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Tet raphenylhydraz ine  (TPH) is a labile compound that decomposes  upon heating to fo rm act ive diphenyl-  
aminyl  rad ica l s  PhzN" [1]. The s table  products  f rom the decomposi t ion of TPH in iner t  solvents  (boiling tolu-  
ene [2], chlorobenzene [3]) a r e  diphenylamine (DPA) and o l igomer ic  semidines  Ph2N[-C6Hi-NPh] i_2-C6H 4 -  
N H - P h .  The mechanism of the i r  format ion  is d iscussed in [3--5], but this mechan i sm [s based solely on the 
composi t ion of the final reac t ion  products ,  without any support ing kinetic data. Mechanist ic  studies of this 
reac t ion  a r e  of pa r t i cu la r  in te res t  for  the theory  of inhibited oxidation, s ince the p r i m a r y  product f rom d eco m-  
posit ion of TPH,  the Ph2N", is a lso  the p r i m a r y  product in the convers ion  of diphenylamine when that amine 
is u s e d  as an antioxidant [6]. 

Formal kinetic relationships in the decomposition of TPH in inert solvents were set forth in [7]. The 

present work has been aimed at studying the kinetics of accumulation of TPH decomposRion products when there 

is no acceptor of the Ph2N" radicals, and at comparing the results that are obtained with the hypothetical me- 

chanism of their formation that has been suggested in the literature. 

Translated from Izvestiya Akademii Nauk SSSR, 
Original article submitted October 26, 1981. 

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

The decomposi t ion of T P H  was studied at 348 •176 in CC14 and n-heptadecane in an argon a tmosphere .  
The reac t ion  mixture  was anaJyzed by means of liquid chromatography  and IR spec t ropho tomet ry  [7]. The r e -  
action products  were  identified on the bas is  of the sequence of the i r  elution f rom the chromatographic  column 
[3] and the UV absorpt ion spec t r a  [2]. The DPA concentra t ions  were  de termined f rom the IR spec t ra  on the 
basis  of the intensi ty of the band at 3432 cm -i (~NH). The ebull ioscopic m e a s u r e m e n t s  were  pe r fo rmed  in an 
EP-68 instru nqent. 

DISCUSSION OF RESULTS 

Regardless of the degree of reaction, the only products from the TPH decomposition in any of the experi- 

ments were DPA and o- and )-semidines (o- and p-lniH , where i is the number of Ph2N" radicals going into 
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Fig. i. Kinetic curves for decomposition of TPH (i), accumula- 

tion of DPA (curve 2 for chromatographic analysis, curve 3 for 

IR analysis), and accumulation of p-semidine dinqer (4). Heights 
of chromatographic peaks are given in optical dens ity units with de- 

tection at k = 285 nm. Decomposition reaction was carried out in 
CC14 solvent with [TPH]0 = 1.10 -3 mole/liter. 
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Fig .  2. F o r m a t i o n  of o - s e m i d i n e  d i m e r  (1) 
and o - s e m i d i n e  o l i g o m e r s  (2) in T P H  d e -  
c o m p o s i t i o n ,  e x p r e s s e d  in uni ts  of op t i ca l  
d e n s i t y  at  m a x i m u m  of c h r o m a t o g r a p h i c  peak  
with  d e t e c t i o n  a t  X = 260 nm.  D e c o m p o s i t i o n  
r e a c t i o n  was  c a r r i e d  out in CCI~ so lven t  wi th  
iT PHI0 = 5- 10 .3 m o l e / l i t e r .  

