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STUDIES BY P.E.S. O F  H I G H L Y  REACTIVE SULPHUR SPECIES 

GENEVIEVE PFISTER-GUILLOUZO and CLAUDE GUIMON 
L a b o r a t o i r e  de  Physico-Chimie M o l e c u l a i r e  U.A. 4 7 4  
6 4 0 0 0  Pau - France 

A b s t r a c t  W e  r e p o r t  t h e  f i r s t  s p e c t r o s c o p i c  d e t e c -  
t i o n  ( p h o t o e l e c t r o n  spec t roscopy)  of germath ione ,  
s i l a t h i o n e  and germanone, which p r e v i o u s l y  had been 
c h a r a c t e r i z e d  o n l y  by chemica l  t r a p p i n g .  

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

The l a s t  few y e a r s  have shown an i n c r e a s i n g  i n t e r e s t  i n  

s p e c i e s  w i t h  a P -P bond between a group I V B  e lement  

and a he te roa tom.  The d i f f i c u l t y  t o  i s o l a t e  t h e s e  com- 
n n  

pounds i s  r e l a t e d  t o  t h e i r  h i g h  r e a c t i v i t y ,  g e n e r a l l y  

t h e y  can  on ly  be c h a r a c t e r i z e d  by chemica l  t r a p p i n g  ( 1 ) .  

I n  t h i s  work  w e  p r e s e n t  t h e  ev idence  and c h a r a c t e r i z a -  

t i o n ,  by p h o t o e l e c t r o n  spec t roscopy ,  of germathione and 

germanone. We have g e n e r a t e d  t h e s e  t w o  compounds d i r e c t -  

l y  i n  t h e  i o n i z a t i o n  chamber by f l a s h - t h e r m o l y s i s  under  

reduced p r e s s u r e  ( 5 . 1 0  mbars) of a p p r o p r i a t e  p r e c u r -  

sors. 

Experimental  r e s u l t s  as  w e l l  as  t h o s e  from a t h e o r e t i c a l  

approach w i l l  be  used t o  d i s c u s s  t h e  e l e c t r o n i c  cha rac -  

t e r i s t i c s  of t h e s e  s p e c i e s .  

-2  

EXPERIMENTAL AND CALCULATION CONDITIONS 

P h o t o e l e c t r o n  s p e c t r a  w e r e  r eco rded  wi th  a Perkin-EL- 

m e r  PSI8 equiped  w i t h  a H e 1  H e l l  s o u r c e .  Thermolys is  
w a s  performed w i t h  a v a r i a b l e  t empera tu re  probe .  The 

e v a p o r a t i o n  chamber i s  s e p a r a t e d  from t h e  i o n i z a -  

t i o n  chamber by about  3 0  cm of independen t ly  h e a t e d  m e -  

197 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



198 G. PFISTERCUILLOUZO AND C. GUIMON 

1 / 2  
t a l l i c  t u b e .  The s p e c t r a  w e r e  c a l i b r a t e d  by t h e  2P 

and 2P 

Argon (15.76 and 15.93 e V )  . 
C a l c u l a t i o n s  w e r e  performed w i t h  t h e  PS HONDO program 

(2) v a r i a n t  of  t h e  HONDO programm i n  which pseudo poten-  

t i a l s  are i n c l u d e d  (3). The b a s i s  s e t  i s  o f  t h e  4-31G 
t y p e  w i t h  d - p o l a r i z a t i o n  o r b i t a l s  on t h e  germanium. Po- 

l a r i z a t i o n  and c o r r e l a t i o n  o r b i t a l s  e f f e c t s  w e r e  appro-  

ximated u s i n g  a p rocedure  based  on a p a r t i a l  p e r t u r b a -  

t i v e  t r e a t m e n t  ( 4 ) .  

bands of  Xenon (12.12 and 13.43 e V )  and of 3/2 

GERMATHIONE DETECTION 

W e  have chosen as  a p r e c u r s o r  f o r  t h e  f l a s h  p y r o l y s i s  

r eac t ion  t h e  c o r r e s p o n d i n g  trimers. 
S p e c t r a  of  t h e  trimers of  d ime thy l  germath ione  and of  

d i e t h y l  germath ione  w e r e  ana lyzed  between 8oo and 3o0°C. 
W e  have a l s o  examined t h e  s i l a t h i o n e  t r i m e r  t o  v e r i f y  

t h e  cohe rence  of  o u r  c o n c l u s i o n s .  W e  c o u l d  o b s e r v e  

e i t h e r  a t o t a l  d i sp l acemen t  of t h e  e q u i l i b r i u m  t r i m e r  

c -  4 monomer o r  a p a r t i a l  c o n v e r s i o n ,  o r  t h e  f o r m a t i o n  

of t h e  d imer  from t h e  i n i t i a l l y  formed monomer. 

