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ABSTRACT 

A harmonic f o r c e  f i e l d  is  developed and an  a s s ign -  
ment of 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  f o r  G a 2 C 1 6  is  pro- 
posed. The mean ampl i tudes  of v i b r a t i o n  a r e  c a l c u l a t e d .  

INTRODUCTION 

The purpose of t h i s  work i s  t o  i n v e s t i g a t e  t h e  har -  
monic f o r c e  f i e l d  f o r  G a  C 1  w i t h  c a l c u l a t i o n s  o f  t h e  
mean ampl i tudes  of vibra:io;.’ The molecule i s  known t o  
belong t o  t h e  br idged  d ibo rane - l ike  model (symmetry D 2 h ) .  
Many works on molecules  be longing  t o  t h i s  model have been  
pub l i shed .  The p r e s e n t  work i s  a c o n t i n u a t i o n  o f  t h e  
s i m i l a r  a n a l y s e s  o f  aluminum t r i h a l i d e  d i n e r s ,  2-6 S e v e r a l  
s p e c t r o s c o p i c  i n v e s t i g a t i o n s  on g a l l i u m  t r i h a l i d e  d imers  
have been  r e p ~ r t e d . ~ - ~  A d d i t i o n a l  r e f e r e n c e s  a r e  found i n  
t h e  e x c e l l e n t  t h e s i s  r e c e n t l y  publ i shed  by Ry t t e r . ”  
conc lus ion  i t  must be admi t ted  t h a t  t h e  ass ignments  of 

I n  
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PHONGSATHA AND W I N  

fundamental  f r e q u e n c i e s  f o r  t h e s e  molecules s t i l l  c o n t a i n  
s e v e r a l  u n c e r t a i n  p o i n t s .  

STRUCTURE 

The br idged  s t r u c t u r e  (D2h) w i t h  a p l a n a r  r i n g  w a s  
v e r i f i e d  f o r  Ga2C16 by  Ak i sh in  e t  a1.I’ i n  t h e i r  g a s  
e l e c t r o n  d i f f r a c t i o n  i n v e s t i g a t i o n .  We have adopted t h e  
s t r u c t u r a l  parameters  from t h a t  work, v i z .  Ga-Cl(termi- 
n a l )  = 2.09 A ,  Ga-Cl(bridged) = 2.29 A ,  L C l ( t e r . ) G a C l  
( t e r . )  = 112’ and L Cl(b r . )GaCl (b r . )  = 89’. 

HARMONIC FOHCE FIELD AND VIBRATIONAL ASSIGNMENT 

I n  t h e  f i r s t  c a l c u l a t i o n  a simple harmonic f o r c e  
f i e l d  was de r ived  w i t h i n  t h e  approximat ion  o f  a d i a g o n a l  
F matrix based on symmetry c o o r d i n a t e s .  l 2? l3  I n  t h i s  
r e s p e c t  t h e  approximate f o r c e  f i e l d  i s  of t h e  same kind 
as was a p p l i e d  t o  A12F6.4 The f i v e  nonvanishing f o r c e  
c o n s t a n t s  ( i n  mdyne/A) a r e :  f s ( t e r m i n a l  Ga-C1) = 2.467, 
f r ( b r i d g e d  Ga-C1) = 0.974, f Y  = 0.18, f t  = 0.32 and f, 
= 0.21. The c a l c u l a t e d  f r e q u e n c i e s  from t h i s  f o r c e  f i e l d  
a r e  shown i n  Table  1. D i f f e r e n t  v a l u e s  o f  t h e  f o r c e  cons- 
t a n t s  were t r i e d  i n  o r d e r  t o  improve t h e  agreement w i t h  
t h e  observed f r e q ~ e n c i e s ~ - ~  quoted i n  Table  1. E s p e c i a l l y  
was t h e  e f f e c t  of f,+, i n v e s t i g a t e d .  S e v e r a l  f r e q u e n c i e s  
improved whi le  o t h e r s  g o t  worse when u s i n g  v a l u e s  of f p  
above and below 0.18 mdyne/A. Hence t h e  va lue  chosen h e r e  
a r i s e s  from a compromise. 

t h e  observed Raman and i n f r a r e d  data7-9 quoted i n  Table 
1. The f i n a l  f o r c e  c o n s t a n t s  i n  te rms  of symmetry coord i -  
n a t e s  13,14 a r e  shown i n  Table  2 ,  and t h e  cor responding  
f r e q u e n c i e s  a r e  inc luded  i n  Table 1. Most of t h e s e  
f r e q u e n c i e s  a r e  s e e n  t o  be i d e n t i c a l  w i t h  t h e  observed 
v a l u e s  ( c f .  Table  1 ) .  The exper imenta l  d a t a  a r e  from 
B e a t t i e  e t  a ~ ~ :  m o s t  of t h e  Raman d a t a  f r o m  m e l t s ,  mul l  
i n f r a r e d  d a t a ,  bu t  i n c l u d i n g  a few s o l i d - s t a t e  frequen- 
c i e s .  T h i s  s e l e c t i o n  of expe r imen ta l  v a l u e s  was taken  
from t h e  q u o t a t i o n  o f  Adams e t  a l .  