t he  f o r m a t i o n  of one m o l e c u l e  of the  s e m i d i n e ) .  Thus ,  the  q u a l i t a t i v e  c o m p o s i t i o n  of the  p r o d u c t s  does  not 
change  whe the r  the  T P H  is  d e c o m p o s e d  in bo i l ing  c h l o r o b e n z e n e  o r  t o l u e n e ,  u n d e r  which  cond i t ions  the  t e a t -  
t ion  is c o m p l e t e d  in a few m i n u t e s ,  o r  in CC14 o r  n-CtTH3a at  l o w e r  t e m p e r a t u r e s ,  such  tha t  the  T P H  d e c o m -  
pos i t i on  ex tends  o v e r  a p e r i o d  of  h o u r s .  F r o m  the  k ine t i c  c u r v e s  f o r  the  p r o d u c t  a c c u m u l a t i o n  (F ig s .  1 and 2), 
i t  can  be  s e e n  tha t  the  DPA and o - s e m i d i n e s  (i >- 2) a r e  the  p r i m a r y  r e a c t i o n  p r o d u c t s ,  but  the  p - s e m i d i n e  
d i m e r  (p-InfH) beg in s  to be a c c u m u l a t e d  only  a f t e r  a c e r t a i n  t i m e .  I t  can  a l s o  be  s e e n  f r o m  Fig .  1 tha t  the  
DPA a c c u m u l a t i o n  c u r v e  p lo t ted  f r o m  the  c h r o m a t o g r a p h i c  d a t a  does  not  c o i n c i d e  with  the  c u r v e  p lo t ted  f r o m  
the  IR da ta .  Th i s  d i v e r g e n c e  is o b s e r v e d  f r o m  the  v e r y  s t a r t  of  t he  r e a c t i o n ,  and i t  is  exp la ined  by the  p a r a l -  
l e l  f o r m a t i o n  of DPA and s e m t d t n e s  (the s e m i d i n e s  a l s o  have  an  NH bond,  and th i s  l e a d s  to f i c t i t i o u s l y  high 
va lues  f r o m  the  IR a n a l y s i s  fo r  DPA).  The  y ie ld  of DPA r e l a t i v e  to  t he  T P H  d e c o m p o s e d  is  a lways  l e s s  than 
50%; the y i e ld  does  not change  with i n c r e a s i n g  d e g r e e  of r e a c t i o n ,  and i t  is  independen t  of the in i t i a l  T P H  c o n -  
c e n t r a t i o n  (Table  1). In the  p r e s e n c e  of d ipheny l  e t h e r  (DPE) ,  the  DPA y ie ld  is  lower~ the d e c o m p o s i t i o n  of 
T P H  in n-C17Ha6 g ives  a h i g h e r  y ie ld  of DPA.  If  the  T P H  d e c o m p o s i t i o n  is c a r r i e d  out in the  p r e s e n c e  of DPA,  
the  y ie ld  of DPA is much l o w e r ,  but  the  y ie ld  g r a d u a l l y  i n c r e a s e s  wi th  i n c r e a s i n g  d e g r e e  of r e a c t i o n  (Table  1 
and F ig .  3). T h u s ,  even  though the m e d i u m  does  not in f luence  t h e  q u a l i t a t i v e  c o m p o s i t i o n  of the T P H  d e c o m -  
p o s i t i o n  p r o d u c t s ,  the  quan t i t a t i ve  r a t i o s  a m o n g  the  p r o d u c t s  do  change  when the  so lve n t  is changed;  a s i m i l a r  
r e l a t i o n s h i p  was o b s e r v e d  in [8] fo r  the  f o r m a t i o n  of p r o d u c t s  f r o m  the  r e c o m b i n a t i o n  of N - p h e n y l - 2 - n a p h t h y l -  
a m i n y l  r a d t c a l s .  

S t a r t i ng  f r o m  the p r o d u c t  c o m p o s i t i o n ,  we can  w r i t e  f o r  any  m o m e n t  of  t i m e  t the  fo l lowing b a l a n c e  e q u a -  
t ions  wi th  r e s p e c t  to the  Ph2N f r a g m e n t s  and H a t o m s :  

m a x  

2 ([TPH]0 - [TPH]t ) = [DPA]t @ ~ i[o-, p-In~H] (1) 
{ = 2  

I n a x  

[DPAlt = ~ (i - -  2) [o-, p-IniH] (2) 
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Fig. 3. Decomposition of TPH ([TPH] 0 = 5-10 -3 mole/liter) 
in the presence of DPA (4.21.10 -3 mole/liter): 1) consump- 
tion of TPH; 2, 3) accumulation of DPA as determined by 
chromatography and IR analysis, respectively; 4) accumula- 
tion of p-semidine dimer (height of chromatographic peak, 
detection at ?t = 285 nm). 
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F ig .  4. Ebullioscopic c u r v e s  fo r  change 
of M n in T P H  d e c o m p o s i t i o n  ([TPH]0 = 
4 .78 .10  .-3 m o l e / l i t e r )  in CC14: 1) e x p e r i -  
men ta l  c u r v e ;  2) t h e o r e t i c a l  c a l c u l a t i on .  
E x p e r i m e n t a l  (3) and t h e o r e t i c a l  (4) 
c u r v e s  for  the  change  in M n in e x p e r i -  
men t s  wi th  DPA added at  s t a r t  of e x p e r i -  
ment  ([TPH]0 = 4 .89 .10  .3 m o l e / l i t e r ,  
[DPA]0 = 4 .08 .10  .3 m o l e / l i t e r ;  CC14). 
A r r o w s  ind i ca t e  m o m e n t  of in jec t ion .  