I n  o r d e r  t o  be a b l e  t o  unambigously conclude  on t h i s  

l a s t  p o s s i b i l i t y ,  w e  have de te rmined  t h e  i o n i z a t i o n  

p o t e n t i a l s  of t h e  d i -n -bu ty l  germath ione  and di-neopen-  

t y l  germath ione  d imers  which are known t o  be  s t a b l e .  

F o r  t h e s e  two compounds t w o  weak bands a t  8 e V  and 8 . 4 5  

eV are  obse rved :  t h e y  are a s s o c i a t e d  w i t h  t h e  i o n i z a -  

t i o n  of  t h e  bonding and a n t i b o n d i n g  combina t ions  of  TL 

l o n e  p a i r s  of  t h e  s u l p h u r  atoms. A t  9.35 e V  f o r  b o t h  

compounds t h e  s t r o n g  band p robab ly  c o n t a i n s  several  i o n i -  

z a t i o n s :  t h o s e  from t h e  cs p a i r s  of  s u l p h u r  and G e - S  

bond. From 1 1  e V  on an  i n t e n s e  band i s  p r e s e n t  associa- 

ted w i t h  t h e  i o n i z a t i o n s  of t h e  a l k y l  a roups  ( f i g .  1 ) .  
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8 10 12 14 IP(eV) 

F i g u r e  1 :  Pho toe lec t ron  Spectrum of (n  Bu2GeS)2 

T r i m e r  s p e c t r a  r eco rded  between 6 0  and 8o°C are compa- 

r a b l e  f o r  t h e  t h r e e  compounds w i t h ,  as  expec ted ,  a s l i g h t  

o v e r a l l  s t a b i l i z a t i o n  of i o n i z a t i o n  p o t e n t i a l s  f o r  t h e  

s i l i c o n  d e r i v a t i v e  ( f i g .  2 a  and 3 a ) .  

The c h a r a c t e r i s t i c s  of  t h e s e  s p e c t r a  are:  a band around 

A 

T = 315K 

i 1 

:I S 
T = 506K I 

8 10 12 

F i g u r e  2 :  P h o t o e l e c t r o n  s p e c t r a  of  (Me2GeS)3 

a )  a t  315 K b )  a t  506 K 
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200 G. PFISTER-GUILLOUZO AND C. GUIMON 

9 e V  w i t h  a s h o u l d e r  a t  t h e  low energy  s i d e ,  between 10 

and 1 1  e V  a large and i n t e n s e  band c o n t a i n i n a  t h r e e  d i -  

s t i n c t  i o n i z a t i o n  p o t e n t i a l s  and a t  11 .5  e V  a w e l l  sepa-  

r a t e d  band. 

The f i r s t  band c o r r e s p o n d s  t o  i o n i z a t i o n  of t h e  TL l o n e  

p a i r s  on s u l p h u r  ( symetry  combina t ions  a l  and e ) .  

For  t h e s e  t h r e e  compounds a s i g n i f i c a n t  change i n  t h e  

s p e c t r a  as  a f u n c t i o n  of t e m p e r a t u r e  w a s  o b s e r v e d ,  t h e  

s p e c t r a  r eco rded  between 250 and 280°C are t o t a l l y  d i f -  

f e r e n t  from t h o s e  c o r r e s p o n d i n g  t o  t h e  tr imers.  

J 
8 io 12 14 IP(eV) 

T=551K 

Ar 

II 
8 io i2 i4 IP( e v t  

F i g u r e  3: P h o t o e l e c t r o n  s p e c t r a  of  (? le2SiSl3 

a )  a t  306 K b )  a t  551 K 

The s p e c t r a  of  me thy la t ed  germanium and s i l i c o n  d e r i v a -  

t i v e s  are s i m i l a r :  f i r s t  band v e r y  i n t e n s e  compared t o  

t h e  second one which r e p r e s e n t s  t w o  s i g n a l s  and a l a r g e  

and s t r o n g  t h i r d  band ( f i g .  2b and 3 b ) .  

