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DEPENDENCE OF RADICAL A N I O N  STABILITY ON CRYSTAL STRUCTURE 

PER-OLOF SAMSKOG and LOWELL D. KISPERT 
Depar tment  of Chemis t ry ,  The U n i v e r s i t y  of  Alabama, 
T u s c a l o o s a ,  AL 35486 

A b s t r a c t  An I N D O  c a l c u l a t i o n  u s i n g  t h e  RHF/CI method 
i n d i c a t e s  t h a t  t h e  minimum e n e r g y  c o n f o r m a t i o n  of  t!ie 
[XCH2CONH2]- r a d i c a l  a n i o n s  where X = F,  C 1 ,  B r  
and I o c c u r s  i f  t h e  C-X bond i s  l o c a t e d  i n  a d i r e c t i o n  
a p p r o x i m a t e l y  normal  t o  t h e  CON p l a n e .  It h a s  been 
e x p e r i m e n t a l l y  shown t h a t  f o r  t h e s e  r a d i c a l  a n i o n s  t o  
b e  o b s e r v e d  i n  s i n g l e  c r y s t a l s  by EPR methods ,  t h e  
m o l e c u l a r  p r e c u r s o r  s h o u l d  n o t  e x i s t  i n  t h e  e n e r g y  
maximum c o n f o r m a t i o n  f o r  r a d i c a l  a n i o n s  o r  e lse  
s p o n t a n e o u s  e l i m i n a t i o n  of  X- o c c u r s  upon e l e c t r o n  
attachment. T h i s  s u g g e s t s  t h a t  F- e l i m i n a t i o n  from 
d o p a n t s  ( e . g .  AsF ) used  i n  t h e  f o r m a t i o n  o f  
c o n d u c t i n g  polymers  may be a g e n e r a l  phenomenon i f  t h e  
a n i o n  i s  formed from a maximum e n e r g y  c o n f i g u r a t i o n .  

5 

INTRODUCTION 

R e c e n t l y ,  t h e r e  h a s  been c o n s i d e r a b l e  i n t e r e s t  i n  
t h e  p r e p a r a t i o n  of  c o n d u c t i n g  polymers  e i t h e r  by a c c e p t o r  o r  
donor  doping  o f  v a r i o u s  polymers  s u c h  a s  p o l y a c e t y l e n e ,  po ly  
(p-phenylene)  and poly(  p-phenylene s u l f i d e ) .  Acceptor  
d o p i n g 1 , 2  by AsF5 i s  of  c o n s i d e r a b l e  i n t e r e s t  s i n c e  i t s  
u s e  produces  some of t h e  h i g h e s t  c o n d u c t i n g  polymers .  
U n f o r t u n a t e l y ,  l i t t l e  i s  known about  t h e  a c t u a l  c h e m i s t r y  
t h a t  o c c u r s  d u r i n g  t h e  doping  p r o c e s s ,  because  of t h e  
d i f f i c u l t y  i n  measur ing  t h e  i n t e r m e d i a t e s  t h a t  a re  formed,  
a l t h o u g h  k F 6 -  and HF a re  presumably formed as  w e l l  as 
o t h e r  s p e c i e s .  I n  t h i s  p a p e r ,  we r e p o r t  a n  I N D O  m o l e c u l a r  
o r b i t a l  and c r y s t a l l o g r a p h i c  s t u d y  o f  t h e  r a d i c a l  a n i o n  
s t a b i l i t y  o f  [FCH$ONH2]- i n  s i n g l e  c r y s t a l s  of 
CFH2CONH2. U n f o r t u n a t e l y ,  t h e r e  are  few f l u o r i n a t e d  
s ingle  c r y s t a l  s y s t e m s  t h a t  c l o s e l y  m i m i c  t h e  a c t u a l  reac- 
t i o n s  o c c u r r i n g  i n  doped polymers .  However, t h i s  c r y s t a l  
a l l o w s  u s  t o  examine a s y s t e m  where HF i s  produced and a n  
e l e c t r o n  a t t a c h m e n t  t o  a f l u o r i n e  o c c u r s .  

