19

COPY NGC.

TECHNICAL TRAMSLATION 125

Uy
69
N
A\
e &
O
e
L=

ON THE HIGH REACTIVITY OF PEROXIDE
: RADICALS IN AN OXIDATION-REDUCTION
REACTION
V. M. GOL'DBERG IO
L. K. OBUKHOVA WL
i
F1 1 Rp—
NOVEMBER 1968 UU“LD“E’) !

TRARSLATION BY U. 8. JOINT PUBLICATIONS RESEARCH SERVICE
FROM DOKLADY AKADEMil NAUK SSSR 164. 4: 860-863 (1563)

i 4

| for . ‘

. .
Bstribunen . oo e

| PRS- RN

PICATINNY ARSENAL
/ DOVER. NEW JERSEY

Reprodaved by the
CLEARINGHOUSE
tor Fadural Saenbitic & Tedhmo
Intormation Springheld Va 2710

s e e - e e




Technical Translation 125

ON THE HIGH REACTIVITY OF PEROXIDE
RADICALS IN AN OXIDATION-REDUCTION
REACTION

by

V. M. Gol‘dberg
L. K. Obukhova

NOVEMBER 1968

Translated by U.S. Joint Publications Research Service
from Doklady Akademii Nauk SSSR 164. 4: 860-863 (1965

Feltman Research Laboratory
Picatinny Arsenal
Dover, N.J.




UDC 542,943.8

ON THE HIGH REACTIVITY OF r£RCXIDE RADICALS IN AN
OXIDATION-REDUCTION REACTION

By V. M. Gol'dberg and L. K. Obukhova

Dokladv Akademii Nauk SSSR (Reports of the Academy of Sciences
JS8R), 1965, Vol 164, No ¥, pp 860-863.

(Presented by Academiclan V. N. Kondrat 'yevon 29 March 1965)

The salts of variable-valence metals are widely used as
oxildizing catalysts for various organic substances. It 1is
known that the rate of the oxidation reactlon directly depends
on the concentration of the active centers -- the peroxide
radicals ROg. Because the peroxlde radical displays the pro-
pertieg of an oxldlzing agent, under certain conditions it can
intz2ract with a metal salt in the state of lower valence.

Then vhe migration of one electron from Mel*t to the radical
ROg results in the destruction of free valence (breaking of
the oxidation chain)., A macrokinetic consequence of this
elementary act is the decrease 1in oxidation rate [1, 2]. In
some cases the presence cf a manganese salt in the reaction

zone may result in complete cessation of the developing chain
process of oxidation [3].

At present, this class of reactions -- the interaction
between saits of transition metals and radicals -- has emained
virtually uninvestigated from the quantitative standpoint.

OQur previous investigation (4] showed that the rate constant

of the reaction between a complex salt of divalent manganese
and the radlcal ROg in the medium of an c¢xidizing hydrocarbon
amounts to 10® ¢/mole.sec. For greater accuracy of quantita-
tive determination, the chemiluminescence method [5? was
employed in the present investigation., The interaction between
peroxide radicals and manganese stearate was investigated with

the ?é% of a chemlluminescence s ‘tup described by Vaslil'yev et
al. e




It is known that hydrocarbon oxidation reactlons are
accompanied by 2 glow due to the process of the quadratic
recombination of peroxide radicals:

PO, + RO{i molecular products . hv.

If the peroxide radicals are generated in the reaction at
a constant rate w,, then w, = ke[RC*]® = const, and the inten-
sity of chemiluminescence will remain constant. If an agent
(inhibitor) reacting with ROz is added to such a reacting
system, the rate ol quadratic recombination will aecreasc and
the intensity of chemiluminescence will correspondingly

decrease.
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Fig. 1. 1 -- Kinetic curve of variation in glow intensity

during interaction between ROg and MnSt, (arrow denotes the

instant of addition of a solution of manganese stearate to

the reaction); 2 -- Anamorphor s of curve 1 in coordinates
of eguation (4a).

a -- sec; b -- log.

