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ABSTRACT 

Harmonic f o r c e  f i e l d s  a r e  deve loped  f o r  t h e  Ga2Br6 
and Ga216 molecu le s .  The a n a l y s i s  conf i rms  p r e v i o u s  
a s s i g n m e n t s  o f  e x p e r i m e n t a l  f r e q u e n c i e 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 .  

A p r e v i o u s  communication' d e s c r i b e s  a normal  coord i -  
n a t e  a n a l y s i s  o f  Ga2C16 and c o n t a i n s  r e f e r e n c e s  t o  t h e  

s imi l a r  i n v e s t i g a t i o n s  o f  aluminum t r i h a l i d e  d i m e r s  
p u b l i s h e d  i n  t h i s  J o u r n a l .  I n  t h e  p r e s e n t  work t h e  same 
methods a r e  a p p l i e d  t o  Ga2Br6  and Ga216 i n  o r d e r  
c o n t r i b u t e  t o  t h e  s o l u t i o n  of  t h e  problem of  v i b r a t i o n a l  
a s s i g n m e n t s  and t o  s u p p l y  f o r  t h e  f i r s t  t ime c a l c u l a t e d  
mean a m p l i t u d e s  o f  v i b r a t i o n  from s p e c t r o s c o p i c  d a t a  f o r  
t h e s e  m o l e c u l e s .  

t o  
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406 CWIN AND PHONGSATHA 

STRUCTURE 

Tab le  1 g i v e s  a s u r v e y  of  t h e  s t r u c t u r a l  p a r a m e t e r s  
a p p l i e d  h e r e  a l o n g  w i t h  t h o s e  f o r  G a 2 C 1 6 .  The da t a  f o r  
t h e  C1 and B r  molecu le s  a r e  from g a s  e l e c t r o n  d i f f r a c t i o n  
measurements  o f  A k i s h i n  e t  a1.2 Exper imen ta l  da t a  f o r  
Ga216  have n o t  been  found.  Fo r  t h e  bond d i s t a n c e s  we have 
adopted  t h e  v a l u e s  used  by B e a t t i e  e t  a1.3 ( g i v e n  w i t h o u t  
r e f e r e n c e ) ,  b u t  n o t  f o r  t h e  bond a n g l e s  s i n c e  t h e i r  v a l u e s  
f o r  Ga2Br6  d i f f e r  from t h e  e x p e r i m e n t a l  da t a .  I n s t e a d  we 
t r a n s f e r r e d  t h e  v a l u e s  from G a 2 B r 6 .  

HARMONIC FORCE FIELD AND VIBRATIONAL ASSIGNMENT 

A s imple  harmonic f o r c e  f i e l d  i s  based  on  f i v e  non- 
v a n i s h i n g  f o r c e  c o n s t a n t s .  The numer i ca l  v a l u e s  a r e  c o l -  
l e c t e d  i n  T a b l e  2 a long  w i t h  t h o s e  f o r  G a 2 C 1 6 ,  showing 
t h e  r e g u l a r i t i e s  t h r o u g h  t h e  s e r i e s  o f  m o l e c u l e s  i n  
que s t i o n .  

f i e l d s  f o r  Ga2Br6 and Ga216 a r e  shown i n  Tab le  3 a l o n g  
w i t h  t h e  observed  v a l u e s  f rom t h e  i n f r a r e d  ( m u l l )  and 
Raman ( s o l i d )  da ta .3  The c a l c u l a t i o n s  b a s i c a l l y  c o n f i r m  
t h 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  t h e  fundamen ta l s  th rough-  
o u t .  It  was found t o  be p o s s i b l e  t o  a d j u s t  t h e  f o r c e  
f i e l d  t o  f i t  e x a c t l y  a l l  t h e  obse rved  f r e q u e n c i e s  w i t h i n  
r e a s o n a b l e  r a n g e s  o f  t h e  f o r c e  c o n s t a n t s .  These f i n a l  

