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Abstract 
Antioxidant activity of interaction products of the studied compounds with tret-Butyl hydrope-
roxide is studied. New, more active acceptors of free radicals are formed in the process of oxida-
tive transformations of initial compounds. It is investigated that the products have high inhibiting 
properties. The parameter fk, characterizing inhibitory effect of an inhibitor is studied. 
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1. Introduction 
One of the main characteristics of organic substances is their stability against thermal-oxidative degradation. Stabi-
lizers, antioxidants, oxidation inhibitors, antioxidant additives are added into the substances to increase the stability.  

There are hundreds of substances with antioxidant (inhibiting) effect. However, only the very few substances 
find practical application. Mainly they are alkylated ohenols, aromatic amines, sulfur- and phosphor containing 
organic substances [1]. 

Substances synthesized as oxidation inhibitors, as a rule, undergo long-term, expensive tests, which signifi-
cantly increase their costs. In this regard, studying the kinetics and mechanism of effects of these substances is 
relevant and allows us to develop scientific bases for detecting and purposefully synthesizing the most optimum 
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structures of new organosulfur oxidation inhibitors. 
The substances synthesized as oxidation inhibitors generally pass long-term, expensive testing that considera-

bly increases their cost. In this connection, the study of antioxidant effect of dithiocarbamate (A1) and thioamide 
(A2) during oxidation of hydrocarbons is important. 

Dithiocarbamate and thioamide can be used as selective homogeneous catalysts of ion decay. 

2. Experimental Part 
Qualitative and quantitative analyses of decay products of cumyl hydroperoxide are conducted by method of 
chromatographic analysis on universal chromatograph (LChM-80). Acidity of interaction reaction products of 
cumyl hydroperoxide with dithiocarbamate and xanthogenates was determined by alkyl meter method.  

Objects of researches were synthesized by the known method [2]: 
 

 
S-(2.5-dimethylbenzyl)piperidinodithiocarbamate 

 
phenylthioacetomorpholide 

 
Consumption rate of oxygen was determined from the formula:  

2

96.21 10 mol l. secO
P HW
V t

− ∆
= ×

∆
 

where P—oxygen tension in the system (mm. rt. st); V—volume of the reaction solution (ml); ∆H = H0 − H1— 
height of mercury column at the moment of time t0 and t correspondingly; ∆t = t0 − t (min.).  

At constant P = 760 mm rt. st and V = 2 ml 

2

62 / 36 10 mol l. secO
HW
t

− ∆
= ×

∆
 

In deriving these formulas, it was considered that temperature of gas in burette 298 K and H = 1.1 mm—cor- 
respond to the consumption of 0.01 ml oxygen. 

3. Results and Discussion 
As model hydrocarbons for estimation of inhibition effect of thiocarbonyl compounds (A1, A2) we used isopro-
pylbenzene and ethylbenzene, i.e. easy oxidizing alkylaromatic hydrocarbons, oxidation mechanism of which 
are reliably established and quantitatively studied [3] [4]. Azobisisobutyronitrile (AIBN) was used as an initiator. 
Inhibition effect of thiocarbonyls on oxidation of isopropylbenzene and ethylbenzene was studied by kinetics of 
oxygen absorption in the mode of auto oxidation and oxidation with initiator. Oxygen absorption was measured 
on manometric unit at 333 and 383 K and 2OP  = 100 kPa. 

Kinetic curves of oxygen absorption in initiated oxidation of hydrocarbon were worked out by the following 
way: initial rate of oxygen absorption W0 were measured in the presence of inhibitor. Later on the formula was 
used [5] [6]: 

[ ]
[ ] 2

2 i
O i N

k RH W
W W W

fk Ing
= + − , 

where Wi = ki [AIBN]; ki—constant of initiation rate (for AIBN at 333 K ki = 1 × 10−5·C); k2—reaction constant 
of continuation of chain RO2 + RH (for isopropylbenzene) at 333 K is 1.5 l mol/c); [RH]—concentration of oxi-  
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dizing hydrocarbon (for isopropylbenzene at 333 K is 7.17); [lng]—concentration of inhibitor; 
2NW -gas emis-

sion correction during AIBN decay 
2 2

i
N

W
W

l
 
 
 

, where l—yield of radicals in volume, is 0.6 at 333 K in chlor-

benzene and isopropylbenzene; f—stoichiometric coefficient of inhibition, is equal to oxidation chain numbers 
broken in one molecule of inhibitor and products of its conversion; k—reaction rate constant 2RO•  with inhibitor.  

