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I n  a r ecen t  pub l i ( ' a t ion  S e m i l e t o v  & Man  (1959) h a v e  
rel)orte(I on t h e  c rys ta l  s t r u c t u r e s  of T1SbS., an(I TIBiSe.,. 
T h e s e  were  found  to be of t he  d i so rde red  NaCI t y p e  an(l 
it  was  s u r m i s e d  in the i r  p a p e r  t h a t  ( 'er ta in o t h e r  t hMl ium 
c o m p o u n d s  m i g h t  also h a v e  th is  s t r u c t u r e .  H o w e v e r ,  
t h e r e  ex is t  o rde red  s t ru ( ' t u res  wh ich  are  closely relate(1 
t() t he  ( l i sordercd NaCl  t ype .  (fel ler  & ~,Verniek (195!}) 
})ave foun(t  t h a t  for AgBiSe.,  a n d  AgFIiS~ t h e r e  is a h igh  
t e m i ) e r a t u r e  p h a s e  of t he  d i s o r d e r e d  NaC1 tyi)e,  whi le  
a t  r o o m  t e m p e r a t u r e  a h e x a g o n a l  p h a s e  exis ts .  A t  inter-  
me( t ia te  t e m p e r a t u r e s  t h e r e  is a r h o m b o h e ( t r a l  s t r u c t u r e  
f o r m e d  by  o r d e r i n g  of t he  ca t i ons  in layers  pe rpen ( l i eu l a r  
to  one  of t he  cubic  [111] ( t i reet ions.  VVe h a v e  s y n t h e s i z e d  
a n d  e x a m i n e d  two  of t h e  e( )mt)ounds  me .n t ioned  1)y 
S e m i l e t o v  & Man,  TISbTe.,  a n d  T1BiTe.,. These  com-  
t )ounds  h a v e  been  found  t() be i s o s t r u c t u r a l  w i t h  t he  
i n t e r m c d i a t e  phase s  of AgBiSe.,  a n d  AgBiS.,. 

S p e c i m e n s  of T I S b T e  a an(t  TIBiTe.,  were  pret)are(l  
d i r ec t ly  f r o m  t h e  e l e m e n t s  in e v a c u a t e d  fused  silica 
a m p u l e s .  T h e  m a t e r i a l s  were  h e a t e d  to 600 °C., m i x e d  
a n d  t h e n  cooled  a t  a r a t e  of a b o u t  10 ° rain.  -~. B y  dif- 
fe rent ia l  t h e r m a l  ana lys i s  TISbTe.,  was  f o u n d  to  h a v e  a 
m e l t i n g  t e m p e r a t u r e  of 480 ~(?. a n d  T IB iT% of 535 °(?. 
I n  n e i t h e r  ease were  t h e r m a l  effects  o b s e r v e d  below the  
m e l t i n g  t e m p e r a t u r e s .  

Tab l e  1. CrystaUographic data for TISbTe.,  and  T1BiTe., 

T1SbTe 2 T1 BiT% 

Crystal systein I thombohedra l  l~hombohedral  
Systematical ly absent  

spectra None None 

Space group R3m--D~d R3m-D~, I 
a 0 (A) 8.177_+0.010 8.137_+0.010 
a 31 ° 24 '+  15' 32 ° 18 '+ 15" 
Z 1 1 

Calculated densi ty 
(g.cm. -3) 7.34 8" 15 

Measured densi ty (g.em. -a) 7.26 8.06 

X - r a y  pow(ter  p a t t e r n s  of b o t h  m a t e r i a l s  wer(' in(lex(,d 
on t im basis  of a p r i m i t i v e  rhombohe (h ' a l  cell and  t he  
e rys ta l logra | )h ie  d a t a  referre(l  to  th is  l m i t  cell are  g iven 
in Tab l e  1. L o n g  ext)osure  osci l la t ion p h o t o g r a p h s  of a 
smal l  c rys ta l  separa te ( t  f rom a Br i ( tgman g rown  ingot  of 
TISbTez,  reveale(t  no  a d d i t i o n a l  re f lec t ion  wh ich  wouh l  
h a v e  r equ i r ed  a la rger  u n i t  cell. I n  t he  case of T1BiTe 2 
su i t ab l e  s ingle  c rys ta l s  were  n o t  f ound ,  a n d  t he  sl)a('o- 
g r o u p  a s s i g n m e n t  is c o n s e q u e n t l y  less ( tef ini t ive.  

