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Investigation of the reaction of peroxide radicals derived from 
di-n-butyl ether with p-phenylenediamine by kinetic 

spectrophotometry 
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The kinetics of consumption of p-phenylenediamine (PDA) in di-n-butyl ether (BE) 
subjected to oxidation was measured by following the accumulation of the product of the 
transformation of PDA. The effective rate constant of the reaction of peroxide radicals 
derived from BE (RO2") with PDA was measured (k 7 = 2-104 L mol -I  s - l )  by the 
inhibitor method. Evidence confirming the formation of a stable complex of RO 2" with PDA 
were obtained. This leads to retardation of oxidation without the formation of hydroperox- 
ides of BE (ROOH) in the acts of chain termination on PDA. 

Key words: inhibitor, inhibitor method, rate constant, di-n-butyl ether, p-phenylene- 
diamine. 

The  mechan i sm of  act ion and the efficiency o f  an 
inhibi tor  (A) depend  on the structures of  both A itself 
and o f  the substrate to be oxidized. The act ion of  A in 
paraffins and a romat ic  hydrocarbons  has been studied in 
the most  detail .  Data  on the peculiari t ies o f  oxidat ion 
and the mechan i sm of  act ion o f  A in oxidizable oxygen- 
conta in ing  compounds  are much more scarce. We have 
previously 1,2 s tudied the init iated oxidat ion of  d i -n-  
butyl e ther  (BE) in the presence of  aromat ic  amines and 
sterically h indered  phenols  as inhibitors. Among them, 
p - p h e n y l e n e d i a m i n e  (PDA),  which retards the oxidat ion 
of  BE without  the format ion  of  hydroperoxides,  2 turned 
out  to be the most  interesting. The purpose of  the 
present  work was to measure the rate constant  of  the 
react ion o f  peroxide radicals derived from BE with 
P D A  (k7). 

Experimental 

Di-n-butyl ether (pure grade) was treated with a saturated 
solution of KMnO 4 containing 5% NaOH. Then it was washed 
with water, a saturated solution of Na2S203, and water again, 
and dried with Na2SO 4. The purified BE was distilled in the 
vacuum of a water-jet pump at 35 °C. The content of hydro- 
peroxides in the distilled BE was equal to -1 • 10  - 4  mol L - l .  

Azobisisobutyronitrile used as an initiator (1) was recrystal- 
lized from ethanol. The rate constant of decomposition of I 
into radicals ( k i )  in BE at 60 °C is equal I to 0.7.10 -5 s -I .  
p-Phenylenediamine was purified by sublimation in vacuo. 
Spectral analysis was carried out on a Specord UV-VIS spec- 
trophotometer. 

Results and Discussion 

At sufficiently high concentra t ions ,  P D A  retards the 
oxidat ion of  BE so strongly that the measurement  o f  the 
very low rates o f  oxygen consumpt ion  becomes  insuffi- 
ciently reliable for determining the numerica l  value of  
k 7. There fo re ,  we used another  known procedure ,  3 ac-  
cording to which the k7 value is de te rmined  from the 
kinetics of  consumpt ion  of  the inhibitor,  It is not iced 
that  when BE is oxidized in the presence o f  PDA,  the 
opt ical  densi ty (D) of  the solution increases in the 
course of  the reaction. The interval during which D 
increases is equal to the period of  re tardat ion of  the 
oxidat ion,  which was determined from both the kinetics 
of  the consumpt ion  of  oxygen and the accumula t ion  of  
R O O H )  The formation of  ROOH begins only after 
P D A  has been consumed and D has reached a constant  
value. I t  can be assumed that in BE, which undergoes 
oxidat ion,  P D A  is t ransformed quanti tat ively into a 
colored product .  It is reasonable to compare  P D A  with 
N,N'-di-f~-naphthyl-p-phenYlenediamine (NPA) ,  the 
kinetics o f  consumpt ion  of  which in similar  exper iments  
is de te rmined  by the kinetics of  the accumula t ion  of  
quinoneimine ,  which is the sole product  o f  the t ransfor-  
mat ion  of  N P A  under  these condit ions.  4 In our  case, for 
quanti tat ive measurements ,  the ext inct ion coeff icient  (e) 
o f  the product  o f  the t ransformat ion o f  P D A  was de ter -  
mined at 400 nm, where the initial P D A  does not  
absorb: E400 = 1450 L mol - l  s - l ,  

To check the validity of  the assumption that  the 
kinetics o f  the accumulat ion  o f  the produc t  can be 
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identified with the kinetics of the consumption of A, we 
compared the measured rates of formation of the prod- 
ucts with the specified initiation rates (ki[l]). It turned 
out that the rate of accumulation of the product at 
sufficiently large [A] is equal to 1/2xki[l ] in accordance 
with f = 2, which has been determined previously in the 
experiments on the consumption of oxygen and the 
accumulation of ROOH.I,2 Therefore, under the condi- 
tions of our experiments, the kinetics of the consump- 
tion of A can be determined from the kinetics of the 
accumulation of the product of the transformation of 
PDA. 

According to the known procedure, 3 the kinetics of 
the consumption of A when k7[A ] << k6[RO2" ] allows us 
to determine k 7 from the formula 

log D~ - D O 
k7 = t)® "~-~-t " 2 ~ 6  

0.43x/ki[l ] • t ' 
(l) 

where D is the optical density of the solution when the 
time of the experiment t is 0 and ~. Using the 2k 6 value 
for BE obtained previously 5 (2k 6 = 1.4" 108 L mol -I s-l), 
we obtain k 7 = 2- 104 L tool -1 s -l (Fig. 1). 

As has been found, 6,7 the efficiency of A in oxygen- 
containing compounds is substantially lower than in 
nonpolar hydrocarbons due to complex formation be- 
tween A and the substrate. In our case, these complexes 
can also form through hydrogen bonds between the 
>NH groups of A and the oxygen atoms of BE. There- 
fore, the k 7 value determined by us is the effective 
constant. When tile determined 7 value of the equilib- 
rium constant of formation of this complex is used, the 
true k 7 value increases 5--10 times. Under conditions of 
the initiated oxidation of BE, the reaction of PDA with 
RO 2" plays a decisive role, and other possible routes of 
consumption of A can be neglected, l We believe that the 
main specific feature of the reaction of PDA with RO 2" 
is that it occurs via a mechanism s that involves RO 2" 
"sticking" to PDA to form a complex, whose reaction 
with a second RO 2" radical results in chain termination. 
The formation of this complex is favored by the fact that 
the oxidation of different substrates results in the forma- 
tion of products of the transformation of PDA with 
different ~. For example, in BE %00 is equal to 
1450 L mol -I  cm -l ,  this value is equal to ~800 in 
toluene and cumene, while in heptane and benzene it is 
~350 L mol -I  cm -l.  In the case of an inhibitor that 
"works" according to the "classical" mechanism (with 
abstraction of a hydrogen atom), the e value of the 
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Fig. 1. Kinetics of changes in D at 400 nm (a 5-cm cell) for 
the initiated oxidation of BE in the presence of 
2.5" 10 -5 mol L -) PDA at 60 °C (initiation rate 
1.88.10 -9 mol L -1 s -I) (1); Z the same in coordinates of 
Eq. (1). 

product of the transformation of A should not depend 
on the substrate whose oxidation is retarded by A. 

Thus, the effective rate constant of the reaction of 
peroxide radicals derived from BE with PDA (k 7 -- 
10 4 L tool -1 s -1) was determined by kinetic spectro- 
photometry from the kinetics of the accumulation of the 
product of the transformation of PDA, 
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