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A STUDY OF THE RAMAN AND BROADLINE 
NMR SPECTRA OF (GeF2)3 GeF4 

.J. L. Margrave and P. W. Wilson 

Dept. o f  Chemistry, Rice U n i v e r s i t y ,  
Houston, Texas, U. S. A. 

and 

H. J. H u r s t  

Chemical Technology Divis ion  
A u s t r a l i a n  Atomic Energy Research Establ ishment  

Lucas Heights ,  N. S. W. , A u s t r a l i a  

INTRODUCTION 

1 The compound (GeF ) GeF has only  r e c e n t l y  been c h a r a c t e r i z e d  . 
2 3  4 

A number of  t h e  phys ica l  and chemical p r o p e r t i e s  of  (GeF ) GeF a r e  

now known, inc luding  among o t h e r s ,  i t s  thermal behaviour and en tha lpy  

of formation. The Raman spectrum and b r o a d l i n e  NMR spectrum have n o t  

been presented  and i n  t h i s  repcjrt they a r e  descr ibed  f o r  the  f i r s t  time. 

EXPERIMENTAL 

2 3  4 

1 
(GeF2)3 GeF was prepared a s  descr ibed  previous ly  . B r i e f l y ,  Ge 

4' was heated t o  35OoC i n  the presence of one atmosphere p r e s s u r e  of GeF 

A white  compound formed on the  cool  p a r t s  of  the appara tus  and t h i s  has 

been shown t o  be (6:eF2)3 GeF4. 

manipulat ions were performed i n  a dry box. 

4 

The compound i s  hygroscopic and a l l  

To o b t a i n  the  Raman spectrum the  compound was packed i n t o  a 2 mm 

g l a s s  tube. The a c t u a l  spectrum was taken by the Spex I n d u s t r i e s  

Laboratory serv ice .  
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Der iva t ive  s p e c t r a  of  t h e  I9F a b s o r p t i o n  s i g n a l  a t  room temperature  

were obta ined  us ing  a JEOL JNM-W-40 b r o a d l i n e  spectrometer .  Twenty g of  

sample was packed i n t o  a 15 nun diameter  g l a s s  tube ,  and the  spectrum was 

taken i n  t h e  normal way. 

RESULTS AND DISCUSSION 

The Raman spectrum of  (GeF2)3 i s  shown in  Figure  1. 

The assignment of  t h e  laser-Raman f r e q u e n c i e s  of  (GeF2)3 GeF i s  4 

d i f f i c u l t  and should be based on an understanding of  i t s  c r y s t a l  s t r u c t u r e  

and on the  observed v i b r a t i o n a l  f r e q u e n c i e s  of  o t h e r  germanium f l u o r i d e s .  

Unfor tuna te ly  the  c r y s t a l  s t r u c t u r e  o f  (GeF2)3 GeF4 is n o t  known nor  

i s  i t  p r e s e n t l y  p o s s i b l e  t o  prepare  i t  i n  a c r y s t a l l i n e  form and s o  

I i 
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FIG 1. 

Raman Spectrum of  (GeF2)3 GeF4 
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NMR SPECTRA OF (GeF ) GeF4 
2 3  

determine i t s  s t r u c t u r e .  However the  c r y s t a l  s t r u c t u r e  of  the  c l o s e l y  

r e l a t e d  compound (C:eF2)4 GeF has  r e c e n t l y  been determined. The space 

group of (GeF2)4 GeF4 i s  no. 1 4  : P21/a(C2h). 

a t h r e e  dimensional c o v a l e n t  LatLice of o c t a h e d r a l  GeF6 groups and d i s -  

t o r t e d  square pyramidal GeF groups. These u n i t s  a r e  he ld  toge ther  by 

two types of  f luori-ne br idging  bonds. 

very s i m i l a r  t o  t h a t  observed i n  t h e  compound GeF2. 

of l i n k i n g  -Ge-F-Ge-F- cha ins  i s  common t o  both  (GeF2)4 GeF4 and GeF2. 

I t  i s  n o t  unreasonable  t o  sugges t  t h a t  the  c r y s t a l  s t r u c t u r e  of ( GeF2) 

GeF 

u n i t s  from which the  c r y s t a l  l a t t i c e  of(GeF ) 

c e r t a i n l y  be very  s i m i l a r  to  those encountered i n  (GeF ) 

understanding of  the  Raman spectrum of  (GeF2)3 GeF4 can t h e r e f o r e  be 

p a r t i a l l y  based on a knowledge o f  t h e  c r y s t a l  s t r u c t u r e  of  (GeF2)4 GeF4. 

I t  should be noted t h a t  a s u f f i c i e n t  q u a n t i t y  of  (GeF2)4 GeF4 to  d e t e r -  

mine i t s  Raman spectrum cannot  be i s o l a t e d  a t  t h e  p r e s e n t  time. 

4 
5 The s t r u c t u r e  comprises 

4 

The geometry of  the  GeF4 group i s  

One o f  the two types 

should be very s i m i l a r  t o  t h a t  o f  (GeF2)4 GeF4. 

