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ABSTRACT 

N o r m a l  c o o r d i n a t e  a n a l y s e s  were pe r fo rmed  f o r  Fe2C16 

and A1FeC16 o n t h e  basis of new Raman d a t a .  C a l c u l a t e d  

mean a m p l i t u d e s  of v i b r a t i o n  are  r e p o r t e d .  

I N T R O D U C T I O N  

Recen t  h i g h  t e m p e r a t u r e  Raman s p e c t r o s c o p i c  s t u d i e s  

were a b l e  t o  e s t a b l i s h  most  of t h e  Raman a c t i v e  v i b r a t i o -  

n a l  f r e q u e n c i e s  o f  t h e  F e 2 C 1 6 ( g ) l t 2  and A1FeC16(g) 

s e o u s  m o l e c u l e s .  With t h e  

t r i x  i s o l a t i o n  s t u d i e s  f o r  t h e  F e ~ C l s ( g )  as  w e l l  as o f  

t h e  e x t e n s i v e  s t u d i e s  f o r  t h e  A 1 2 C 1 6  ( g )  5 ,  an  a s s i g n m e n t  

o f  t h e  measured  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  b o t h  t h e  
2 F e 2 C l g ( g )  and t h e  A l F e C l g ( g )  m o l e c u l e s  w a s  p o s s i b l e  . 

The purpose  of t h e  p r e s e n t  work i s  t o  d e r i v e  a n  ap-  

a r o p r i a t e  f o r c e  f i e l d  f o r  t h e  F e 2 C l g ( g ) .  The a n a l o g y  w i t h  

t h e  A12C16(g) was e x p l o i t e d  and t h e  f o r c e  f i e l d  a p p r o x i -  

ma t ion  of r e f e r e n c e  5 was a d o p t e d .  Fu r the rmore  t h e  d e r i v e d  

f o r c e  f i e l d  f o r  F e 2 C l g ( g )  i s  combined w i t h  t h a t  f o r  

2 
ga- 

a i d  of t h e  IR3 and Raman4 ma-  

('opyright @ 148Y hy Mdrcel Dckkct. I n c  
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2 NALBANDIAN ET AL. 

D2t-l 
V=O' 
a=92:9' 
p122.1- 

C2v 
Ip=l6.7 ' 
a =9 0.7' 
p=124.3' 

F i g .  1. The A2X2Y4 m o l e c u l a r  model f o r  t h e  p u r e  
d i m e r  F e 2 C 1 6 ( g ) .  

A l 2 C l 6  ( g  1 t o  c a l c u l a t e  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  
t h e  v a p o r  complex AlFeCls  ( g )  . A good a g r e e m e n t  be tween 

t h e  c a l c u l a t e d  and  e x p e r i m e n t a l l y  measured  Raman f r e q u e n -  
c ies  o f  t h e  v a p o r  complex h a s  been  found .  

THE Fe2C16(g )  MOLECULE 

The s t r u c t u r e  o f  t h e  F e 2 C l g ( g )  h a s  been  d e t e r m i n e d  
by a c c u r a t e  e l e c t r o n  d i f f r a c t i o n   measurement^^'^. The  
m o l e c u l e  c o n s i s t s  o f  two t e t r a h e d r a l l y  bonded Fe a toms 
w i t h  t w o  common b r i d g i n g  C 1  a toms t h u s  f o r m i n g  a f o u r  
member r i n g  as shown i n  F i g .  1. There  are two p roposed  
s t r u c t u r e s  f o r  t h i s  m o l e c u l e .  I n  t h e  f i r s t ,  a n g l e  a=O 
( F i g .  l), t h e  r i n g  i s  p l a n a r  and  t h e  m o l e c u l a r  symmetry 
i s  D2h as f o r  t h e  A 1 2 C l g ( g ) .  I n  t h e  s e c o n d ,  ( ~ = 1 6 , 7 ' ,  t h e  
r i n g  is pucke red  and  t h e  symmetry i s  C z V .  The e l e c t r o n  
d i f f r a c t i o n  d a t a  a r e  more c o n s i s t e n t  w i t h  t h e  puckered-  
r i n g  s t r u c t u r e  b u t  i t  h a s  been  p o i n t e d  o u t  t h a t  t h e  de-  
v i a t i o n  from t h e  p l a n a r - r i n g  s t r u c t u r e  may be  due  t o  t h e  