I t  fo l lows  f r o m  (2) tha t  the  f o r m a t i o n  of one m o l e c u l e  of the  s e m i d i n e  (o-  o r  p - In iH)  i s  a c c o m p a n i e d  by the  
f o r m a t i o n  of ( i - 2 )  m o l e c u l e s  of DPA;  e . i . ,  the  DPA y ie ld  depends  on the d e g r e e  of p o l y m e r i z a t i o n  of the  
s e m i d i n e s  that  a r e  f o r m e d .  A f t e r  combin ing  (1) and (2), we have  

max 
A [TPH ]t = [TPH l0 - -  ['TPH It  = [DPA ]t @ ~ [o-, p-ln~H] 

;=2 

D i f f e r e n t i a t i n g  (3) wi th  r e s p e c t  to  t i m e ,  we obta in  

(3) 

TPH DPA 
U ~ U  

max 

max 
f r o m  which i t  fo l lows  tha t  v T P H  > vDPA,  s i n c e  ~ v~niH> O (see  F i g s .  1 and :2). Th i s  m e a n s  that  the  DPA 

y ie ld  r e l a t i v e  to the  T P H  d e c o m p o s e d  is  a lways  l e s s  than 50%, and th is  is in ful l  a g r e e m e n t  with d a l a  r e p o r t e d  
in [2, 3] and our  da t a .  I t  a l s o  fo l lows f r o m  (3) tha t  the  d e c o m p o s i t i o n  of T P H  u n d e r  t h e s e  p a r t i c u l a r  cond i t ions  
is  not a c c o m p a n i e d  by  any change  in the  n u m b e r  of p a r t i c l e s  in the  s y s t e m .  Th i s  c onc lu s ion  can  be f u r t h e r  
s u p p o r t e d  by  d i r e c t  c a l c u l a t i o n ;  it is  found that  d u r i n g  the c o u r s e  of the  p r o c e s s ,  the  n u m b e r - a v e r a g e  m o l e e u -  
l a r  weight  M n = eons t  = 2M, w h e r e  M is  the  m o l e c u l a r  weight  of the  Ph2N f r a g m e n t .  The  r e s u l t s  f r o m  the  
e b u l l i o s c o p i e  e x p e r i m e n t s ( F i g .  4) g e n e r a l l y  c o n f i r m  the  c o r r e c t n e s s  of th is  conc lu s ion .  T h e  ma in  r e a s o n  
fo r  the  s l igh t  i n c r e a s e  in M n is a p p a r e n t l y  the  a s s o c i a t i o n  of the h igh ly  p o l a r  p - s e m i d i n e s ,  l e ad ing  to  a d e -  
c r e a s e  in the  e f f ec t ive  n u m b e r  of p a r t i c l e s  in the  S y s t e m  (the d e c o m p o s i t i o n  of T P H  in bo i l i ng  to luene  l e a d s  
a l s o  to  p r e c i p i t a t i o n  of p - s e m i d i n e s  [3]). F u r t h e r  ev idence  in f a v o r  of th i s  h y p o t h e s i s  can  be found in the  
e b u l l i o g r a m  for  the  d e c o m p o s i t i o n  of TIPH in the  p r e s e n c e  of DPA (F ig .  4); the  change  in M n is  s u b s t a n t i a l l y  
s m a l l e r  in th i s  e a s e .  It wi l l  be shown be low that  in the  p r e s e n c e  of  DPA,  s e m i d i n e s  with s h o r t e r  cha ins  a r e  
f o r m e d ,  with p o l a r i t i e s  s u b s t a n t i a l l y  l o w e r  than the l o n g - c h a i n  s e m i d i n e s  [3]. 