T h e  a t o m s  o c c u p y  t he  fo l lowing special  pos i t i ons  of the, 
space  g r o u p  R-3m: 

T1 in (a) 0, 0, 0; Sb or Bi in (b) 1, ~_, ~; 
2 Te in (e) + x ,  x ,  x . 

T h e  Te  free p a r a m e t e r  x was  a d j u s t e d  to give the  best. 
a g r e e m e n t  b e t w e e n  c a l c u l a t e d  an(t observe(t  in tens i t i es ,  
as measure(1 on a Nore leo  d i f f r a e t o m e t e r  us ing  t)ow(lere(l 
samples ,  a n d  th is  was  f o u n d  w i t h  x = 0 . 2 4 3  for TISbTe.,  
an(l x = 0 - 2 5 0  for TIBiTe~. I n  t he  l a t t e r  ease a h n o s t  
equa l ly  good  a g r e e m e n t  was  o b t a i n e d  t h r o u g h  t he  r ange  
0-245-0.255.  R, de f ined  as Z ' , Io - Ic  /2"1o, was 0.074 f()r 
TIS1)Te., (17 m e a s u r e d  in tens i t ies )  a n d  0.053 for T IB iT% 
(14 measure ( t  in tens i t ies )  us ing  these  i ) a ramete r s .  In  
TISbTe.~ t he  i n t e r a t o m i e  d i s t ance s  for T1-Te  are  3.30 .Jr 
an(l for S b - T e  are  3.11 ±~ b o t h  + 0 . 0 5  .~t. I f  t he  T I - T e  
d i s t ance s  are  equa l  in b o t h  ( ' o m p o u n d s  t h e n  the  x l )armn - 
e t e r  in TIBiTe., b e c o m e s  0.246, wh ich  is cons i s t en t  wi th  
t h e  e x p e r i m e n t a l  d a t a ,  a n d  t h e  B i - T e  d i s t ances  wou ld  
t h e n  be 3.19 A. 

T h e  a u t h o r s  t h a n k  ~V. L. Mularz  for t he  t ) rel)arat ions.  
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An i n t e r m e t a l l i e  c o m p o u n d  Zn.~Zr:~ has  been  i so la ted  by  
p ree i i ) i t a t ion  f r o m  a so lu t i on  of zinc a n d  z i r c o n i u m  in 
m o l t e n  m a g n e s i u m .  I t  is not. m e n t i o n e d  in a r e c e n t  com-  
1)rehensive s*,u(ty of t h e  Zn-Zr s y s t e m  (Chiot t i  & Ki lp ,  
1959) n o r  in t he  ear l ier  l i t e r a t u r e  ( H a n s e n ,  1958; P e a r s o n ,  
1958). 

A r e p r e s e n t a t i v e  s a m p l e  of t he  n e w  phase ,  cons i s t i ng  
of t hose  c rys ta l s  r e t a i n e d  on 100-mesh  screening ,  con- 
t a i n e d  68.0o( / ) Zr  by  w e i g h t  (ca lcu la ted ,  67.~o/~,/o/ a n d  
showe(t  a d e n s i t y  of 6"60 +_0"04 g .cm.  -a. D a t a  g a t h e r e d  
f rom W e i s s e n b e r g  a n d  r o t a t i o n  p h o t o g r a p h s  of s ingle  

c rys ta l s ,  t o g e t h e r  w i t h  d a t a  f rom l )owdered  speeim, ,ns ,  
i n d i c a t e  a s imple  t e t r a g o n a l  u n i t  cell w i t h  edges  

a = 7 . 6 3 3 + _ 0 . 0 0 4 ,  c = 6.965 +_ 0.004 A, c / a = 0 . 9 1 2 5 .  

T h e  d e n s i t y ,  c a l cu l a t ed  on  t he  basis  of 4 Zn.,Zr a in each 
cell, is 6.62 g .cm.  -a. T h e  sole c r i t e r ion  o b s e r v e d  for the  
n o n - e x t i n c t i o n  of re f lec t ions  is / c + l  even  for  Okl, which  
al lows the  t h r ee  space  g r o u p s  t'42nm, 1'7~n2, a n d  1"4.,~mum. 

