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C o n s i d e r a b l e  w o r k  has  a l r e a d y  been  devo t e d  to a s tudy  of the s y n t h e s i s  and p r o p e r t i e s  of the N ' - ( p e r -  
f l u o r o a c y l i m i d o y l ) p e r f l u o r o a t k y l a m i d i n e s  ( i m i d o y l a m i d i n e s )  [1, 2]. T h e r e  ha s ,  h o w e v e r ,  been  no s tudy  of the 
k i n e t i c s  of the f o r m a t i o n  of the p e r f l u o r o i m i d o y l a m i d i n e s  f r o m  p e r f l u o r o a m i d i n e s  and p e r f l u o r o n i t r i l e s ,  and  
th i s  d e s p i t e  the f ac t  tha t  such  s tudy  migh t  we l l  g ive  i n t e r e s t i n g  i n f o r m a t i o n  c o n c e r n i n g  the f o r m a t i o n  of p o l y -  
i m i d o y l a m i d i n e s ,  i n t e r m e d i a t e s  in the s y n t h e s i s  of p o l y p e r f l u o r o t r i a z i n e s .  

E X P E R I M E N T A L  

The  n i t r i l e s  and a m i d i n e s  of p e r f l u o r o - 2 - m e t h y l - 3 - o x a h e x a n e  c a r b o x y l i c  a c i d  s e r v e d  as  s t a r t i n g  m a t e -  
r i m s  fo r  s y n t h e s i z i n g  the c o m p o u n d s  u s e d  in th i s  work .  

N i t r i l e  of P e r f l u o r o - 2 - m e t h y l - 3 - o x a h e x a n e  C a r b o x y l i c  A c i d .  A 5 0 0 - m l  F a v o r s k i i  f l a s k  equ ipped  with  

a h e r r i n g - b o n e  head  was  l o a d e d  with 71 g of the  a m i d e  of p e r f l u o r o - 2 - m e t h y l - 3 - o x a h e x a n e  c a r b o x y l i c  a c i d  and 
200 g of P205 and  the m i x t u r e  was  h e a t e d  to  200~ fo r  2 -3  h, the n i t r i l e  b e i n g  c o n d e n s e d  in  a s p i r i a l  t r a p  c o o l e d  
wi th  a m i x t u r e  of a c e t o n e  and s o l i d  CO 2 as  i t  d i s t i l l e d  off.  R e d i s t i l l a t i o n  a t  49~ gave  51.4 g (77%) of the u i t r i l e  
of p e r f l u o r o - 2 - m e t h y l - 3 - o x a h e x a n e  c a r b o x y l i c  a c i d .  Found :  C 23.12; F 67.10; N 4.75%. C6Fl lNO.  C a l c u -  
l a t ed :  C 23.15; F 67.20; N 4.50%. 

T A B L E  1. P r o p e r t i e s  of P e r f l u o r o n i t r i l e s  and P e r f l u o r o a m i d i n e s  

Compound 

Nitrile ofl~rflnoroenanthic acid 
Niuile of perfluorocyclohexane car- 

boxylic acid 
Nitrile of 3,8, 3-trifluoro-2-triflnoro- 

methyl-2 (alloxy)propionic acid 

Nitrile of porfluoro-2 -rnethyl-3 -ox- 
ahexanr carboxy lic acid 

Ni~ile ofperflouro-2, 5-dimethyl-3,6. 
aioxanonane carboxylic acfd ' 

Nitrile of perfluoro-2 5 8-trimethyl- 
: 3,6, 9-trioxadcdeca~e' carboxylic ' 

acid 
Nilzile ofperfluoro-2 5 8 ll-mt.rame- 

thyl-3 6,9 12-totra~x~t~entadecane 
carbo~ylid acid 

Amidine ofmethoxypropionic acid 

Amidine of perfjuorcbutyric acid 
Arnidine of pentuoroenanthic acid 
Arnidine of peffluoro-2-methyl-3- 

oxahexane carboxvlic acid 
Arnidine of perfluofo-2, 5,8-trimethyl- 

8,6, 9-trioxadodecane carboxylic I 
acid L 

bP, ~ 
(p, mm Hg) 