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



MOLECULAR VIBRATIONS 3 

Table 1. Distribution and correlations of the normal modes 
of vibration for the AA' X2Yq molecules 

A. Puckered - ICzv) and planar-ring lD2h) models (pure dimerl. 

Species Symmetry 
qrouo 

c2v 7A1 IR, IR) 3AzIRL 3BllR,IRl 5821 R,IR) 

,f\ / \  / \  
D2h 4AglRl 3BlulIRl AulIA) ZBig1R) ZB2,IIRl B3q(R) 

B. Planar-ring models for the complex ICzv) and the pure dimer lD2h) 

c2v 7AlIR. I R I  581 IR, IRI 4B2IR. I R )  

l a r g e  a m p l i t u d e  v i b r a t i o n  a round  t h e  a x i s  c o n n e c t i n g  t h e  
t w o  b r i d g e d  C 1  atoms6I7. 

I n  o u r  a n a l y s i s  we c o n s i d e r  b o t h  s t r u c t u r e s ,  s t a r t -  
i n g  w i t h  t h e  Dzh, b e c a u s e  o f  i t s  s i m i l a r i t y  w i t h  t h e  

~ 1 2 ~ 1 6 ( 9 ) .  

P l a n a r - r i n g  model,  D2h. The g e o m e t r i c a l  p a r a m e t e r s 6  are 
g i v e n  i n  F i g .  1. For  D2h symmetry,  t h e  d i s t r i b u t i o n  o f  
t h e  18  normal  modes o f  v i b r a t i o n  are g i v e n  i n  Tab le  1. 
A comple t e  se t  o f  i n d e p e n d e n t  symmetry c o o r d i n a t e s  was 
used  i n  t h e  a n a l y s i s .  Tomi ta  e t  a15. have g i v e n  t h e  sym- 

metry  - a d a p t e d  l i n e a r  c o m b i n a t i o n s  of v a l e n c e  c o o r d i n a t e s ,  
which  a l s o  were employed h e r e .  I n  c o n t r a s t  t o  t h e s e  r e s e a r -  

c h e r s 5  
e a r l y  s t a g e  o f  t h e  a n a l y s i s  so t h a t  o u r  t r a n s f o r m a t i o n  
m a t r i x  ( U )  from v a l e n c e  t o  symmetry c o o r d i n a t e s  (S=UR) 
i s  n o t  o r t h o g o n a l .  The problem was hand led  i n  a s t a n d a r d  

way t h r o u g h  t h e  T m a t r i x  8 , which  p e r t a i n s  t o  t h e  o p p o s i -  
t e  t r a n s f o r m a t i o n ,  1 . e .  from symmetry c o o r d i n a t e s  t o  va- 
l e n c e  c o o r d i n a t e s :  R = TS. T h i s  m a t r i x  i s  u n i q u e  i n  s p i -  

t e  of t h e  p r e s e n c e  of r e d u n d a n c i e s  among t h e  v a l e n c e  

w e  have removed t h e  r e d u n d a n t  c o o r d i n a t e s  a t  a n  
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4 

Table 2. Valence f o r c e  c o n s t a n t s . a  

NALBANDIAN ET AL. 

