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Physical Chemistry

Free radical formation during ethylbenzene oxidation
catalyzed by cetyltrimethylammonium bromide
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The dimer of 2,2"-bis[2-(p-dimethylaminophenyl)indane-1,3-dione] and a-tocopherol were
used as free radical acceptors in a study of the kinetic regularities of free radical formation
during ethylbenzene oxidation by molecular oxygen at 60 °C. The reaction initiated by the
a-phenylethyl hydroperoxide—cetyltrimethylammonium bromide (CTAB) catalytic system,
which generates free radicals. The oxidation kinetics was analyzed using computer simulation.
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The kinetics of hydrocarbon (RH) oxidation by O, is
determined to a great extent by the rate of chain initiation
and its change during oxidation.! Chain initiation in
autooxidation processes is associated, as a rule, with reac-
tions of hydroperoxides (ROOH), viz., primary products
of RH oxidation.

Studies of the recent decade?~7 show that surfactant
(Surf) additives can substantially affect the rate and
mechanism of hydrocarbon oxidation. In a nonpolar hyd-
rocarbon medium, surfactants form associates (micro-
aggregates) in which polar oxidation products (water,
alcohols, hydroperoxides, efc.) are concentrated. The ef-
fects observed depend on the nature of the surfactant and
oxidized hydrocarbon.2—5 Many data on the influence of
different surfactants (cationic, anionic, nonionic) on the
rate of O, absorption during the oxidation of tetralin,
cumene, and cyclohexene are presented in Ref. 6. In the

presence of most cationic surfactants, the rate of O, ab-
sorption increases. Anionic surfactants in the form of ac-
ids enhance the oxidation rate, whereas their sodium salts
inhibit it. The presence of ROOH was found to be sub-
stantial for hydrocarbon oxidation in the presence of surf-
actants. It is assumed® that the cationic and anionic surf-
actants react with the more nucleophilic (internal) and
more electrophilic (external) oxygen atom, respectively,
due to which the homolysis of the O—O bond is facili-
tated. Nonionic surfactants affect the rate of ROOH de-
composition via the formation of H bonds.

The rates of radical formation are necessary data to
predict the surfactant effect on the rate and products of
hydrocarbon oxidation.

The purpose of this work is to choose inhibitors for
measuring the initiation rates in the microheterogeneous
RH—Surf—ROOH systems. The oxidation of ethyl-
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benzene initiated by the ROOH—cetyltrimethylammo-
nium bromide (CTAB) system was used as the model
reaction.

Experimental

Ethylbenzene was oxidized in a thermostatted reaction ves-
sel equipped with a magnetic stirrer, a device for the introduc-
tion of additives during the reaction, and gas volumeter for
monitoring the rate of O, absorption. The reaction was carried
out at 60 °C and a constant oxygen pressure PO2 =1 atm.

Ethylbenzene (technical grade) was purified according to a
standard procedure.8 Cetyltrimethylammonium bromide (Serva)
was used as received. a-Phenylethyl hydroperoxide (ROOH)
was prepared by ethylbenzene autooxidation at 120 °C in a bub-
bling reactor with an O, flow. The reaction mixture containing
CTAB, ROOH, and ethylbenzene was magnetically stirred at
~20 °C for 30 min, and then the reactor was connected to a gas
volumeter. The concentrations of ROOH at the beginning and
end of experimental run were determined iodometrically.

The rate of radical formation (W;) was determined by the
inhibitor method using different acceptors of free radicals. These
were the dimer of 2,2"-bis[2-(p-dimethylaminophenyl)indane-
1,3-dione| (FyFy) synthesized according to a known proce-
dure;? a-tocopherol (TP) (Sigma) was used without additional
purification; 2-phenylindane-1,3-dione (FH), which is a blood
anticoagulant named "phenyline" widely applied in medical prac-
tice, was prepared by a published procedure.!? After the station-
ary rate of dioxygen absorption (Woz) was established, a con-
centrated solution of the inhibitor in chlorobenzene was intro-
duced into the reaction mixture using a microsyringe, the in-
duction period (t) was measured, and the rate of chain initiation
was calculated by the formulal

Wi = (flInH]p)/, (D

where f is the stoichiometric coefficient of chain termination,
and [InH], is the initial concentration of the inhibitor in the
reaction mixture. Computer simulation of the kinetics of inhib-
ited ethylbenzene oxidation was performed according to the
published program.!!