78--80 
50 

89--90 

49 

tt2--t14 

164--t66 

96--99 (20) 

48 (3) 

35~) 

34,00 
27,40 

36,02 

23,12 

22,45 

22,40 

22,30 

2i,i2 

22,40 
23,28 
22,86 

22,45 

Found,% EmpkicaI 
~rmuh 

H F 

- -  59,80 
--  68,00 

2,23 49,40 

- -  67,t0 

- -  67,58 

--  67,9t 

- -  68,t0 

i,05 58,i5 

t,32 62~50 
0,78 68,00 
0,89 63,70 

0,40 65,50 

l 
5,65 
4,60 

5,94 

4,75 

2,96 

2,35 

1,80 

ii,20 

13,35 
7,85 
8,37 

4,26 

CTF~sN 
CTFnN 

CTH~FsNO 

C6FnNO 

CsFITN02 

CI~F~NOa 

CxsF~gN04 

CaH3FrN20 

C4HaFTN~ 
CTHaF~sN= 
C6Hs FnN20 

CI~HsFN~O~ 

34,2~ 
27,3~ 

36,iC 

23,15 

22,6C 

22,4C 

22,25 

2i,05 

22,6 
23,20 
21,95 

21,80 

Calculated, % 

H F N 

- -  60,00 5,75 
- -  68,07 4,56 

2,i5 49,80 6,00 

- -  67,20 4,50 

--  67,7i 2,94 

- -  67,96 2,40 

- -  68,tt i,73 

1,3i 58,05 t2,28 

i,36 62,74 t3,40 
3,80 68,30 7,70 
?,95 63,72 8,54 

?,45 66,40 4,24 
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The other  n i t r i les  were  p r e p a r e d  in a s i m i l a r  manner  (Table 1), thei r  puri ty  (99.9~0) being checked by 
gas - liquid ch romatography .  

Amidines of P e r f l u o r o - 2 - m e t h y l - 3 - o x a h e x a n e  Carboxyl ic  Acid. Thi r ty  g r a m s  of the nitr i le  of pe r f luo ro -  
2 -me thy l -3 -oxahexane  carboxyl ic  acid were  added dropwise to 10 ml  of dry NH 3 in a 50-ml ampule cooled by 
an a c e t o n e - s o l i d  CO2 mixture .  The ampule  t e m p e r a t u r e  was then slowly r a i s e d  to~20~ This p rocedure  
gave 29.7 g of the amidine of p e r f l u o r o - 2 - m e t h y l - 3 - o x a h e x a n e  carboxyl ic  acid, bp 35~ (3 mm).  Found: 
C 22.86; H 0.89; F 63.70; N 8.37%. CGH3FI1N20. Calculated:  C 21.95; H 0.92; F 63.72; N 8.54%. 
The other  amidines  were  p r e p a r e d  in a s i m i l a r  manne r  (cf. Table 1). 

The s t ruc tu re  of these compounds were  conf i rmed by the data of NMR, IR, and UV spec t ro scop i e s .  
Each of the compounds showed a c h a r a c t e r i s t i c  Ilq absorpt ion  band (v, cm-1): n i t r i les  at 1100-1400 (CF), 
and 2250-2260 (C =N),  amidines  at 1100-1400 (CF), 1610-1630 (NH def.)1670-1680 (C = N), and 3500-3520 
(NH, s t re tch) .  The UV spec t r a  of the amidines  showed a ;~max at 203-205 rLm. 

Per f luorooc tane  was used as the solvent .  The technical  product  was boiled over  NaOH for  8 h, and then 
red is t i l l ed  over  LiAIH 4, the 104~ f rac t ion  being cut out. The product  obtained was chromatograph ica l ly  pure,  
showing no t race  of UV absorp t ion  in the 200-350-nm range.  

