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and  the  mixed occupancy occurs in the two positions 
of in termedia te  coordination number  (14). 

We grateful ly  acknowledge helpful discussions and 
suggestions by  Mrs B. F. Decker.  
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A Crystallographic Study of the Tellurium-Iodine System* 
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Crystallographic da ta  are given for the two stoichiometric compounds formed within the tellurium- 
iodine system. Tellurium tetraiodide crystallizes in the orthorhombic system with a = 13.54±0.02, 
b = 16.73±0.02 and c = 14.48~0.02/~, space group Prima or Pn21a. The other composition corre- 
sponds to TenIn, and also crystallizes in the orthorhombic system, with a = 8.23±0.03, b = 
30-00+0.05 and c = 9.97±0.03 A, space group Cmma or Cm2a. The structure of a tetragonal 
crystal which may  have been tellurium tetraiodide is described. 

Introduction 

The lat t ice constants  of the  te rminal  members  of the 
te l lur ium-iodine sys tem are well known. Tellurium is 
hexagonal  with 

a = 4.45564+0.00012, 

c = 5"92685±0.00002/~ a t  18 ° C .  

(Straumanis ,  1940) and iodine is or thorhombic with 

a = 4.784±0-001, b = 7-265±0.001 and 

c = 9.792±0.002 J~ 

(Heavens  & Cheesman, 1950). Wi th in  this system, 
unti l  the  present  investigation,  the only well established 
stoichiometric compound had  been tel lurium te t ra-  
iodide. The s t ruc ture  of tel lurium tetraiodide is of 
interest  in a current  s tudy  of 2-, 3- and 4-bonded 
compounds of the subgroup VIb elements. I t  was also 
though t  desirable to re-examine the  te l lur ium-iodine 
system by X - r a y  methods,  even al though the  phase 
d iagram had  previously been invest igated by the rmal  
analysis (Jaeger & Menke, 1912; Damiens,  1923). 
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Experimental  

Crystalline tel lurium tetraiodide was prepared  either 
by  heat ing tel lurium te t rabromide  with ethyl  iodide 
(Montignie, 1947) or by  react ing the  elements in a 
modification of Damiens '  (1923) method.  In  this 
modification, the elements are mixed in the  requisite 
proportions,  and sealed off in a small-volume Pyrex  
tube  in an  a tmosphere  of nitrogen. Since tel lurium 
melts a t  452 ° C., the  tube  is heated  to about  500 ° C. 
for 2-3 hr.,  to ensure completion of the  reaction. The 
resulting black crystals  of tel lurium tetraiodide t ake  
the  form of plates and  bipyramids.  

In te rmedia te  compositions were prepared  in the 
same manner ,  from the melt.  The prepara t ion  corre- 
sponding to Te~I n was fur ther  annealed for 15 hr. a t  
about  120 ° C. and cooled slowly to promote  crystal  
growth.  

The single-crystal X - r a y  diffraction measurements  
were recorded using Weissenberg and precession 
cameras with Mo K s  (~t = 0.7107 A) radiat ion.  Wi th  
microcrystall ine samples, the  Norelco wide-range dif- 
f rac tometer  and also the 114.59 mm. diameter  powder 
camera  were used with Cu Kc~ (~ = 1.5418 A) radia- 
tion. 

Crystal data for orthorhombic te l lurium 
tetraiodide 

All prepara t ions  except t h a t  referred to in the foot- 
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note*  gave  o r tho rhombic  crys ta ls ,  w i th  l a t t i ce  con- 
s t a n t s  

a - -  13.54__-0.02, b -- 16-73±0.02 a n d  
c = 14.48±0.02 A .  

Absen t  ref lexions:  (0kl) w i th  b + l  = 2 n + l  a n d  (hk0) 
wi th  h = 2n + 1. Space group" P n m a - D ~  or Pn21a-C~2 ~. 
D,,, = 5.056 g.cm. -3 (Damiens,  1923), D x  = 5.145 
g.em. -3. There  are 16 fo rmula  weights  per  un i t  cell. 
Volume of t he  cell is 3280-1 A 3, vo lume  per  molecule  
is 205-0 A 3. Ana lys i s  of the  crys ta ls ,  ob ta ined  f rom the  
melt ,  gave  81 .65% iodine;  ca lcu la ted  for TeI  4 gives 
79-91% iodine.  

The  c rys t a l  s t ruc tu re  of th is  modi f ica t ion  has  no t  
y e t  been inves t iga ted .  I n  order  to  de t e rmine  w h e t h e r  
t he  o r tho rhombic  c rys t a l  m i g h t  possess a t r a n s i t i o n  
point ,  t he  d i f f rac t ion  p a t t e r n  was s tud ied  down to  
l iqu id-n i t rogen  t empera tu re s ,  us ing  the  t echn iques  of 
A b r a h a m s  & K a l n a j s  (1954). The  p a t t e r n  r ema ins  
essen t ia l ly  u n c h a n g e d  be tween  25 ° C. and  - 1 9 0  ° C. 

