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INTRODUCTION 

dif luoramines.  The chemistry of t hese  compour?ds has been ~ tud i . ec i  ROW 
in t ens ive ly  during r ecen t  year5 thar, p e v i o u s l y  ar,d has  been the subjcct; 
of' t h ree  review a r t i c l e s  ( l , 2 , 3 ) G  :?':?e a i m s  o f  our  ?fork, part of which 
we desc r ibe  here, a r e  t o  g e t  a p i c t u r e  of the  r e l a t i v e  e l ec t ron  
d i s t r i b u t i o n s  i n  X-NF2 compounds, t o  ga in  an  understanding of the nature  
of t h e  N-F and N-X bonds, and f o  dete?i>ine the  ex is tence  and s t a b i l i t i e s  
of N-F r a d i c a l s  and i o n s .  We have cowen t ra t ed  on X-NF2 compounds, 
where X = F, C 1 ,  H, NF2, CH3, C2H5, arid CF3. The r a d i c a l  and ion ic  
spec ie s  which have he ld  our a t t e n t i o n  a?e *NF, -NF2, NF+, NP-, N F p ,  
NFz-, NF3+, and H2NF2+. 
d i f  luoramine, HNF2, and the  ex is tence  of NF2-contsining ions  to i l l u s -  
t r a t e  our  i n v e s t i g a t i o n s  i n  NF2 cheF.istry. 

RESULTS A N D  DISCUSSION 

Compounds conta in ing  the  NF2 group a r e  commonly r e fe r r ed  t o  a s  

T h i s  paper> emphasizes the  chemistry ci' 

Theore t ica l  Conskderations 

One of the approaches which w e  have taken i s  t h e  ca l cu la t ion  of 
molecular parameters of var ious N-F spec ie s  by enploying molecular 
o r b i t a l  t rea tments  ( 4 , 5 ) .  O f  p a r t i c u l a r  re levance t o  NF2 chemis t ry  
a r e  the  n-bond o rde r s  and atomic charges ca l cu la t ed  for NF2 moiet ies  
(Table I > .  

TASLE I 
CALCULATED CHARGES AND BOND ORDERS OF NF2 SPECIES 

ATOMIC CXARGES 
&N&F TT-Bond Orders 

+1.706 -0.353 
+0.86 -0.43 

0 -0.5 

0.3 
0.35 
0 

Kaufman and coworkers have made similar ca l cu la t ions  and have shown 
t h a t ,  i n  covalent  NF2 compoymds, t h e r e  are RO o r b i t a l s  ava i l ab le  on 
the  n i t rogen  of energy low enough F o r  s i g n i f i c a n t  'IT-bonding w i t h  t he  
urishared e l ec t rons  on t h e  f l u o r i n e  a t o m  ( 6 , 7 ) .  I n  a s e r i e s  of X-NF2 
coripounds, t he  r e l a t i v e  e l e c t r o n  d i s t r i b u t i o n s  a r e  t h u s  a func t ion  of 
t he  induct ive  e f f e c t s  of t h e  X g=.oup. The var ious s i t u a t i o n s  a r e  
emis ioned  as fo l lows :  

\ 
F . 4 . 4 3  F-0.5 

\ 
F-0.353 

\ 

I I1 I11 
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IV V 

The r e l a t i v e l y  high negative chmge op. f luor i -es  causes m n y  
NF2 spec ies  t o  decomposl; r e a d i l y  by l o s s  o f  a f l u o r i d e  i o n .  This work 
i n d i c a t e s  tha t  the  NF2-containing ions which have t h e  g r e a t e s t  
p r o b a b i l i t y  of long term exis tence  a x  the c a t l m s ,  because, of any of 
the  NF2 species,  NF2+ has the lowes'; r;,egatlve a t o n i c  charge on the 
f l u o r i n e s .  I n  a l l  of t h e  d i f l u o r m i n e  de- ivat ives  studied, t h e  non- 
bonding L-shel l  e l e c t r o n s  of t h e  rdtrogan are no?e disp laced  toward 
the  f l u o r i n e s  than s t r i c t l y  loca l ized  on t h e  r,iix?ogen. A s  a T'esulCiJ 
t h e  n i t rogen  i n  many NF2 spec ies  caTries a r e l a t r v e l y  high p o s i t i v e  
charge. Any c a t i o n i c  N F 2  spec ies  would be experted. t? have a high 
e l e c t r o n  a f f i n i t y ,  probably higher  than khat; o f  N 0 2 + .  Considerations 
i n  i s o l a t i n g  a n  NF2 c a t i o n  a r z  .to s%%bilize i% w i t h  a large a n i m  of' 
low charge dens i ty  so tha'; pola- izat ion cari o c c i i ~ ,  o r  50 s e l e c t  a 
hypothe t ica l  NF2 salt i n  which the 3,t";c.e s t a b i l i z s t i o n  energy is very 
h igh .  Candidates f o r  t h e  l a t t e r  8z-e xoderate-sized d i v a l e n t  anicns.  
No NF2-containing ions  of any kype have been ckserved, except f o r  XF2+ 
which has been observed i n  +,he m?,s spectso:?eter ( 9 ) .  