On t h e  o t h e r  hand t h e  spec t rum o f  t h e  e t h y l  d e r i v a t i v e  

shows t w o  medium i n t e n s i t y  peaks  a t  8.33 e V  and 8 . 7  e V ,  

a l a r g e  band between 9.4-9 .9  e V  and an i n t e n s e  band a t  

10.95 e V  w i t h  a s h o u l d e r  a t  10 .6  e V .  T h i s  v e r y  d i f f e r e n t .  
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STUDIES BY P. E. S. OF HIGHLY REACTIVE SULPHUR SPECIES 201 

a l l u r e  s u p g e s t s  a t h e r m a l  d e g r a d a t i o n  mechanism l e a d i n g  

e i t h e r  c o m p l e t e l y  o r  p a r t i a l l y  t o  d i f f e r e n t  e n t i t i e s  

( f i g .  4 ) .  1,. 
J T = 5 0 6 K  

.Xe Xe 

a 10 12 14 IP(eV) 

3 
F i q u r e  4 :  P h o t o e l e c t r o n  spec t rum o f  (Et2GeS) 

The s p e c t r a  of  methyl  d e r i v a t i v e s  can  o n l y  be  i n t e r p r e -  

t e d  i n  t e r m s  o f  a c o e x i s t e n c e  of  d imer  and  monomer. 

From t h e  spec t rum of t h e  n - b u t y l  qe rma th ione  d imer  w e  
e x p e c t  f o r  t h e  dimer d i m e t h y l a t e d  from two weak bands  

a round 8 . 5  e V  ( c h a n q i n a  from a n - b u t y l )  t o  a me thy l  g roup  

c a u s e s  a s t a b i l i z a t i o n  o f  i o n i z a t i o n  p o t e n t i a l s )  and  an  

i n t e n s e  band above 9 .5  e V .  R e l a t i v e  i n t e n s i t i e s  of t h e  

f i r s t  bands  and t h e  p r e s e n c e  of two d i s t i n c t  bands  i n  

t h e  9 . 5  e V  r e g i o n  can  o n l y  be  e x p l a i n e d  by a h i g h  con-  

c e n t r a t i o n  of monomer: t h e  t w o  e x p e c t e d  weak i o n i z a t i o n s  

€ o r  t h e  d i m e r  i n  t h e  low ene rgy  r e g i o n  are  c o v e r e d  by 

t h e  i n t e n s e  f i r s t  band o f  t h e  monomer a s s o c i a t e d  w i t h  

i o n i z a t i o n  of t h e  non bondinq  p a i r  o f  s u l p h u r  (band 1 ) .  

There  a re  two bands  i n  t h e  s p e c t r a  which s i m u l t a n e o u s l y  

i n c r e a s e  i n  i n t e n s i t y  o v e r  a t e m p e r a t u r e  r a n g e  o f  30 

compared t o  t h e  d e c r e a s i n g  i n t e n s i t y  o f  t h e  f i r s t  band: 
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202 G .  PFISTER-CUILLOUZO AND C. GUIMON 

they are a t  9.90 and 1 1 . 1 5  e V  f o r  t h e  uermanium d e r i v a -  

t i v e  and 1 0 . 4  and 1 1 . 5 5  e V  f o r  t h e  s i l i c o n  d e r i v a t i v e .  

I t  seems r e a s o n a b l e  t o  a t t r i b u t e  t h e s e  t o  t h e  p r e s e n c e  

of d imer .  

The bands a t  9 . 5 0  e V  (germanium d e r i v a t i v e )  and 10.10 e V  

( s i l i c o n  d e r i v a t i v e )  s i g n i f i c a n t l y  d e c r e a s e  i n  i n t e n s i t y :  

w e  a t t r i b u t e  them t o  t h e  i o n i z a t i o n  of  t h e  n e l e c t r o n s  

of t h e  GeS and S i S  bonds o f  t h e  monomer. The weak i n t e n -  

s i t y  of t h i s  rt i o n i z a t i o n  compared t o  t h a t  of t h e  i o n i -  

z a t i o n  of t h e  non bonding i s  a l s o  obse rved  i n  th io fo rm-  

a ldehyde  ( 5 ) .  

The bands a t  9.90 e V  and 10.15 e V  which are  less s e n s i -  

t i v e  t o  i r r a d i a t i o n  changes  can  o n l y  come from t h e  d imer .  