7s 
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76 P.-0. SAMSKOG AND L. D .  KISPERT 

It has  been shown t h a t  t h e  r a d i c a l  an ion  
-1CH2CONH2 i s   table^-^ a t  77 K i n  t h e  da rk  i n  X-ray 
i r r a d i a t e d  iodoace tamide  c r y s t a l s ,  y e t  t h e  r a d i c a l  an ion  
-FCH2CONH2 i s  not  s t a b l e  i n  t h e  d a r k  even a t  3 K i n  
X-ray i r r a d i a t e d  f luoroace tamide6  c r y s t a l s .  I n  c o n t r a s t  
a l l  r a d i c a l  an ions  of t h e  t y p e  [XCF2CONH2]- where X = 
F, C 1 ,  B r  are s t a b l e  a t  77 K i n  t h e  d a r k  i n  X-ray i r r a d i a t e d  
c r y s t a l s  of t h e  p a r e n t   compound^.^-^ 

I n  t h i s  paper i t  w i l l  be shown by a n  I N D O  molecular  
o r b i t a l  c a l c u l a t i o n  us ing  t h e  RHF/CI method, t h a t  t h e  
i n s t a b i l i t y  of t h e  [FCH2CONH]- r a d i c a l  i s  due t o  t h e  
molecular  p recu r so r  r e s i d i n g  i n  an ene rgy  maximum con- 
fo rma t ion  f o r  r a d i c a l  an ion  format ion .  

EXPERIMENTAL 

An I N D O  molecular  o r b i t a l  c a l c u l a t i o n  us ing  t h e  RHF/CI 
method, a s  a p p l i e d  by Oloff and Hiitterman,lO was used t o  
de te rmine  t h e  most s t a b l e  g e o m e t r i c a l  c o n f i g u r a t i o n  o f  
[XCH2CONH2]- where X = F, C 1 ,  B r  and I. The bond 
l e n g t h s  and a n g l e s  when X = C 1 ,  B r  and I were ob ta ined  from 
t h e  c r y s t a l  s t r u c t u r e  of CBrF2CONH2, excep t  f o r  t h e  
C-H ( s t a n d a r d  bond l e n g t h s )  and C-X bond l e n g t h s .  A r e -  
a r r anged  conformat ion  of t h e  CXF2 group found t o  g i v e  t h e  
b e s t  agreement between t h e  c a l c u l a t e d  and expe r imen ta l  cou- 
p l i n g  c o n s t a n t s 9  f o r  [CBrF2CONH2]- was used f o r  t h e  
c a l c u l a t i o n  of t h e  coupl ing  c o n s t a n t s  f o r  [ C X H ~ C O N H Z ]  
where X = C 1 ,  B r  and I. I n  t h i s  r ea r r anged  conformat ion ,  
t h e  d i h e d r a l  a n g l e  between t h e  C-X bond and t h e  normal t o  
t h e  CON p l ane  e q u a l s  Oo. I n  a d d i t i o n ,  t h e  CZC1-X 
ang le  equaled  90°. The c r y s t a l l o g r a p h i c  a n g l e s  and 
l e n g t h s  f o r  FCHZCONH~~~ were used t o  c a l c u l a t e  t h e  
minimum energy  c o n f i g u r a t i o n  f o r  -FCH2CONH2. Only t h e  
s and p b a s i s  f u n c t i o n s  f o r  t h e  d i f f e r e n t  atoms were used. 
Inco rpora t ion  of d - o r b i t a l  b a s i s  f u n c t i o n s  placed unaccent- 
a b l y  t o o  h igh  a s p i n  d e n s i t y  on t h e  ha loqen  and ,  i n  g e n e r a l ,  
gave poor  agreement w i t h  t h e  exDerimenta1 s p i n  d e n s i t y .  

RESULTS AND DISCUSSION 

V a r i a t i o n  of t h e  FC1C20 d i h e d r a l  a n g l e  r e s u l t e d  i n  
an ene rgy  mtnimum f o r  [FCHZCONH~I- when 0 = O o ,  
where8 i s  t h e a n g l e  between t h e  normal t o  t h e  CON p l a n e  and 
t h e  d i r e c t i o n  of t h e  C-F bond. The INDO b a r r i e r  t o  r o t a t i o n  
about  t h e  C1-C2 bond i s  11.3 kca l /mole .  The most s t a b l e  
conformat ion  i s  g iven  i n  F igure  1. No a t t empt  was made 
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RADICAL ANION STABILITY 

F 

0 N 

H A H 
Figure  1. The most s t a b l e  conformat ion  of 

[FCH2CONH2]- 

t o  de t e rmine  whether  t h e  s t r u c t u r e  of  t h e  C O N  grOUQ was 
p l a n a r .  For t h e  [cF3com2]-  r a d i c a l ,  t h e  b e s t  f i t  be- 
tween t h e  c a l c u l a t e d  and expe r imen ta l  f l u o r i n e  coup l ings  w a s  
o b t a i n e d  when t h e  CON p l a n e  d e v i a t e d  by @ = 320 from t h e  
p l a n a r  molecular  p o s i t i o n  de te rmined  c r y s t a l l o g r a p h i c a l l y .  
S i n c e  t h e  [FCH2CONH2]- 
l y  observed ,6  t h e  e l e c t r o n  d e n s i t i e s  r e p o r t e d  i n  Tab le  I 
were t h o s e  of  t h e  p l a n a r  c o n f i g u r a t i o n .  