From here the parameter fk is equal to 

[ ]
[ ]

2

2 i

O i N

k RH W
fk

W W W Ing
=
 − + 

  

Parameter fk characterizes inhibitory anti-radical activity of inhibitor lng. In some cases we used the method 
of transformation of kinetic curves of oxygen absorption to calculate fk by formula: 

[ ] [ ]1
2

i

Ing
O

W t
α−∆ =

∆
, 

where 
[ ]2

kf
k RH

α = ; the value fk can be calculated by the slope of this line. 

During auto oxidation of hydrocarbons in the presence of A1, A2 it was established that these substances nota-
bly differ on ability to slow down the process. Dithiocarbamate (A1) shows properties of an antioxidant at con-
centrations 10−3 - 10−4 mol/l (Figure 1 and Figure 3). It should be noted that kinetic curves of oxygen absorp-
tion at oxidation of isopropylbenzene and ethylbenzene differs. In particular, after induction period oxidation of 
ethylbenzene goes with autoacceleration, in case of isopropylbenzene this will be preceded by S-type curve with 
auto-deceleration. At first inhibited oxidation rate of isopropylbenzene is slightly higher, but further long-term 
braking takes place. 

Partial prooxidant effect observed in the early stage of oxidation of isopropylbenzene with A1 (Figure 1,  
curve 2) can be due to reactions of dithiocarbamate with cumyl peroxide radicals ( )2RO•  or cumyl hydrope- 

roxide (CHP) formed during oxidation. It is shown that the first slow stage of the reaction A1 with CHP is ho-
molytical. The higher initial rate of autooxidation of isopropylbenzene with A1 may result from the initiation by 
the reaction 

 

 
 

 
Figure 1. Kinetic curves of autooxidation of isopropylbenzene with the presence of A1: l— 
without inhibitor; 2—[A1] = 4 × 10−3 mol/l; 3—[A1] = 5 × 10−4 mol/l; T = 383 K; PO2 = 100 kPa.           
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Hereafter, as CHP accumulates, when its concentration exceeds inhibitor concentration, oxidation rate sharply 
reduces and long-term braking occurs. Such braking may result from “secondary” braking action, i.e. action of 
products (P) of oxidative transformations A1.  

For quantitative estimation of inhibition effect of dithiocarbamate (A1) we studied initiated oxidation of 
ethylbenzene with its presence (Figure 2). Braking of oxidation occurs at sufficiently high concentrations [A1] ≥ 
1 × 10−2 mol/l, initial rate of oxidation with A1 is not very different from the rate of uninhibited oxidation. This 
did not allow us to calculate the value of parameter fk for dithiocarbamate (A1). However, the obtained results 
are sufficient for conclusion on low inhibitory antiradical activity of A1. 

Thioamide (A2) has the highest inhibition properties among the studied substances. It acts as a brake on in-
itiated oxidation of isopropylbenzene at concentrations 3 × 10−3 - 1 × 10−2 (Figure 3, Table 1). 

The distinctive feature of inhibition action of thioamide (A2) is that from the beginning oxidation rate of iso-
propylbenzene is slightly below than the uninhibited one. Nevertheless, during inhibition of oxidation with 
thioamide (Figure 3) its inhibitory properties increase, i.e. oxidation rate decreases at time interval (80 min). It 
shows that from thioamide by the reaction: 

•
2 2 2AA RO P+ →  

stronger acceptor (or acceptors) of peroxide radicals are formed 2AP . 
Thioamide (A2) and thiocarbamate (A1) have the highest inhibition properties among the studied substances. 

Thiocarbamate (A1), thioamide (A2) were oxidized by tret-Butyl hydroperoxide at 373 K in chlorobenzene in in-
ert atmosphere (nitrogen, [ROOH]0 = 0.2 mol/l, [A1]0 = 4 × 10−3 mol/l). Such oxidation reaction takes place ra-
ther quickly. The decay of hydroperoxide was performed until its full decay. Concentration of hydroperoxide 
was controlled by iodometry. The solution inside reactor was used in further experiments. 

Selection of TBHP as an oxidizer was due to that first, it easily oxidizes thiocompound and decomposes itself; 
second, the products of its decay during this reaction (tret-butanol, di-tret-butyl ether, methanol, isobutylene and 
others) are not acceptors of peroxide radicals, i.e. they cannot influence on the rate of oxidation process. HPC 
cannot be used in this capacity, since the main product of its catalytic decay in the reaction with thiocarbonyls is 
phenol having antioxidant properties (Table 2). 