Taking i n t o  accoun t  p r e v i o u s  e x p e r i m e n t a l  o b s e r v a t i o n s  

w e  can  a t t r i b u t e  t o  t h i s  form t h e  i o n i z a t i o n  p o t e n t i a l s  

obse rved  a t  1 1 . 1 5  and 1 1 . 5 5  e V  which are t h e  t w o  i o n i -  

z a t i o n s  of t h e  t h i r d  band whose i n t e n s i t y  d e c r e a s e s  u s i n g  

H e  11. The t w o  o t h e r  i o n i z a t i o n  p o t e n t i a l s  i n  t h i s  re- 

g i o n  10.75-11.47  e V  and 11.05-12.10 e V  are a s s o c i a t e d  

w i t h  t h e  monomeric form (bands  3 and 4 ) .  

On t h e  o t h e r  hand, i f  w e  examine t h e  spec t rum r e c o r d e d  

a t  280° f o r  d i e t h y l  qermath ione  t r i m e r  ( f i q .  4 )  it 

a p p e a r s  less modi f ied  compared t o  t h e  o r i g i n a l  spec t rum.  

The m o s t  n o t a b l e  p o i n t  is  t h e  p re sence  of t w o  s h a r p  

bands of  weak i n t e n s i t y  a t  8 .33  e V  and 8 - 7 0  e V  which it 
seems l o g i c a l  t o  a t t r i b u t e  t o  t h e  d i m e r  which under  t h e  

e x p e r i m e n t a l  c o n d i t i o n s  would be  t h e  major component. 

The fo rma t ion  of monomer i s  n o t  exc luded  b u t  t h e n  i o n i -  

z a t i o n  p o t e n t i a l s  which should  be  a s s o c i a t e d  w i t h  it 

have n o t  been d e t e c t e d .  

The behav iour  of t h e  e t h y l a t e d  d e r i v a t i v e  can  be  ex- 
p l a i n e d  e i t h e r  by a r a p i d  r a t e  of d i m e r i z a t i o n  of t h e  
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monomer o r  by t h e  p re sence  of  trimer and dimer i n  t h e  

p y r o l y s i s  mix tu re .  

W e  n o t e  t h a t  t h e  p re sence  of  a s i n g l e  i n t e n s e  band a t  

10.95 e V  i n  t h i s  c a s e  i s  c o h e r e n t  w i th  t h e  ass ignment  

of  t h e  band a t  11.15 e V  t o  t h e  dimer i n  t h e  methyl de-  

r i v a t  i v e  . 
This  a n a l y s i s  of  t h e  v a r i a b l e  t empera tu re  p h o t o e l e c t r o -  

n i c  s p e c t r a  of t h e  t r imer ic  d e r i v a t i v e s  of germathione 

and s i l a t h i o n e  a l l o w s  u s  t o  conclude  w$thout ambigui ty .  
i n  f avour  of t h e  e x i s t e n c e  of t h e  monomer forms of d i -  

methyl germathione and d ime thy l  s i l a t h i o n e .  The cha rac -  

t e r i s t i c  i o n i z a t i o n  p o t e n t i a l s  of  t h e s e  s p e c i e s  a r e  

shown i n  Table  1 .  

GERMANONE DETECTION 

W e  wanted t o  ex tend  t h i s  s t u d y  t o  R 2 G e = 0 .  The co r re spon-  

d i n g  trimers are c o n s i d e r a b l y  more s t a b l e  t h a h  t h e i r  

su lphur  ana logues ;  because of  t h i s  w e  were n o t  a b l e  t o  

decompose them t h e r m a l l y .  W e  t h e r e f o r e  chose  a n o t h e r  

p r e c u r s o r  which should  decompose more e a s i l y .  

Exper imenta l ly  t h i s  s p e c i e s  canno t  be d i s t i l l e d  because  

under  a pr imary vacuum it immediately decomposes t o  
y i e l d  c h l o r a l  and t h e  t r i m e r ,  t h e  l a t t e r  a r i s i n g  from 
t h e  recombina t ion  of t h e  monomer (6). 