C o o r d i n a t e ( s )  
i nvo lved  

-1 S t r e t c h  and s t r e t c h f s t r e t c h  (mdyne A ) 
A-Y 

A-X 

A-Y f A-X 

A-YfA-Y' 

A - X ~ A '  -X 

S t r e t ch /bend  (mdyne r ad - l )  

Bend and bend/bend (mdyne A rad-') 

A-XfXAX 

YAY ' 
XAX' 
AXA' 

XAY 

YAY' fXAY 

1 

XAYIXAY' 
X A Y f  X '  AY 

X'AXA' 
-2 Tors ion  (mdyne A r ad  ) 

b 
A12C16  

2.759 

1 .177  

0.200 

0.295 

0.295 

0 .227  

0 .654  

0 .595  

0 .474  

0.165 

0 . 0 7 3  

0 .08075  

Fe2C16 

2 .490  

1.025 

0 .177  

0.400 

0 . 3 1  

0.181 

0 .55  

0 . 4 0 0  

0 .3785  

0 . 1 7 1  

0 .0524  

0 . 0 4 3 2 5  

aFor convers ion  t o  S I  u n i t s :  1 A = 1 0 0  pm, 1 mdyne A-1 = 100 N m-'. 

bFrorn Tomita e t  a?. The i r  r i n g  deformat ion  c o n s t a n t  was conver- 
ted  t o  to r s ion .  

c o o r d i n a t e s  (R). Another  d i f f e r e n c e  from t h e  p r e v i o u s  
work5 c o n c e r n s  t h e  c h o i c e  of t h e  r i n g  d e f o r m a t i o n  coor -  
d i n a t e .  S i n c e  w e  i n t e n d e d  t o  t r a n s f o r m  t h e  f o r c e  c o n s t a n t s  
t o  a model w i t h  pucke red  four-membered r i n g  w e  c h o s e  a 
c o o r d i n a t e  which  i s  a p p l i c a b l e  t o  b o t h  cases,  v i z .  ( 1 / 2 )  

( T i  - ~2 + '3 - r 4 ) ,  where T d e s i g n a t e s  a t o r s i o n  of a 
bond i n  t h e  r i n g .  I n  t h e  p l a n a r - r i n g  case t h i s  c o o r d i n a -  
t e  i s  p r o p o r t i o n a l  w i t h  t h e  r i n g  d e f o r m a t i o n  c o o r d i n a t e  
used  by Tomita e t  a15. T h e i r  f o r c e  c o n s t a n t  v a l u e  f o r  t h i s  
c o o r d i n a t e  c o u l d  t h e r e f o r e  e a s i l y  be t r a n s f e r r e d  t o  t h e  
f o r c e  c o n s t a n t  a s s o c i a t e d  w i t h  t h e  c o o r d i n a t e  of o u r  
c h o i c e .  
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MOLECULAR VIBRATIONS 5 

The f o r c e - f i e l d  a p p r o x i m a t i o n  of Tomi ta  e t  a l i 3  was 
u s e d ;  t h e  f o r c e - c o n s t a n t  v a l u e s  of t h i s  i n v e s t i g a t i o n  of 
Al2Cl6 a r e  quo ted  i n  Tab le  2 .  These  v a l u e s  were m o d i f i e d  
by an  e l a b o r a t e  t r i a l  and e r r o r  p r o c e d u r e  i n  o u r  a d a p t a -  
t i o n  t o  Fe2C16. I n  t h e  c o u r s e  o f  t h i s  p r o c e d u r e  w e  compu- 
t e d  t h e  T m a t r i x  and used  it t o  d e t e r m i n e  t h e  c o n t r i b u -  
t i o n s  of  t h e  d i f f e r e n t  v a l e n c e - c o o r d i n a t e  f o r c e  c o n s t a n t s  
t o  t h e  symmetry f o r c e  c o n s t a n t s .  These  t r a n s f o r m a t i o n s  
c o u l d  be used  t o  c o n t r o l  t o  some e x t e n t  t h e  i n f l u e n c e  o f  

t h e  d i f f e r e n t  f o r c e  c o n s t a n t s  on  t h e  v i b r a t i o n a l  f r e q u e n -  
c ies .  I t  w a s  aimed a t  a b e s t  p o s s i b l e  f i t  t o  t h e  e x p e r i -  

m e n t a l  Raman g a s  f r e q u e n c i e s ,  wh ich  a r e  g i v e n  i n  T a b l e  3 .  