We studied the ability of the product (P) to break the oxidation chain of isopropylebnzene and ethylbenzene at 
333 K. The concentration of product is supposed to be equal to initial concentration of the catalyst. It turned out 
that all transformation products effectively brake the oxidation (Figures 4-7). 

 
Table 1. Characteristics of inhibition action of thioamide (K2) (isopropylbenzene, 333 K).                              

[A2] × 10−2 mol/l Wi × 107, mol∙l−1∙s−1 W0 × 106, mol∙l−1∙s−1 fk, l∙mol−1∙s−1 

0.5 2 7.3 52 

0.3 2 9.0 77 

1.0 2 6.2 33 

   51 ± 15 

 
Table 2. Character of inhibitory effect of interaction products of dithiocarbamate (PA1) and thioamide (PA2) with tret-Butyl 
hydroperoxide (isopropylbenzene, AIBN, 333 K, Wi = 1 × 107, mol l sec.).                                            

Products [PA] × 104, mol/l W02 × 106, mol l sec fk, l mol sec 

(PA1) 

2.0 1.8 2.8 
3.0 1.3 2.5 
4.0 1.3 1.9 
8.0 0.2 3.5 

   2.6 ± 0.5 

(PA2) 

1.0 0.7 21.0 

2.0 0.3 45.9 

3.0 0.3 30.6 

  32.5 ± 8.9 
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Figure 2. Kinetic curves of autooxidation of ethylbenzene with the presence of A1: l— 
without inhibitor; 2—[A1] = 2 × 10−4 mol/l; 3—[A1] = 5 × 10−3 mol/l; T = 383 K; PO2 = 
100 kPa.                                                                 

 

 
Figure 3. Kinetic curves of oxygen absorption during initiated oxidation of ethylben-
zene with A1 l—without inhibitor; 2—[A1] = 1 × 10−2 mol/l; 3—[A1] = 3 × 10−2 mol/l; 
T = 337 K; [AIBN] = 5 × 10−3 mol/l.                                               

 

 
Figure 4. Kinetic curves of initiated oxidation of isopropylbenzene with phenylthioa-
cetomorpholide A2 l—0; 2—0.3; 3—0.5; 4—1.0; [AIBN] = 5 × 10−2 mol/l, T = 333 K; 
[A2] = 1 × 10−2 mol/l.                                                             
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Figure 5. Kinetic curves of initiated oxidation of isopropylbenzene in the presence of 
interaction products of tret-Butyl hydroperoxide with A1 l—without inhibitor; 2—PA1 
= 4 × 10−4 mol/l; [AIBN] = 5 × 10−2 mol/l; T = 333 K; [A2] = 1 × 10−2 mol/l.             

 

 
Figure 6. Kinetic curves of oxygen absorption during initiated oxidation of ethylben-
zene in the presence of interaction products of tret-Butyl hydroperoxide with A1: l— 
without inhibitor; 2—[AIBN] = 5 × 10−2 mol/l; 3—PA2 = 8 × 10−4 mol/l; 3—PA2 = 2 × 
10−4 mol/l; T = 333 K.                                                      

 

 
Figure 7. Kinetic curves of oxygen absorption during initiated oxidation of isopro-
pylbenzene in the presence of interaction products of tret-Butyl hydroperoxide with 
phenylacetomorpholide (A2): T = 333 K; [AIBN] = 1 × 10−2 mol/l; l—without inhibi-
tor; 2—PA2 = 1 × 10−4 mol/l; 3—PA2 = 2 × 10−4 mol/l; 4—PA2 = 3 × 10−4 mol/l.                 
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The value fk was calculated by initial oxidation rate of isopropylbenzene. Limiting speed of oxygen absorp-
tion which is reached by the end of braking period, slightly differs from uninhibited oxidation rate. This shows 
that obtained products are almost completely consumed by the end of braking period, but the other braking 
products are not formed at noticeable concentrations during experiment. 

4. Conclusions 
Thus, two main conclusions can be made: 
1) In value of fk oxidation transformation products of thiocarbonyl can be put in the following order: thioamide 

>> dithiocarbamate. 
2) As an acceptor of peroxide radicals the oxidation transformation products of phenylthioacetomorpholide 

(PA2) equals to industrial antioxidants (ionyl and other hindered phenols). 
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