The p h o t o e l e c t r o n  spectrum of t h e  t r imer  a t  9o°C i s  

shown i n  f i g .  5 .  W e  obse rve  t h e  same i n t e n s i t y  c h a r a c t e -  

r i s t ics  a s  f o r  t h e  s u l p h u r  ana logue .  
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204 G. PFISTERGUILLOUZO AND C. GUIMON 

F i g u r e  5 :  P h o t o e l e c t r o n  spec t rum of ( M e Z G e O ) 3  

The spectrum of t h e  c y c l i c  s p e c i e s  has  been r eco rded  

a t  d i f f e r e n t  t empera tu res  ( f i g .  6 a  and 6 b ) .  The decom- 

p o s i t i o n  of t h i s  compound i s  obvious  as  w e  f i n d  i n  t h e  

spec t rum t h e  c h a r a c t e r i s t i c  bands of c h l o r a l  ( 7 ) .  
When vapour t empera tu re  i s  i n c r e a s e d ,  t h e  shape of t h e  

T=693K 

F i g u r e  6 :  P h o t o e l e c t r o n  s p e c t r a  of Me2Ge CHC13 ' 0' 
a )  a t  368 K b )  a t  6 9 3  K 
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0 spec t rum changes  r e l a t i v e l y  q u i c k l y  ( s t a r t i n s  a t  150 C). 
Thus t h e  spec t rum r e g i s t e r e d  a t  320 C ( f i q .  6b)  shows 

t h e  f i r s t  bands  ( 9 . 3 ;  9 . 8  and 10.5 e V )  o f  t h e  t r i m e r  

spec t rum w i t h  t h e  c h a r a c t e r i s t i c  bands  o f  c h l o r a l  ( w i t h  

s l i g h t l y  d i f f e r e n t  i n t e n s i t i e s  due  t o  t h e  supe r impos i -  

t i o n  of  o t h e r  b a n d s ) .  

T h i s  i s  n o t  t h e  case f o r  t h e  spec t rum r e c o r d e d  a t  9 5 O C  

( f i g .  6 a )  which o n l y  e x h i b i t s  t h e  f i r s t  two bands  a t  

9 .7  and 1 0 . 2  e V .  I t  seems t h u s  t h a t  i n  t h i s  l a s t  case 

t h e  c y c l i c  p r o d u c t  decomposes a c c o r d i n g  to  t h e  r e a c t i o n  

d e s c r i b e d  above.  On comparing t h e  i n t e n s i t i e s  o f  t h e  

bands  o f  t h i s  spec t rum ( 6 a )  w i t h  t h o s e  o f  c h l o r a l  

( f i g .  5 )  w e  can  a t t r i b u t e  t h e  f o l l o w i n g  i o n i z a t i o n  po- 

t e n t i a l s  to  t h e  monomer: 9 . 7 ,  1 0 . 2 ,  1 1 ,  1 2 . 1  e V .  Above 

150 C t h e  monomer a p p a r e n t l y  recombines  a s  a r e s u l t  o f  

t h e r m a l  a g i t a t i o n  y i e l d i n g  t h e  s t a b l e  t r i m e r .  

0 

0 

ELECTRONIC STRUCTURE OF GERMATHIONE AND GERMANONE 

W e  wished t o  c o n f i r m  t h e  a s s i g n m e n t s  by e s t i m a t i n g  t h e  

i o n i z a t i o n  p o t e n t i a l s  o f  ge rma th ione  and germanone w i t h  

t h e  PS HONDO method. The c a l c u l a t e d  v a l u e s  are  r e p o r t e d  

i n  t a b l e  1 .  W e  c an  n o t e  t h e  e x c e l l e n t  aqreement  of  t h e  

e x p e r i m e n t a l  and t h e o r e t i c a l  v a l u e s  when w e  c o n s i d e r  

p o l a r i z a t i o n  e f f e c t s  ( p o l . )  and  loss o f  i n t e r  p a i r  cor- 

r e l a t i o n  (cor re l . )  of  t h e  i o n .  I n  g e n e r a l ,  t h e  f i r s t  

c o n t r i b u t i o n  i s  h i g h e r  f o r  non bonding  o r b i t a l s  t h a n  

f o r  n bondinq o r b i t a l s ,  i n  c o n t r a s t  t o  t h e  second one .  

There  are  t h e  obse rved  phenomena f o r  d i m e t h y l  ge rma th io -  

ne  
t h e  d i m e t h y l  germanone case t h e  p o l a r i z a t i o n  correla-  

t i o n  i s  h i g h e r  f o r  t h e  IT G e = O  o r b i t a l  ( -1 .66 e V )  t h a n  

f o r  no ( - 1 . 3 2  e V )  . 