Kinetic studies were  c a r r i e d  out in a he rme t i ca l ly  sea led  quartz  cell,  10 x 10 x 45 m m  with a molyb-  
denum glass  junction; this was fil led with a p rev ious ly  calculated amount  of the per f luoroni t r i le  solution, the 
pe r f luoroamid ine  solution added, the cel l  cooled with liquid N2, and the contents then pumped off until there  
was no fur ther  evolution of gases .  The cel l  was then c losed off and its t e m p e r a t u r e  rapidly r a i sed  to 20~ 
following which it  was placed in a dense meta l l i c  b lock where  its t e m p e r a t u r e  was held constant  to within 
•176 The compar i son  cel l  contained pure  per f luorooc tane .  Recording  of the UV spec t rum was begun 2-3 
min a f t e r  introducing the cel l  into the the rmos ta t ing  block.  

Study of the kinet ics  of per f luoron i t r i l e  (PFN) addition to per f luoroamidines  (PFA) was made difficult by 
the high r a t e s  of these reac t ions  at  ~20~ In the absence  of a solvent  imidoylamidine was found to be fo rmed  
quanti tat ively over  the t e m p e r a t u r e  in te rva l  f r o m  - 7 5  to 0~ 

1,o 

0.6 

Y /  = 1 ,~7,2,~ 
5o1-- , f / + 

I :: //" 
,,S 

46 42 J~ 34 g cm-Z. 10-3 ZOO 400 ram 

Fig.  1 Fig. 2 

Fig. 1. Al tera t ion of the UV absorpt ion  s p e c t r u m  of PFA during 
reac t ion  of the l a t t e r  with PFN (a des ignates  the absorpt ion  of the 
solvent ,  per f luorooctane) .  

Fig.  2. Kinetics of the in te rac t ion  of the amidine of pe r f luo ro -  
butyr ic  acid with pe r f luoron i t r i l e s  at 25~ [PFA] = 2 . 1 0  -3, 
[PFN] = 2 . 1 0  -2 m o l e / l i t e r :  1) ni t r i le  of pe r f luo ro -2 ,5 -d ime thy l -  
3,6-dioxanonane carboxyl ic  acid; 2) ni t r i le  of pe r f luoro -2 ,5 ,8 -  
t r ime thy l -3 ,6 ,9 - t r ioxadodecane  carboxyl ic  acid; 3) ni tr i le  of p e r -  
f luo ro -2 ,5 ,8 ,11- t e t r amethy l -3 ,6 ,9 ,12- t e t r aoxapen tadecane  carboxyl ic  
acid; 4) ni t r i le  of p e r f l u o r o - 2 - m e t h y l - 3 - o x a h e x a n e  carboxyl ic  acid; 
5) n i t r i le  of cyclohexane carboxyl ic  acid 

t [A]o ([tIlo-- [Cl) 
Y : [Hlo-- [A]-"~o In [H]o ([A]o-- [ ul) 
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Fig .  3. Kinetic curves  for  the reac t ions  of the amidine  of pe r f l uo r o -  
bu tyr ic  acid with p e r f l u o r o n i t r i l e s  at  25~ [PFA] = 2 . 1 0  -2, [PFN] = 
2 . 1 0  .2 m o t e / l i t e r :  1) n i t r i l e  of per f luoroenanth ic  acid;  2) n i t r i l e  of 
pe r f l uo ro -2 ,5 -d ime thy l -3 ,6 - d i oxa nona ne  ca rboxy l ic  acid;  3) n i t r i t e  of 
pe r f luoro  -2 ,5 ,8 ,11- t e t r a  me thyI-  3,6,9,12 - t e t r a  oxa pe ntadeca ne ca rboxyl ic  
ac id;  4) n i t r i l e  of p e r f l u o r o - 2 - m e t h y l - 3 - o x a h e x a n e  carboxyUc acid.  