T h e  r e s u l t s  we have  ob ta ined ,  i . e . ,  the  l a c k  of any change  in the  n u m b e r  of p a r t i c l e s ,  the  c o n s t a n c y  of 
the  DPA yie ld  r e l a t i v e  to T P H  d e c o m p o s e d  du r ing  the  c o u r s e  of the  r e a c t i o n  (Tab le  1), and the  r e l a t i o n s h i p  
be tween  the  DPA y ie ld  and the  d e g r e e  of p o l y m e r i z a t i o n  of the  s e m i d i n e s  as  ind ica t ed  in Eq. (2), p r o v i d e  
g rounds  fo r  the  c o n c l u s i o n  tha t  the  a v e r a g e  d e g r e e  of  p o l y m e r i z a t i o n  P n  o f a l l t h e  s e m i d i n e s  that  a r e  f o r m e d  
r e m a i n s  unchanged  in the  c o u r s e  of the  T P H  d e c o m p o s i t i o n .  I f  we a s s u m e  in c a l c u l a t i n g  P n t h a t t h e  r e a c t i o n  
p r o c e e d s  with the  f o r m a t i o n  of DPA and a s e m i d i n e  with an a v e r a g e  d e g r e e  of p o l y m e r i z a t i o n  P n ,  and i f  we 

then  se t  up the  e x p r e s s i o n  fo r  Mn = M T P H  = cons t  = ~Mini/~ni and use  Eqs.  (1)-(3) ,  we obta in  Pn = 2 + c~/ 
i i 

(1 -c~) ,  w h e r e  c~ = [ D P A ] t / A [ T P H ] t  i s  the  m o l a r  y ie ld  of  DPA r e l a t i v e  to T P H  d e c o m p o s e d .  I t  can  be s een  
f r o m  T a b l e  I that  t he  v a l u e s  of Pn v a r y  f r o m  2.6 to  8.7,  depend ing  on the  cond i t ions  of e x p e r i m e n t .  The  v a -  
lues  of Pn tha t  we have  c a l c u l a t e d  a r e  c l o s e  to the  e x p e r i m e n t a l  v a l u e s  g iven  in [2]. 

A c o r r e l a t i o n  of the  da t a  of [3-5 ,  7-10] m a k e s  i t  p o s s i b l e  to f o r m u l a t e  the  fo l lowing  m e c h a n i s m  fo r  the  
f o r m a t i o n  of p r o d u c t s  in the  t h e r m a l  d e c o m p o s i t i o n  of TPH.  Spontaneous  d e c o m p o s i t i o n  of the  T P H  m o l e c u l e  
f o r m s  two Ph2N" r a d i c a l s ,  which ,  owing to the  high sp in  d e n s i t y  on the  N a t o m  and in t he  p -  and o - p o s i t i o n s  
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of the benzene rings, recombine with each other in the bulk to form both the original TPH (N-N bond) and un- 

stable molecules with the iminoquinolide structure 0-, p-DzH (C-N bond). The new radical abstracts an H 

atom from the 0-, P-D2H, forming DPA and a radical of the semidine 0-, p-In 2" . The latter can then abstract 

an H atom from any hydrogen atom donor, being converted to the stable semidine molecule 0-, p-ln2H , or it 

can react with the Ph2N" radicals that are constantly being generated, forming a new iminoquinolide structure 

0-, p-D3H. The process is then repeated. 

Ph2N 
\ / ~ . . - -  NPh +Ph.*N- ~ - -  . +PhzN" -~ Ph2N--.// ~.--NPh ~ ~-D3H 

p-DzH p-In2" 
l +IniH; D{H 

_in{.-'--'--~ p-[n2H - - +  

TPH ~ 2Ph2N" -}-In~H; Dill 

O ~ + PlhN" :NPh @Ph~N" --NPh ~_-----~ o-, p-D(H 
--Ph..NIt ~ --Ph2N" 

Ph2N H NPh2 
o-D2H o-In2" 

According to such a scheme, the sole path for DPA formation in the initial stages is the reaction of the 

PhzN" radical with labile molecules of o-, P-D2H. The primary stable products of TPH decomposition in 

these stages should be DPA and long-chain semidines o-, p-IniH (under conditions of constant generat.ion of 

