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T h e  c r y s t a l  s t r u c t u r e  o f  T h P t  a n d  s o m e  r e l a t e d  c o m p o u n d s .  B y  JEAN R.  THOMSON,* D e p a r t m e n t  

o f  M e t a l l u r g y ,  I m p e r i a l  College o f  S c i e n c e  a n  T e c h n o l o g y ,  L o n d o n ,  S.  IV. 7, E n g l a n d .  

(Rece i ved  28 J u n e  1962) 

A n  i n v e s t i g a t i o n  of  t h e  c o n s t i t u t i o n  of  a l l oys  of  t h o r i u m  
a n d  t h e  p l a t i n u m  m e t a l s  is in p r o g r e s s  a n d  t h e  c r y s t a l  
s t r u c t u r e s  of  f ive  i n t e r m e t a l l i c  c o m p o u n d s  of  t h e  t y p e  
T h T X  a h a v e  b e e n  r e p o r t e d  ( T h o m s o n ,  1961) t h e  s t r u c t u r e  
of  ThTRh~ h a s  s ince  b e e n  c o n f i r m e d  b y  F e r r o  & R a m b a l d i  
(1961).  T h e  s t r u c t u r e s  of  T h R u  a n d  T h I r  w e r e  r e c e n t l y  
r e p o r t e d  b r i e f l y  ( T h o m s o n ,  1962) a n d  t h e  s t r u c t u r e s  of  
T h P t  a n d  T h R h  a r e  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  w e r e  p r e p a r e d  as  one  g. b u t t o n s  b y  arc-  
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 .  Al l  s a m p l e 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  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  in  a i r ;  

T a b l e  1. C r y s t a l l o g r a p h i c  d a t a  f o r  T h P t  

sin 2 0 sin z 0 I I 
hkl  (obs.) (ealc.) (obs.) (cale.) 

020 0.0193 0.0193 vvw 24 
1 1 0  - -  0-0438 - -  5 
021 0.0492 0"0492 vvw 21 
l l l  0"0736 0.0737 vs 1000 
040 0.0769 0.0771 m s  340 
130 0-0823 0.0824 mw 168 
041 0.1068 0.1070 m w  205 
131 0-1122 0.1123 s 644 
002 0.1196 0.1196 m 295 
022 - -  0.1389 - -  4 
200 0-1558 0.1560 m w  202 
150 0"1594 0.1595 vvw 28 
112 - -  0.1634 - -  1 
060 - -  0.1732 - -  4 
220 - -  0.1753 - -  3 
151 0-1895 0.1894 vw 83 
042 0"1967 0.1967 m w  179 
132 0.2018 0.2020 w 92 
061 0.2033 0.2034 vvw 32 
221 - -  0.2052 - -  7 
240 0.2331 0-2331 w 139 
241 0.2630 0.2630 w 112 
170 { 0.2752 ] 120 
202 0.2756 m 0.2756 [ 167 
152 - -  0.2791 - -  23 
023 --- 0.2884 - -  2 
062 --- 0.293l  - -  4 
222 - -  0-2949 - -  2 
171 0"3050 0.3051 vwr  47 
080 - -  0.3085 - -  9 
113 0.3130 0-3129 w 118 
260 - -  0-3295 - -  3 
081 0.3381 0.3384 vw 83 
043 0.3461 0-3462 vvw 36 
133 0.3513 0.3515 w 116 
242 0.3529 0.3527 w 147 
310 - -  0.3558 - -  2 
261 - -  0.3594 - -  27 
31l  0.3858 0.3857 vw 87 
330 { 0"3944 { 16 
172 0"3946 w 0-3948 135 

c.~ = very  s t rong ; s = s t rong ; ms = medium st rong ; m = med ium ; 
m w =  medium weak  ; w = weak ; vw = very  weak ; 

vvw = ex t remely  weak.  
. . . . . .  

* Former ly  J .  R. Murray.  

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  u s i n g  m o n o c h r o m a t i z e d  c o p p e r  r a d i a t i o n  
(2 Kc~1=1"54050  A) a n d  t h e  l ine i n t e n s i t i e s  w e r e  est i -  
m a t e d  v i s u a l l y .  