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 e s e  s i m p l e  f o r c e  

TABLE 1 
S t r u c t u r a l  P a r a m e t e r s  f o r  Gallium T r i h a l i d e  Dimers 

Ga2X6 G a 2 C I 6  Ga2Br6 Ga216 
Ga-X( te rmina l ) ,  A 2.09 2.25 2.40 
Ga-X( b r i d g e d ) ,  A 2.29 2.35 2.60 

L X (  t e r  . )GaX( t e r  . ) , 112 I10 I10 

89 87 87 
LX(br . )GaX(br . ) ,  0 

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



HARMONIC FORCE FLELDS FOR GaZBr6 AND Ga216 407 

TABLE 2 
Force Constants (mdyne/A) of  Approximate Force 

F ie lds  f o r  Gallium T r i h a l i d e  Dimers 

Symbol Ga2C l6 Ga2Br6 Ga216 

f S  2.467 1.965 1.237 
0 974 0.814 0.81 3 f r  
0.180 0 .I80 0.160 f Y  
0.320 0.270 0.200 f t  

f , 0.210 0.210 0.210 

force  f i e l d s  a r e  g iven  i n  Table 4 and 5 f o r  Ga2Br6 and 
G a 2 1 6 ?  r e spec t ive ly .  F o r  t h e  inac t ive  AU(J5) f requencies  
we have used t h e  r e s u l t s  from t h e  approximate ca lcu la-  
t i o n s .  That was a l s o  done f o r  t h e  unobserved 
f requencies ,  v i z .  vl0 f o r  both molecules and V9 f o r  Ga216. 

D i f f e ren t  ca lcu la ted  va lues  f o r  these  f requencies  a re  
reported i n  Ref. 3, v i z .  Q9 = 107 cm-' (Ga216) and Vlo = 

17 and 14 cm-I f o r  Ga2Br6 and Ga216? r e spec t ive ly .  

MEAN AMPLITUDES OF VIBRATION 

B3u 

The f i n a l  fo rce  f i e l d s  were used t o  c a l c u l a t e  t h e  
mean amplitudes of ~ i b r a t i o n . ~  The r e s u l t s  a r e  g iven  in 
Tables 4 and 5 f o r  Ga2Br6 and Ga216, r e spec t ive ly .  For 
t h r e e  of t h e  d i s t a n c e s ,  v i z .  G a . * . X ,  X b * * * X t  and 
(X...X), where X = B r  o r  I ,  t h e  va lues  a re  g iven  i n  
parentheses  because they depend c r i t i c a l l y  on t h e  pa r t i cu -  
l a r l y  unce r t a in  f requencies  V (AU) and Vlo(B3U). 5 
dependence i s  inc reas ing ly  important wi th  inc reas ing  
temperature . 

c i s  

This  
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408 O N I N  AND PHONGSATHA 

TABLE 3 
Calculated and Observed Vib ra t iona l  Frequencies (cm") 

fo r  Ga2Br6 and G a 2 1 6  

Ga2Br6 

304 291 
175 204 
120 'I19 

56 64 

Species Approx. Fina la  

AQ; 

128 1 58 
3% 339 
111 74 

Ig, 
B 

B2Q; 

Ga216 
Approx. Fina la  

~~ 

24 5 22 9 
1 30 143 
86 85 
43 50 
95 68 

277 265 
82 55 

218 241 206 195 
127 85 99 64 

B1 u 295 2 68 235 21 3 

72 90 56 77 
B2u 2 36 232 21 7 189 

77 82  61 61 
371 347 300 27 3 B 

171 102 121 (121) 
37 (37) 30 ( 3 0 )  

B3g 

AU 68 ( 6 8 )  52 (52) 

160 188 119 1 34 

3u 

aCalculated from the  f i n a l  fo rce  f i e l d  and i d e n t i c a l  t o  
the  experimental  d a t a  from Ref. 3 .  Parenthesized va lues  
a re  unobserved. 