Results and Discussion

Hydroperoxide ROOH and CTAB taken separately
have no effect on ethylbenzene oxidation at 60 °C (Fig. 1,
curves / and 2). When CTAB and ROOH are introduced
together, O, absorption (see Fig. 1, curve 3) is observed,
and the amount of absorbed O, corresponds to the amount
of ROOH that formed. The addition of inhibitors, accep-
tors of free radicals, ceases O, absorption and the appear-
ance of induction periods (t), at the end of which O,
absorption recommences (see Figs. 1 and 2). This implies
that the reaction of ROOH with CTAB produces free
radicals (1) initiating ethylbenzene chain oxidation

ROOH + CTAB — I, (1)

I' +RH — IH +R", 2)

R’ +02 —— ROZ', (3)
RO," + RO," — alcohol + ketone + O,. 4)

In a solution the dimer 2,2 -bis[2-(p-dimethylamino-
phenyl)indane-1,3-dione] (FyFy) reversibly disso-
ciates to two 2-(p-dimethylaminophenyl)indane-1,3-
dion-2-yl radicals Fy". The Fy " radicals, which are in
equilibrium with FyFy, react with high rate constants
(2108 L (mol s)~!) with alkyl and peroxyl radicals, pro-
viding efficient chain termination in the process of hydro-
carbon oxidation.12

FnFn = 2Ry (5)
Fy' +R°, RO," — products (6)

The stoichiometric coefficient of chain termination f
for the FyFy inhibitor is 2. It is known!2 that FyFy and
Fy\* radicals do not virtually react with ROOH. Accord-
ing to the results of the UV spectral study of solutions of
FyFy, the CTAB additives to the RH hydrocarbon con-
taining no ROOH hydroperoxide do not affect the equi-
librium concentration of the Fyy " radicals. As established,
the FyFy additives result in the almost complete cessa-
tion of O, absorption during ethylbenzene oxidation (see
Fig. 1). The repeated introduction of FyFy into the reac-
tion mixture at the end of the induction period results in
the same strong retardation. The induction time is pro-
portional to the concentration of the introduced inhibi-
tor. Therefore, the products of the reaction of the Fy*
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Fig. 1. Kinetic curves for O, absorption during ethylbenzene
oxidation at 60 °C (arrows indicate the moments of introduction
of the FyFy inhibitor). Concentrations of reactants/mol L~
1,[ROOH] =1.7-102 without CTAB; 2, [CTAB]=
1.2-1073 without ROOH; 3, [ROOH]=1.7-10"2 and
[CTAB]=1.2-10"3. Rate of dioxygen absorption
Wo,/mol (Ls)~!: 1-107¢ (region A4), 1910~ (region B), and
1.8-107% (region C). Rate of radical initiation W;/mol (Ls)~!
1.8-1077 (regions A4, B), 2.2-10~7 (regions B, C). Concentration
of the FyFy inhibitor/mol L~=!: 2.6-10~* (first introduction);
2.0-10~* (second introduction).
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Fig. 2. Kinetic curves for O, absorption during the oxidation at
60 °C of ethylbenzene containing hydroperoxide and CTAB
([IROOH] =1.7-10"2and [CTAB] = 1.2- 103 mol L~!). Arrow
indicates the introduction of the a-tocopherol inhibitor with a
concentration of 2.4-107* mol L-!. Oxidation rate
Wo,/mol (Ls)~1:0.6+- 10 (region A); 1.4+ 1076 (region B). Rate
of radical initiation W; = 0.94-10~7 mol (L's)~! (regions 4, B).

radical with free radicals (reaction (6)) have no effect on
the oxidation rate (Woz) and do not interfere measuring
the rate of radical initiation (W)). In addition, it also
follows from the obtained data that CTAB in this process
acts as the catalyst for ROOH decomposition and is
not consumed and deactivated in the process. Indeed,
CTAB (1.2:1073 mol L~ ') at W; = 2-10~7 mol (Ls)~!
would be consumed within 100 min; however, the oxida-

tion rate does not decrease even 2 h after the beginning of
the reaction (see Figs. 1 and 2).