T h e  X - r a y  p a t t e r n  of  t h e  a lh )y  of  50 at~.O//o p l a t i n u m  
w a s  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 c  u n i t  cell  

a = 3 . 9 0 0 + 0 . 0 0 3 ,  b = l l . 0 9 + 0 . 0 1 ,  c = 4 . 4 5 4 + 0 . 0 0 3  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 2 0 a r e  s h o w n  
in T a b l e  1. N o  hk l  r e f l e c t i o n s  w e r e  o b s e r v e d  u n l e s s  h + k  
w a s  e v e n  a n d  hO1 l ines  w e r e  p r e s e n t  o n l y  w h e n  l w a s  
e v e n .  T h e  l a t t i c e  p a r a m e t e r s  a n d  s y s t e m a t i c  e x t i n c t i o n s  
s u g g e s t e d  t h a t  T h P t  w a s  i s o s t r u c t u r a l  w i t h  T h C o  
(F lor io ,  1956), C r B  s t r u c t u r e ,  s p a c e  g r o u p  D ~ C m c m .  
T h e  a t o m i c  p o s i t i o n s  a re  as  f o l l ows :  

4Wh in 4(c) 0, yTh ,~ ;  0, gTh ,~ ;  ½ ,½+yTh ,  ¼; 
~, ½- y~,  ]. 

4 P t  in 4(c) 0, ypt ,~: ;  0, f fp t ,~ ;  ½ , ½ + Y m , ] ;  
1 1 ~ .  
2 ' 2 Y P t ,  

L i n e  i n t e n s i t i e s  c a l c u l a t e d  on  t h e  bas i s  of  th i s  s t r u c t u r e  
w i t h  ywh = 0" 140 +_ 0"002 a n d  YPt = 0 .410 +_ 0"004 g a v e  g o o d  
a g r e e m e n t  w i t h  t h e  o b s e r v e d  i n t e n s i t i e s  as  s h o w n  in 
T a b l e  1. W i t h  t h e s 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  
i n 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 - l P t  2.99 A ] ? t - 2 P t  2.99 A 
4 P t  3.01 1 T h  2.99 
2 P t  3-21 4 T h  3.01 
2 T h  3.82 2 T h  3.21 
4 T h  3.84 
2 T h  3.90 
2 T h  4.45 

T h R h  w a s  f o u n d  to  b e  i s o s t r u c t u r a l  w i t h  T h P t  w i t h  

a = 3 . 8 6 6 ± 0 - 0 0 3 ,  b = l l . 2 4 + 0 . 0 1 ,  c = 4 . 2 2 0 + 0 . 0 0 3  A ,  
yTh = 0"140 _+ 0-004 a n d  Y a h = 0 " 4 1 0 _ + 0 " 0 0 4 .  

P e a r s o n  (1958) s t a t e d  t h a t  b y  c h o o s i n g  t h e  a p p r o p r i a t e  
a x e s  a n d  o r ig ins  t h e  C r B ( B f )  a n d  CaSi(Bc)  s t r u c t u r e s  
b e c o m e  i d e n t i c a l  a n d  K r i p y a k e v i c h  (1962) h a s  r e c e n t l y  
p o i n t e d  o u t  t h a t  t h e  T l I  (ye l low m o d i f i c a t i o n )  s t r u c t u r e  
is s imi la r ,  l s o t y p e s  of  T h P t  t h e r e f o r e  i n c l u d e  T h R u ,  
T h I r ,  T h C o ,  T h A l  ( B r a u n ,  1955), P u N i  (Cromer ,  1959), 
CeNi  ( F i n n e y ,  1961), D y G a  ( B a e n z i g e r ,  1961) a n d  HfA1 
( E d s h a m m a r ,  1961 ). 

I n  T h P t  t h e  P t ( X )  a t o m s  f o r m  z ig-zag  c h a i n s  t h r o u g h  
t h e  s t r u c t u r e  a n d  t h e  X - X  d i s t a n c e s  w i t h i n  t h e s e  c h a i n s  
a re  s h o w n  in T a b l e  2 t o g e t h e r  w i t h  t h e  l a t t i c e  p a r a m e t e r s  
a n d  t h e  s h o r t e s t  T h - X  a n d  T h - T h  d i s t a n c e s .  S imi l a r  
d a t a  a r e  i n c l u d e d  for  t h e  i s o s t r u c t u r a l  c o m p o u n d s  of  
t h o r i u m .  T h e r e  is n o  T h X  c o m p o l m d  in t h e  s y s t e m  
T h - O s  a n d  T h P d  h a s  a d i f f e r e n t  c r y s t a l  s t r u c t u r e .  