F ig .  4. Var ia t ion  of the in i t ia l  r eac t ion  ra te  with the product  of the 
in i t ia l  concent ra t ions  of the amidine  of pe r f luorobu ty r i c  acid  and the 
n i t r i l e  of p e r f l u o r o - 2 , 5 , 8 - t r i m e t h y l - 3 , 6 , 9 - t r i o x a d o d e c a n e  carboxyl ic  
acid .  

A r a t h e r  cons ide rab le  dilution of the s y s t e m  solut ions was r e q u i r e d  when working at con t ro l led  reac t ion  
r a t e s  over  the 20 to 70~ t e m p e r a t u r e  range .  P e r f l u o r o n i t r i l e s  do not a b s o r b  in the 200-350-nm range.  It 
was found that the opt ica l  dens i ty  i n c r e a s e d  l i nea r ly  with the component concent ra t ions ,  over  the en t i re  con-  
cen t ra t ion  range .  F o r  pe r f l uo ro imidoy lamid ine  (PFIA), and the PFA,  the ext inct ion coeff ic ients  were  c lose  
to 7700 (Xma x 253 rim) and equal  to 5500 (Xmax 205 rim) mole -1 . c m  - t ,  r e s p e c t i v e l y .  

In the course  of the P F N - P F A  in te rac t ion ,  the opt ica l  densi ty  d iminished  at  205 nm and, s t a r t i ng  f rom 
zero ,  s t ead i ly  i n c r e a s e d  at 253 nm (Fig.  1). The var ious  imidoy lamid ines  were  syn thes ized  and the i r  UV s p e c -  
t ra  obtained [(1-2) �9 10 -2 l i t e r / m o l e ]  as a p r e l i m i n a r y  to de te rmin ing  the extent  of PFA convers ion  to PFIA.  
The l imi t ing  s p e c t r a l  d i a g r a m  provecl to be adequate for  complete  convers ion  of PFA to PFIA and fu r the r  con- 
cen t ra t ion  changes in the components  could not be de tec ted .  The appea rance  of a c l e a r l y  defined i sobes t i e  
point was fu r the r  conf i rmat ion  of the absence  of s ide r e a c t i ons .  

The range of r eac t an t  concent ra t ions  was so se l ec t ed  that  the whole r eac t ion  p r oc e s s  could be comple ted  
in l ess  than 24 h. By t r ea t ing  the spec t r a  data in t e r m s  of the change in opt ical  densi ty  at  an a r b i t r a r i l y  
chosen wavelength on the long-wave side of the PFIA absorp t ion  band where the PFA absorp t ion  was negl igible ,  
the r eac t ion  could be c a r r i e d  out with an excess  of n i t r i l e .  The n i t r i l e  and amidine were  used in pe r f l uo ro -  
octane solution,  working at  concent ra t ions  in the (1-2) �9 10 -2 to 1 �9 10 .3 m o l e / l i t e r  r ange .  The UV s p e c t r a  were  
r e c o r d e d  with a doub le -beam Specord r e c o r d i n g  s p e c t r o p h o t o m e t e r .  The I1R spec t r a  were  obtained with a 
UR-10 s p e c t r o p h o t o m e t e r .  Chromatograph ic  ana lys i s  was c a r r i e d  out with an LKhM-8-MD chromatograph ,  
us ing  a column packed with Chromaton + 10% SKTF. 