The f o r c e  c o n s t a n t s  of F e 2 C 1 6  shown i n  T a b l e  2 are 
c o n s i d e r e d  a s  t h e  f i n a l  s e t ,  which  gave  s a t i s f a c t o r y  a -  
greement  w i t h  t h e  ment ioned  Raman f r e q u e n c i e s  ( T a b l e  3 ) .  
The measured  i n  A r  m a t r i x  i n f r a r e d  f r e q u e n c i e s 3 ,  are i n -  
c l u d e d  i n  t h e  t a b l e .  We f i n d  a g e n e r a l  q u a l i t a t i v e  a g r e e -  

m e n t w i t h  o u r  c a l c u l a t e d  v a l u e s  amount ing  t o  q u a n t i t a t i v e  a q r e e -  

ment i n  some p l a c e s .  W e  would n o t  e x p e c t  a g r e a t e r  quan- 
t i t a t i v e  a c c u r a c y  i n  t h e  r e p r o d u c t i o n  o f  t h e s e  d a t a ,  es- 
p e c i a l l y  because  o f  m a t r i x  s h i f t s  when h a v i n g  i n  mind 
t h a t  t h e  f o r c e  c o n s t a n t s  were f i t t e d  t o  Raman f r e q u e n c i e s  
i n  t h e  g a s  phase .  I n  c o n c l u s i o n  o u r  c o m p u t a t i o n s  comple- 
t e l y  c o n f i r m  t h e  p r e v i o u s  a s s i g n m e n t s  of t h e  i n f r a r e d  

f r e q u e n c i e s  . 3 

Puckered - r ing  model ( C z v l .  The g e o m e t r i c a l  p a r a m e t e r s  f o r  
t h i s  s t r u c t u r e  are a l s b  g i v e n  i n  F i g .  1. The d i s t r i b u t i o n  
of t h e  normal  modes of v i b r a t i o n  c a n  be  found i n  T a b l e  1. 

The 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  t h i s  model have been c a l -  
c u l a t e d  b y  t r a n s f e r r i n g  t h e  f i n a l  f o r c e  c o n s t a n t  v a l u e s  
d e s c r i b e d  above ( a n d  g i v e n  i n  T a b l e  2 ) .  The f r e q u e n c y  
s h i f t s  due  t o  t h e  r i n g  p u c k e r i n g  (see T a b l e  3 )  a r e  re la -  
t i v e l y  s m a l l  so  t h a t  t h e  new c a l c u l a t e d  f r e q u e n c i e s  a r e  
s t i l l  c o m p a t i b l e  w i t h  t h e  e x p e r i m e n t a l  d a t a .  T h i s  i s  due  
t o  t h e  f a c t  t h a t  t h e  d i s t o r t i o n s  o f  t h e  pucke red  r i n g  
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6 NALBANDIAN ET AL. 

Table 3. Observed and c a l c u l a t e d  v i b r a t i o n a l  f r equenc ie s  (cm-I) 

f o r  A 1  C 1  and Fe2C16. 2 6  

A 1  2C 1 6a 

D2h 

- 
A 

9 

A U  

19 
B 

Blu 

29 
B 

B2U 

3s B 

B3u 

1 V 

v2 

v3 

v4 

5 

6 

V 

V 

v 7  

8 

9 

V 

V 

5 0  

vl 2 

11 V 

'13 

14 

15 

16 

1 7  

1 8  

V 

V 

V 

v 

V 

Obs. 

- 
511 

337 

219 

9a 

- 
281 

i 6 a  

626 

178 
- 

614 

115 

418 

123 

- 
483 

3 20 

143 

Calc. 

- 
510 

34 1 

219 

100 

55 

282 

168 

623 

178 

33 

617 

115 

415 

125 

105 

483 

318 

142 

Fe2C16 

b Obs.  

