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ABSTRACT 

The compound N-fluoro-N1 - t r i f luoromethyldiai ine -N' -oxide (CF3NONF) 

has  b e e n p r e p a r e d  f r o m  the react ion of C%I, NO,' and N2F4 by ultraviolet  
. . 

3 
? 

and the rma l  activation, Its s t n ~ r . t i ~ r e  has  been shown t o  be C F  -Nt= NF.  

J. -t* 

This work was per formed under the ausp ices  of the U. S. ~ t o m i c  Energy 

. . Commission.  
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N-FLUORO-N' -TRIFLUOROMETHYLDIAZINE-N' -OXIDE 

J. W. F r a z e r ,  B. E?  Holder, and E. F. Worden 

Lawrence Radiation Laboratory,  University of California 

Livermore ,  California 

N-fluoro-N'-triflu~rometh~ldiazine-N'-oxide (CF3NONF) was f i r s t  found a s  . 

a by-product of react ion (1)  when the s tar t ing compounds 

CF31 + N2F4 - > CF3NF2 + I +. NF2,  (1) 

0 

were  activated by ultraviolet  light (2 2750A) in Pyrex.  The n e c e s s a r y  n i t r ic  

oxide was supplied by react ion (2). 

N F + Si02  - > 2 N 0  + SiF4.  2 4. ( 2 )  

The rma l  activation o f C F 3 1  and N F in P y r e x  c a n a l s o  be used for  the syn-  2 4 

thes i s  of CF3NONF. 

The syntheses  by uv excitation were  c a r r i e d  out in a 4-rr P y r e x  r eac to r  (1) 

which was thermostated a t  26 * 5" C o r  46 * 5" C by circulating water .  A 200 - 

watt l ow-p res su re  m e r c u r y  a r c  was used a s  an  excitation source .  All 

thermal ly  induced react ions  were  c a r r i e d  out in P y r e x  bombs of -75 cc  

capacity. The s tar t ing ma te r i a l s  w e r e  always a t  a total  p r e s s u r e  of, l e s s  than 

one a tmosphere  and p re sen t  in mole- ra t ios  equivalent to the indicated s toichi-  

ometry.  

3 Identification of the react ion products  was made by gas  chromatography,  

m a s s  spec t rome t ry  and inf ra red  data. Usually the init ial '  separat ion and 

purification. of the react ion products was made by gas  chromatography and 

the quantity of the. purified compounds determined by P -V-T  .measurements .  



The chromatographic.co1umns often reac ted  with the by-products.  Because 

of this p roblem and the,difficulty of separat ing and determining a l l  the products,  

only compounds in appreciable  quanti t ies containing the e lements  carbon,  

f luor ine,  and nitrogen and/or oxygen were  quantitatively determined. 
L' 

Tables  1 and 2' l i s t  the uv and thermal ly  activated react ions  explored 

during the synthesis  of CF3NONF, Synthesis conditions a r e  indicated with 

each  react ion plus yield data  based on the available (CF3 -). Synthesis of 

CF3NONF can be accomplished by e i ther  uv excitation o r  t he rma l  activation 

of CF31 plus N2F4 in a P y r e x  react ion ves se l  ( react ions  3 and 11 in Tables 

1 and 2). The addition of NO to the s tar t ing ma te r i a l s  (CF31 plus N2F4) en -  

hances  the CF3NONF yield ( react ion 4 and 12). If NO i s  not added a s  a s t a r t -  

ing m a t e r i a l  CF3NONF cannot be synthesized until the NO i s  produced by 

react ion (2). 

The CF3NONF yield of the thermal ly  activated react ion i s  considerably 

g r e a t e r  than that of the uv activated reaction.  This i s  due a t  l e a s t  in  p a r t  to 

the difference in  the stabil i ty of CF3NONF with respec t  to uv excitation and 

to  heat. When the CF3NONF is  v e r y  pu re ,  t he re  i s  no decomposition, in P y r e x  : 

a t  120°C in  24 hours  ( react ion 16), but the uv i r rad ia t ion  of the compound r e -  

su l t s  in a 36% decomposit ion in one hour ( react ion 10). 

F r o m  the. synthesis  of C F  NONF the only other  compounds of i n t e r e s t  3 

we re .  CF3NF2 and CF3N0.  N, N-difluorotrifluoromethylamine (CF3NF2)  was 

p re sen t  r ega rd l e s s  of whether the synthesis  was c a r r i e d  out by uv excitation 

o r  t h e r m a l  activation. However, C F 3 N 0  was only p re sen t  when the synthesis  

was  c a r r i e d  out by uv excitation. The thermal ly  induced react ion .of CF31 

and NO does not yield C F 3 N 0  ( reac t ion  14). 

