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ABSTRACT 

Harmonic f o r c e  f i e l d s  ( i n - p l a n e )  f o r  g a l l i u m  and 
indium t r i h a l i d e s  a r e  d e v e l o p e d  from comple te  o r  i n c o m p l e t e  
e x p e r i m e n t a l  a s s i g n m e n t s  o f  v i b r a t i o n a l  f r e q u e n c i e s .  The 
m i s s i n g  f r e q u e n c i e s  a r e  p r e d i c t e d  from t h e  c a l c u l a t i o n s  
Mean a m p l i t u d e s  of  v i b r a t i o n  a r e  c a l c u l a t e d .  

INTRODUCTION 

T h i s  i s  a c o n t i n u a t i o n  o f  s y s t e m a t i c  s t u d i e s  o f  h a r -  
monic f o r c e  f i e l d s  and mean a m p l i t u d e s '  f o r  m e t a l  t r i h a l i d e  
monomers. The m o l e c u l e s  b e l o w  t o  t h e  p l a n a r  s y m m e t r i c a l  
(D3h) model .  R e s u l t s  f rom t h e  similar s t u d i e s  o f  A1F 
A l C 1 3 , 3  A1Br3 , '  and A 1 1  have  been  p u b l i s h e d .  In t h e  3 
p r e s e n t  work t h e  GaX3 and InX3 (X = C 1 ,  Br and I )  m o l e c u l e s  
a r e  t r e a t e d .  F o r  two o f  them, v i z .  G a 1 3  and I n B r  
comple te  e x p e r i m e n t a l  a s s i g n m e n t  o f  i n - p l a n e  f r e q u e n c i e s  
i s  r e p o r t e d  f rom Raman g a s  d a t a . 6  These  d a t a  a r e  r a t h e r  un- 

2 
3' 

t h e  

* V i s i t i n g  R e s e a r c h  S c h o l a r  on  t h e  t e r m s  o f  NORAD Developing  
Aid Agency. 
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CYVIN AND PHONGSATHA 

c e r t a i n ,  e s p e c i a l l y  fox t h e  v3 f requency .  For t h e  o t h e r  
molecules  t r e a t e d  h e r e  t h i s  f requency  i s  not g i v e n  a t  a l l .  

HARMONIC FORCE FIELDS 

Gallium T r i i o d i d e  and Indium Tribromide 

For  G a 1 3  and InBr3 t h e  in -p lane  f o r c e  c o n s t a n t s  were 
c a l c u l a t e d  by means of t h e  v a l u e s  of v1, v 3  and v4 
B e a t t i e  and Horder' and us ing  t h e  s imple  
Shimanouchi f o r c e  f i e l d  approximat ion .  The symmetry f o r c e  
c o n s t a n t s 3  a r e  g iven  i n  Table I and t h e  v i b r a t i o n a l  
f r e q u e n c i e s  in Table  2 ,  

f o r c e  f i e l d  us ing  observed mean ampl i tudes  from e l e c t r o n  
d i f f r a c t i o n .  The v i b r a t i o n a l  f r e q u e n c i e s  t h u s  deduced p r i o r  
t o  t h e  s p e c t r o s c o p i c  obse rva t ions6  show a remarkably good 
agreement w i t h  t h e  l a t t e r  ones.  They a r e 7  ( i n  cm"): V1 = 

150 2 10, Y3 = 300 2 20 and Y4 = 65 2 10. 

Gallium T r i c h l o r i d e  and Tr ibromide ,  and Indium T r i c h l o r i d e  
and T r i i o d i d e  

from 
Urey-Bradley- 

F o r  GaI Mor ino  e t  a l . 7  have developed a va l ence  3 

- 
I n  %he c a s e s  of GaC13, GaRr InCl and I n 1 3  t h e  Y 3  

f requency  i s  unobserved. Hence an a d d i t i o n a l  approximat ion  
i s  necessa ry .  The fo l lowing  approach was fo l lowed ,  he re  
i l l u s t r a t e d  f o r  GaC13 as an  example. (1) The f r r  va lue  o f  
-0.010 mdyne/A was assullied from analogy w i t h  the  r e l a t e d  

3' 3 

TABLE 1 
In-Plane Symmetry Force Cons tan t s  (mdyne/A) 

Molecule F(A1 ' F I 1 ( E ' >  F2*(E' F12(E' 1 
GaC 1 3 -047 3 * 076 0.081 0.006 

2.644 3.060 0.074 0.080 G a B r  3 
GaI 1.615 1 .y38 0.036 -0.021 
InC13 2.558 2 -457 0.047 -0.019 

InBr3 2.115 1.860 0.040 -0.049 

I n 1  ;5 1.704 0 .a05 0.057 -0.173 
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GALLIUM AND INDIUM TRIHALIDE MONOMERS 

TABLE 2 
V i b r a t i o n a l  F requenc ie s  (cm-I) 

Molecule v1(AI1) %)(El ) v4(E '  1 

G a C 1 3  382 51Lca 128 

GaI 147 27 5 50 

InBr 21 2 280 6 2  

GaBr 3 237b 439a 8 3  

InC13 3 50 414a 94 

In13 151 140a 44 

a Calcu la t ed  he re .  A l l  o t h e r  v a l u e s  a r e  Raman gas  d a t a  
from Ref .  6. 