Ph2N" radicals and the lack of a sufficient quantity of hydrogen donors). According to Eq. (2), this means that 

the DFA yield should drop off as the reaction progresses, and this is contradictory to ezperiment. Also in- 

consistent with these views is the curve for accumulation of the o-semidine dtmer (Fig. 2), which, in contrast 

to the p-isomer, is a primary product of the TPH decomposition. These inconsistencies can be eliminated, 

while staying within the framework of the scheme under consideration, only on the assumption that the o-Dill 

is rearranged to the corresponding o-lniH for the most part intramolecularly. Since the o-semidines are 

formed in substantially smaller quantities than the p-isomers [3], the particular features of the o-semidine 

formation have little influence on the character of accumulation of DPA (the primary stable product of the re- 

action) and p-semidines. 

The kinetics of DPA accumulation can be used to evaluate the rate constant for reaction of the Ph2N" 

radical with unstable Dill molecules. When TPH is prepared by the commonly accepted method ill], we found 

that it contains oligomeric p-semidines as impurities (THF purity --_ 97%), and these are H atom donors. 

In order to obtain the required purity (99.8%), the TPH was purified by rapid passage of a TPH solution 

in acetone through a column with silica gel, after which the TPH was recrystallized at 205~ (the operation 

was repeated three times). When this purified TPH was used, the accumulation of DPA (CCI4, [TPH]0 = i. 10 -3 
mole/liter) began at T - 30 see after the start of the experiment, with v0DPA = 0.77 v0TPH. 

According to the scheme under consideration, at such a degree of reaction, the DPA is formed solely 

through the interaction of PhzN" with the D2H molecules that had accumulated during the induction period T, 

TPH ;h k2 +Ph~N'; k3 
2ph2N" ---~ D~H -+ In2" + Ph~NH 

Let us a s s u m e  that  in the c o u r s e  of the induct ion  per iod  T --- 30 see ,  a l l  of the TP H  that  is decomposed  is con -  
ve r ted  Lo D2H and that vD2 H -~ v TPH ; then, [D2H]T ~- k TPH [TPH]o~-. The rate of TPH decomposition v TPH = 

ac mp ac mp a c mD 
k~cPmHp[TPH] o = k l [ T P H ] o - k - l [ P h z N ' ]  z, whence  , in  the in i t i a l  r e a c t i o n  per iod ,  [Ph2N" ] = (k 1 - k  T P H  )#2[TPH]ol/2. 

ocmp  
ki~/2 Us ing  for  k 1 and k T P H  the  r e s p e c t i v e  va lues  15 .10  .5 and 6 .2 .10  -~ sec -1 [7], we have 

�9 dcmp  
DPA 

ka vo 0,77 W-s 
_o.8.to, V<. 

[D2H]~[Ph2N'] - - ~  V [TpH b ( k , -  kdTePm~ 

The  value of k_ i is unknown,  but  we can a s s u m e  that it  is c lose  to the value of the r a t e  cons t an t  of a d i f fus ion -  
con t ro l l ed  r e a c t i o n  (~ 109 l i t e r s / m o l e ,  sec) .  An ind ica t ion  in favor  of this  a s s u m p t i o n  is the e x t r e m e l y  low 
c o n c e n t r a t i o n  of Ph2N" r a d i c a l s  in the decompos i t i on  of T P H ,  which cannot  be d e t e r m i n e d  even by means  of 
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ESR [9]. Whence ,  we obta in  k 3 --- 10 G l i t e r s / m o l e ,  sec .  We should e m p h a s i z e  that  this  value is only a ve ry  

rough e s t i m a t e .  None the l e s s ,  the e s t i m a t e  of k 3 that  we have obtained does ind ica te  a v e r y  high ac t iv i ty  of 
the [minoquino l id ine  s t r u c t u r e s  as H a tom donor s ;  such ac t iv i ty  of quinol ide  s t r u c t u r e s  has been  obse rved  for  
carbon* r a d i c a l s  [8, 12]. 