Experimental Observations 

The neares t  w e  have come t o  demonstrating the ex is tence  of N-F 
ions  is i n  t h e  electrochemical oxidation-reduction r e a c t i o n s  of HNF2. 
,The oxida t ion  has  been c a r r i e d  o u t  i n  watar arid i n  var ious  polar  

r e a c t i o n  has been shown t o  be forma51or; of the  'NF2  r a d i c a l .  The .NF2 
r a d i c a l  undergoes combirzation processes on the sur face  of the e lec t rode  
r a t h e r  than d i f f u s i n g  into t h e  body of t h e  s o l u t i o n  before  being 
involved i n  f u r t h e r  r e a c t i o n s .  me combination process  on t h e  
e lec t rode  surface has been used t o  prepare a v a r i e t y  of NF2 compounds 
by simultaneously generati-ag okher  r a d i c a l  spec ies  , e .g e , 

organic so lvents  under a c i d  cozdi t ion  (9 ) .  The f i r s t  s t ep  o f  t h i s  \ 

HNF2 __j H+ + e- + oNP2 
CH COOH - OCC_Y3 + H+ + GO2 + e' 
.N&? + *CH3 ---+ CK3NF2 

The oxida t ion  of HNF2 involves t;he removal of an  e l e c t r o n  from t h e  
n i t rogen  i n  a solvated HNF2 spec ies  rather t h a 3  fron? NF2-. 
woTk on the s o l u t i o n  chemis t ry  of HNF2 shows tha t  m d e r  collditiolrs 
favoring the  formation of NF2- (prcton removal), this s p e c i e s  l o s e s  a 
f l u o r i d e  i o n  t o  form di f luorodiaz ine .  

A l l  of OUT 

NF2- -> 1/2 NZF2 + F- 

The reduct ion  of H N F ~  in 8qiieoue n?edia i s  a fcur -e lec t ron  
process  i n  which HNF2 is reduced t o  m-won.ia (10). In rioz.aqueous 
solvents , the  reduct ion  is deperdmt 071 the ava!.'IE'r:il.ity o f  proGons i n  
t h e  system and the  reduct ion poterctial is  s t ~ 2 r ~ l y  inf luenced hy the  
degree and type of s o l v a t i o n  (TabLe 11). NiSr.oge:l; C r i f i u o r i d e  i s  
electrolytically reduced i n  aqueous s:2lut;toA? at N-1 .40 v.  vs. S.C.E. 

i 
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,! S i x  e l e c t r o n s  p e r  molecule of NF3 a r e  involved i n  t h e  reduction. 

HNF2 + 4e- + 2H+ ___j NH3 + 2F- 
NF3 + 6e- + 3H++ NH3 + 3F- 

NF3 could not be e l e c t r o i y t i c a l l y  oxidized i n  systems similar t o  those 
used f o r  t h e  reduct ion .  

TABLE I1 
EFFECT OF SOLVENT ON THE POLAROGRAPHIC REDUCTION OF HNF2 

4 Solvent ~ 1 1 2  H N F ~  ( v o l t s  versus S.C.E. 

H20 
C2H OH 
C H 3 h  
D i m e  thy1 Formamide 
Dimethyl Sulfoxide 

1.22 
1.64 
1.42 

1.64 
1.61 

The so lva t ion  of HNF2 i n  a v a r i e t y  of so lvents  was s tudied by 
conventional and low-temperature i n f r a r e d  techniques and by 
determining t h e  d i s s o c i a t i o n  pressure-temperature r e l a t i o n s h i p s  of 
s e v e r a l  HNFpsolvent complexes ( 6 , i o ) .  Tota l  en tha lp ies  o f  
d i s s o c i a t i o n  were determined where experimentally f e a s i b l e .  S h i f t s  
i n  t h e  N-H and N-F s t r e t c h i n g  frequencies  i n  t h e  I R  spec t ra  o f  1:l 
complexes of HNF2 with so lvents  and o f  one-molar so lu t ions  of HNF2 
w e r e  examined t o  determine the na ture  of t h e  bonding i n  the  solvated 
spec ies  (Table 111). I n  genera l  t h e s e  d a t a  i n d i c a t e  t h e  order  
H20 < CH OH < CH CN < HCONH2 < HOCN(CH3)2cJ(CHg)2S0 f o r  the  s t rength  
of solva&.on of  &F2. 
DMF and DMSO exert very  l i t t l e  vapor pressure  a t  room temperature. 