Fig. 1 shows a typical chemiluminescence diagram. The
reaction was carried out in a thermostat-controlled glass
reaction vessel with bubbling of oxygen through the solution
and in the precence of an activator (dibromoanthracene) in the
concentration of 1 mg/ml. The - .urce of the radicals was azo-
bisizopropylcyanide and the inert solvent was chlorobenzene.
As can be seen from Fig. 1, the steady-state regime character-
i2ing the decomposition of the initiator in chlorobenzene
involves a constant chemiluminescence intensity. Following
the addition of manganese stearate (indicated by arrow in
figure), the glow intensity rapidly diminishes but later, as
the manganese passes into its trivalent form, re-attains its
previous value. In this experiment the temperature was 80°C,
(MnS‘ 4] = 1,3°107® mol/2, wy = 5°107% mol/t-sec.




Consider the reactiona that occur in this system, con-
sisting of the inert solvent, the 1nitiator Y and the transi-
tion-metal salt MnSt,.

'R °
. . ke

2. RO; + RU; —hv quadratic rupture [of chain of oxidation],
. . ky

3. RO; + MnSt; — MnOHSt; + molecular products.

The kineties of these reactions 1s described by the
system of differential equations

d[ROy] / dt = w; — k:;[ROy][Mn] — ks[RO;]?; (1)
d[Mn] / dt = - k:[ROz][Mn]. 2
As shown by Karpukhin et al. [7], the concentration of

radicals is proportional to the square root of the glow inten-
sity

[RO;] = [Roz']o'l’mo = jui/ k¥ /1o,

where [ROg], I, [ROgl, and I, are the concentrations of radi-
cals and the intensities of chemiluminescence at the instant
cf initiation and at the initial instant (i.e., prior to the
addition of the man%anese salt), respectively. Substituting

this relation in (1) and utilizing the steady-state principle,
we have

Vwiked (V T/T)/dt = wi—k; Vwihs VT, [Mn] — kq '—:f ,—’ =0,

w, — kg (wik ) (1) Vuw k ( Te T Vuk o —1

SIS LA LA ST L S () = _q/ L P e b 1
M Ve Vi, kr 1/ ! Iy R T

We denote ¥//7, =z and substitute the determined values of
(ROg] and [Mn] in equation (2):

r | { e
dr oy T = R Y gl (4)
Integrating this equation, we have
v,
1n[’—fi]_1 -k 1/ et C (4a)

{—z z

In the coordinates of this equation, the time dependence
of chemlluminescence intensity must be linear and the ratio
ki/Yke can be derived from the tangent of the angle of slope
for a given value o/ IR




In Fig. 1, the straight line 1 represents the time depend-

ence of
1+ YL, *
log 7 —0a3)/ T

the vajue of k1 /Yks calculated from this plot is 76.0 (4/mol-
.sec )2, The mean value of the ratio i,/Yk, Obtained by a

similar meth?d from findings on six experiments, 1s 75.0
(t/molesec)? ?,

The ratic (Ih—1)/VIl, at any time instant can be computed
from the chemiluminescence diagram; according to equation (3),.
this ratio is properticnal to the concentration of MnSt,.
Curve 1 in Fig. 2 describes the time dependence of (/\,—1)/ Vi,
i.e., reflects the variation in [Mn] in the course of the
reaction. The semilogarithmic anamorphosis of this curve
(straight line 2) shows that, beginning with a certain degree
of transformation, the change 1n the concentration of the salt
resembles a first-order reaction. This is understandable 1if
it is considered that for a chemiluminescence intensity equal
to one-half of the initial intensity the concentration of
radicals amounts to 70 percent of the initial quantity [ROgj,.
As the manganese salt beccmes consumed, [ROg) rises back to
its original level., Thus, over the longer interval of the
reaction, the concentration of radicals changes 30%, i.e., may
to some approximction be considered constant., Then

—d [Mn)jdt =k [RO,]o [Mu] - &, -Yy,:'_i[,\h.l ().
L]