At the first introduction of FyFy, the initiation rate of
the radicals W, calculated from formula (I) is 1.8+10~7
mol (Ls)~!, and at the repeated introduction it is 2.2 - 107
mol (L s)~! (see Fig. 1). A slight increase in W, is attrib-
uted to an increase in the ROOH concentration during
ethylbenzene oxidation, which is indicated by O, absorp-
tion (AO,). A comparison of the ROOH concentrations at
the beginning and end of experimental run (= 118 min)
shows that ethylbenzene under these conditions is almost
selectively oxidized to hydroperoxide according to the
equality

[ROOH], = [ROOH]; + AO,.,. (11)

It is seen from the experimental data characterizing
the influence of the initial concentrations of ROOH and
CTAB on the rates of oxygen absorption (Woz) and radi-
cal initiation (W) that both Wq, and W; increase with an
increase in the concentrations of ROOH and CTAB
(Table 1) (W, values were measured after the end of the
induction period). In almost all experiments, the rate of
O, absorption before the introduction of the inhibitor was
somewhat lower than that after the end of the induction
period (see Fig. 1), despite the ROOH concentration did
not increase in the induction period. At the repeated in-
troduction of the inhibitor, the Wy, values before and
after the induction period virtually coincided. It is
most likely that the establishment of equilibrium of the
Surf—ROOH microaggregates in the microheterogeneous

Table 1. Rates of dioxygen absorption (Woz) and radical initiation (W}) during ethylbenzene oxidation in the presence of ROOH and

CTAB (60 °C)

No. [CTAB]-10®> [ROOH],-102> ([ROOH], + AO,)?-10? Wo, P 1065 W;-107 ([ROOH], + AO,)¢-102 [ROOH]?- 102

mol L~! mol (Ls)™! mol L~!

1 1.2 0.47 0.52 0.50 0.40 0.60 0.60
2 1.2 0.50 0.59 0.70 0.50 0.70 0.66
3 1.2 0.90 1.00 0.80 0.80 1.10 1.10
4¢ 1.2 1.10 1.24 1.40 0.90 1.38 1.30
5 2.0 1.60 1.70 1.30 2.60 1.84 1.80
6/ 1.2 1.70 1.80 1.80 1.80 1.94 —

— — 1.94 2.00 2.20 2.05 2.04
7 1.2 2.10 2.36 1.90 2.00 2.70 2.50
8/ 1.2 3.35 3.55 2.20 4.10 3.80 —

— — 3.80 2.50 4.30 4.15 4.10
9 4.0 1.60 1.70 2.20 19.00 1.97 2.00
108 1.2 6.20 — 3.30 — 7.60 8.00

4 At the moment of inhibitor introduction.
b Experimental value.

¢ Determined at the end of experiment from the amount of absorbed dioxygen.

4 Determined by iodometric titration.
¢ a-Tocopherol was used as the inhibitor.

/The FyFy inhibitor was repeatedly introduced without interruption of the oxidation process (similarly to Fig. 1).

8 No inhibitor was introduced.
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Fig. 3. Logarithmic plot of the rate of radical initiation (W)
vs. hydroperoxide concentration [ROOH] ([CTAB]=
1.2-1073 mol L 1),

system formed by the surfactant addition to the hydrocar-
bon medium containing ROOH requires a certain time.
The time of equilibration depends on the surfactant and
ROOH concentrations and temperature. Taking into ac-
count this fact, we introduced the inhibitor, as a rule,
30 min after the beginning of oxidation. Since almost all
absorbed O, was consumed for ROOH formation, the
increment of the ROOH concentration to the moment of
inhibitor introduction equal to AO, was taken into ac-
count in analysis of the plot of the initiation rate W, vs.
[ROOH] (see Table 1).

At the constant CTAB concentration (1.2-1073
mol L), the initiation rate (W) is proportional to the
ROOH concentration (see Table 1)

W; = ko {ROOH]. (111

This plot in the logarithmic coordinates is a straight line
(Fig. 3), whose slope # is 1.2. The fractional reaction order
indicates a complicated mechanism of ROOH decomposi-
tion under the CTAB effect. The apparent rate constant of
ROOH decomposition (k,y,,) is 1.1+107> s=!. This value
much exceeds the rate constant of monomolecular decom-
position of ROOH (k, = 1-10"%exp(—133700/RT) s!),13
which is 1-1072 s~! at 60 °C.