HNF2 i s  by f a r  l e a s t  so lva ted  by water .  

determined from v i b r a t i o n a l  spec t ra ,  i s  t h e  s t rength  of t h e  i 

dif luoramine hydrogen bond with the  solvefit.  Thus, HNF2 appears t o  be ' 

bonded t o  these  s o l v e n t s  i n  s t r u c t u r e s  of t h e  type 

1 
{ 
1 

Equimolar complexes of HNF2 with forma.!!ide, dimethyl formamide, and /1 
dimethyl su l foxide  exert r e l a t i v e l y  l i t t l e  vapor pressure  a t  0' .  II 

j 

It was found t h a t  1:2 complexes of HNF2 with 

I 

I n  a l l  of t h e  s o l v e n t s  studied, t h e  most important f a c t o r ,  

F I 

/ 

/ 

However, i n  some systems t h e  i-nfrared spec t ra  i n d i c a t e  moderate 
bonding of the f l u o r i n e s  with t h e  solvent ,  e.g., 

4 

,/ 
N --F 

\ H3C 
N - C  

\ 

Attempts were made t o  p r o t o r a t e  HhT2 and CH3NF2 t o  determine 
i f  ammonium-type i o n s  such as HzNF2+ aP.d CH3NF2H+ could be formed. 
Th-ee approaches were employed. F i r s ? ,  1 anoutlts of H20 and KC104 
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I were added t o  1 s o l u t i o n s  of HNF2 i n  a c e t o n i t r i l e  o r  dimethyl 
' f'ormamide. Conventional i n f r a r e d  spectroscopic  techniques ind ica ted  

t h a t  no i n t e r a c t i o n  with the  HNF2 occurred. Second, t h e  s t r e n g t h s  of 
I a s s o c i a t i o n  of CH3NF2 and HI%F2 with arhydrous HC1, anhydrous HBr, and 

water were measured. 
descr ibed e a r l i e r  (11). No a s s o c i a t i o n  of t h e  dif luoramines with any 

,' of t h e  a c i d s  was observed. Third, i n f r a r e d  s p e c t r a  of t h e  s o l i d  
equimolar mixtures HNFpH20, HNFpHCl, HNF2-HBr, CH3NFpH20, CH3NF2- 

,! H C 1 ,  and CH3NF2--HBr showed no evidence of pratonat ion.  Spectra  were 
'i obtained a t  -160". 
; HBr t o  bromine. 

The techniques employed were similar t o  those 

Both HNF2 ar,d CH3XY2 werij ohserved t o  oxidize 
Ne r e a c t i o n  was obse_raved w i t 5  B C i  o r  H20. 

TABLE r n  
INFRARED ABSORPTION K 4 X s 4  OF lQJP;! COMPLEXES 

N-H N-H N-F N-F 
N-FT P - S y m .  Sm. S m .  A s p .  

Stre-&:h Bemi Bend S t r e t c h  S t r e t c h  
.___- 

Material 

860 
950 855 

CH CN'IWF2 ( s o l i d ) ( a )  2710 1424 
i HNP2 i n  CH3O l i q u i d ) ( b  ) 2725 * 1325* 955 

DMF-HNF2 ( s o l i d ) ( a )  2725 * * 952 850 
1 M HNF2 i n  M 0 ( l i q u i d ) ( b )  2740 * * * 855 

H2G.HNl72 ( s o l i d ) r a \  2800 1390 1320 973 875 

HN& ( s o l i d  )?as 3110 1450 1350 972 88 0 

2975 

*Solvent i n t e r f e r e n c e  & ;p0 
A measure o f  t h e  r e l a t i v e  d i s t r i b u t i o n  of e l e c t r o n s  i n  a 

v a r i e t y  of  NF2 compounds was obtained by stwlyis& t h e  i n t e r a c t i o n  o f  
t h e  difluoramines with-Lewis a c i d s  (11). The low-temperature 
i n f r a r e d  spec t ra  of complexes of d i f l u o r m i n e s  showed t h a t  bonding 
occurs through d o m t i o n  of elect-ons or! t h e  n i t m g e n  t o  t h e  Lcwis 
a c i d .  I n  no cases  was evidence found f o r  f l u o r i n e  br idging o r  
complete charge transfer. The s t r e n g t h  of t he  complexes formed was 
d i r e c t l y  dependent on t h e  e l e c t r o n - w i t h d . r a w i ~  or -donating power o f  
t h e  a t tached  group. A s t rongly  electron-WLthdrawing group such as 
CF3 renders  t h e  X-NF2 compound an  e s s e n t i a l l y  nonpolar spec ies .  An 
electron-donat ing group such as CH3 increases  the e l e c t r o n  d e n s i t y  on 
t h e  n i t rogen  but a l s o  increases  t h e  apparent  e l e c t r o n  d e n s i t y  on 
t h e  f l u o r i n e s  so  t h a t  compounds such a8 CH3CHzNF2 o r  HNF2 r e a d i l y  
undergo f l u o r i d e  abs t rac t tor ,  r e a c t i o m ,  e .g., 