A r e f i n e d  f o r c e  f i e l d  was produced w i t h  t h e  a i d  of 
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GALLIUM TRICMORIDE DIMER 

TABLE 1 
Ca lcu la t ed  and Observed V i b r a t i o n a l  F requenc ie s  (cm-I) 

f o r  G a 2 C 1 6  

Ca lcu la t ed  Observed 
Approx. F i  na 1 Raman I n f r a r e d  

S p e c i e s  - 
A k3 40 9 41 3 413 - 

279 318 318 - 
162 167 167 - 
85 100 100 - 

192 21 5 27 5 - 
462 462 462 
1 50 117 117 - 
271 24 3 24 3 - 
179 125 125 

AU 105  106 - - 
B1 u 40 7 390 790 

251 282 282 
103 156 156 

B2u 300 318 318 
119 114 114 
47 3 464 - 464 
255 203 - - 

B1 r5 
B2@; 

B3g 

- 

- 

- 
- 
- 
- 
- 

B3U 

57 80 - - 

For t h e  unobserved f requency  o f  Au(V 5 ) we have c a l -  
c u l a t e d  lo5  cm-I f r o m  t h e  approximate f o r c e  f i e l d .  
ag rees  n i c e l y  w i t h  t h e  c a l c u l a t e d  va lue  o f  106 cm-I from 
Ref.  14. B e a t t i e  e t  a1.8 have sugbes ted  t h e  re-assignment 
vI2(B2@;) = 104 cm-’ and -9 ( B  ) = 117 cm-’, w h i l e  215 

cm-I should be expla ined  a s  a combination band. Our ca l cu -  

l a t i o n s  do  n o t  confirm t h i s  re -ass ignment .  We t h e r e f o r e  
p r e f e r  t o  use  215 cm-I and 117 cm- as YI5(Blg) and VI2 

( B 2 g ) .  r e s p e c t i v e l y ,  i n  accord  w i t h  Adams e t  al.14 and 
t h e  o r i g i n a l  assignment o f  B e a t t i e  e t  a l . 7  For  J9(B3u) no 
exper imenta l  va lue  i s  quoted in Ref. 14. We have chosen 

203 cm-’ a s  t h e  c a l c u l a t e d  v a l u e  f r o m  t h e  same work. 

It 

15  I g  
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PHONGSA'l'HA AND CYVIN 

However, B e a t t i e  e t  a l . 7  do r e p o r t  a g a s  i n f r a r e d  f requency  

of Y ~ ( B ~ ~ )  = 202 cm-". 
I 0  A f t e r  comple t ion  of t h e  p r e s e n t  c a l c u l a t i o n s  R y t t e r  

p re sen ted  a t e n t a t i v e  assignment of t h e  Raman-active funda- 
men ta l s  o f  G a 2 C 1 6 .  I t  i s  mainly based on  new mel t  d a t a  
and t h e r e f o r e  o f  i n t e r e s t  t o  be quoted h e r e .  The 
f r e q u e n c i e s  a r e  s o l i d  bands from l i t e r a t u r e .  A l l  v a l u e s  i n  

10 

B3g 

cm-' ; 

B2g: 462(w), 128(w) 
B3g: 347, 117 

The ass ignments  of t h e  B modes a r e  s u b s t a n t i a l l y  d i f f e r e n t  
from o u r s  (Table  I ) .  R y t t e r ' s  assignment is not  suppor t ed  
by f o r c e  c o n s t a n t  c a l c u l a t i o n s ,  a s  t h e  a u t h o r  p o i n t s  ou t  
h imsel f  . lo 

MEAN AMPLITUDES OF VIBRATION 

The developed f o r c e  f i e l d  (Table  2 )  was 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 . '  The r e s u l t s  
a r e  shown i n  Table 3 .  

t u d e s  f o r  Ga2C16 from e l e c t r o n  d i f f r a c t i o n  d a t a .  
v a l u e s  a r e  presumably not a c c u r a t e  enough t o  be e f f e c t i v e l y  
u s e f u l  i n  t h e  f o r c e  c o n s t a n t  a n a l y s i s .  They a r e  ( i n  A 
u n i t s  and t h e  sequence of Table 3 ) :  0.049, 0 .049 ,  0 .116 ,  
0.076( ass.  ) , 0.066, 0.076, 0 .076 ,  0 .OW and 0.097. 

Ak i sh in  e t  a1.I' have pub l i shed  a s e t  of mean ampli- 
These 

94 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



GALLIUM TRIC€ILORI.DE D P I E R  

TABLE 2 
Final  Symmetry Force Constants (mdyne/A) f o r  Ga2C16 

0.226 
B?F3 

I .I05 
0.0% 2.531 
0.056 0.009 0.366 
0.018 -0.004 -0.008 0.244 

*g 

2.407 
-0.064 0.115 

2g 
B 0.760 

B3g -0.033 0.092 

1.215 
0.169 2.359 

B1 u 

B3u 

0.183 

-0.055 -0.058 O.W7 

2.263 
-0.059 0.324 

B2u 1.041 
-0.040 0.175 

-0.056 -0.118 0.200 

TABLE 3 
Calculated Mean Amplitudes of Vibration ( A  un i t s )  f o r  Ga2C16 

~~ ____ 

Distance O K  298 K 500 K 1000 K 

Ga-C It 0.041 0.048 0 -057 0 -077 
Ga-C lb 0 . o y  0.069 0.086 0.119 

Gas 0 . C 1  0.064 0 .I15 0.147 0.206 
Ga-Ga 0.048 0.074 0 .ow 0.131 

o .070 0.115 0 .I46 0.205 
0 .I14 0.145 0.203 com(C1.e .C1) 0.069 

cis(C1. * .Cl) 0 -091 0 .I92 0.247 0.348 
t r ( C 1 .  -Cl) 0.072 0.128 0.163 0.229 

0'. . C l b  0.056 0.071 0.088 0.121 

C l b . .  * C l t  
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