DISCUSSION O F  RESULTS 

The kinetic curves covering the interaction of PFA with excess PFN were treated by the method of least 

squares, using the second-order rate equation 

1 In [ PFA ]0([ PFN ] 0 - - [  PFIA____ k ~ - k t  
[ PEN ]0[ PFA ]0 [ P?N ]oil PFA [ 0 - -  [ PFIA ] 

opt ica l  dens i t i e s  being r e c a l c u l a t e d  to concent ra t ions  in m o l e s / l i t e r .  In each case  the expe r imen ta l l y  developed 
r e l a t i o n  was l i nea r  up to a high degree  of advancement  of the r eac t i on  (Fig.  2). Kinetic cu rves  for r eac t ions  
with equ imola r  concent ra t ions  of PFA and PFN a re  shown in F ig .  3. These  curves  a r e  r ead i ly  r ec t i f i ed  by 
plot t ing in the coord ina tes  of the equation 1 / [PFIA]  = (1/[PFA]) + (1/[PFA]~kt). The in i t ia l  r eac t ion  r a t e  va r i ed  
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TABLE 2. 
a m i d i n e s  and P e r f l u o r o n i t r i l e s  

NH NHz 

RFCIN u -I- R~C=N-"RFCN=CRI~ 

[ PFA.] = t .10 -s, [ PFN:] = t.10 "-~, mole/liter, 25*C 

Expt. 
No. 

t 
2 
3 
4 

5 

6 

7 

8 

9 
10 

tt 

Rate  Cons tan t s  for  the In t e r ac t i on  of P e r f l u o r o -  

RF 

CF,CF,CF=O(CFCF20),CF 
l CIF3 CFR 

CFsCF~CF2 
CFs(CF2)s 
CF3OCF2C, Fs 
CF=CF2CF~OCF 

l CF3 
CF,CF=CF20(CFCF2OhCF 

I ! CF~ CF~ 
CF3CF:CF~ 

k*. l0 s 
l i t e r s / '  
mole. sec 
l 
it,85 
1,59 
2,t3 
1,69 

t,96 

1,91 

1,97 

2,10 

2,74 
0,84 

0,0064 T 

CF,CF2CFtOCF 

GFa 
CF~CF=CFtOCFCF~OCF 

CTFs I CFs 
CFsCFzCFtO(CFCF20)sCF 

I I 
CF, CF= 

CFs(CF,), 
CF2.CFzCF2CF,CF~CF 
I t 

CH~=CHCH,OC 
i (cF,), 

* Reliability of determination no more than 8.10-~, with a correlation coef, 
fieient of 0. 999. 
tValues of k (25~ calculated by extrapolating the Arrhenius plot for the in- 
terval from 50 to 70~ 

l i n e a r l y  with the p roduc t  of the c o n c e n t r a t i o n  of the r e a c t i n g  componen t s  over  the e n t i r e  c o n c e n t r a t i o n  r ange  
(Fig.  4). 

Data on the PFIA f o r m a t i o n  ind ica ted  that the PFA + P F N  r e a c t i o n  was b i m o l e c u l a r ,  p roceed ing  a c c o r d -  

ing  to the  s c h e m e  

NH NH NH~ 
[~ [I I 

RFCNH ~ + N=----CR~ --, RFCN=CR F' 

It was of i n t e r e s t  to follow the a l t e r a t i o n  in the PFA and P F N  r e a c t i v i t i e s  and the i r  r e l a t i o n  to the 
m o l e c u l a r  s t r u c t u r e s  {Table 2). Desp i t e  d i f f e r e nc e s  in po la r  and s t e r i c  effects  f rom groups ad jacen t  to the 
C = N bond, t he re  was r e l a t i v e l y  l i t t le  d i f f e rence  in the r e a c t i v i t i e s  of m o s t  of the compounds  s tud ied  he re  
(cf. Table  2, Expt.  Nos. l - 9 ) .  Excep t ions  he re  were  the n i t r i l e s  of 3 , 3 , 3 - t r i f l u o r o - 2 - t r i f l u o r o m e t h y i - 2 -  
(a l toxy)propionic  ac id  and p e r f l u o r o c y c l o h e x a n e  ca rboxy l i c  ac id .  The r e l a t i v e l y  low r e a c t i v i t y  of these  n i t r i l e s  
a p p a r e n t l y  t r a c e s  back  to s t e r i c  and po la r  ef fects  f r o m  the groups  (F, CF 3, etc .)  d i r e c t l y  ad j acen t  to the C-=N 

/NH 

and C 

NH 2 

r e a c t i o n  c e n t e r s .  

