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The kinetics of decomposition of 2,2-azobispropane was studied in the presence of excess mole-
cular hydrogen at temperatures from 473 to 559 K. The initial rates of formation of the products
were determined. The results are explamed in"terms of the proposed mechanism by evaluation of
k, for the reaction:

lSG-Cs H7 +Hz —’Cs H3+H . . (4)

Introduction

Hydropyrolysis is an industrial method in which hydrocarbons are pyrolyzed
in the presence-of molecular hydrogen. This method can be applied to modify the
composmon of the products in the pyrolysis of hydrocarbons The basis of the
influence of molecular hydrogen in the hydropyrolysis is .a competition between two
elementary reactions [1]: the abstraction of hydrogen by alkyl radicals from hydro-
carbons, and the abstraction of hydrogen by alkyl radicals from molecular hydrogen.

In this work the aim was to provide kinetic parameters for the reaction of iso-
propyl radical with molecular hydrogen. For this reaction experimental and estimated
kinetic data are available. BALDWIN and coworkers [2] suggested the rate constant
shown below, obtained from results on the oxidation of isobutyraldehyde:

log (ky/dm® mol 1 s 1) = 9.5—66.5 kJmol~%/2.3RT

For the actlvatlon energy of the title reaction Le Roy suggested 52.3 kJ¥mol—1 [3] :
Arrhenius parameters were estimated by means of thermochemical calculations,
the following data being taken from the literature:- .
a, The thermochemical data shown in Table 1.
b, : :

log (k—y/dm® mol~*s %) = 10.8+£0.4~32.6+3.3 kJmol /23 RT

suggested by BALDWIN [4] for the reverse reaction.
The following equations were used [5]:

A AS8°
.ln ‘4_44 =T and E4 E_.4=AH0

3‘
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Table 1

Thermochemical data [4, 6] for the reaction iso-CsH, +H, -—_‘i‘—= C;Hg+H

| soc, | H, | CoHs H
4H°
Tmol-T 73.6 0 -103.8 218
se
TK-Tmol-* 279 130.5 269.9 114.6
m

where A4 and E are the Arrhenius A4 factor and activation energy, respectively; 4S°
and 4H?" are the standard entropy and enthalpy change of the reaction, respectively.
The result of the estimation can be given as follows:

log (ky/dm® mol~1's1) = 9.5~73.2kmol~1/2.3RT

As there are some differences between the calculated and estimated data, it seemed
worth redetermining the Arrhenius parameters of the title reaction in a new system.

Experimental

The isopropyl radical was produced by thermal decomposition of 2,2-azobispro-
pane (hereafter AIP) in the presence of excess molecular hydrogen. The ratio of the
concentration of H, to the concentration of AIP was varied between 50 and 200 at
473—559 K. Experiments were carried out in a conventional static vacuum apparatus
equipped with greaseless taps. Reactions were performed in a 108 cm® cylindrical
Pyrex vessel installed in an electric furnace. The reactions were started by measuring
the pressure of the reactant in a 72 cm?® closed part of the vacuum line, thereafter
shared with the reaction vessel. Reactions were quenched by admitting the products
into an evacuated sampling bulb connected to the vacuum line by a high-vacuum
joint. Products were analyzed by G. C. on a Perkin—Elmer F 11 gas chromatograph
equipped with FID. Analyses were performed on the following columns: a 3 m co-
lumn filled with 20 w9% didecyl phthalate on Chromosorb PS at 343K, and a 2m
column filled with 40/100 mesh alumina at programmed temperatures. Leads and
analytical system, where necessary, were heated to 320 K by heating tape to avoid
condensation and adsorption.