A v a r i a t i o n  i n  t h e  a n g l e  @ f o r  t h e  n o n p l a n a r i t y  of t h e  
CON p l a n e  i n  [XCH~CONHZI- when X = C 1 ,  B r ,  and I re- 
s u l t e d  i n  an ene rgy  minimum when @ = 00. The energy  
minimum f o r  t h e  XClC20 d i h e d r a l  ang le  equaled  90°. 

[BrCH2CONH2]- but  t hey  have been r e p o r t e d  f o r  
[ICH2CONH2]-.3-5 
grom t h e  t y p i c a l  C-I mo lecu la r  bond l e n g t h  of  2.17 A t o  2.7 
A showed t h a t  an improved f i t  t o  t h e  observed  i o d i n e  cou- 
p l i n g  c o n s t a n t s  occur red  when t h e  C-I bond l e n g t h  equaled  
2.50 1, s u g g e s t i n g  t h a t  t h e  C-C1, C-Br and C-I  bonds i n  t h e  
r e s p e c t i v e  molecu le s  may l e n g t h e n  upon an ion  format ion .  The 
coup l ing  c o n s t a n t s  c a l c u l a t e d  from t h e  unpai red  s p i n  d e n s i t y  
l i s t e d  i n  Tab le  I f o r  X = I (C-I = 2.50 8) e q u a l s  142.7 
Gauss f o r  a i so(1271)  and -8.7 Gauss f o r  a i so ( lH) .  
T h i s  compares f a v o r a b l y  w i t h  t h e  e x p e r i m e n t a l l y  observed  
coup l ing  of a i so(1271)  = 144.5 

unpai red  e l e c t r o n  d e n s i t y  i n  [CFH2CONH2]- i s  l o c a t e d  on 
C2 and 0 , l a r g e l y  i n  t h e  P, o r b i t a 1 , w i t h  a small unpai red  Spin  

i o n  has  n o t  been exper imenta l -  

Unfo r tuna te ly ,  EPR c o u p l i n g s  have not  been r e p o r t e d  f o r  

A v a r i a t i o n  of t h e  C-I bond l e n g t k  

Upon i n s p e c t i o n  of Tab le  I ,  i t  i s  noted  t h a t  80% of  t h e  
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78 P:O. SAMSKOG AND L. D. KISPERT 

Table I. INM) lhpadred Spin b n s i t i e s  Calculated for tk Mi.tinirmm 
b r g y  Configuration of [XCH~OXIH~I-. 

(C-F ,= 
1.406A) 0.01 0.10 0.01 -0.02 0.02 0.46 0.023 0.34 0.01 0.060 

c1 
(C-Cl= 
1.780) 

Br 
(C-Br = 
1.900) 0.04 0.33b 0.14 0.34b 0.00 -0.00 0.W 0.17b 0.00 0.001 

0.04 0.27b 0.10 0.17b 0.01 0.14 0.006 0.25b 0.001 0.016 

I 
(C-I ; 
2.17%) 0.04 0.34b 0.14 0.41b-0.003 -0.03 0.003 0.14b 0.00 -0.003 
I 

(C-I = 
2.5Od) 0.02 0.3Zb 0.W 0.49b-0.005 -0.09 0.003 0 . 9  0.00 -0.008 

a. 
b. A nnjority of th mpairesl density is located in tL Pz- 

pp = sun of the unpaired spin density in tk! Px, P , Pz o r b i t a l s .  

d e n s i t y  l o c a t e d  i n  t h e  P, o r b i t a l  of F. T h i s  would i n d i -  
ca te  t h a t  t h e  l o w e s t  e n e r g y  c o n f o r m a t i o n  of  t h e  
[FCH2CONH2]- r a d i c a l  i s  p r e d i c t e d  t o  be a 
r a d i c a l .  On t h e  o t h e r  hand,  85% and 96% of  t h e  u n p a i r e d  
s p i n  d e n s i t y  i s  l o c a t e d  on t h e  C-Br and C-I  a toms r e s p e c -  
t i v e l y ,  w i t h  a v a s t  m a j o r i t y  r e s i d i n g  i n  t h e  P, o r b i t a l s ,  
i n d i c a t i n g  t h a t  -BrCHzCONHZ and -1CHzCONH2 are 
a*-anion r a d i c a l s .  The u n p a i r e d  e l e c t r o n  d e n s i t y  i s  more 
e v e n l y  d i s t r i b u t e d  i n  t h e  [CClH$ONH2]- a n i o n  r a d i c a l  
w i t h  58% o n  t h e  methyl  C and C 1  a toms and t h e  remain ing  on 
t h e  amide oxygen and carbon.  Thus [CClH$ONH2]- re- 
p r e s e n t s  a r a d i c a l  w i t h  a s t r u c t u r e  i n t e r m e d i a t e  between a IT- 
and IS*- t y p e  a n i o n  r a d i c a l .  