The plot of WO2 vs. [ROOH] is nonlinear (Fig. 4,
curve 7). This is related to the free-radical mechanism of
ethylbenzene oxidation, square chain termination in re-
action (4), and a decrease in the length of the oxida-
tion chain with an increase in the initiation rate (W)).
With these changes, the WO2 increase is proportional to
(W93 (see Fig. 4, curve 2). The slope is 4.2+1073
(mol (L s)™1)95. According to the theory of chain pro-
cesses, I'13 the rate of ethylbenzene oxidation is described
by the equation

Wo, = ka/ (2ky)*[RH] (W), (V)

where k, and k, are the rate constants for chain propaga-
tion and termination in reactions (2) and (4), respec-

Wo,- 10

/mol (Ls)™! 2 4 [ROOH]-10%/mol L~!
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Fig. 4. Influence of the hydroperoxide concentration [ROOH]
(1) and oxidation rate (W;%3) (2) on the rate of ethylbenzene
oxidation (Woz) with account for the correction coefficient
(A=0.5W),) to O, evolution during the recombination of the
RO, radicals in reaction (4) (Wo, = W, + A mol (L $)7h).

tively. The k,/(2k,)"- ratio for ethylbenzene oxidation!3:14
at 60 °C is 5.5-10~* (L (mol s)~1)%-5, which rather well
agrees with the experimental results: 4.2-1073/[RH] =
5.1-10~* (L (mol s)~1)%5. Coincidence of the parameters
indicates that under experimental conditions CTAB in-
fluences only on the rate of radical initiation (W}). An
appropriate acceptor of free radicals for the determina-
tion of W] in microheterogeneous systems by the inhibitor
method is FyFy.

In the presence of aliphatic alcohols and some surfac-
tants, the induction period caused by TP additives to lipid
shortens.!® This fact was attributed to both the formation
of the Surf—TP complex, which decreases the reactivity
of the inhibitor in the reaction with RO,", and the in-
crease in the rate of side reactions of TP consumption
(with O, and ROOH). a-Tocopherol efficiently retards
O, absorption initiated by the ROOH—CTAB system (see
Fig. 2), and the rate of radical initiation (W)) calculated
by formula (I) with account for the value f=2 for TP !
well agrees with the results obtained when FyFy was used
as an inhibitor (see Table 1). Thus, in this system and at
this temperature, a-tocopherol can also be used for the
determination of W;.

We performed computer simulation of the kinetic
curves of O, absorption in initiated ethylbenzene oxida-
tion in the presence of various inhibitors. The program!!
makes it possible to integrate numerically the differential
equations for the consumption rate for each component
of the complicated process without simplifications and
using the quasi-steady-state approximation with respect
to the radical concentrations. Simulation is of special
interest because of the specific features of the inhibition
effect of FyFy for which the equilibrium constant (K,)
was experimentally determined

K, = kais/kree = [FNC12/([FNFnlo — [FNC1/2). V)
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This constant K., according to the data,16 is
6.2+10%-exp(—72300/RT) mol L. The recombination
rate constant for the Fyy" radicals was determined by the
flash photolysis method (k... = 3+ 108 L (mol s)~1).17 The
kinetic analysis of the behavior of FyFy under the condi-
tions of initiated ethylbenzene oxidation at 60 °C in the
steady-state approximation!? showed that the strong re-
tardation observed in the presence of FyFy indicates the
complete suppression of chain oxidation and linear chain
termination.

Wi — kg[RO,"1[FN"1 =0 (VD)

The change in the Fy* concentration in the retarda-
tion period is described by the equation

kaislENFN] — Kree[FN 12 — W, = 0. (VII)

The consumption of the Fy" radicals in the chain
termination process does not violate equilibrium (5) when
the equality

kgis FxFx] = 100, (VD)

is fulfilled.

An important characteristics of the dimer—free radi-
cals equilibrium is the time of equilibration. The concen-
tration of the Fy " radicals for dissociation of FyFy in a
hydrocarbon medium is described by the quasi-steady-
state equation!?

d[Fy " 1/dr = kgis([FNFNlo — [FN1/2) = kyee[Fn 12 = 0. (IX)

The integral form of equation (IX) at [FyFn] >> [Fn ']
has the form

[FnCT=[FN"lol1 — exp(=t/0)1/[1 + exp(—t/0)], X)

where 0 = 0.5(kgiskree| FNFn1)?. The time of achievement
of the quasi-steady-state concentration of the Fy “radicals
(95%) is 1y =40 = 11073 s (the ky;, and k. values are
taken from the literature!2:17), i.e., much shorter than the
duration of the experiment.

The known kinetic scheme of ethylbenzene oxida-
tion' includes the radical initiation via ROOH decom-
position with the apparent rate constant found experi-
mentally (Scheme 1). The published values of rate con-
stants at 60 °C were used for chain propagation and ter-
mination. Calculation was performed for different inhibi-
tors (a,b,c,d) differed by both the inhibition mechanism
and rate constants of the reactions with radicals.

