ABx = 5 . 0  / ~ .  F o r  $ >$max. t h e  d i s c r e p a n c y  b e t w e e n  
f t  (~) a n d  fs ($) increases  v e r y  r a p i d l y  a n d  fs ($) s h o u l d  n o  
longer  be  u s e d  as a n  a p p r o x i m a t i o n  for  f t  ($). 

T h e  gene ra l  t r e n d  of fs (~) in  c o m p a r i s o n  w i t h  f t  ($) is 
s h o w n  in T a b l e  2, in w h i c h  t he se  f u n c t i o n s  a re  com-  
p a r e d  for  ABz = 3 - 0 / ~ .  

Tab l e  2. Comparison of f t  (~) and fs (~) for ABx = 3.0 A s 

ft(~) A(~) ~ ft(~) A(~) 
0.0 A -I 1.000 1.000 0.7 A -1 0.693 0.689 
0.1 0-993 0.993 0-8 0-619 0.614 
0-2 0.970 0-970 0.9 0.545 0-539 
0.3 0.935 0.935 1.0 0.472 0-468 
0.4 0.887 0.886 1-1 0-404 0.403 
0.5 0.829 0.828 1.2 0-340 0.346 
0.6 0.763 0.761 1.3 0.282 0.301 

F o r  genera l  a n i s o t r o p y ,  K .  & A. s u g g e s t e d  t h a t  t h e  
sma l l e s t  of Bx, By, Bz, say  Bx, be  t a k e n  as  i so t rop ic  
t e m p e r a t u r e  f a c t o r  B,  a n d  t h a t  t h e  a n i s o t r o p i c a l l y  
v i b r a t i n g  a t o m  be  r e p l a c e d  b y  fou r  a t o m s  of ¼ w e i g h t  
each  a t  (0, +_Ay, +_Az). As for  t w o  d i m e n s i o n s ,  t h i s  
a p p r o x i m a t i o n  is g o o d  as long  as ABy a n d  ABz do  n o t  
exceed  a v a l u e  of 1.3 / ~  w h e n  t h e  s e p a r a t i o n s  of t h e  
f r ac t i ona l  a t o m s  are  aga in  c a l c u l a t e d  a c c o r d i n g  to  (1). 
F o r  h i g h e r  an i so t rop ies ,  h o w e v e r ,  t h e  a t o m  s h o u l d  be  
sp l i t  i n to  m o r e  t h a n  f o u r  pa r t s .  I f  e.g. Bz > By, t h e  a t o m  
s h o u l d  f i rs t  be  r ep l aced  b y  t h r e e  f r ac t iona l  a t o m s  in t h e  
z d i r ec t ion ,  in  t h e  s a m e  w a y  as for  two  d i m e n s i o n s .  T h e n  
each  of t hese  p a r t s  in i ts  t u r n  s h o u l d  be  sp l i t  i n to  t w o  
or  t h r e e  p a r t s  d e p e n d e n t  on  t h e  v a l u e  of ABy. A p r a c t i c a l  
e x a m p l e  for  ABz = 3.0 /~2, ABy =2.0 A ~, is s h o w n  in t h e  
s c h e m e  below,  in  w h i c h  Az = 0 . 3 1 7 4 / ~  a n d  Ay =0-2619  A.  

z 
t 

+ ........................ + ........................ + 

0.0348 0.1190 0.0348 

Az 

Ay 

0.1150 0-3928 0-1150 

Split t ing 
i n z  

direction 

0.1;386 

-->y 

0-6228 

+ ........................ + ........................ + 

0.0348 0.1190 0.0348 0.1886 

Split t ing I -I- I 
in Y 0.1846 0.6308 0-1846 

direction 
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