CH CH2NF2 - .CH3CN + 2HF 
HN 3 2 __j 112 N2F2 + XF 

Studies  of t h e  pzo'con r.esonance of C33NP2 and C2H5MP2 showed t h a t  
t h e  e f f e c t i v e  e l e c t r o n e g a t i v i t y  o.f t h e  NF2 groi.zp is absut  3.3. 
Recently, t h e  e l e c t r o n e g a t i v i t y  was ca.l.culated to be between 
3.6 and 3.7 (12) .  m u s 9  t h e  NF2 gro3.p i s  a strong e lec t ron-  
withdrawing moiety i t s e l f .  
may be p ic tured  as i n  I V  ar.d V above. I n  1: %he N-F boRd is  
weak?l?ed s o  t h a t  r e a c t i o c s  of X$l.Fz favor Povtes  which involve IOSS of 

!?he conpetit icm f o r  zlonbonded e l e c t r c n s  

F-. Ih IV t h e  N-F boEd is s$-!s%e? SC %fiat -Xl?P2 YeaCtSons favor  the 
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l o s s  of *NF2. We examined the mass s p e c t r a l  c r a c k i r s  p a t t e r n s  of 
CH3NF2 and CF F2 a t  low i o n i z a t i o n  p o t e n t i a l s  (11 e l e c t r o n  v o l t s )  

r e s p e c t i v e l y .  These d a t a  i n d i c a t e  t h a t  t h e  C-N bonz i n  CF3NF2 fs 
weaker than  t h a t  of CH NF2. This observat ion is  a l s o  c o n s i s t e n t  
with a n a l y s i s  o f  the  u l t r a v i o l e t  s p e c t r a  of these  compounds (13). 
The N-F bond i n  CH3NF2, however, appears t o  be weaker than  i n  
CF3NF2. 
probably occur through d i f f e r e n t  mechanism. 
r a d i c a l  i n  the first step, whereas CH3NF2 w i l l  l o s e  a f l u o r i n e :  

and found t h a  P t h e  most abundant ions  (99%) were CH NF2+ and CF +, 

The thermal decornpositiocs of these  two difluoramines 
CF3 w i l l  l o s e  an  NF2 

CF3NF2 + 0CF i- aNF2 
cH3m2 c q i &  + e F  

The -NF2 and .F w i l l  probably t hen  z 4 e r g o  f u r t h e r  r e a c t i o n s  with t h e  
parent  molecules: 

*NF2 + CF NF2 lJF3 + 
*F + cHp32 ---+ m + -cHg!;~:: e t c .  

The CF NF2 does not  e a s i l y  l o s e  a f l u o r i d e  i o n  t o  Lewis  a c i d s  such as 

Conclusion 

These s t u d i e s  tend t o  s u b s t a n t i a t e  t h e  p r e d i c t i o n  of t h e  
t h e o r e t i c a l  c a l c u l a t i o n s  t h a t  i f  N-F anions a r e  formed, t h e  e l e c t r o n  
d e n s i t y  on the f l u o r i n e s  w i l l  be so high t h a t  l o s s  of a f l u o r i d e  i o n  
would be almost impossible t o  prevent Further ,  t h e  e l e c t r o n  a f f i n i t y  
of NF2+ appears t o  be extremely high, so t h a t  a d d i t i o n  of an e l e c t r o n  
t o  form 'NF2 o r  a d d i t i o n  of an  anion t o  form a covalent  NF2 compound 
i s  h ighly  favored. I n  general ,  t h e  r e a c t i o n  r o u t e s  of  NF2 compounds 
appear  t o  be favored where t h e  r e a c t i o n  intermediate  is  an 'NF2 
r a d i c a l .  The 'NF2 r a d i c a l  i s  a r e l a t i v e l y  s t a b l e  spec ies  with a 
TT-bond order  o f  0.35. The e l e c t r o n  d i s t r i b u t i o n  i n  t h i s  spec ies  i s  
much more symmetrical t h a n  those of t h e  anion or ca t ion .  
r o u t e s  which involve afi NF2 anion intermediate  ape not  very favorable  
because of the ease of f l u o r i d e  loss. !%ne NF2 catior! i s  equal ly  as 
unfavorable s ince  i t s  oxid iz ing  power w i l l  probably prevent it from 
existing i n  m o s t  systems. 

BF3 (9% 

Reaction 
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