When CF3NF2 plus NO a r e  subjected. to the s a m e  conditions used fo r  

the synthesis  of C F . N O N F  no react ion occu r s  ( s ee  react ions  7 and 15). I t ' i s  
3 



0 

Table  1 - React ions  Activated by Ul t raviole t  Exci ta t ion (2 2750A). 

CF3NF2  t NO uv - 2 h r s  > No reac t ion  
46" C 

uv - 1 h r  
CF3NF2 No + N2F4.  260C > NO reac t i on  

C F 3 N 0  + N2F2 UV - hrs> NO reac t ion  
46" C 

CF3NONF uv - hr> 36% decomposi t ion [including 22% CF3NF2 
26°C 

.I. ,a- 

Yield values  a s  ba sed  on the  avai lable  C F  groups .  3 

+ NM - not m e a s u r e d  quanti tat ively.  



Table 2 - Reactions Activated by Heating in .Pyrex a t  120,'C f o r  1 hour. 
. . . .  . . . .  

G F 3 1  1- NO -2 Nu react ion (14) 

CF3NF2 + NO > No react ion (1 5 )  

CF3NONF > No decomposition in 24 hours  (16) 

1% 

Yield values a s  based on the available CF3-groups.  

NM - not measu red  quantitatively. 

t he re fo re  concluded that  CF3NFZ i s  a n  end-product in the synthesis  of 
, . - 

CF.3NONF. This suggests  that  the groups in C F  NONF a r e  not a r r anged  in 
3 

the o r d e r  of (CF3)- (NF)  -(NO). . . 

When C F 3 N 0  plus N2F4  a r e  uv o r  thermal ly  activated (react ions  6 and 

13) CF3NONF i s  synthesized.  This suggests  that  the groups in CF3NONF a r e  
. . 

. . 
a r r a n g e d  in  the o r d e r  (CF3)  -.(NO)--(NF). 

Since CF3N0 can only be an  intermediate  compound, in the uv activated 
i.b 

reaction; t h e r e  m u s t  be a t  l ea s t  two different mechanisms  by which CFjNONF 

can  be synthesized. Two such  possible  mechanisms  a r e  suggested below: 



and 

.JOHNSON and COBURN") have r epo r t ed  the t h e r m a l  f r e e  - r ad i ca l  decompos i  - 

' . t ion of N F a t ' amb ien t  t e m p e r a t u r e ,  making t he se  ove ra l l  m e c h a n i s m s  2 4 

a t t r a c t i ve . .  

F r o m  the  m a s s  s p e c t r u m  da t a  (Tab le  3) C F  NONF was  shown to  contain 3 
I 

, (CF3) .  (NO), a n d ( N F )  groups .  The i n f r a r ed  s p e c t r u m  (Fig.  1) showed a b s o r p -  

t ion bands i n  the  regions  whe re  t he se  g roups  a r e  no rma l ly  ac t ive .  A d e t e r m i -  

nation of the mo lecu l a r  weight  by the method of l imi t ing dens i t i e s  yielded a 

value of 1.32.1 v e r s u s  132.0 calcula ted f o r  a compound CF4N20a(CF NONF). 
. . 3 

This  agrees .  with the mo lecu l a r  weight  (132) obtained by m a s s  s p e c t r u m  data. 

The compound is t h e r e f o r e  l imi ted  to just  one, of e a c h  of the g roups  (CF3) ,  
. . 

b NO), and '  (NF)  , 
. . .  

This  compound i s  a g a s  'at roo in  t e m p e r a t u r e  and a c l e a r  l iquid in . the  

condensed phase.  The vapor  p r e s s u r e  c a n  be  e x p r e s s e d  by log P 
10 c m  

. . 

=:5.0989 - 415009 .116667 over  t h e  range  238' to  267 ' Kelvin. The boiling 
T T Z  . .. . . % 

Y l  
point i s  -7.5 * 0.2'C. 

The poss ib le  s t r u c t u r e s  of CF3NONF a r e  



L Table 3 -. Mass  Spec t rum Data fo r  CF3NONF 

-- - 

Pa t t e rn  ((7'0) 
m/e  I = 247MA I = 426MA Ion a s  signment 

m m 

.la - .,. t 
C F  sensi t ivi ty  = 73.9 d i ~ / ~ .  3 

I, 



,, -1 ,? : ;, . shown by I through IV. F r o m  the synthesis data struc.ture I was prefer red;  

this assignment was confirmed by NMR and ultraviolet absorption spectra  

data. 

