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T h e  T h - P d  b i n a r y  s y s t e m  h a s  b e e n  i n v e s t i g a t e d  r e c e n t l y  
( T h o m s o n ,  1963a)  a n d  m e n t i o n  w a s  m a d e  of  a n  in t e r -  
m e t a l l i c  c o m p o u n d  w h i c h  w a s  o b s e r v e d  a t  a p p r o x i m a t e l y  
50 a t . %  p a l l a d i u m .  T h e  c r y s t a l  s t r u c t u r e  of  th i s  c o m -  
p o u n d  is t h e  s u b j e c t  of  t h e  p r e s e n t  p a p e r .  

T h e  a l l o y  s a m p l e s  w e r e  p r e p a r e d  as  1-g b u t t o n s  b y  
a r e - m e l t i n g  t h e  c o m p o n e n t  m e t a l s  in a z i r c o n i u m - g e t t e r e d  
a r g o n  a t m o s p h e r e .  T h e s e  a l l o y s  w e r e  b r i t t l e  a n d  p o w d e r s  
fo r  X - r a y  s t u d i e s  w e r e  p r e p a r e d  b y  c r u s h i n g  u n d e r  
c a r b o n  t e t r a c h l o r i d e .  X - r a y  p o w d e r  p a t t e r n s  w e r e  
o b t a i n e d  w i t h  a G u i n i e r - t y p e  f o c u s i n g  c a m e r a ,  c o p p e r  
r a d i a t i o n  a n d  a q u a r t z  m o n o c h r o m a t o r  (4 Ka t = 1.54050 A) 
b e i n g  u s e d ,  a n d  t h e  l ine i n t e n s i t i e s  w e r e  e s t i m a t e d  
v i s u a l l y .  

T a b l e  1. Crystallographic data for T h P d  

hkl sin s 0 (obs) sin s 0 (calc) I (obs) I (calc) 

101 - -  0.0286 - -  3 
200 0.0454 { 0"0452 w { 33 
011 0.0457 236 
111 0.0568 0.0570 s 1000 
201 0.0627 0.0625 vw 224 
002 - -  0.0692 - -  < 1 
210 0-0733 0.0736 s 983 
102 0.0806 0.0805 s 948 
211 0-0908 0.0909 s 944 
112 0.1089 0-1089 s 970 
020 0"1139 0.1136 m 642 
202 - -  0.1144 - -  .1 
301 0.1185 0.1189 m 512 
121 - -  0-1422 - -  < I 
212 - -  0.1428 - -  < 1 
311 - -  0.1473 - -  99 
220 - -  0.1588 - -  16 
103 - -  0.1670 - -  1 
302 - -  0.1708 - -  < 1 
221 - -  0.1761 - -  109 
400 - -  0.1806 • - -  3 
022 - -  0.1828 - -  < 1 
013 - -  0.1841 - -  52 
122 0.1942 0.1941 m 520 
113 - -  0.1954 - -  163 
401 0.1976 0.1979 vw 216 
312 - -  0-1992 - -  172 
203 - -  0.2009 - -  49 
410 - -  0.2090 - -  106 
411 - -  0.2263 - -  55 

222 - -  0 . 2 2 8 0  - -  < 1 

213 0-2297 0-2293 vw 201 
321 0"2326 0"2325 w 343 
402 - -  0.2498 - -  < 1 
303 - -  0.2573 - -  147 
031 - -  0.2729 - -  22 
004 - -  0.2768 - -  151 
412 - -  0.2782 - -  < 1 
123 - -  0.2806 - -  < 1 
131 0.2841 { 0 . 2 8 4 2  { 9 6  
322 0.2844 tno 215 

s = s t r o n g ,  m = m e d i u m ,  w = w e a k ,  v w = v e r y  weak.  

* Fo rmer ly  J .  R.  Murray .  

T h e  p o w d e r  p h o t o g r a p h s  of  s a m p l e s  w h o s e  c o m p o s i t i o n  
w a s  c lose  to  50 a t . %  p a l l a d i u m  c o u l d  b e  i n d e x e d  on  t h e  
bas i s  of  a n  o r t h o r h o m b i e  l a t t i c e  w i t h  a=7.249 + 0 . 0 0 5 ,  
b = 4 . 5 7 1 + 0 . 0 0 3 ,  c = 5 . 8 5 6 + 0 . 0 0 4  A, a n d  o b s e r v e d  a n d  
c a l c u l a t e d  v a l u e s  of  sin ~ 0 a r e  g i v e n  in T a b l e  1. T h e  
s y s t e m a t i c  e x t i n c t i o n s  a n d  l a t t i c e  p a r a m e t e r s  s u g g e s t e d  
t h a t  T h P d  m i g h t  b e  i s o s t r u c t u r a l  w i t h  T h S i  ( J a e o b s o n ,  
F r e e m a n ,  T h a r p  & S e a r c y ,  1956) w i t h  t h e  F e B  s t r u c t u r e  
(B27) ,  s p a c e  g r o u p  Pnma (D~). T h i s  s t r u c t u r e  r e q u i r e s  
f o u r  f o r m u l a  u n i t s  p e r  u n i t  cell  g i v i n g  a c a l c u l a t e d  
d e n s i t y  of  11.60 g . c m  -a. T h e  d e n s i t y  w a s  n o t  m e a s u r e d  
e x p e r i m e n t a l l y .  