P o w d e r  d a t a  r e c o r d e d  w i t h  a GE c a m e r a  of d i a m e t e r  
143.2 ram. ,  u s ing  Cu K x  r ad i a t i on ,  are  l is ted in Tab le  1. 
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T a b l e  1. Powder data for Z n 2 Z r  a 

hkl I / l  I d (obs.)  d ( ta lc . )  

112 20 2-92 A 2..[)26 A 
220 44 2" 69 2" 6,(}9 
022 75 2-57 2"572 
22l  38 2"52 2.516 
122 100 2"44 2"438 
130 63 2"41 2"414 
131 63 2"28 2"281 
013 31 2"23 2"22l 
222, 113 15 2"13 2"133, 2"133 
230 18 2.12 2-117 
132 20 1-98 1.984 
140 22 1.85 1.851 
232 18 1.8l  1.809 
3 3 1 , 0 0 4  22 1.74 1.742, 1-741 
033, 240 5 1-71 B 1.715, 1.707 
042, ] 33 3 1.67 1.673, 1.673 
] 14 3 1.65 1.657 
142 31 1-63 1.635 
332 31 1.595 1.598 
124 22 1.550 1-551 
242, 34O 22 1.529 1.533, 1.527 

- -  3 1.511 .... 
- -  20 1.490 B - -  

-- 38 1.460 --- 
- -  31 1.447 - -  
- - 15 1.421 - -  
.... 38 1.410 - -  
- - 5 1.387 - -  
-- 38 1.372 - -  
- -  31 1.346 ---  
.... 31 1-310 - -  

.... 44 1.271 - -  
- -  8 1.252 - -  
- 18 1.236 - -  
---  5 1-218 - -  

T a b l e  1 (cont.) 

kkl I / I  I d (obs.)  d (ea lc.) 

---  20 1.205 ---  
- -  15 1.187 - -  

- - 5 1 . 1 7 0  - -  

- -  3 1.160 ---  
- -  10 1.135 B - -  
- -  8 1.109 - -  
-- - 5 1 . 0 9 7  - -  
--- 10 1.078 B - -  
- -  l0  1.065 --- 
- - 13 ! .042 - -  
- -  5 1.033 .... 
- - 5 1.027 ---- 
---  8 1.018 ---  
- -  8 1.010 - -  
- -  5 1.000 .... 
• - -  8 O "  9 ` ( ) 0  - -  
- -  5 0.983 - -  
-- 8 0.974 .... 

- -  8 0-960 --- 

N o t e  t h a t  B i n d i c a t e s  a broad l ine. 

R e l a t i v e  i n t e n s i t i e s  w e r e  e s t a b l i s h e d  b y  v i s u a l  c o m p a r i s o n  
a g a i n s t  c a l i b r a t e d  s t a n d a r d s .  
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( ' ( m t i n u i n g  t h e  s y s t e m a t i c  X - r a y  i n v e s t i g a t i o n  o f  t h e  
u n s t a b l e  a n h y d r o u s  s u l p h a t e s  o f  b i v a l e n t  m e t a l s  u n d e r -  

t a k e n  b y  o u r  ] ) e p a r t m e n t ,  w e  a r e  s t u d y i n g  t h e  s t r u c t u r e  
d e t e r m i n a t i o n  o f  C( tS()a  a n d  H g S O 4 .  T h e  t w o  s u b s t a n c e s  
w e r e  f o u n d  t o  b e  i s o s t r u c t u r a l  a n d  d i f f e r e n t  f r o m  t h e  
s u l i ) h a t e s  s t u d i e d  so  f a r .  I n  t h i s  p r e l i m i n a r y  c o m m u n i c a -  

t i()n a r e  g i v e n  t h e  u n i t - c e l l  d i m e n s i o n s  a n d  t h e  s p a c e  
g,.()tt I) ~)f t h e  c o m l ) o u n ( t s .  