S u b j e c t  t o  Fermi resonance .  

molecules.  It must be admi t ted  t h a t  t h i s  approximat ion  i s  
r a t h e r  u n c e r t a i n .  (2)  With F(A,,') = 3.047 mdyne/A ob ta ined  
from V 1 
F,,,(EI) = 3.076 mdyne/A. ( 3 )  The simple 
Shimanouchi f o r c e  f i e l d  was assumed. ( 4 )  With t h e s e  assunp- 
t i o n s  i t  i s  p o s s i b l e  t o  c a l c u l a t e  t h e  r e s t  o f  t h e  in-p lane  
symmetry f o r c e  c o n s t a n t s ,  v i z .  F I 2 ( E ' )  = 0.006 mdyne/A and 

F22(E t )  = 0.081 mdyne/A. (5)  Th i s  a n a l y s i s  a l s o  g i v e s  a 
p red ic t ed  va lue  of t h e  miss ing  f requency  ( Y  ) .  

v i b r a t i o n a l  f r e q u e n c i e s  i n  Table  2.  

one o b t a i n s  f r  = 3.067 mdyne/A, and consequent ly  
Urey-Bradley- 

3 
The f o r c e  c o n s t a n t s  a r e  inc luded  i n  Table  1 and t h e  

MEAN AMPLITUDES OF V I B R A T I O N  

The f o r c e  c o n s t a n t s  were used t o  c a l c u l a t e  t h e  mean 
ampl i tudes  of v i b r a t i o n '  for t h e  bonded and nonbonded d i s -  

t ance  i n  each  o f  t h e  molecules .  The r e s u l t s  f o r  temperatu- 
r e s  up t o  2000 K are  g i v e n  i n  Table  3 (GaX ) and Table 4 3 
( Inx3)  * 

For  Ga13 some mean ampl i tudes  ob ta ined  by g a s  e l e c t r o n  
d i f f r a c t i o n  a r e  a v a i l a b l e .  Akish in  e t  a1.8 have r e p o r t e d  
l(Ga-I) = 0.072 A and l ( I " ' 1 )  = 0.139 A .  The more r e c e n t  
and a c c u r a t e  v a l u e s  due t o  Morino e t  a l . 7  r ead  1(Ga-I) = 
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CYVIN AND PHONGSATHA 

TABLE 3 

3 Mean Ampl i tudes  o f  V i b r a t i o n  (A) f o r  G a C 1 3 ,  GaBr 

Temp.(K) Ga-C1  C l . . . C l  Ga-Br B r . . . B r  Ga-I I - - - I  

0 0.039 0.065 0.034 0.056 0.039 0.057 

298 0.043 0.106 0.042 0.114 0.055 0.149 

400 0.047 0.121 0.047 0.131 0.062 0.172 

and GaI 3 

500 0.051 0.135 0.051 0.146 0.068 0.192 

800 0.062 0.169 0.063 0.184 0.085 0.243 

1000 0.068 0.189 0.070 0.206 0.095 0.272 

2000 0.095 0.266 0.099 0.291 0.174 0.784 

TABLE 4 

Mean Ampl i tudes  o f  V i b r a t i o n  (A) for InC13, InBr3 and I n 1 3  

Temp.(K) In-C1 C l . . . C l  In-Br B r . . . B r  In-I I * . . I  

0 0.040 0.071 0.037 0.061 0.049 0.0% 

2 98 0.046 0.132 0.050 0.140 0.103 0.136 

400 0.051 0.152 0.056 0.161 0.119 0.157 

500 0.055 0.169 0.062 0.180 0.133 0.176 

800 0.068 0.213 0.077 0.227 0.168 0.222 

1000 0.076 0.238 0.086 0.254 0.188 0.248 

2000 0.106 0.537 0.121 0.359 0.265 0.351 

0.067 2 0.004 A and l ( I * - * I )  = 0.163 2 0.010 A a t  t h e  
t e m p e r a t u r e  o f  225 2 30 O C .  The l a t t e r  s e t  o f  v a l u e s  i s  
s e e n  t o  be  v e r y  w e l l  c o m p a t i b l e  w i t h  t h e  p r e s e n t  c a l c u l a -  
t i o n s  ( T a b l e  3) .  
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