( p o l .  = 0 . 7 2  e V  f o r  ns and 0 . 5 7  e V  f o r  TC G e  = S ) .  I n  
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206 G. PFISTER-GUILLOUZO AND C. GUIMON 

TABLE 1 :  C a l c u l a t e d  and e x p e r i m e n t a l  i o n i z a t i o n  poten-  
t i a l s  of d i m e t h y l  germathione and d ime thy l  ger- 
manone. 

i 
Pol * C o r r  . 

e f fec t .  
C a l .  E x p  . 

I P  IP 

- 8 . 9 5  n + 0.72 - 0 . 3 1  8 . 5 4  8 . 6 0  

- 9 . 4 2  Tc + 0 . 5 7  - 0 . 4 0  9 . 2 5  9 . 5 5  
S 

G e = S  

G e - S  

G e  -C 

- 1 1 . 4 0  0 + 0 . 5 3  - 0 . 2 7  1 1 . 1 4  1 0 . 7 5  

0 + 0 . 5 7  - 0 . 1 9  12 .25  1 1 . 4 7  - 1 2 . 6 2  

Me + *  
M e  ’ 

‘/Ge = 0 

i 
C a l .  Exp . 
IP IP C o r r .  Pol. 

effect.  

- 1 0 . 7 2  n + 1 . 3 2  - 0 . 2 0  9 . 5 9  9 . 7  

- 1 0 . 9 7  n + 1 . 6 6  - 0 . 5 0  9 . 8 1  1 0 . 2  

- 1 2 . 1 3  (5 + 1 . 5 4  - 0 . 2 7  1 0 . 8 6  1 1 .  
- 1 3 . 1 2  

0 

Ge =O 

G e - 0  

G e - 0  (5 + 0 . 4 3  - 0 . 1 3  12 .83  1 2 . 1  

‘ S t r u c t u r a l  parameters G e = S  = 2 . 0 2  A ,  G e - C  = 1 . 9 8  A ,  
4 

CGeS = 120O 

rl * * S t r u c t u r a l  p a r a m e t e r s  G e = O  = 1 . 6 3  A G e - C  = 1 .98  A ,  

C G e O  = 120° 
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This  r e s u l t  shows an obvious  d i f f e r e n c e  i n  t h e  electro- 
n i c  r e o r g a n i s a t i o n  of t h e  f i r s t  i o n i c  s ta tes  of germa- 

t h i o n e  and germanone. Th i s  p o i n t s  o u t  t h e  l i m i t s  of a 

d i r e c t  c o r r e l a t i o n  between e x p e r i m e n t a l  i o n i z a t i o n  po- 
t e n t i a l s  and t h e  e l e c t r o n i c  c h a r a c t e r i s t i c s  o f  t h e s e  

s p e c i e s  i n  t h e i r  ground s t a t e .  
Such a s t a b i l i z a t i o n  of  t h e  i o n i c  s t a t e  ofgermanone 

can on ly  be i n t e r p r e t e d  i n  t e r m s  of  a s t r o n g  p o l a r i z a -  

t i o n  i n  t h i s  system, e s p e c i a l l y  f o r  t h e  nGeEO o r b i t a l .  

Th i s  would mean t h a t  t h i s  o r b i t a l  i s  non bonding as  sug- 

g e s t e d  by G .  T r i n q u i e r  ( 8 )  and i s  i n  agreement wi th  t h e  

ve ry  c l o s e  v a l u e s  f o r  t h e  i o n i z a t i o n  p o t e n t i a l s  associ-  
a t e d  wi th  t h e  l o n e  p a i r  no and t h e  o r b i t a l  f ~ ~ ~ = ~  and 

t h e  SCF e n e r g i e s .  T h i s  s m a l l  d i f f e r e n c e  can be compared 

wi th  t h e  v a l u e s  of  2 . 9  e V  (9 .73  - 12.65 e V )  f o r  ace tone  

( 9 )  and 3 . 2  e V  ( 1 0 . 9 - 1 4 . 1  eV) f o r  formaldehyde ( l o ) .  

I n  t h e  same way, a l though  t h e  e f f e c t  i s  smaller,  t h e  

d i f f e r e n c e  of  approximate ly  1 e V  observed  between t h e  

i o n i z a t i o n  p o t e n t i a l s  i n  t h e  n l o n e  p a i r  and t h e  o r b i -  

tal nGe=S compared t o  2 . 4  e V  (9 .38  e V  nS - 1 1 . 7 6  n C = S )  

f o r  th ioformaldehyde  shows a p o l a r i z a t i o n  of  t h e  TC sys -  

t e m  i n  t h i s  molecule  l a r g e r  t h a n  f o r  t h e  t h i o c a r b o n y l  

d e r i v a t i v e s .  