Intermediate composi t ions  in the te l lurium-iodine  
sys tem 

I n  Damiens '  (1923) t h e r m a l  s t u d y  of t he  t e l l u r i u m -  
iodine sys tem,  there  was no u n a m b i g u o u s  evidence  for 

* A few crystals in one preparat ion were found having the  
form of regular bipyramids.  These crystals were tetragonal ,  
with 

a = 16-12±0.04 and c---- 11.20±0.02 A ,  

the c axis being the pyramidal axis. Absent reflexions: (hkl) 
with h + k + l  = 2 n + l ,  (hk0) with h ---- 2 n + l ,  and k = 2 n + l ,  
and (hhl) with 2h+l  = 4n. Space group was hence uniquely 
I4.1amd-D 19 Neither the observed density nor a confirmatory 1~ 4h" 
chemical analysis could be obtained,  owing to lack of material ,  
in spite of repeated preparations. Dx = 5.79 g.cm. -3, assuming 
16 Tel 4 formula weights per unit cell. Volume of the cell is 
2910.3 A 3 and of each molecule is 182.0 A 3. 

Assuming these crystals were indeed tellurium tetraiodide, 
a molecular model based upon an octahedral bond distribution 
for the tellurium atom was obtained, with the tellurium atom 
in the 16(h) position at (0, }, ~) and the iodine atoms in the 
16(h) and 32(i) positions, at (0, }, ~), (0, }, ~) and (}, ¼, ~). 
This model was refined by the method of least squares, and 
gave a moderately good fit with the observed (h/c0) and (hO1) 
structure factors: R(hkO) = 0.18 and R(hO1) ~ 0.27. Because 
of the considerable overlap in projection, three-dimensional 
data were needed to effect further refinement. I t  did not prove 
possible to obtain these extra data, since the original crystal 
was lost and no other crystal of tetragonal symmetry could 
be isolated. 

I t  is thought, however, that  the general agreement among 
the measured and calculated structure factors, together with 
the reasonable molecular  model  (cf. the bond dis tr ibut ion in 
di-p-tolyl selenium dichloride (McCullough & Marsh, 1950)) 
were evidence in favor of these crystals being tellurium tetra- 
iodide. 

t he  f o r m a t i o n  of a n y  new compound .  I n  t h e  p resen t  
s t udy ,  seven  composi t ions  in  t he  r ange  be tween  Te  
a n d  Te I  4 were prepared ,  a n d  t he i r  powder  p a t t e r n s  
were recorded.  Corresponding  to  t he  compos i t ion  w i th  
equa l  pa r t s  of t e l lu r ium and  iodine,  a new set  of re- 
f lexions  was observed.  This  composi t ion  has  t h e  molec- 
u la r  fo rmula  Tefln.  The spacings  charac te r i s t i c  of th i s  
compos i t ion  become discernible  a t  a concen t r a t i on  of 
a b o u t  2 0 %  b y  weight  of iodine. A t  a b o u t  50?/0 con- 
cen t r a t i on  the  in tens i t ies  d i f f rac ted  b y  the  Te,,I,~ 
c rys ta l s  reach  a m a x i m u m ,  a l t h o u g h  a s l igh t  ind ica t ion  
of t he  101 t e l lu r ium ref lexion is st i l l  p resent .  A t  a b o u t  
a concen t r a t i on  of 70?/0 iodine,  t he  charac te r i s t i c  
p a t t e r n  of Tef ln  d imin ishes  to  zero. There  is a p p a r e n t l y  
no solid so lu t ion  of T%In in e i ther  Te or Te I  4. 

I t  has  been po in ted  ou t  b y  McCul lough (1954) t h a t  
if t he  new compound  is r egarded  as Te2I 2, t he  fo rmula  
would  compare  closely wi th  t he  ana logous  compounds  
82C12 a n d  Se2Br 2. 

Crystal data for Te,,I,, 

Smal l  soft  de fo rmed  single c rys ta l s  were  cut  ou t  f rom 
the  annea led  ingo t  of composi t ion  T%I~,. These  c rys ta l s  
are o r tho rhombic  wi th  

a = 8-23±0.03,  b = 30.00±0-05 and  
c = 9-97±0.03 A .  

Absen t  ref lexions:  (hkl) wi th  h+/c  = 2 n +  l ,  (0kl) w i th  
b = 2 n +  1, (hO1) wi th  h = 2 n +  1 a n d  (hk0) w i t h  h, k = 

• ~ ] 5  2 n + l  Space g roup :  Cmma-D22~ or Cm~a-C2v.  Dm = 
5•31 g.cm. -3, D x - - 5 . 4 9  g.cm. -3. There  are 16 Te2I 2 
fo rmula  weights  per  un i t  cell. Vo lume  of t h e  u n i t  cell 
is 2461"6 A 3 

I t  is a p leasure  to  t h a n k  Dr  E.  Grison, who p repa red  
the  p h o t o g r a p h s  of t e t r a g o n a l  ' t e l lu r ium t e t r a iod ide '  
in  1950, and  Professors  A. von  H i p p e l  a n d  J . M .  
R o b e r t s o n  for the i r  in te res t  in  th i s  s tudy•  
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