422 

305 

150 

78 

- 
- 
- 

467.5 

118.5 

24.3 

450 

92 

328.0 

98.7 

8 2  

406.0 

280.2 

115.7 

C a l c u l a t e d  

421.3 

304.9 

155 

7a 

44 

223.1 

123.3 

451.1 

133.7 

23.5 

449.6 

82.7 

331.6 

105.1 

81.7 

414.6 

255.9 

105.7 

cz1, 
417.5 

305.8 

155 

78.7 

43.2 

223 

126.7 

453.6 

133.9 

24.5 

451.9 

83.3 

328.3 

105.8 

79 

411.1 

255.6 

106.4 

5 aFrom Tomita e t  a 1  . 
bFor the  g s p e c i e s  Raman gas  u s p e c i e s  i n f r a r e d  A r  

m a t r i x  
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MOLECULAR VIBRATIONS 

( C z V )  model from t h e  p l a n a r - r i n g  (D2h)  model a r e  s m a l l  
((0 = 1 6 . 7 " ) .  

Fu r the rmore  it s h o u l d  be n o t i c e d  t h a t  t h e  Raman and 
I R  i n t e n s i t y  of t h e  modes t h a t  became a c t i v e  because  of 

t h e  zhanue i n  symne t ry  ( T a b l e  1) a r e  a l s o  e x p e c t e d  t o  
be s m a l l .  

F i n a l l y ,  t h e r e  seems t o  be  no e v i d e n c e  f o r  d i s t i n g u i -  
s h i n g  be tween t h e  p l a n a r  and p u c k e r e d - r i n g  models f rom 
t h e  o b s e r v e d  s p e c t r a .  A f u r t h e r  m o d i f i c a t i o n  of t h e  de -  
r i v e d  f o r c e  c o n s t a n t s  i s  c e r t a i n l y  n o t  w a r r a n t  a t  t h e  
p r e s e n t  case. 

THE A l F e C l g ( g )  MOLECULE 

The AlFeC16(g)  molecu le  h a s  been  found2"  i n  t h e  
vapor  p h a s e ,  o n l y  i n  e q u i l i b r i u m  w i t h  r e l a t i v e l y  l a r g e  
amounts of F e ~ C l s ( g )  and A12C16(g) and t h u s  s t r u c t u r a l  
e l e c t r o n  d i f f r a c t i o n  d a t a  are v e r y  d i f f i c u l t  t o  o b t a i n .  
However, f o r  t h e  p u r p o s e  of t h e  normal  c o o r d i n a t e  a n a l y s i s  
and i n  compar ison  w i t h  o t h e r  v a p o r  complex s p e c i e s ' ,  w e  
have assumed t h a t  t h e  molecu le  c o n s i s t s  o f  a FeC14 d i s t o r -  
t e d  t e t r a h e d r o n  bound by an  e d g e  w i t h  a A l C l 4  d i s t o r t e d  
t e t r a h e d r o n .  A s  shown i n  F i g .  2 ,  t w o  b r i d g i n g  c h l o r i n e  

atoms are p r e s e n t ,  fo rming  a p l a n a r  four-membered r i n g .  
From t h e  s t r u c t u r a l  s i m i l a r i t i e s  of t h e  complex m o l e c u l e  
w i t h  A l 2 C l 6  (gI1O and Fe2C16 ( g ) 6 ' 7  t h e  bond l e n g t h s  and  

a n g l e s  g i v e n  on F i g .  2 have been  e s t i m a t e d  by assuming 
t h a t :  

i .  t h e  bond l e n g t h s  o f  t h e  FeC14 and A l C l 4  " t e t r a h e -  
d ra"  i n  t h e  vapor  complex r ema in  t h e  same as i n  t h e  corres- 
ponding  F e z C l s ( g )  and  A12C16(gl m o l e c u l e s .  

same as i n  t h e  two p u r e  d i m e r s .  
ii. t h e  t e r m i n a l  c h l o r i d e  bond a n g l e s  are  a l s o  t h e  

iii. t h e  y a n g l e  ( F i g .  2 )  o f  t h e  complex i s  t h e  a r i -  
thmetic mean o f  t h e  y a n g l e s  o f  t h e  two d i m e r s .  

The symmetry g r o u p  of t h e  complex i s  C z V  and  t h e  d i -  

s t r i b u t i o n  of t h e  normal  modes i s  g i v e n  i n  T a b l e  1. 
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NALBANDIAN ET AL. 

F i g .  2 .  The A A ' X 2 Y 4  p l a n a r - r i n g  model f o r  t h e  
complex molecule  AlFeClg(g1.  