The p o l a r i t y  of  t h e  n bonds shown by t h e i r  n c h a r g e s  
( t a b l e  2 )  c a u s e s  t h e i r  h i g h  r e a c t i v i t y :  d i m e r i s a t i o n  

or  t r i m e r i s a t i o n  r e a c t i o n s ,  a d d i t i o n  of  amine o r  a l c o -  

h o l .  The f a c t  t h a t  a t  30Ooc t h e  germanone monomer re- 
combines a lmost  comple te ly  t o  t h e  t r i m e r  and t h a t  t h e  

germathione dimer and monomer are  s imul t aneous ly  pre-  

s e n t  under  t h e  same c o n d i t i o n s  i s  i n  agreement w i t h  

t h e  p r e d i c t e d  r e a c t i v i t y .  

S 
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On t h e  o t h e r  hand t h e  f i r s t  i o n i z a t i o n  p o t e n t i a l s  a s s o -  

c i a t e d  wi th  t h e  i o n i z a t i o n  of  t h e  non bonding ns and n 

p a i r s  are ve ry  close t o  t h o s e  observed  f o r  t h e  c o r r e s -  

ponding carbon s p e c i e s  9 . 7 3  e V  f o r  a c e t o n e  and 8 .1  e V  

f o r  t h io fenchone  f o r  which it i s  necessa ry  t o  t a k e  t h e  

d e s t a b i l i z i n q  e f f e c t s  of  t h e  c y c l e  i n t o  account  ( 1 1 ) .  

0 

The i n d u c t i v e  e f f e c t  of  t h e  m e t a l  a t o m  i s  i n  t h i s  case 

compensated by t h e  no.dGe t r a n s f e r  which a p p e a r s  q u i t e  

impor t an t ,  be ing  c a l c u l a t e d  o f  0 . 1 6 7  f o r  germathione 

and 0 . 2  €or germanone. 

One of  t h e  c h a r a c t e r i s t i c s  f o r  t h e s e  systems i s  t h e  na- 

t u r e  of  t h e  Ge-X bond. The i o n i z a t i o n  of  t h e  e l e c t r o n s  

of t h i s  bond i s  a s s o c i a t e d  w i t h  t h e  t h i r d  i o n i z a t i o n  

p o t e n t i a l .  W e  obse rve  s i m i l a r  v a l u e s  a t  l o w  energy  

1 0 . 7 5  e V  f o r  d imethylgermath ione ,  1 1  e V  f o r  d ime thy lge r -  

manone. Th i s  s u u g e s t s  a h i g h e r  l o c a l i z a t i o n  of  e l e c -  

t r o n s  on oxvpen t h a n  on s u l p h u r  and a h i g h e r  p o l a r i t y  

of  t h e  G e = O  o bond. Th i s  a p p e a r s  e l sewhere  €or t h e  o 
Ge t r a n s -  cha rges :  i n  t h e  case of  germathione t h e  o + d  

f e r  i s  n o t  compensated by t h e  o G e - S  bond p o l a r i t y  un- 

l i k e  f o r  germanone. 

S 
0 

CONCLUSION 

I n  t h i s  work w e  have been a b l e  t o  i d e n t i f y  by pho toe lec -  

t r o n  spec t roscopy  i n  t h e  g a s  phase d imethyl  germathione 

and d imethyl  germanone whose e x i s t e n c e  has  o n l y  be i n f e -  
r e d  by chemica l  t r a p p i n g  expe r imen t s .  

The observed  i o n i z a t i o n  p o t e n t i a l s  are i n t e r p r e t e d  i n  

t e r m s  of t h e ’ h i g h l y  p o l a r  c h a r a c t e r  of t h e  IT G e = O  and 
TL G e = S  bonds.  Th i s  p o l a r i z a t i o n  and t h e  r e l a t i v e l y  low 
i o n i z a t i o n  p o t e n t i a l s  e x p l a i n  t h e  ve ry  h igh  r e a c t i v i t y  

of t h e s e  s p e c i e s  and t h e i r  l o w  l i f e t i m e .  
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