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The gas-phase pyrolysis of 2,2-azobispropane (iso-C;H;—N =N-iso-C;H,; AIP) was stu-
died in the presence of hydrogen chloride at 494—546 K in a static system. The rate of decompo-
sition of AIP was accelerated by hydrogen chloride vapour. The acceleration has been explained
by the following chain reactions:

is0-CiH, + HCl - CyH,+Cl
Cl+ AIP — HCl + CgH, + N, +is0-C,H,

The rate constant for recomblnatlon of the isopropyl radical was estimated from the extent of
acceleration.

Introduction

Hydrogen chloride is known to alter the rates of thermal decomposition of some
organic compounds in the gas phase [1, 2]. The effect may be caused by catalysis of
the transfer of hydrogen between decomposing reactant and free radicals. The result
of such catalysis may be an increase in reaction rate due to catalysis of a rate-deter-
mining hydrogen-transfer step.

Measurement of the catalytic effect of hydrogen chloride has proved to be a suit-
able means for determination of the rate constants of some elementary reactions
[3,4]. Similarly, the pyrolysis of 2,2-azobispropane (iso-C;H,—N=N-iso-C,H;;
AIP) in the presence of hydrogen chloride seemed to be suitable for the estimation
of the rate constant of isopropyl radiczjl recombination.

Experimental

The static reaction system and the analytical methods applied on the gas-chro-
matograph were described earlier [5, 6]. AIP was prepared by the RENAUD—LEITCH
method [7] and was purified by intensive washing with water and low-temperature
distillation. It was 99.8% pure, containing acetone and diethyl ether as impurities.

Hydrogen chloride vapour was prepared from the aqueous solution (Merck)
by dehydration with concentrated sulphuric acid, and was dried by passage through
a trap at 195K and collected at 87 K.
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Results and Discussion

The kinetics of thermal decomposition of AIP in the gas phase were reported
. earlier [8]. We have recently found that the rate of decomposition of this compound
increases in the presence of hydrogen chloride. The acceleration can be characterized
by the ratio kyc/k, where kyc and k are the rate constants of the decomposition
of AIP in the presence and in the absence of hydrogen chloride, respectively. The
values of kyq and k were determined from the slopes of the log ([AIP],/[AIP])
vs. t (t=time) graphs, where [AIP], and [AIP] are the concentrations of AIP at zero
time and at time t, respectively.

The extent of the acceleration depends on the concentration of hydrogen chloride.
This is shown in Figure 1.
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Fig. 1. The effect of HCI on the rate of decomposition of AIP

At low concentrations of hydrogen chloride the value of kyc/k is proportional
to the concentration of hydrogen chloride. At higher HCI concentrations the accele-
ration reaches a limiting value, with kycy/k 1.7, independently of the temperature
between 494 and 523 K.

The following products were identified by gas-chromatography: nitrogen, pro-
pane, propylene, 2.3-dimethylbutane (DMB) and 4-methylpentene-1 (4MP1). The
products and the product composition were to be the same in the HCl-influenced
(if [HCI] <10~*mol dm~?) and in the uninfluenced decomposition of AIP.

To explain the observations, the following mechanism can be considered:
(i) AIP—2iso-C;H,;+N,

(¢) 2is0-C,H, -~ C;H,, (DMB)
(@) 2iso-C;H, - C;Hz+C;H;,
(1) iso-C;H,;+AIP —~ C;Hg+ C,Hg=N-=-N-iso-C;H;
(2) iso-C;H,+C,H; -~ C;Hg+C;H; (allyl)
(3) iso-C;H,+C,H; —~ CH;, (4AMP1)
(4) iso-C;H,+HCl - C;H+Cl
(5). Cl+AIP -~ HCI+C,H;+N,+iso-C;H,
By analogy with [4] the effect of HCI can be explained by reactions (4) and (5).

1
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At higher concentrations of HCI (>10"* mol dm~3) the initial rate of formation
of DMB decreases, while that of 4MPI increases. This experimental observation can
be interpreted as follows. Some AIP reacts in reaction (5) the products of which are
N., C;H, and iso-C;H,. In this reaction [iso-C;H] is lower than in the uninfluenced
reaction, where most of the AIP molecules decompose to N, and 2 iso-CgH,. (It
should be noted that the role of reaction (1) in the consumption of AIP is about 10%
and it is thus not too important in comparison with reaction (i) as was shown earlier
[8].) The lower initial rate of formation of DMB can therefore-be explained by the
lower concentration of isopropyl radicals. The concentration of iso-C;H, can also
be decreased by the enhanced importance of reaction (2), which is a consequence of
the higher concentration of C;H, resulting from reaction (5). '

As concerns the reaction at low conversion, where the main hydrogen donor is
AIP, it can be concluded that the extent of acceleration is equal to the rate of reaction
(5). On the basis of the mechanism, it is easy to understand that in this system the
rate of reaction (5) is equal to that of reaction (4). The rate of decomposMon of AIP
in the presence of HCI can therefore be given by, the Eqn (I):