The f o r c e  f i e l d  approximation i s  t h e  same a s  
t h a t  used f o r  A 1 2 c l g ( g ) 5  and F e 2 C l g ( g ) .  The 

(Tab le  2 1  were combined i n t o  t h e  f o r c e  f i e l d  f o r  AlFeClg. 
I n  two c a s e s ,  where bo th  A 1  and Fe a r e  invo lved  w e  had 
t o  assume i n t e r m e d i a t e  v a l u e s :  f o r  f(AXA') and t h e  
f(A-X/A'-X) i n t e r a c t i o n  c o n s t a n t  t h e  v a l u e s  were e s t i m a -  

t e d  t o  be 0 . 5 0  mdyne i rad-2 and 0 . 3 0  mdyne i-1, r e s p e c t i -  
v e l y .  

The v i b r a t i o n a l  f r e q u e n c i e s  c a l c u l a t e d  from t h i s  f o r -  
ce f i e l d  a r e  d i s p l a y e d  i n  Table  4 ,  where t h e y  a r e  compared 
w i t h  Raman g a s  f r e q u e n c i e s .  T h i s  agreement i s  seen  t o  be 
e x c e l l e n t .  

f o r c e  c o n s t a n t  v a l u e s  from AlzCl t ; (g )  and Fe2Clg (q )  

I n  Table  4 w e  have i n c l u d e d  a c o r r e l a t i o n  of t h e  

AlFeClg(g)  f r e q u e n c i e s  w i t h  t h e  c a l c u l a t e d  v a l u e s  f o r  

~ 1 2 c l g ( g )  and ~ e z c l g ( g )  ( p l a n a r - r i n g  m o d e l ) . A s e x P e c t e d  

w e  f i n d t h e  A1FeClg(g) v a l u e s  a s  i n t e r m e d i a t e  between appro-  
p r i a t e f r e q u e n c i e s o f  ~ 1 2 C l g ( g )  and F e 2 C l g ( g ) . O n l y  i n  two 
c a s e s ,  v i z .  v16 and v18 O f A l F e C l g ( g ) ,  t h e  c a l c u l a t e d f r e -  
quenc ie s  f a i l e d  t o  f o l l o w  t h i s  scheme. A s p l i t t i n g  has  
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MOLECULAR VIBRATIONS 9 

Table  4 .  Observed and  c a l c u l a t e d  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  

A1FeCL6. C a l c u l a t e d  f r e q u e n c i e s  f o r  A12C16  and  Fe2C16 ( s e e  a l s o  

T a b l e  3 ) ; cm-' u n i t s .  

20 - 
A 1  w1 

2 

3 

4 

5 

6 

7 

W 

W 

W 

W 

W 

W 

A 2  

Bl wlo 

9 W 

11 

1 2  

1 3  

1 4  

B2 '15 
16 

17 

18 

W 

W 

W 

W 

W 

W 

W 

A1FeC16 

Obs. C a l c .  

496 495.2 

413 417.4 

330 328.5 

289 283.4 

190  187.3 
- 121.4 

88 86 .5  

-- 

- 94.7 

52 47.9 

620 618.1 

461 450.7 
- 159.9  

- 94.46 

- 28.3  

- 365.2 

- 320.9 

151 155.0 
- 91.5  

A12C16  ( c a l c  .) Fe CL ( c a l c . )  2 6  

421.3(w1) 414 .6(w16) 

304.9(V,) 
L 

255. 9(wl 7 )  

451.1 (w,) 449.6(w11) 

133  .7(wg) 82 .  7(w12) 

23.5(Vl0) 

331.6(Wl3) 

223. 1(w6) 

123. 3 ( V 7 )  105.1 (V14) 

o c c u r r e d  so  t h a t  V 1 6  i s  t o o  h i g h  and v18 t o o  low i n  rela- 
t i o n  t o  t h e  f r e q u e n c i e s  of t h e  p u r e  compounds. 