A p a r t  f r o m  T h A l ,  t h e  X - X  d i s t a n c e s  s h o w  a n  i nc r ea se  
of  a p p r o x i m a t e l y  10% a n d  t h e  T h - X  d i s t a n c e s  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  of  t h e  a t o m i c  rad i i  fo r  C.N.  12 
( P a u l i n g ,  1956). D u r i n g  a n  i n v e s t i g a t i o n  of  t h e  c r y s t a l  
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Tab l e  2. Structural data for T h X  compounds having the CrB structure 

ThX 'a' (A) 'b' (A) 'c' (A) YTh Yx 
ThCo 3.74 10-88 4.16 0-136 0.416 
T h R u  3.878 11.29 4.071 0.144 0-410 
T h R h  3.866 11-24 4.220 0.140 0.410 
ThI r  3.894 11.13 4.266 0.140 0.410 
T h P t  3"900 11.09 4.454 0.140 0.410 
ThA1 4.42 11-45 4.19 0-147 0"443 

s t r u c t u r e s  of ThA13 a n d  Th3A1.2, t h e  p r e s e n t  a u t h o r  
(Murray ,  1955) f o u n d  t h a t  s ince  t h e  s c a t t e r i n g  p o w e r s  
of t h o r i u m  a n d  a l u m i n i u m  di f fer  by  a f a c t o r  of a b o u t  8, 
i t  was  n o t  poss ib le  to  d e t e r m i n e  t h e  a l u m i n i u m  a t o m i c  
p a r a m e t e r s  in t h o s e  c o m p o u n d s  f r o m  i n t e n s i t y  calcula-  
t ions .  A c c o r d i n g l y ,  t h e  a l u m i n i u m  p a r a m e t e r s  s u g g e s t e d  
for  ThA1 a a n d  ThaAl 2 were  d e r i v e d  f r o m  g e o m e t r i c a l  
c o n s i d e r a t i o n s .  I n  a r e c e n t  p a p e r ,  v a n  V u c h t  (1961) 
has  c o n f i r m e d  t h a t  his  a l u m i n i u m  p a r a m e t e r  for  T h A l  
was  also d e r i v e d  f r o m  g e o m e t r i c a l  c o n s i d e r a t i o n s  on  t h e  
a s s u m p t i o n  t h a t  each  large  (Th) a t o m  h a d  6 e q u i d i s t a n t  
sma l l  (Al) n e i g h b o u r s .  S ince  th is  c o n d i t i o n  is n o t  sa t i s f ied  
in severa l  o t h e r  c o m p o u n d s  w i t h  th i s  s t r u c t u r e  (e.g. 
ThCo ,  P u N i ,  CeNi,  I ) y G a  a n d  HfA1) i t  m a y  n o t  be  
nece s sa ry  in ThA1. A smal l  dec rease  in t h e  A1 p a r a m e t e r  
w o u l d  l ead  to  an  increase  in A1-Al a n d  a r a t h e r  sma l l e r  
dec rease  in  Th-A1.  

I n  a r e c e n t  s u r v e y  of bo r ides  a n d  si l icides of t h e  t r an -  
s i t ion  m e t a l s ,  A r o n s s o n  (1960) ha s  p o i n t e d  o u t  t h a t  t he  
o c c u r r e n c e  of t h e  CrB s t r u c t u r e  d e p e n d s  to  a r a t h e r  la rge  
e x t e n t  on  a f a v o u r a b l e  r ad ius  r a t io  rx/rM'~ 0-7. H e  also 
s u g g e s t e d  t h a t ,  s ince t h e  s a m e  s t r u c t u r e  is f o u n d  a m o n g  
i n t e r m e t a l l i c  c o m p o u n d s ,  ' e l ec t ron ic '  f ac to r s  m a y  n o t  be  
of p r i m a r y  i m p o r t a n c e  in  i ts  f o r m a t i o n .  I n  t he  p r e s e n t  
series of c o m p o u n d s ,  t h e  r a d i u s  ra t io  var ies  b e t w e e n  0.69 
for  T h C o  to  0"79 for  T h A I  in gene ra l  a g r e e m e n t  w i t h  
A r o n s s o n ' s  o b s e r v a t i o n s ,  b u t  t h e  d e c r e a s e d  T h - X  dis- 
t a n c e s  s u g g e s t  t h a t  t h e r e  m a y  be  a p p r e c i a b l e  T h - X  
in t e r ac t i on .  