The 2-phenylindane-1,3-dion-2-yl (F") radicals that
formed do not react with the RO, " radicals, unlike the
above considered 2-(p-dimethylaminophenyl)indane-1,3-
dion-2-yl (Fy ") radicals.2?

o-Phenylethyl hydroperoxide is decomposed by CTAB
in the initiation stage. Several mechanisms of ROOH de-
composition effected by tetraalkylammonium bromides

Scheme 1

Chain initiation

Hydrocarbons
Variant A: ROOH — RO,", k=1:10"3s"".
Variant B: ROOH — RO", k=1-10"5s"1;

RO"+RH — ROH +R",
k=75-105L (mol s)~1;13
R'+0, — RO,",
k*=2+10° L (mol s)};1.13
(since oxidation was conducted under a constant O, pressure,

[O,] = const was included into the apparent rate constant
k=2-107s71).

Propagation
RH + RO,” — ROOH + R", k= 2.4 L (mols)~!;14

R*+0, — RO,", k*=2-107 L (mol 5)~!.1.13

Chain termination

RO," + RO," — alcohol + ketone + O,
k=19,5-10° L (mol s)~!;18

RO, + R® — ROOR, k= 6-107 L (mol s)~1.13

Chain termination on inhibitors (FyFy, TP, ionol, FH)
FnFn — Py + Py, kpyp, = 0.9 57151217
Fn'+Fn' — FuFns keyr, = 3+ 108 L (mol s)=117

Fy' +RO,” —» FOOR,
keFy, = 3108 L (mol s)~1;12

Fn'+RO" — FOR, kg,r, = 3+ 10% L (mols)~!;12

Fn'+R° —> FR, kg r, = 3+ 108 L (mol 5)~1.12

Phenols

RO," + PhOH — ROOH + PhO",
krp=2-10918 k,  =2.10* L (mol s)~;1*

RO," + PhO® — products,
krp=3-10%20 k, . = 6.6-108 L (mol s)~1;2!

PhO* + PhO® — products,
krp=3- 103;22 Kion = 1,5+ 10* L (mol s)~1;2!

RO, + FH — ROOH + F",
kg =2+10* L (mol s)~1;23

F'+F — FF, kgy=3-108 L (mol s)~1.17
are described in the literature. For example, it was estab-

lished?4 that when fert-butyl hydroperoxide decomposes
in the presence of tetraethylammonium bromide (TEAB)
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in a solution of n-propanol, the bimolecular reaction be-
tween ROOH and the Br~ ion occurs with the rate con-
stant k = 4.0+ 108-exp(—81500/RT) L (mol s)~!, which is
5.7-107> L (mol s)~! at 60 °C

ROOH + Br- — ROOH™ + Br’® —
— RO" +OH™ +Br-".

The proposed?> mechanism of tetralin hydroperoxide
decomposition (110 °C) in the presence of tetraalkyl-
ammonium halides includes the intermediate formation
of the adduct

ROOH + Q*X~ — ROOH...X"Q*.

The intermolecular hydrogen bond weakens the O—O
bond in the adduct, which results in its homolytic cleav-
age followed by the transfer of one electron from the
halide ion (Cl, Br, I) to the hydroxyl radical

ROOH..X"Q* — RO" +Q"OH™ +X".

According to the published data,?® O, plays a substan-
tial role in the mechanism of catalytic effect of CTAB in
ethylbenzene oxidation. It is assumed that cationic CTAB
facilitates the decomposition of ROOH in microaggregates
at the ROO~—H™ bond, and the radicals are formed in
the presence of O,

ROOH + 0O, — RO," + 0,"~ + H™,

Oy~ +H" — HO,",

HO5", RO5" + RH, O, — RO,

RO," + RO, — alcohol + ketone + Os.

The authors?’—29 believe that the direct activation of
O, occurs during the interaction with the surfactant cat-
ion. Other researchers3%-31 believe that the function of the
ammonium cation is only the transporting of the Br~ ion,
which is the real catalyst for ROOH decomposition.24

In computer simulation we considered two variants of
radical formation at the initiation stage. In the case of
RO" formation (variant B), O, is absorbed during the
induction period (for strong inhibitors FFy and phenols)
with the rate W;= k., JROOH]=1.8-10"7 L (mols)~!
(Fig. 5, curve 4). In fact, the primary RO " radicals with
high reactivity exchange at the initiation stage for the R*
radicals, which rapidly add O,. In the case of RO," for-
mation (variant A), in the induction period (for FyFy
and phenols) dioxygen is not absorbed (see Fig. 5,
curves 5 and 6).