T h u s ,  the m e c h a n i s m  that  has been  proposed  in the l i t e r a t u r e  for  the fo rma t ion  of products  f rom the  
t h e r m a l  decompos i t i on  of T P H  in i n e r t  s o l v e n t s ,  when we fac to r  in the addi t iona l  pos s i b i l i t y  of i n t r a m o l e c u l a r  
i s o m e r i z a t i o n  of o -Di l l  to o - In iH , does not c o n t r a d i c t  the kinet ic  data  we have obta ined,  on the a s s u m p t i o n  of 
a v e r y  high ac t iv i ty  of im inoqu ino l ide  s t r u c t u r e s  as H - a t o m  dono r s .  

The  a c c u m u l a t i o n  of p - s e m i d i n e  o l i g o m e r s  p roceeds  as  follows: 

~-Ph2N" Ph2N.. /~--'x -~-Ph2N" ~ . ~-PB~N" 
) i )  ,..~- _ _ 1 1 \ \ _ _ ~  ~. PhoN'. .'- / ~ = N P h  --Ph~N~ Ph~N ~ /  NPh 

H 
D~H In2 

Ph 
1 -bPh~N" -~DjH; InjK 

---+ p h . ~ N - - . ~ . - - N - v ( ~ / = N P h  > Ins ----~ ... ---+ In'i > IniH 
- ~ H / k~/ --Ph2NH --In'] 

D3H 

The  m e c h a n i s m  of f o r m a t i o n  of the p - s e m i d i n e s  has g e n e r a l  f ea tu re s  in c o m m o n  with the m e c h a n i s m  
of p o l y r e c o m b i n a t i o n  p o l y m e r i z a t i o n  [13]; th is  can  be i l l u s t r a t e d  in the example  of p o l y m e r  f o r ma t i on  f r o m  

d ipheny lme thane  unde r  the in f luence  of a pe rox ide  ( source  of p r i m a r y  r a d i c a l s  r" ): 

Ph Ph 
I q 

H--C--C' -t-, 
I ] 

Ph Ph 

Ph Ph 
E 

H--C--H ~ r" ~ H--C' @rH 
[ I 

Ph Ph 
Ph Ph Ph 

E I I 
2H--C' ~ H--C--C--H 

Ph Ph Ph 
Ph Ph Ph Ph 

H--C--C--H ~- r" ~ H--C--C" ~- rH 
I I I 1 

Ph Ph Ph Ph 

- I -  - 
Ph L Ph 3 

Ph Ph Ph 

Ph Ph L Ph J~ J 

[ ?] 
. . . .  j-. 

h 

However ,  the product  f r o m  the r e c o m b i n a t i o n  of p-Ini" with Ph2N" is not a s t ab le  compound that might  be 
i so la ted  in the indiv idual  s t a t e ,  but  r a t h e r  a l ab i l e  mo lecu l e  Di+IH with the iminoqu ino l ide  s t r u c t u r e .  C o r r e s -  
pondingly ,  the p o l y m e r i z a t i o n  of d i p h e n y l a m i n y l  r a d i c a l s  can  be  t e r m e d  an  i n t e r m e d i a t e  p o l y r e c o m b i n a t i o n  
p o l y m e r i z a t i o n .  The  r e c o m b i n a t i o n  of the In i" r a d i c a l s  wi th  the Ph2N" is  conc luded  with the f o r m a t i o n  of not  a b i func -  
t iona l  compound but r a t h e r  a monofunc t iona l  compound Di+ltt  with a s ing le  mobi le  H a tom.  It is a l so  i m p o r -  
t an t  that  each act  of r e c o m b i n a t i o n  of the growing r a d i c a l  In i" with a Ph2N" r a d i c a l  is accompanied  by r e g e n -  
e r a t i o n  of this  mobi le  H a tom.  T h u s ,  in the de c ompos i t i on  of T P H  in i n e r t  so lven t s ,  t he r e  is a p o l y m e r i z a -  
t ion of d i p h e n y l a m i n y l  r a d i c a l s  that  p roceeds  as a new type of r e c o m b i n a t i o n  p o l y m e r i z a t i o n .  

The  au thor  wishes  to e x p r e s s  his  thanks  to E. T .  Denisov  for  valuable  advice  in the wr i t ing  of this  

a r t i c l e .  