The i n t e r e s t i n g  and most i m p o r t a n t  p o i n t  i s  t h a t  t h e  
minimum e n e r g y  conformat ion  f o r  b o t h  71- and o*- r a d i c a l  an- 
i o n s  o c c u r s  when t h e  XC1C20 d i h e d r a l  a n g l e  
900. T h i s  is i m p o r t a n t  when c o n s i d e r i n g  t h e  c r y s t a l  
s t r u c t u r e s  of FCH2CONH2 and ICH2CONH2. The c r y s t a l l -  
o g r a p h i c  d i h e d r a l  a n g l e  FC1C2N e q u a l s  O o  whi le  t h e  

'rr-anion 

e q u a l s  
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RADICAL ANION STABILITY 

d i h e d r a l  a n g l e  IC1C20 e q u a l s  67.3O. 
c o n f o r m a t i o n  i s  g i v e n  i n  F i g u r e  2. 

The e x a c t  

19 

I II: 
F i g u r e  2. The r e l a t i v e  exDer imenta1  c o n f o r m a t i o n s  o f  

ICH2CONH2(1) and FCHzCONHz(I1). 

The C-I  bond i n  c r y s t a l s  o f  ICH2CONH2 o c c u r s  c l o s e  t o  
t h e  d i r e c t i o n  needed f o r  t h e  minimum e n e r g y  c o n f o r m a t i o n  re- 
q u i r e d  f o r  t h e  f o r m a t i o n  of -1CH2CONH2. On t h e  o t h e r  
hand ,  t h e  C-F bond i n  c r y s t a l s  of  FCH2CONH2 i s  l o c k e d  i n  
an e n e r g y  maximum f o r  t h e  f o r m a t i o n  o f  -FCH2CONH2 by 
t h e  p r e s e n c e  o f  a n  amide p r o t o n  l o c a t e d  2.28 H f rom t h e  
f l u o r i n e  atom.12 T h i s  packing  ar rangement  g i v e s  r i se  t o  a 
s t r o n g  a t t r a c t i o n  t h a t  p r e v e n t s  r o t a t i o n  of t h e  CFH2 g r o u p  
i n  t h e  c r y s t a l .  It i s  t h u s  no s u r p r i s e  t h a t  t h e r e  i s  g r e a t  
d i f f i c u l t y  i n  i s o l a t i n g  t h e  -FCHzCONH2 a n i o n  s i n c e  
s p o n t a n e o u s  d i s s o c i a t i o n  i n t o  t h e  n e u t r a l  r a d i c a l  
CH2CONH2 and F- o c c u r s  i n s t e a d .  
of CFH2CONH2 i s  made up of l a y e r s  of  CFHzCONH2 
m o l e c u l e s  which a l s o  promote a n  a l t e r n a t i v e  r e a c t i o n .  The 
l a y e r i n g  p l a c e s  t h e  f l u o r i n e  atom d i r e c t l y  above t h e  methyl  
hydrogen  of  t h e  a d j a c e n t  m o l e c u l e  l o c a t e d  a l o n g  t h e  c a x i s .  
Thus e l i m i n a t i o n  o f  H+ f rom [CFH2CONH2]+ by migra- 
t i o n  of  t h e  H+ a l o n g  t h e  c c r y s t a l  d i r e c t i o n  r e s u l t s  i n  HF 
and i y  t h e  f o r v a t i o n  of  t h e  r a d i c a l  p a i r 1 3  
HzNCOCHz. . . .  FCHCONH2. T h i s  i s  y e t  a n o t h e r  r e a s o n  f o r  
t h e  a b s e n c e  of  a n y  [CFH2CONH2]-. I n  c o n c l u s i o n ,  F- 
e l i m i n a t i o n  may b e  p r e f e r r e d  i n  a c c e p t o r  doping  o f  polymers ,  
i f  the c o n f o r m a t i o n  of  t h e  f l u o r i n a t e d  doDant l i e s  a t  t h e  
e n e r g y  maximum f o r  a n i o n  f o r m a t i o n .  HF p r o d u c t i o n  a p p e a r s  
t o  be f a v o r e d  i f  a l a y e r e d  s t r u c t u r e  e x i s t s  i n  which t h e  
f l u o r i n a t e d  a c c e p t o r  a n i o n  i s  found i n  one  l a y e r  w h i l e  t h e  
p r o t o n a t e d  c a t i o n  o c c u r s  i n  t h e  a d j a c e n t  l a y e r .  

The c r y s t a l  s t r u c t u r e  
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