T h e  a t o m i c  p o s i t i o n s  for  th i s  s t r u c t u r e  are"  
_ 

4 Th in +(XTh, k, ZTh)+__(l--{-XTh, I' ½--ZTh) 
• 4Pd in Jr(Xpd, 4 l,zPd)_+(½WxPd,41,½-zPd) 

and trial atomic parameters, based on those of ThSi, of 
XTh=0.18, ZTh=0"125, XPd=0"03, Zpd=0"61 gave a fairly 
good fit to the observed intensities. These atomic 
p a r a m e t e r s  w e r e  r e f i n e d  w i t h  t h e  A . E . R . E .  F e r r a n t i  
' M e r c u r y '  c o m p u t e r  a n d  s t r u c t u r e  f a c t o r s  w e r e  c o m p u t e d  
for  a ser ies  of  t r i a l  s t r u c t u r e s .  A t o m i c  p a r a m e t e r s  of  

XTh = 0"180 _+ 0"002, ZTh = 0"124 --+_ 0"002, 

xed = 0"030 + 0-0025, Z p d  : 0-630 _+ 0 .0025 

g a v e  t h e  b e s t  a g r e e m e n t  b e t w e e n  o b s e r v e d  a n d  c a l c u l a t e d  
i n t e n s i t i e s  w h i c h  a r e  s h o w n  in T a b l e  1. I s o t y p e s  of  
T h P d  t h e r e f o r e  i n c l u d e  ThS i ,  ZrSi ,  F e B  ( P e a r s o n ,  1958) 
a n d  G d P t  ( B a e n z i g e r  & M o r i a r t y ,  1961).  

W i t h  t h e  a b o v e  a t o m i c  p o s i t i o n s  t h e  f o l l o w i n g  in t e r -  
a t o m i c  d i s t a n c e s  w e r e  o b t a i n e d :  

T h - 1  P d  2-94 A P d - 2  P d  2 . 7 8 / ~  
1 P d  3-09 1 T h  2.94 
4 P d  3-10 1 T h  3.09 
1 P d  3-16 4 T h  3.10 
2 T h  3.76 1 T h  3.16 
4 T h  3.85 
2 T h  3.91 
2 T h  4-57 

T h e  t o t a l  c o o r d i n a t i o n  a r o u n d  t h e  t h o r i u m  a n d  p a l l a d i u m  
a t o m s  of  17 a n d  9 r e s p e c t i v e l y  is t h e  s a m e  as  t h a t  a r o u n d  
t h e  t h o r i u m  a n d  X a t o m s  in t h e  six T h X  c o m p o u n d s  
of  t h e  C r B  t y p e  ( T h o m s o n ,  1962) a l t h o u g h  t h e  d e t a i l e d  

a r r a n g e m e n t s  d i f f e r  in  t h e  t w o  s t r u c t u r e s .  I n  both, 
t h e  n o n - t h o r i t t m  a t o m s  f o r m  z igzag  c h a i n s  t h r o u g h  t h e  
l a t t i c e  a n d  t h e  s h o r t e s t  T h - X  d i s t a n c e s  s h o w  a d e c r e a s e  
of  a b o u t  7 % c o m p a r e d  w i t h  t h o s e  o b t a i n e d  b y  a d d i t i o n  
of  P a u l i n g ' s  v a l u e s  fo r  t h e  a t o m i c  rad i i  fo r  C .N.  12 
(Pau l i ng ,  1956). T h e  d e c r e a s e d  T h - X  d i s t a n c e s  s u g g e s t  
t h a t  t h e r e  m i g h t  b e  a p p r e c i a b l e  T h - X  i n t e r a c t i o n  in 
b o t h  t y p e s  of  c o m p o u n d .  I n  a r e c e n t  d i s c u s s i o n  of  t h e  
i n t e r a t o m i c  d i s t a n c e s  in s e v e r a l  o t h e r  c o m p o u n d s  f o r m e d  
b e t w e e n  t h o r i u m  a n d  p a l l a d i u m  ( T h o m s o n ,  1963b) i t  
w a s  p o i n t e d  o u t  t h a t  t h e  c loses t  T h - P d  d i s t a n c e  t e n d s  
to  increa~e w i t h  i n c r e a s i n g  t h o r i u m  c o m p o s i t i o n  a n d  th i s  
t r e n d  is c o n t i n u e d  in T h P d .  
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Aronsson (1961) no ted  tha t  the  occurrence of the 
FeB structure usually depends on a favourable radius 
ratio rx/rM~_0"7 and the  ratio rpd/rTh=0"77 is in 
general agreement  with this observation. I t  is of interest  
to note  tha t  in several systems where compounds of the 
FeB type occur, compounds of the  CuA12 (C16) type 
have also been observed, e.g. Hf-Si,  Zr-Si, Mn-B,  Co-B 
and Th-Pd .  