It is seen from the experimental kinetic curves (see
Figs. 1 and 2) that the FyFy and TP additives result in
the complete retardation of oxidation and cessation of O,
absorption in the induction period. This suggests that,
regardless of the type of radicals (RO*, OH", RO,")

[05] - 10%/mol L~!

[ROOH] - 102/mol L1
2.10F b

2,05}
2.00
1.95F
1.90 |
1.85}
1.80F
L.75F

T

0 10 20 30 40 50

Fig. 5. Calculated kinetic curves for O, absorption (a) and accu-
mulation—consumption of ROOH (b) obtained by the simu-
lation of the kinetic scheme of ethylbenzene oxidation at
60 °C. The RO," (curves 1, 17, 2, 2, 3, 37, 5, 5", 6, and 6")
and RO" (curves 4 and 47) radicals are formed at the
initiation stage. Concentration of the inhibitor/mol L~
1,17,0; 2, 2, [FH] =5-10"% 3, 3", [ionol] = 2.5-107%; 4, 4",
[FNFn] =2.5-107% 5, 57, [FyFn] =2.5-107%; and 6, 67,
[TP]=2.5-10"4.

t/min

formed by ROOH decomposition, the RO, " radicals come
into the oxidized ethylbenzene bulk. This agrees with the
concept on the catalytic decomposition of ROOH in the
ROOH—CTAB microaggregate-microreactors in which
ROOH decomposition is facilitated and the radicals that
formed exchange for RO, " in the microreactor cage

ROOH + CTAB — RO", OH~ HOoH

— RO,".
— RO, + ROH (H,0)

Calculations show that the kinetic curves of O, ab-
sorption for FyFy and TP (see Fig. 5, curves 5, 6) and
ROOH consumption (see Fig. 5, curves 5" and 6") almost
coincide, despite different mechanisms of inhibition. Both
inhibitors completely suppress the O, absorption and
ROOH accumulation. ROOH is consumed in the induc-
tion period (see Fig. curves 5" and 67). It is remarkable
that the kinetic curves in the presence of FyFy and TP
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[TP], [FxFnl - 104/mol L-! [Fx"1-106/mol L~
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Fig. 6. Calculated kinetic curves for the consumption of the
FyFns Fao (2, 2) and TP (3) inhibitors in the induction period
from the data of simulation of the kinetic scheme of ethylbenzene
oxidation at 60 °C.

virtually coincide in the induction period. The ROOH
concentration decreases with the constant rate
W,/2=0.9-10"7 mol (L s)~! (Fig. 6). The Fy" radicals
are consumed with the constant rate W, = 1.6-10710
mol (Ls)~! only in the first half of the induction period
(23 min), and then the rate of their consumption
increases (see Fig. 6). The equilibrium constant (K,
[Fx " 1%/[FNFnl = 2.91072 mol L) retains its value to
the almost complete disappearance of FyFy in the reac-
tion system. The time of the dimer === free radicals
equilibration is 7, = 5+ 1073 s. Owing to the fact that in
the presence of FyFy in a hydrocarbon medium the equi-
librium concentration of the Fy " radicals, which react
with the RO,", RO", and R" radicals with a high rate
constant, is permanently maintained, the FyFy dimer is
a strong inhibitor analogous to TP and convenient for
measuring the rates of radical initiation by the inhibitor
method with the constant stoichiometric coefficient of
chain termination f'= 2.

Weak inhibitors like ionol or 2-phenylindane-1,3-
dione, which react with the RO, " radicals with low rate
constants (k=2-10* L (mols)~!), are not suitable for
measuring W;. For example, in the presence of ionol
(2.5-10~* mol L") and FH (5-10~* mol L~!), O, ab-
sorbs slowly (see Fig. 5, curves 2 and 3) and ROOH is
accumulated (see Fig. 5, curves 2" and 37).

Thus, we established by calculations that the kinetic
characteristics of the FFy dimer (rate constants of dis-
sociation (kg;,) and recombination (k) of Fy" radicals)
and high reactivity of Fy" radicals in chain termination
(see Scheme 1), providing the efficient retardation of
ethylbenzene oxidation, describe satisfactorily the experi-
mental results.

The catalytic effect of CTAB on ethylbenzene oxida-
tion is caused by the accelerated decomposition of ROOH

in the surfactant microreactors with the escape of the
RO, " radicals to the solvent bulk followed by the chain
radical oxidation of ethylbenzene.

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 01-03-
32222).
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