19 , The F spectrum of the two fluorine resonance peaks was observed a t  

40.0 Mc (Fig. 2). The chemical shift of the two peaks relative to the CF3 in 

trifluoroacetic acid i s  given in pa r t s  pe r  million. The peak at  -1 18.7 pprn i s  

broad and shows no s t ruc ture ,  while the signal .at -7.0 pprn shows six peaks 

a d  appears  to be 3 se t s  of doublets. Double . irradiation a t  a nitrogen f r e  - 

quency of 3,072,050 * 25 cycles changed the -7.0 peak to a doublet. F r o m  

this behavior i t  i s  evident that the -7.0 pprn peak i s  coupled to a nitrogen and 

also to another nucleus of spin 1/2. The only nuclear species present  of 

spin 1/2 i s  fluorine, and it  therefore must  be a single fluor'ine a t  -1 18.7 pprn 

coupled to the fluorines a t  -7.0 ppm. It i s  concluded that the peak a t  -7.0 pprn 

a r i s e s  f rom a -CF  group and f r o m  measurements  on the original and de-  3 

coupled spect ra  the spin coupling constants a r e :  

JcFj-F- 1 18.7 = 7.1 * 0.5 cps 

J C ~ - - ~  = 11.9 0.5 cps . 
3 

The broadness of the- single f luorine 'a t  -118.7 i s  reasonable if i t  i s  split into 

a quartet  by the -CF3 group and then further  coupled to a nitrogen giving a 

broad unresolvable se t  of l ineso 

Additional double i r radiat ion experiments were  performed to show that 

the - 11 8.7 pprn peak i s  indeed coupled to a nitrogen and, fur thermore ,  this 

i s  a different nitrogen than the one coupled to the -CF'  group. One i r r ad ia -  
3 

( 

tion was already mentioned previously a s  detecting a N--CF3 c.oupling which 

could be remoGed by saturating ,a part icular  nitrogen a t  3,072,050 25 cycles. 

F o r  the purposes of identification this nitrogen has been labeled N(CF3). 



Another frequency' was found in the nitrogen region which would sharpen 

the F~~ peak a t  - 1.18.7, ppm. The nitrogen i r radiat ion frequency was 3,.07 1,930 

* 25 cycles. Since i t  was necessa ry  to reduce tlie dc magnetic field 111.7 ppm 

(1 18.7 - 7.0 ppm) to go f r o m  the C F  peak to the single fluorine, the p reces  - 
3 

sion frequency of the N(-CF3) would have a lso  been reduced by (111.7 'X 

6 
X (3.072 X 10 ) =, 342 cycles,  and i ts  precession frequency during the t ime we 

were  observing the single fluorine decoup l i~~g  was then 3,072,050 -342 cycles 

= 3,07 1,708 cycles. This precess ion  frequency i s  222 cycles different f r o m  . 

the 3.07 1930 Mc frequency which did have a decoupling influence on the -1 18.7 

peak. Therefore,  Lhe Lwo tylses of fluorine6 a r e  cn11pl.ed to  two different ni-  

t r o g e n ~ .  The magnitude of the coupling of the F(-118.7 ppm) to i ts  nitrogen, ' 

N(F),. is not known accura te ly  but i s  estimated to be of the o rde r  of 50 cycles 

f r o m  the fact  that the F(- 118.7 ppm) peak begins to show s t ruc ture .  if  the 

sample.  i s  examined a t  room temperature.  Most .of the initial measurements  

were  made near  ze ro  degrees.  .. 

Double i r radiat ion of the nitrogens while holding the field constant were  

c a r r i e d  out to confirm the above conclusions. In this case  the dc  ma.gnetic 

field was held constant while using just. enough sweep field to span the peak 

under observation. The fluorine resonances were  stimulated with a variable 

but stable 40-Mc osci l la tor  and the output of the probe observed through the 

NMR receiver .  With the field fixed, the 40.0-Mc oscillator frequency: was 

. adjusted to bring one of the fluorine resonances on to the osc'illoscope. The 

nitrogen frequency was searched  until a decoupling.of the fluorine was ob- 

served.  With the field s t i l l  unchanged and the nitrogen saturating osci l la tor  

fixed a t  i t s  decoupling value, the 40.0 -Mc osci l la tor  was changed to bring the 

other  fluorine signal on to the oscilloscope to s e e  i f  there  was any decoupling 

of the s'econd fluorine. The observed resu l t s  a r e  given in Table 4. 



Table '4 - Values of the Double Irradiation Experiments.  