The author  would like to t hank  Mr N. Curry of 
A.E.R.E.  Harwell,  whose cooperation made  it possible 
to refine the atomic parameters.  Grateful acknowledge- 
men t  is also made  to Prof. J.  G. Ball under  whose super- 
vision this work was carried out and to the  A.E.R.E.  
for financial support.  
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An investigation of the  s t ront ium-zinc  system (Bergman 
& Shlichta, to be published) disclosed a phase, in slowly 
cooled alloys of 40 to 60% wt. zinc, characterized by 
prismatic crystals embedded  in a eutectic matr ix.  
Both  crystals and matr ix  had  to be stored under  hexane 
to prevent  reaction with air. 

A chemical analysis of 50 mg of crystals, selected from 
an alloy containing 40 % wt. zinc, indicated a composit ion 
of 55-6% wt. zinc. An alloy of 55% wt. zinc gave an 
X-ray powder pa t te rn  almost  identical with tha t  of the 
pulverized crystals; the densi ty of this sample was 
4.71 g.cm -a. 

Laue photographs from a single crystal, 0.2 m m  long, 
indicated or thorhombic symmetry .  The unit-cell edges, 
as de termined by rotat ion and Weissenberg photographs,  
were a=4-78  A, and b~_c=7"80 J[. The refined values, 
obtained from extreme high-angle reflections recorded 
on films asymmetr ical ly  mounted  in a precision rotat ion 
camera, were 

a=4 .779±0 .002 ,  b=7.795±0-001,  c=7 .820±0 .001  A; 

the precision was es t imated from the differences between 
the C u K ~  1 (A= 1.5405 /~) and C u K a  2 (4=1"5443 A) 
reflections. All of the 180 Weissenberg reflections 
observed on the layers h--0 ,  1, 2, 3, and 4 were of the 
kind h + k + l = 2n and h = 2n,/c = 2n, 1 = 0. These indicated 
a body-centered uni t  cell with a glide plane perpendicular  

* Present address: National Engineering Science Company, 
Pasadena, California. 
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Institute of Technology, Pasadena, California. The work 
reported herein constitutes a portion of a thesis submitted 
in partial fulfillment of the requirements for the degree of 
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to the c axis. Hence,  the probable space groups were 
(C~v) both  having a min imum Imma (D~) and lm2a 32 

multipl ici ty of four. 
The measured density,  chemical analysis, and unit-cell 

volume correspond to a uni t  cell content  of Sr4.14Zn~.00, 
but,  because of the fourfold multiplicity,  the only per- 
missible uni t  cell content  for an ordered structure is 
Sr4Zns; i.e. 59"8% wt. zinc with @=4.98 g.cm -3. 

Layer  lines with a l ternate  values of h had  closely 
similar intensi ty  distributions, indicating tha t  the 
structure consisted of planar layers, perpendicular  to 
the a axis, wi th  a spacing of a/2. The only permissible 
positions for the four s t ront ium atoms, compatible with 
their  large size and the layering and symmet ry  require- 

(D2h), namely  (0, 0, 0; ½, ½, ½) + ments,  are 4(e) of Imma 2s 
0, ¼, z; 0, ~, 5, where z <0.10. This a r rangement  leaves 
holes appropriate for the accommodat ion  of eight zinc 
atoms at  8(h): (0, 0, 0; ½, ½, ½) +0,  y, z; 0, ~, ~; 0, (½ +y),  ~; 
0, (½-y ) , z ,  where y > 0 . 9 0  and z_~0-33. Equal izat ion 
of the Sr-Sr and of the Zn-Zn contact  distances yields 
z=0.051 for Sr and y=0 .95 ,  z=0-325 for Zn. Trial and 
error adjus tment ,  to obtain the best  qual i tat ive agree- 
m e n t  with the 0k0 and 00l reflections, resulted in 
z=0.049 for Sr and y--0.941, z=0.338 for Zn. The 
intensities calculated from these parameters  gave good 

4 Sr in 4(e) 

8 Zn in 8(h) 

Table 1. Refinement of parameters 

Trial 
and error 

x 0 
Y 
z 0.049 

x 0 
y 0.941 
z 0"338 

By 0.238 
Bz 
R 23-1% 

Least squares 
1st 2nd 

0 0 
¼ ¼ 

0.051 0.052 

0 0 
0.939 0.939 
0-335 0.335 

1.086 0.006 
1.019 

17.9% 17-6% 
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