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MOLECULAR CONSTAhTS OF MnFi2 AFICN 
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M. L. Mehta 
Department of Physics ,  Univers i ty  of Jodhpur 

Bhagalb k i  ko th i ,  Jodhpur, India .  

LNZRODUCTION 

The nomal. coordiriate a n a l y s i s  of XY6 type of anions 

:ind ;colecul e s  employing d i f f e r e n t  f o r c e  f i e l d s  is  w e l l  

established!’ 

conple te  frequency assignment of MnFi2 has been r e p o r t e d  by 

F l i n t ?  

c o n s t a n t s  have been eva lua ted  employing t h r e e  PO t e n t i a l  

mode1.s v iz .  g e n e r d  va lence  f o r c e  f i e l d  ( GVFF),UreywBradley 

f o r c e  f i e l d  ( U R I V )  and o r b i t a l  v d e n c e  f o r c e  f i e l d  (OVFF). 

The mean amplitudes of  v i b r a t i o n  and Bastiansen-Morino 

shr inkages have a l s o  been computed a t  two temperatures. 

Recently, t h e  v i b r a t i o n a l  s p e c t r a  and 

Using t n e  a v a i l z b l e  v i b r a t i o n a l  data the f o r c e  

Assumin!: t h a t  t h e  anion possesses  oh symmetry, th ree  

Raman a c t i v e  modes 

( d 3  and u4) and one i n a c t i v e  mode (a+) a r e  expected f o r  t h e  

hexahalide.  These normal modes of  v i b r a t i o n  are t h e o r e t i c a l l y  

c l - a s s i f i e d  as, 

andu:5) , t w o  i n f r a r e d  a c t i v e  modes 

- - a + e  + f l u + f  + f Z u .  
T i b .  Ig t2 2g 

- FORCE CONSTANT EVALUATION 
4 Wilson’s GF matrix method has been used f o r  the  normal 

coordinote  a n d y s i s .  The k i n e t i c  and p o t e n t i a l  energy 
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4 
m a t r i c e s  have been de r ived  by t h e  s t anda rd  procedures  . 
Using t h e  s y m e t r y  c o n s i d e r a t i o n s  the s e c u l a r  equa t ion  

1 GF - EA I = 0 i s  f a c t o r i s e d  i n t o  a two dimensional and 

f o u r  one dimensional secular equat ions.  For t h e  s o l u t i o n  

of t h e  i n v e r s e  e igen  va lue  problem o f  two o r  h i g h e r  degree,  

t h e  number of f o r c e  c o n s t a n t s  t o  be determined exceeds the  

observcd modes. Under this circumstance,  svve ra l  au tho r s  

have proposed mathematical  c o n s t r a i n t s  f o r  t h e  e v a l u a t i o n  o f  

complete and c o r r e c t  phys i ca l  f o r c e  field. Out of these,  

F a d i n i t s  method g i v e s  b e s t  agreement wi th  t h e  experimental ly  

5-7 
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observed v a l u e s  and M s l e r ' s  method' a l s o  g ives  q u i t e  

s a t i s f a c t o r y  r e s u l t s  provided that t h e  mass coupl ing i s  

small 

F o r  t h e  e v a l u a t i o n  o f  t he  f o r c e  cons t an t s  u s i n g  GVFF, 

have been used t h e  method o f  Fadini '  and mekhod o f  Miiller7 

f o r  the approximate s o l u t i o n  of t w o  dimensional e q u a t i o n  

l e a d i n g  t o  seven independent f o r c e  constants .  To overcome 

t h e  d i f f i c u l t y  of complete and unique s o l u t i o n  of va l ence  

f o r c e  f i e l d  t h e  s h p l i f i e d  f o r c e  f i e l d s  v i z .  OVFF and 

UBFF: have been proposed.  I n  t h e s e  f o r c e  f i e l d s ,  t h e  

number o f  v i b r a t i o n a l  f r e q u e n c i e s  exceeds the  number of f o r c e  

c o n s t a n t s .  Therefore,  the  method o f  l e a s t  squa re  has been 

used t o  a d j u s t  t h e  f o r c e  c o n s t a n t s  t o  f i t  t h e  observed 

f r e q u e n c i e s .  A computer programme f o r  an IBM 1620 w a s  used 

f o r  t h i s  purpose.The c a l c u l a t e d  f r e q u e n c i e s  u s i n g  OVFF and 