Reactions were performed under atmospheric pressure. Measurable reactions
occurred only at high [H,]/[AIP] ratios. To ensure high [H,)/[AIP] ratios, the con-
centration of AIP in the reaction mixture was kept low. To increase the accuracy of
the analyses of the products, an internal standard was used. Perfluoromethylcyclo-
hexane (PFMCH) was selected as internal standard, as the peak of this compound
did not interfere with those of the products of the reaction or the starting material.
PFMCH proved to be stable under the conditions applied. In the experiments the
concentration of AIP was seven times higher than that of PFMCH.
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Results and Discussion

With regard to our earlier results [7, 8] the following reactions seemed worthy
of consideration in this system:

(1) AIP —~ N,+2is0-C;H,

(2) 2iso-C3H; — 2,3-dimethylbutane

(3) 2iso-C;H; - C;H+C,H,

4) iso-C;H,;+H,; -~ C;Hs+H -

(5) iso-CsH,+AIP - C;Hg+C3Hg .- N..- N-iso-C;H,

In this short-form mechanism reaction (1) shows the formation of isopropyl radical,
and reactions (2) and (3) its combination and disproportionation. Reaction (4) is the
subject of our studies, and reaction (5) is another hydrogen-abstraction reaction in
this system. Propane can be formed in reactions (4) and (5) as well as in reaction.(3).
From this mechanism it is to be expected that in the presence of H, the rate of forma-
tion of propane increases. Experiments have proved this expectation.

Kinetic data were derived from the initial rate of formation of propane by taking
into account the roles of reactions (3) and (5). The concentration of isopropyl radical
was calculated from the initial rate of formation of 2,3-dimethylbutane (DMB) and
from the rate constant of reaction (2) taken from the literature [9].

In a closed system such as this, the rate of change of a2 compound (W:%)
formed, transformed or decomposed by different elementary reactions can be given
by vector equation I:

| W =DIR ®
where v is the stoichiometric number and R is the rate of the elementary reaction. On
the basis of Eqn I, the rate of formation of any compound (W)) can be given by

W, = 2 Vi, i R; an
J
where v; ; is the stoichiometric number of component i in reaction j.

The elements of the matrix for all of the substances i=1...9 and for all of the
unidirectional reactions j=1...5 in this system are given in Table II.

Table I1
Tréansformed elements of Iy:, ;) matrix for substances i = 1...9 and for reactions j = 1...5

N 1 2 3 4 5 6 7 8 9
AN AIP N. | &u* | DMB | ¢H, | CiH, H Res H,
1 -1 | 2] o 0 0 0 0 0
2 0 0 -2 1 0 0 0 0 0
3 0 0 -2 0 1 1 0 0 0
4 0 0 —1 0 1 0 1 0 -1
5 -1 0 -1 0 1 0 0 1 0

* C,H; = iso-C3H,
R** = C3Hg o N N-iso-C, H,
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In the experiments the initial rates of formation W, and W; were determined, i.e.
the initial rates of formation of DMB and C,H,, respectively. These are given below
on the basis of the stoichiometric numbers of Table II.

d[DMB 5 -
W4 _[7—]‘ Z 4, J = V4‘2R2 =1. k2[’SO‘C3H7]2 (III)
d[C,H 5
Ws = [;t o _ ZVHR = v5 g Ry+v; s Ry +

+v5,5R5 = 1 . R3+1 . R4+1 . R5 = k3[i$0'C3H7]2+
+ k4 [iso-CyH, [Ho) + k;[iso-C3 H,1 [AIP] : av)
R, can be given from the ratio Ry/R,:

k d[DMB]

_ LRl =2 \
Taking R, from Eqn ¥ and [iso-C3H7]=(W4/k2)1/2 from Eqgn III, we obtain:
) )
(re—ow) oro-e = 2 AP+ 12 1) v

In Eqn VI. besides the measured quantities and literature data for k,, kg and k;,
the only unknown is the value of k,. For the determination of k,, the left side of
Eqn VI was plotted as a function of [Hy]. A straight line was found, from the slope
of which k,/k}? was determined at seven different temperatures. Results are shown
in Table III. Taking k,=10%%dm3 mol~1s~? from the results of Golden and cowor-
kers [9], values of k, were calculated.