For  Ga2Br6 a s e t  of mean amplitudes from e l e c t r o n  
d i f f r a c t i o n  d a t a  have been repor ted .2  They a r e  presumably 
not accura te  enough t o  be e f f e c t i v e l y  u s e f u l  i n  the  fo rce  
constant  ana lys i s .  We a re  quoting the  va lues  here ( i n  A 
u n i t s  and t h e  sequence o f  Table 4): 0.054, 0.054, 0.111, 
0.080(ass . ) ,  0.080, 0.080, 0.080, 0.120 and 0.128. 
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HARMONIC FORCE FIELDS FOR Ga2Br6 AND Ga216 409 

TABLE 4 

Fina l  Symmetry Force Constants (mdyne/A) f o r  Ga2Br6 

0.986 
0.121 1.875 
0.076 0.024 0.294 

A@; 

0.007 -0.015 -0.009 0.233 

0.273 I@; 
B 

I .647 
-0.105 0.095 

B2t3 0 *789 3a - 
-0.140 0.127 

0.182 Al l  1.021 
0.290 1.864 

B1 u 

-0.001 -0.034 0.283 

1.419 
-0.088 0.172 

B3u 0.840 
0.030 0.191 

B2u 

-0.113 -0.043 0.119 

TABLE 5 
F ina l  Symmetry Force Constants (mdyne/A) for Ga216 

A o ,882 
g 

0.119 0.191 
0.046 0.017 0.206 
0.025 -0.013 -0.004 0.214 

0.082 
I@; 

B 

0 585 
-0.083 0.096 

B3@; 0.968 
-0.094 0.093 

*2@; 

AU 0. a72 B1 u 0.163 
0.226 1.289 

-0.002 -0.062 0.302 

1 a 1 1 5  B3u B2u 0 -695 
0.043 0.143 0.023 0.205 

0.031 -0.007 0.151 
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410 W I N  AND PHONGSATHA 

TABLE 6 

Calculated Mean Amplitudes of  Vibra t ion  (A u n i t s )  f o r  
Ga2Br6 

Distance O K  298 K 500 K 1000 K 

Ga-Brt 0.040 

Ga-Brb 0.047 
Ga- * B r  (0.061) 

Ga-Ga 0.050 

0.047 B r b .  Brb 
B r b *  * B r t  (0.060) 

corn( B r  B r  ) 
cis(Br0 .Br) (0.084) 

t r (  B r . .  SBr) 0.064 

0.060 

0.068 

0 -093 

(0.176) 
0 . l o5  
0 -093 

(0.161) 
0 .I64 

(0.317) 
0 .I85 

0 -095 
0.130 

(0.248) 

0 . I47 

0.130 

(0.227) 
0.231 

(0.448) 
0.261 

TABLE 7 
Calculated Mean Amplitudes of  Vibra t ion  (A u n i t s )  f o r  

Ga216 

Distance O K  298 K 500 K 1000 K 
~ 

G a - I t  
Ga-Ib 

G a .  .I 
Ga-Ga 

Ib.. .Ib 
Ib’ ‘It 

corn( I - 1 )  
c i s ( I - . . I )  
t r ( I * .  - 1 )  

0.041 
0.046 

(0.059) 
o .052 
0.045 

( 0 -056 ) 
0.056 

( 0  -074) 
0.062 

0 .ow 
0 *079 

(0.143) 
0.092 

0.084 

(0.733) 
0.131 

(0.242) 

0.160 

0.081 
0 .I01 

( 0  0185) 
0.117 
0 .I08 

( 0  -172) 
0.170 

0.207 
( 0  31 3) 

0.114 
0 .I42 

(0.261) 

0 . I65 
0.152 

( 0 243 ) 
0 -239 

(0.442) 

0.292 
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