UBFF along wi th  t h e  observed f r e q u e n c i e s  a r e  given i n  Table  1 

and ca l cu l  a t e d  f o r c e  cons t an t s  u s i n g  GVFF,UBFF, and OVFF a r e  

g i v e n  i n  Table 2. 
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MOLECULAR CONSTANTS OF MnF6-2 A N I O N  

OVFF 590 501 648 335 312 260 
UBFF 5fi9 504 649 310 338 245 

________-__I-_ -- 

Recently,  t he  v i b r z t i o n a l  s p e c t r a  and normal 

coord ina te  a n a l y s i s  of i%nl?iZ ernploying GVFF and OVFF have 

a l s o  been r epor t ed  by Asprey e t  al;' 

a r b l k a r y  assumption F34= frU-f&= 0.C3 mdyne/g r e s u l t i n g  i n  

an i n c o r r e c t  s e t  o f  f o r c e  c o n s t a n t s ,  From t h e  experimental  

r e s u l t s  of I i i m  e t  d? i t  i s  c l e a r  t h a t  F~~ i s  not cons t an t  

f o r  all the  heza f luo r ides ,  moreover i t  i s  g e n e r a l l y  h ighe r  

than 0.C3 mdyne/A . Comparing t h e  percentage d e v i a t i o n  of 

s t r e t c h i n g  ( u 

v ib rc i t i o r s  o u r  r e s i i l t s  show an improvement over t h a t  o f  

Asprey e t  a l l 0  

encouraging. 

They have used a n  

0 

u2 =id Y3) and deformation (u y4 and d5) 

us ing  OVFF. Our r e s u l t s  o f  UBPF a r e  a l s o  

TABLE 2 
EY)RCE CONSTANTS I N  mdyne/i 

Muller Fadini  c o n s t a n t s  

---- - --I-I-__ _ _ -  _- __- 
OVFF IJRFF Valence f o r c e  c o n s t a n t s  Force 

_cI_ -- - -- 1-1 -- ---- - - - ~ - -  -- I __ I _ _  -_" 
f r  3.c7 2.93 

0.21 0.35 

ra-f >a 0.28 0.14 

f r y  0.19 0.19 K 2-30  2.42 

f k r  H or D 0.30 0.14 

F 0.38 c.37 

F' 0.01 0.01 
fa - T o  0.Z6 0.37 

f a a - f l a  -0.c3 -0.01 

f ka-f -0.1 3 -0 14 
_ _  _ _  - - -_. -_-I-. --- ---- - __ _ _ _  
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M.L. MEHTA 

MEAN AMPLITUDES OF V I B R A T I O N  AitU BASTIANSEN-FIIORIIIO S€IRIi'iKAGES -- - 
These have been c a l c u l a t e d  u s i n g  t h e  s e c u l a r  equat ion 

In te ra tomic  d i s t m c e  Mn-F 1 IC G' - aEl=O and Ediiller's method? 

i s  t&en as 2.11992 if2 F o r  the  express ions  o f  mean amplitudes 

of v i b r a t i o n  u and Bastiansen-nlorino shr inkayes 6 see  i . e .  

Bye e t  ELL:' The c a l c u l a t e d  q u a n t i t i e s  a r e  given i n  Table 3. 

TABLE 3 

SHRINKAGES 6 I N  A 
MEAN AMPLITUDES OF VIBRATION u IN 1 , A N D  BASTIANSUJ-MORINO 

T = O°K T = 298'K Distances  and 
q u a n t i t i e s  - -- 

0.0449 0. c455 
0 .o 635 0 .C833 
0.0574 0 -0621 
0 .COO 61 0 .coo9 1 
0.00085 0.00125 

The c a l c u l a t e d  r e s u l t s  show - u(X-Y)<u(Y..Y long)  < 
u(Y ... Y s h o r t )  and b ( Y  ... Y s h o r t )  < 6 ( Y  ... Y long)  a t  both 

t h e  temperatures and increase  w i t h  i t .  
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