The Arrhenius parameters of reaction (4) were determined in the usual ~way

Table 111

Experimental data for determination of the Arrhenius parameters of reaction (4)

K 102k, /k1/2e 10"k ' logk, 10°K/T
.473 0.398 5.05 2.70 2.11
493 10.972 5.46 2.74 2.03
523 4.75 26.7 3.43 1.91
543 10.5 59.0 3.77 1.84
559 10.1 56.8 3.75 1.79
563 11.0 62.0 3.79 1.78
573 13.9 78.1 3.89 1.75

'k,,/k},“* = ko fkY2dm®/2mol ~/25-1/2
k** = ky/dm*mol-1s~?
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from the temperature-dependence of k4. The graph of log k, versus 1/T is shown in
Figure 1.
From the slope and intercept of Fig. 1, the rate constant of reaction [4] is

log (k,/dm3 mol 1 s=1) = (10 340.7) — (69.4+6.7 kJmol~1)/2.3 RT _

where the errors in brackets are the standard deviations.
To check these data, Arrhenius parameters for the reverse reaction were calcula-
ted by means of thermochemical calculations, the results of which gave:

log (k_s/dm3mol~1s71) = (11.6+0.7)—(28.8 6.7 kmol ~1)/2.3RT

This expression is similar to that obtained experimentally [4].
The Arrhenius parameters of reaction [4] were compared with those of similar

v

® 19 20 21 '
1037

Figure 1. Temperature-dependence of k.

Table 1V

Arrhenius paraineters of the reaction
; R+H;~RH+H
(from Reference [10])

¢ l-dg k*
Reaction - log A* Es

700K 1000 K
CH;+H,—-CH,+H 9.2 47.3 5.7 6.7
CyH;+H,-C,H;+H 9.6 58.6 5.2 6.5
1-C;H,+H,—-C;H, + H . 9.2 64.4 4.4 5.8
2-C;H,+H,—~C;Hs+H 10.34£0.7 69.41+6.7 5.1 6.7
2-C4,H,+H,;~C,H,,+H 9.7 71.9 4.3 5.9

og A*=log A/dm®mol-1s~*; E*=E/kJmol !
og k*=log k/dm®*mol~1s~?
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A reactions, compiled in Table IV
together with rate constants at the
usual temperature of hydropyrolysis.
It can be seen from Table IV that
the activation energies increase with
increasing carbon number of the
reacting radicals, and secondary
radicals have higher activation
energies than primary radicals. Such
an increase in activation energies is
in accordance with the Polanyi rule,
. . ' » as can be seen from Figure 2, where
330 400 410 420 430 40 activation energies (E) are shown
DH% kJmol’ versus the bond-dissociation energies

o . (DH®) of the R-H bond. A com-
Figure 2. Application of Polanyi’s rule for the

reaction R- +H,—~RH-+H. E=activation energy, parison of the rate ‘constants n
DHo= bond-dissociation energy. Table IV proves that different hydro-

carbon radicals behave similarly in

their reactions with molecular hyd-
rogen, especially at higher temperatures. This means that in the hydropyrolysis
of hydrocarbons all of the radicals present need consideration.

E/kJmol

55 1
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APPEHMYCOBCKHE TTAPAMETPEI IJ11 PEAKIIUU n30-C;H,+H;—»C;H;+H
JI. Cuposuya
Usygena xuHeTHKa pacmaza 2,2-a300HC-MpomaHa B OPHCYCTBAM H3OBITKA MOIEKYISPHOTO
BOAOPOAA B HHTepBane remmepatryp oT 343 mo 559 K. Onpenenesnl Ha9ambHbie CKOPOCTH 00pa3o-
BaHusl TMPOAYKTOR. IlomydeHHbIE Pe3ynbTaThl OOCYXKACHBI ¢ TOYKA 3PEHAA NPEAJIOKECHHOTO Mexa-
HH3Ma C PacCYeTOM K JUIA PEaKLHu: ’

#30-CsH, + Hy~ CsH, + H