C O N C  LU S I O N S  

1. The  s t ab le  p roduc t s  f r o m  the decompos i t i on  of t e t r a p h e n y l h y d r a z i n e  in i n e r t  so lven t s  at  348-400~ 
a r e  d i p h e n y l a m i n e  and a m i x t u r e  of o -  and p - s e m i d i n e  o l i g o m e r s .  The d i p h e n y l a m i n e  yie ld  depends  on the  

m e d i u m ,  but is no g r e a t e r  than  50% of the t e t r a p h e n y l h y d r a z i n e  decomposed .  

2. The f o r m a t i o n  of s t ab le  r e a c t i o n  p roduc t s  is p receded  by a s t age  of f o r m a t i o n  of l ab i le  i n t e r m e d i a t e s  

with the iminoqu ino l ide  s t r u c t u r e  as a r e s u l t  of r e c o m b i n a t i o m  of a m i n y l  r a d i c a l s .  

*As in R u s s i a n  o r i g ina l ;  p o s s i b l y  a m i s p r i n t  for  " h y d r o c a r b o n " -  T r a n s l a t o r .  
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3. o-Semidines are formed as a result of intramolecular rearrangement of the corresponding o-imino- 

quinolide structures. 

4. p.-Semidines and diphenylamine are the products of intermediate polyrecombinatfon polymerization 

with the participation of aminyl radicals and iminoquinolide structures. 
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KINETICS OF N-NITRATION OF N-(NITROSO)- 

NITROALKYLAMINES BY CONCENTRATED DNO 3 

E. M. Sogomonyan, R. G. Gafurov, 
B. L. Korsunskii, and L. T. Eremenko 

U DC 541 .! 27:542.958 .I : 547.416 

The present work represents a continuation of a study of the kinetics of N-nitration of N-(nitroso)nitro- 
alkylamines by concentrated HNO 3 [i]; in the present work, we investigated the Idnetics of N-nitration of cer- 
tain N-(nitroso)nitroalkylamines by concentrated DNO 3 with the aim of refining the mechanism of their conver- 
sion to N-(nitro)nitroalkylamines and elucidating the role of the proton in the limiting stage of the reaction. 

As objects of investigation we selected bis(2,2,2-trinitroethyl)-N-nitrosoamine (1), bis(2-fluoro-2,2-dini- 
troethyl)-N-nitrosoamine (II), bis(2,2 -dinitropropyl)-N-nitrosoamine (III), bis (2,2-dinitrobutyl) -N-nitrosoamine 
(IV), and bis(2-nitroisobutyl)-N-nitrosoamine (V). 

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

The compounds  to be n i t r a t ed  were  syn the s i z e d  and pur i f ied  as d e s c r i b e d  in [1-3]. The  ind iv idua l i ty  of 
the compounds  was conf i rmed  by means  of TLC.  Anhydrous  DNO3, f ree  of n i t r o g e n  oxides ,  was obtained by 
mix ing  1 vo lume of 98.5% DNO 3 (content  of i so tope  98.8%) and 2 vo lumes  of 99% DzSO 4 (content  of isotope 99.7%), 
with subsequen t  d i s t i l l a t i o n  u n d e r  v a c u u m  f r o m  a w a t e r - j e t  a s p i r a t o r .  The c o u r s e  of the r e a c t i o n  was followed 
on the bas i s  of the change in the UV s p e c t r u m  as  d e t e r m i n e d  in a Specord UV-VIS s p e c t r o p h o t o m e t e r .  The r e -  
ac t ion  was c a r r i e d  out in a q u a r t z  cuve t te  (d 1 cm) mounted  in a t h e r m o s t a t e d  cuvet te  ho lder .  The r e a c t i o n  
k ine t ics  were  obse rved  on the b a s i s  of the i n c r e a s e  in opt ica l  dens i ty  at ~ = 30,000 cm - i .  It was shown p r e p a r -  
a t ive ly  that d u r i n g  the c o u r s e  of the r e a c t i o n  and at the end of the e x p e r i m e n t ,  the n i t r a m i n e  is formed quan t i t a -  
t ive ly .  The c o n c e n t r a t i o n  of the n i t r o s o a m i n e  in the opt ica l  cuvet te  was 1 .3-2 .6  �9 103 m m o l e s / l i t e r ;  the DNO~eon- 
c e n t r a t i o n  was 24 m o l e s / l i t e r .  The  kinet ic  c u r v e s  for  the c o n v e r s i o n  of the N - n i t r o s o a m i n e s  to N - n i t r o a m i n e s  
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