A ( ' c o r ( l i n g  t o  t h e  l i t e r a t u r e  b o t h  s u b s t a n c e s  c r y s t a l l i z e  
in t h e  o r t h o r h o m b i c  s y s t e m .  C r y s t a l h ) g r a i ) h i c  m e a s u r e -  
r e ( m r s  a r e  g i v e n  o n l y  f o r  C d S O 4 ,  w h i c h ,  h o w e v e r ,  o w i n g  
t o  t h e  c h a n c e  a p p r o x i m a t i o n  o f  t h e  a n g l e  (011)  : (011)  
t() t h a t  o f  Z n S O 4 ,  w a s  e r r o n e o u s l y  a s s u r n e d  t o  b e  i so-  
m o r I ) h ( ) u s  t o  it  ( G r o t h ,  1908) .  T h e  v a l u e s  o f  t h e  a n g l e s  
(110)  : (110)  = 89 ° 58 '  a n d  (011)  : (011)  = 70 ° 5 2 '  g i v e n  b y  
( t r o t h ,  d i f f e r  c o n s i d e r a b l y  f r o m  t h e  v a l u e s  89 ~ 48" a n d  
71 ~ 2 6 '  r e s t ) e c t i v e l y ,  m e a s u r e d  o n  c r y s t a l s  p r e p a r e d  b y  us .  
T h e  l a t t e r  r e p r e s e n t  t h e  m e a n  o f  a s e r i e s  o f  m e a s u r e m e n t s  
(m d i f f e r e n t  c r y s t a l s ,  w h i c h  y i e l d e d  s o m e w h a t  d i f f e r i n g  
v a l u e s  b e c a u s e  o f  i m p e r f e c t  f a c e  g r o w t h .  T h e i r  a p p r o x -  
i m a t i o n  t o  t h e  v a l u e s  89 ° 4 9 '  a n d  71 ° 2 0 '  r e s p e c t i v e l y ,  

c a l c u l a t e d  f r o m  t h e  l a t t i c e  c o n s t a n t s ,  is c l o s e r  t h a n  t h a t  
o f  t h e  v a l u e s  g i v e n  in G r o t h .  

N o  c r y s t a l l o g r a p h i c  m e a s u r e m e n t s  o n  H g S ( ) 4  c r y s t a l s  
h a v e  b e e n  r e p o r t e d  in  t h e  l i t e r a t u r e .  O n  t h e  c r y s t a l s  
p r e p a r e ( t  b y  u s  t h e  v a l u e s  o f  t h e  i n t e r f a c i a l  a n g l e s ,  
c o r r e s l ) o n d i n g  t o  t h o s e  o f  C d S ( )  a g i v e n  a b o v e ,  a r c  89 ° 2 7 '  
a n d  72 ° 28 ' ,  in  s a t i s f a c t o r y  a g r e e m e n t  w i t h  t h e  v a l u e s  
89 ° 3 4 '  a n d  72 ° 2 7 '  c a l c u l a t e d  f r o m  t h e  l a t t i c e  c o n s t a n t s .  

T h e  s y s t e m a t i c  e x t i n c t i o n s  o n  W e i s s e n b e r g  a n d  p re ( ; e s -  
s i o n  p h o t o g r a p h s  m a d e  n e c e s s a r y  a r e o r i c n t a t i o n  o f  t h e  
c r y s t a l  a x e s ,  so  a s  t o  m a k e  t h e  s p a c e - g r o u p  s y m b o l  a g r e e  
w i t h  t h a t  g i v e n  in t h e  International Tables (1952) .  '1 'he 
c h a n g e s  a r e  a s  f o l l o w s :  

G r o t h  a --> Co, G r o t h  b ---> ao, G r o t h  c --> b 0 . 

T h e  ce l l  d i m e n s i o n s  g i v e n  b e l o w  w e r e  o b t a i n e d  f r o m  
p o w d e r  d i a g r a m s ,  t a k e n  w i t h  a e a l i b r a t e ( t  9 e r a .  U n l e a r n  
c a m e r a  f o r  C ( tSO 4 a n d  w i t h  a N o r e l c o  d i f f r a e t o m e t e r  f o r  
H g S O  4. T h e  i n d e x i n g  o f  t h e  p o w d e r  d i a g r a m s  w a s  
c a r r i e d  o u t  b y  u s i n g  t h e  l a t t i c e  c o n s t a n t s  o b t a i n e d  f r o m  