F r a n k  & K a s p c r  (1958, 1959) a n d  K r i p y a k e v i c h  (1960) 
h a v e  n o t e d  t h a t  t h e r e  is o f t en  a h igh  c o o r d i n a t i o n  a r o u n d  
t h e  l a rge r  a t o m s  in i n t e r m e t a l l i c  c o m p o u n d s  a n d  the3" 
s u g g e s t e d  t h a t  th i s  m i g h t  c o n t r i b u t e  to  t h e  s t ab i l i t y  of 
c e r t a i n  s t r u c t u r e s .  I n  t h e  p r e s e n t  T h X  series t h e  coor-  
d i n a t i o n  a r o u n d  t h e  larger ,  t h o r i u m  a t o m  is (4 + 2 + 1)X + 

X - X  Th-X 
. T h - T h  

in ThX for C.N.12 in ThX for C.N.12 in T h X  
2"77 2.50 2-86 3.05 3.62 
2.86 2.67 2.87 3.13 3.75 
2.92 2.68 2.92 3.14 3"78 
2.93 2.70 2.94 3-15 3.79 
2.99 2.77 2-99 3.18 3.82 
2.46 2-85 3-22 3-22 3.85 

(4 + 2 + 2 + 2)Th = 17 wh i l s t  t h a t  a r o u n d  t h e  smal le r ,  X ,  
a t o m  is 2X + (4 + 2 + 1)Th = 9 in s u p p o r t  of th i s  suggcs-  
t ion. 

G r a t e f u l  a c k n o w l e d g e m e n t  is m a d e  to  P ro f .  J . G .  Ba l l  
un ( | e r  whose  s u p e r v i s i o n  th is  w o r k  was ca r r i ed  o u t  a n d  
also to  t h e  A t o m i c  E n e r g y  l&esearch E s t a b l i s h m e n t ,  
Ha rwc l l ,  for  f inanc ia l  s u p p o r t  a n d  for  a l lowing  t h e  
a u t h o r  to  m a k e  use  of s o m e  of t he i r  e x p e r i m e n t a l  facil i t ies.  
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The crystal  structure of Ti2Ni. (A correction). By G. A. YuaKo, J. W. B.(RTO~ a n d  J. G o a o o s  PARR, 
Department of Mireing and Metallurgy, University of Alberta, Edmonton, Alberta, Canada 

Dr.  L i n u s  P a u l i n g  has  w r i t t e n  to  us  to  p o i n t  o u t  an  
a n o m a l y  in T a b l e  2 of  t h e  p a p e r  by  G. A. Yurko ,  J .  ~V. 
B a r t o n ,  a n d  J .  G o r d o n  P a r r  (1959). 

On.ly two  t i t a n i u m  pos i t i ons  are  r e q u i r e d  (as t h e  p a p e r  
i tself  s t a t ed ) ,  a n d  t he  t ab l e  shoul( t  be a m e n d e d  to inc lude  : 

A tom 

Ti(48.f) 

Bond Num.  of bonds Distance 
Ti -Ni  2 2.57 _ 0.05 
Ti-Ni  2 2.91 ___ 0-05 
Ti -Ti  2 2.93 _+ 0.02 
Ti -Ti  4 2-95 + 0.05 
Ti-Ti  4 2.91 + 0.05 

14 

Atom Bond  Num.  of bonds Distance 
Ti(16c) Ti -Ni  6 2.49 + 0.02 A 

Ti -Ti  6 2.93 4- 0.00 
12 

S o m e  c h a n g e s  r e l a t i ng  to  c o o r d i n a t i o n  n u m b e r s  m e n -  
t i o n e d  in t h e  d i scuss ion  m u s t  t h e r e f o r e  be  m a d e ,  b u t  t he  
res t  of t h e  p a p e r  is u n a f f e c t e d .  W e  do,  h o w e v e r ,  apo log ize  
for ou r  error ,  a n d  are  g r a t e f u l  to  Dr.  P a u l i n g  for  d r a w i n g  
our  a t t e n t i o n  to  it.  J.  Gordore Parr 
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