2 3  4 

I n  p a r t i c u l a r ,  t h e  

GeF i s  b u i l t  w i l l  a lmost  

4 

GeF4. An 

2- The v i b r a t i o n a l  f requencies  of  the hexafluorogermanate i o n ,  GeF6 , 
have been measured us ing  Raman s t u d i e s  of  s o l u t i o n s 3 ,  and i n f r a - r e d  

s t u d i e s  of pressed  C s I  d i s c s  and Nujol mul l s  . The assignments  agree  

with those p r e d i c t e d  f o r  Oh symmetry. 

3 

v 2  v 3  5 '6 4 
U 1, 

E T l u  T l u  2g T2u T A k g 

-1 

-1 

R 627 s 454 w 318 m cm 

I R  600 3 50 cm 

While the  t h r e e  fundamental f r e q u e n c i e s  of  gaseous GeF2 molecules have 

been determined,  

- - - 
- - - - 

495 

3 v 2 V v1 

-1 69 2 263 663 cm 
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and m a t r i x  i s o l a t e d  GeF2 shows sharp  peaks i n  t h e  r e g i o n  o f  655 cm 

4 c r y s t a l l i n e  GeF2 h a s  no such sharp  f e a t u r e s  . 
c r y s t a l l i n e  GeF2‘ shows only  a broad peak c e n t e r e d  a t  500 cm . 
d i s t o r t e d  square  pyramidal GeF4 u n i t  i n  t h i s  compound and i n  (GeF ) 

GeF does n o t  have a h i g h  degree of symmetry. 

-1 , 
The Raman spectrum of  

The 
-1 

2 3  

4 

The most prominent f e a t u r e  i n  the  Raman spectrum o f  (GeF ) 
2 3 GeF4 

-1 i s  a s t r o n g  l i n e  a t  640 c m  . Such s t r o n g  l i n e s  a r e  u s u a l l y  a s s o c i a t e d  

w i t h  the  t o t a l l y  symmetric s t r e t c h i n g  f r e q u e n c i e s  of  groups w i t h  a 

c e n t r e  of  invers ion .  

(GeF2),, GeF4 occupy s i t e s  wi th  t h e  much lower Ci  symmetry, t h e  Raman 

a c t i v e  f r e q u e n c i e s  A lgy Eg, T2g w i l l  cont inue  t o  be Raman a c t i v e ,  des- 

p i t e  any s p l i t t i n g  through p e r t u r b a t i o n ,  because t h e  i n v e r s i o n  c e n t r e  

i s  preserved.  Assuming t h e  GeF group occupies  a s imilar  s i t e  i n  

(GeF2)3 GeF4, t h e  s t r o n g  l i n e  a t  640 cm 

A symmetric s t r e t c h  frequency. This  corresponds t o  t h e  s t r o n g  l i n e  a t  

627 cm observed f o r  t h e  hexafluorogermanate  i o n  i n  so lu t ion .  Weaker 

l ines  a t  290 cm and 470 cm a r e  i n  approximate agreement w i t h  t h e  

f r e q u e n c i e s  of T and E symmetry. The broad band a t  500 c m  seen i n  

the  Raman spectrum of  c r y s t a l l i n e  GeF2 i s  a l s o  p r e s e n t  . 

Although the  GeF6 groups of  Oh symmetry i n  

6 
-1 

could  be a s s o c i a t e d  w i t h  t h e  

Ig 
-1 

-1 -1 

-1 
2g g 

6 

The r e s u l t s  o f  t h e  b r o a d l i n e  NMR s tudy  were n o t  a s  c l e a r  as t h e  Raman 

spectrum study. 

i n d i c a t i n g  two types o f  f l u o r i n e  atoms. 

n o t  however be  determined because of  u n c e r t a i n t i e s  i n  d i f f e r e n t  modulat ion 

broadening of  the  two components and i n  deconvolut ion of  the  i n t e g r a t e d  

s i g n a l .  

The spectrum conta ined  a broad and a narrow component, 

Thei r  r e l a t i v e  propor t ions  could  

From t h e  above d i s c u s s i o n ,  i t  i s  c l e a r  t h a t  t h e  Raman and b r o a d l i n e  

NMR s p e c t r a  of  (GeF2)3 GeF4 are c o n s i s t e n t  w i t h  those t h a t  might  be expec- 

t e d  from a c o n s i d e r a t i o n  of  t h e  c r y s t a l l i n e  h a b i t  o f  t h e  molecule. This  
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NMR SPECTRA OF ( GeF2 ) GeF4 

i n t e r p r e t a t i o n  shows t h a t  t h e  s p e c t r a  a r e  a compos i t e  o f  t h e  c o n t r i b u t i o n s  

from t h e  GeF and G e F  group w i t h i n  t h e  c r y s t a l .  From o t h e r  work i t  i s  

r e a s o n a b l e  t o  e x p e c t  t h a t  o t h e r  members o f  t h e  f a m i l y  (GeF ) GeF w i l l  

be  ~ r e p a r e d l ’ ~ .  

c o n t a i n  s i m i l a r  g roup ings  i n  t h e i r  c r y s t a l l i n e  h a b i t ,  t h e  p r e c e d i n g  

d i s c u s s i o n s  may w e l l  be  a p p l i c a b l e  t o  all members of  t h e  f ami ly .  

6 4 

2 x  4 

S i n c e  i t  i s  l i k e l y  t h a t  a l l  members o f  t h i s  f a m i l y  w i l l  
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