Effect on CF3 peak, 19 Effect on single F 

Nitrogen frequency a t  40.000100 Mc F19 a t  40.00457 1 Mc 

3.072025 Mc.* 25 cycles Decoupled to a doublet No effect -- 
3.072225 Mc * 25 cycles No effect -- Peak sharpened 

The two approaches for  measuring the chemical  shift of the nitrogens 

relative to each other  gave 2 2 2  (frequency constant) and 200 (field constant) 

cycles respectively. Because the s t rength of the saturating r f  must  be high 

in o r d e r  to achieve the decoupling, the frequency position of maximum de-  

coupling effect i s  sufficiently uncertain to make this deviation reasonable. 

The observed spec t ra  and decouplings a r e  most  consistent with s t ruc tu re  

I. Structure I1 i s  unlikely because i t  i.s felt that a N- -CF3  spin coupling of 

the observed magnitude would not be ca r r i ed  through a. F - C - 0 - N  bond,system. 

The apparently la rge  N- -F  coupling (about 50 cycles)  is  much l a r g e r  than 
, 

would be expected through. a - N - 0 - F  bond ar rangement  a s  in s t ruc ture  111. 

On the other hand the - 1 18.7 chemical shift i s  in the region commonly meas  - 
ured for  fluorines bonded to nitrogen. Structure IV would indicate that both 

types of fluorine should be spin coupled t o t h e  s a m e  nitrogen. The double 

i r radiat ion experiments proved that the two types of fluorines. were  actually 

coupled to different nitrogens thus ruling out s t ruc ture  IV. 
. . 

The absorption spec t rum of CF3NONF consis ts  of a weak absorption 

band with a maximum a t  2 7 7 d  (t max 
0 

= 7.3) and a shallow minimum a t  2670A 
. . 

( E  = 6.9) followed by a strong ultraviolet  absorption with a maximum a t  
min 

2 1 2 & ( ~  4500). The compound exhibits no absorption bands with 
max 

E .> 0.05 between 3 5 0 d a n d  1 2 , 0 0 d .  
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The ultraviolet spec t rum of ,CFjNO,??F,,yields strong evidence for  the 

identification of the compound with .str.uctur.e I. . . . .. . . . . 

Structure IV contains the group X -' N = 0 where X has  a nonbonded pa i r  

of e lectrons.  Compounds containing this group have absorptions with con- 
. . 

siderable  band s t ruc ture  in the 3000 to 400& see  Fig. 3 (b,c). ' 

' 

Structure.  11 is electronically s imi l a r  to IV arid to methyl ni t r i te  and would be . . 

expected to have a s imi l a r  absorption spectrum. Since the spec t rum of 

CF3NONF- does not have an absorption with band s t ruc ture  in this region of 
. . 

the spec t rum,  ' s t ruc tu res  11and IV s e e m  unlikely. 
0 .  f - .  * . . 

The (N, ) group ol s t ruc ture  I i s  clcctronically sirni1a.r to the nitro 
p , N F  

g roup  (N* ). Compounds containing the nitro group have a weak continuous 
0 .  . . 0 

absorption with a maximum a t  roughly 27 50A followed' by a strong continuum. 

This i s  the type of absorption exhibited by CF4N20. The s imi lar i ty  in posi-  

tion and s t rength of the ultraviolet  absorptions of CF3NONF and those of the 

ni t ro compo'unds [see,(Fig. ,  3 (d, .e,  f )  and Table 5) ]  i s  strong evidence in favor 

of s t ruc tu re  I a s  the s t ruc ture  of the compou~ld CF3NONF described. 
I 

Table 5 - Absorption Character3stics of CF3NONF, CF3N02,  and CH3N02. 

Weak continuum Strong continuum 

Compound h E h E -f x i o 4  'max . E . max max min  m in max 
. .  . 

We conclude that s t ruc ture  I i s  the s t ruc ture  of the compound CF3NONF 
. . . < 

. . ' .. . . 

since i t  i s  the only s t ruc tu re  of those conside.red which i s  consistent with all  



the data. I t  is thought the reac t ions  de sc r i bed  a r e  qu i te .genera1  and wi l l  r e -  

. su l t  in a s e r i e s  of new compounds containing the g roup  -NONF. 
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Fig.  1. The infrared spectrum of CF3h-ONF. 
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Fig. 2. The NMR spectrum of CF3NONF at 40.0 Mc. 
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Fig. 3.  The absorption spect rum of CF4N20 and the absorptions of com- 
pounds containing various nitrogen-oxygen groups. The type of transition and 
absorption coefficient a t  maximum ( c  ) is given above each absorption band. m 
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