I t  i s  c lear  t h a t  t h e  above  t y p e  of c o r r e l a t i o n s  c a n  
n o t  be e x e c u t e d  w i t h  e x a c t n e s s  because  it i s  based  o n  t h e  
p o s s i b i l i t y  of a n  approx ima te  d e s c r i p t i o n  of t h e  normal  
modes. I n  p r i ' n c i p l e  a l l  f r e q u e n c i e s  w i t h i n  t h e  same spe -  
cies a r e  mixed. W e  have i n  p a r t i c u l a r  c o n f i r m e d  t h e  e x i -  
s t e n c e  of a c o n s i d e r a b l e  m i x i n g  f o r  t h e  v16 and wig fre- 
a u e n c i e s  of A 1 F e C l g ( g ) ,  a s  r e v e a l e d  by t h e  p o t e n t i a l  e n e r -  
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10 N A L B A N D I A N  ET AL. 

Table 5 .  Calcu la t ed  mean ampl i tudes  of v i b r a t i o n  (A u n i t s )  f o r  

A 1 2 C 1 6 ,  A1FeC16 and Fe2Cl6. p l a n a r - r i n g  models. 

A 1 2 C 1 6  AlFeC16 Fe2C16 

420 K 440 K 463 K 
Dis tancea  

A 1  * * . A 1  

Al...Fe 

Fe- - -Fe  

A1-Clb  

Fe-Clb 

A l - C 1  

Fe-Clt 

A l e -  - C l t  

Fe.. . C 1  
t 

C l b .  ..ab 
C l t . . . C l b  

corn c1 ... c1 
t r a n s  C l t . . . C l  

c i s  C 1  - . . C 1  

t t 

t 

t t 

0.091 

0.100 
0.111 

0.077 

0.053 

0.202 

0.095 

0.156 

0.120 

0.164 

0.451 

0.078 

0.081 

0.053 

0.054 

0.240 

0.227 

0.104 

0.161 0.205 

0.123 0.150 

0.187 

0.532 

0.086 

0.055 

0.276 

0.116 

0.198 

0.153 

0.211 

0.664 

aAbbrevia t ions :  b b r idged ;  t t e rmina l .  

‘From Tomi ta e t  a1  . 5 

gy d i s t r i b u t i o n .  N e v e r t h e l e s s  w e  a r e  n o t  a b l e  t o  g i v e  a 
good e x p l a n a t i o n  of why t h e  s p l i t t i n g  shou ld  occur  f o r  
t h e s e  f r e q u e n c i e s  and none of t h e  o t h e r s .  U n f o r t u n a t e l y  
t h e r e  i s  no e x p e r i m e n t a l  e v i d e n c e  f o r  t h i s  phenomenon 
s i n c e  n e i t h e r  W 1 6  o r  w18 have been obse rved .  

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  ( T a b l e  2 )  were used t o  c a l c u l a t e  
t h e  mean ampl i tudes  of vibration’’ f o r  F e z C l g ( g )  and 
A l F e C l g ( g ) .  The r e s u l t s  f o r  t h e  p l a n a r  r i n g  models a r e  
shown i n  Table  5 t o g e t h e r  w i t h  t h e  co r re spond ing  d a t a  f o r  
A12C16(g) from l i t e r a t u r e  . 5 
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MOLECULAR VIBRATIONS 11 

Table 6. Calculated and observed mean amplitudes of vibration 

(A units )  for Fe C1 a t  4 6 3  K .  2 6  

Distancea 

Fe. - - F e  

Fe-Clb 

F e - C l t  

Fe. - .C1 
t 

C l b . . . C l b  

C l t " ' C l b  

t corn Clt . . .C1 

trans C1 . - .C1 

c i s  C1 . - .C1 

t t 

t t 

b b 
Calculated Obs. Calculated Obs. 