TABLE 3. Ac t iva t ion  P a r a m e t e r s  for  Reac t ions  
of the A m i d i n e s  of P e r f l u o r o b u t y r i c  Acid with 
R~C -N 

R~ kp,lRer/mole 
�9 sec (2-5"C) 

! 

CFsCF=CF=O(CFCF20)~CF [ t , 8 5 , t 0  -S 
I L 

CFs CF, 
CH =CHCH=OC 0 = 8 �9 t0 -5 

(CFa)~ 

A, litors/ E, Rcal/ 
mote.sec mole 

5,1.105 t0,8 �9 

1,7.101o 22,3 
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TABLE 4. Rate  Cons tan t s  for  Reac t ions  of 

the Am[d ines  of P e r f l u o r o b h t y r i c  Acid with 

the N i t r i l e s  of P e r f l u o r o - 2 , 5 , 8 - t r i m e t h y l -  

3 , 6 , 9 - t r i o x a d o d e c a n e  Carboxy l i c  Acid in 

the P r e s e n c e  of C e r t a i n  Addi t ives  , at 25~ 

3 o n c e n t r a -  k * . 1 0 3  
Additive :ion, mole/ liters/ 

Hter mole .see .? 

- -  i,85 
H~O 0,0i -~ 1,82 
(CzHh)3N 0,0i $ t, 90 
C6F0 0,0~t ~[, 85 
CFCI2CF2CI i ,01 i ,89 
O~ 0,i** 1,93 

"Reliability of determination no more than 
5 �9 10 5, with a correlation coefficient of 0.999. 
1"Additive at the limit of the heterogeneity 
region of the system. 
~Maximumconcentrat[on at which the reaction 
could be followed spectrally. 
�9 �9 O 2 dosingin the previously evacuated cell at 
atmospheric pressure; O 2 concentration calcu- 
lated from the free volume of the loaded cell. 

Values  of the ac t iva t ion  ene rgy ,  and the p r e - e x p o n e n t i a l  fac tor ,  for  addi t ion  of c e r t a i n  n i t r i l e s  to the 
a m [ d i n e s  of p e r f l u o r o b u t y r i c  ac id  a re  shown in Tab le  3. 

Study was a l so  made  of the effect  on these  s a m e  r e a c t i o n s  of c e r t a i n  add i t ives  which did not, by the i r  
p r e s e n c e ,  a l t e r  the va lue  of the r a t e  cons t an t .  It was obvious that  those add i t ives  were  unable  to in i t i a te  
s ide  r e a c t i o n s  (hydro lys i s ,  oxidation,, s ubs t i t u t i on ,  etc.)  in  any  a pp r e c i a b l e  degree ,  du r ing  the t ime  r e q u i r e d  
for  i m i d o y l a m i d i n e  f o r m a t i o n  (Table 4). 

The au tho r s  wish to thank V. M. Men ' shova  and S. G. Gurev i ch  for  work ing  up the e x p e r i m e n t a l  data oa 
a B]~SM-6 c o m p u t e r ,  and M. G. Debor ina  for  hav ing  f u r n i s h e d  the n i t r i l e  of 3 , 3 , 3 - t r i f l u o r o - 2 - t r i f l u o r o m e t h y l -  
2-  (a l loxy)propionic  acid .  

CONCLUSIONS 

i, Study has been made of the kinetics of formation of perfluoroimidoylamidines from amidines and 
nitriles of the poly- and perfluoro carboxylic acids. There is little difference in the reactivities of the 
nitriles and amidines of the perfluoro carboxylic and the oxa carboxylic acids. 

2. The reaction kinetics are little affected by the addition of water, triethylamine, Freon-ll3, hexa- 
fluorobenzene, or oxygen at the concentrations studied here. 
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