The value of kyks calculated from the slope of the semilog-
arithmic anamorphosis 1s 56.
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Pig. 2. 1 -- Kinetic curve of varigtion in the concentration
of the manganese salt; 2 -- Semilogmarithmic anamorphosis of
curve 1. ,
a -- sec; b -- log.
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Lastly, the current concentration of [Mn] can be graphic-
ally calculated. In Fig. 1, the area below the curve of chemi-
luminescence intensity is proportional to the amount of the
radicals that underwent mutual recombination, while the area
between this curve and the straight-line curve o° I = I, 1s
proportional to the amount of radicals that reacted with Mn?*
or, which 1s the same thing, to the amount of manganese salt
that switched to ancther valence. Flg. 3 presents the quantity
(I —I) /Yl as a function of [Mn] as graphically calculated. The

linearity is fulfilled satisfactorily; from this plot we have
ks [ V7 = o6 (L/molesec)t’?,

' ,0-&1,’1,

Fig. 3. The Quantity (b—n/yis as a PFunction of [Mn] Cal-
culated Graphically from Curve 1 in Fig. 1,

a -- mol/t.

All the above techniques of analysis of experimental
findings make 1t possitle only to determine the relative rate
constant of the interactlion btetween ROg and MnSt,. The
determination of the absolute value of this quantity re¢ ;uires
knowledge of the rate constant kg of the recombination cf
radicals ROy, The chemiluminescent method makes it po~sible
also to determine this value in the event that the reacction
follows an unsteady-stase regime [8), 1.e., with a rapid

change in initiation rate to (wy)s from (ws),. Integrating
the eguation

dIBOc] Gt s w, — kRO

and substituting the value of [RO,j expressed through chemi-
luminescence intensity, we have

1 - 2 e
log ¢ [ 1o "Ha Vg,

{ I

)

where <~} [ l. s 4. . I, and I, are the intensities of
. chemiluminescence in the 1:.itial and terminal states of the
system, respectively.
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Fig. 4. 1 -~ Kinetic curve of variation in chemilumines-
cence intenalty durlng unsteady regime of reactlion; 2 --
Anamorphosis of curve 1 in cocordinates of equation (5).

a -- sec; b -~ log.

The experiments were performed as follows: a new portion
of the solution of acoblsisopropyl cyanide wias added (Fig. 4,
curve 1, time instant of addition indicated by arrow) to the
reaction vessels in which the steady-state process of decom-
position of the initiator occurred at a given temperature.
Glow intensity was observed to change for 5-10 sec, after
which a constant chemiluminescence current, corresponding to a
new steady state of the reaction, set in again. Control ex-
periments showed that the addition of a quantity of cold solu-
tion to the reaction zone as well as the stirring time both do
not markedly affect the kinetlics of the unsteady-state reac-
tion. In the coordinates of equation (5), the kinetic curve
of the unsteady varlatlon in intensity of chemiluminescence
becomes transformed to a s-ralght-line curve (Fig. 4, straight
line 2). The value of the rate constant of recombination was
calculated as the geometric mean cf five quantities (Table 1).

Table 1

%, 107 mol/ L*sec 13 1ot 106w
b, 10T fmoiesec U2 23D 1,80 080 Lllgy ~ 16

Assuming that ke 1s independent of temperature, these
experimental findings maxe 1t possible to calculate the abso-
lute rate c¢ognstant of the reaction between ROy" and MnSt, (1n
t/molesec, '?): at 6C°C, ky = 2.0-10%; at 70°C, ko = 2.4-10%;
at 80°C, ky = 3:10°% or ky = 2.8:10" exp(-48C0 kcal/RT). These
values ol the preexponent and activation energy are close to
the corresponding values for the reaction of interaction
between the radicals ROy and strong inhibitors (Y]. As is
known, the transition potential for Mn®* -+ Mn®' 15 1.5 ev or
35 kcal. Apparently, the reason for the low activation energy




of the interactlion between ROz and MnSt, 1s that a heteropolar
rather than lonic bond is then formed.

Institute of Chemical Physics Supbmitted
Academy of Sciences USSR 25 March 1965
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