0.111 0 . 1 2 9 ( 8 )  0 .116  0 . 1 4 3 ( 6 )  

0.086 0 . ,084 (2 )  0 .086  0 . 0 8 4  (2) 

0 . 0 5 9 ( 1 )  0 .055  
0 . 0 5 5  0 . 0 5 9 ( 2 )  o.055 

0 . 3 1 9  0 . 3 1 6 ( 2 9 )  
0 . 1 9 0 (  11)  0.276 0 . 3 1 2 ( 1 3 ) {  o . 2 2 4  

0.116 0.127 0 . 1 2 1  0 . 1 4 1  

0 . 1 9 9  
0 . 1 9 8  0 . 1 7 8 ( 5 )  [ o,199 

0 .153  0.162 0 .149  0 . 1 5 4  

0 . 2 1 1  0 . 2 1 1 ( 2 4 )  0 . 2 4 0  0 .212  ( 2 0 )  

0.170 ( 5 )  

0.664 { 0 . 6 9 3  
Om4'0  0 . 5 4 0  

0 . 5 3 0  
0 . 4 2 0  

aSee footnote to Table 5 .  
bHargittai e t  a l .  6 

A more d e t a i l e d  i n v e s t i g a t i o n  of F e 2 C l 6 ( g )  i s  p r e -  
s e n t e d  i n  Table  6 ,  s i n c e  observed mean ampl i tude  d a t a  from 

g a s  e l e c t r o n  d i f f r a c t i o n 6  e x i s t  f o r  t h i s  mo lecu le .  O u r  

c a l c u l a t e d  v a l u e s  are compared w i t h  observed v a l u e s  f o r  
bo th  p o s s i b l e  s t r u c t u r e s  ( p l a n a r  and pucke red - r ing  mo- 
d e l s  1 .  

The correspondence between t h e  c a l c u l a t e d  and t h e  
e l e c t r o n  d i f f r a c t i o n  v a l u e s  i s  good w i t h i n  t h e  e x p e c t e d  
u n c e r t a i n t y  l i m i t s ,  e x c e p t  f o r  t h e  c i s  C l t  .... C l t  and 
p o s s i b l y ,  t h e  Fe .... C l t  d i s t a n c e s .  The same d i s c r e p a n c y  
has  been observed f o r  t h e  A12Clf,(g) molecule5.  The r e a -  
son ing  g i v e n  i n  r e f .  5 r e f e r s  t o  t h e  s t r o n g  i n f l u e n c e  of  
t h e  t o r s i o n a l  f o r c e  c o n s t a n t  on  t h e s e  two a m p l i t u d e s .  
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12 NALBANDIAN ET A L .  

S i n c e  t h e  c o r r e s p o n d i n g  normal  mode h a s  a v e r y  l o w  f r e -  

quency ,  i t  i s  n o t o b s e r v e d  a t  a l l  f o r  A 1 2 C 1 6 ( ; ) 5 ,  o r  i t s  
o b s e r v a t i o n  i s  q u i t e  u n c e r t a i n  f o r  F e 2 C l g ( g )  . Thus i t  
is  p o s s i b l e  t o  f i x  t h e  t o r s i o n a l  f o r c e  c o n s t a n t  s u c h  a s  
t o  t a k e  t h e  a p p r o p r i a t e  v a l u e  f o r  t h e  mean a m p l i t u d e  w i -  
t h o u t  a l t e r i n g  t h e  v a l u e  of t h e  f r e q u e n c y  v e r y  much. 
However w e  b e l i e v e  t h a t  t h i s  s h o u l d  be  a v o i d e d  because  

o f  t h e  u n r e a s o n a b l y  h i g h  v a l u e  o b t a i n e d  by t h e  t o r s i o n a l  

f o r c e  c o n s t a n t  i n  t h a t  case. I t  i s  p o s s i b l e  t h a t  t h e  ob- 
s e r v e d  d i s a g r e e m e n t  i s  due  t o  t h e  l i m i t s  posed  i n  t h e  
a c c u r a c y  o f  the normal  c o o r d i n a t e  a n a l y s i s  by t h e  assump- 

t i o n  of small  harmonic  v i b r a t i o n s .  T h i s  a s s u m p t i o n  s h o u l d  
be i n v a l i d  f o r  t h e  t o r s i o n a l  mode b e c a u s e  o f  i t s  l a r g e  
a m p l i t u d e .  
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