Rya = R+k4[HC1][1S0 CH7] y

Rycr and R are the initial rates of decomposition of AIP with and ‘without HCI,
respectively; k, is the rate constant of reaction (4). For Eqn (1) [iso-C,H;] has been -
taken from the rate expression for reaction (c). From the rearranged Eqn(I) therate
constant of recombination of iso-C;H, can be given by Eqn (II):
_ ki[HCI’Rpms B

K = “Rya—RF | (m
where Rpyp and k. are the initial rate of formation of DMB and the rate constant
of isopropyl combination, respectively. Beside measurable quantities, Eqn (II)
contains k,, which is also necessary for the estimation of k,. Measured values of k,
are not available, and they were therefore calculated from the rate constant of the
back reaction (k_,) by thermochemical calculations. The rate constant of reaction
(—4) was taken from the paper of Knox and NeLson [9]:

log (k_,/dm® mol~1s~1) = 10.87—(2.75 kJ mol~1)/2.3 RT

Thermochemical data used in the calculatlons were taken from the literature [10, 11]
and are shown in Table I

Table I .
Thermochemical data [10.11] for iso-CsH,+ HCl—CyHy+ Cl
4HJ, - S2s 208 cheoo <S500
kJ mol-1 JK-1 J K1 mol-1 JK™1mo]™1 JK ™ 1mol~1
iso-CsH, . 73.6 280.3 73.2 89.5 103.8
HCl —92.3 186.8 29.3 29.3 29.3
CH; -~ 103.8 269.1 73.6 94.1 113.0
c 120.9 165.3 21.8 22 226
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The results of calculations at 494 K are as follows: k_,=3.78- 10 dm3 mol ?
s~1; equilibrium constant of reaction (4):

K, =3.16.10"%; k, = 1.19-105dm® mol 151

The rate constant of zsopropyl combination was calculated vza Egn (II). Experi-
mental data and the results are given in Table II.

Table II
Experimental data and estimated k.
e N I fst g fdm mol 15
2.3 1.48 1.16 9.2
2.3 3.22 i.36 92
2.3 2.27 1.26 9.2
23 5.80 1.45 9.5
22 . 7.13 1.54 9.5
2.3 3.08 1.34 9.2
2.2 6.48 1.60 £9.3

T=494K; [AIP],=3.24-10"* mol dm 3,

Table 111

Rate constant for reaction
2 iso-CsH, - DMB

iog (k fdm? mol~1s-7) Method Te_mgl_e(r_atu_m Reference®
9.51+0.2 VLPP - 683—808 [4]
9.5+0.1 MMS 298 [12]
9.84+0.3 MMS 301—424 [13]
9.3+0.2 See text 493—523 this work

* Neglecting any temperature coefficient
VLPP = very low pressure pyrolysis
MMS = molecular modulation spectroscopy

The error in the calculation of k, is not included in the results shown in Table II.
Taking into account the errors of estimation and measurements, the rate constant of
isopropy! combination can be given by -the expression:

-kc —_ 109.8t1.2 dm3 mol—l g1
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This value is comparable with rate constants of isopropyl recombination determined
by other methods.

The value for k. determined for the HCl accelérated decomposition of AIP is

" notin contradiction with the literature data shown in Table III. In spite of the inac-

curacy in the value of k. (owing to the high limiting error), the agreement with the

literature data gives some evidence for the validity of the mechanism suggested.

References

[1] Rebick, C.: Frontiers of Free Radical Chemistry, Academic Press 1980.
[2] Muller, J., F. Baronnet, G. Scacchi, M. Dzierzynski, M. Niclause: Int. J. Chem. Kinetics 9,
425 (1977).

[3] Anderson, K. H., S. W. Benson: J. Chem. Phys. 40, 3747 (1964).

[41 McMillan, D. F., D. M. Golden, S. W. Benson: J. Amer. Chem. Soc. 94. 4403 (1972).

[5] Szirovicza, L., F. Mdrta: Int. J. Chem. Kinetics 8, 897 (1976).

[6] Szirovicza, L., F. Mdrta: Rect. Kinet. Catal. Lett. 2, 383 (1975).

[7]1 Renaud, R., L. C. Leitch: Canad. J. Chem. 32, 545 (1954).

[8] Szirovicza, L.: Acta Phys. et Chem. Szeged 25, 147 (1979).

[9) Knox, J. H., N. Nelson: Trans. Faraday Soc. 55, 973 (1959).

[10] Benson, S. W.: Thermochemical Kinetics, 2nd. Ed., John Wiley and Sons, New York, (1976).
[11] Seres, L., L. Zalotai, F. Mdrta: Acta Phys. et Chem. Szeged 23, 433 (1977).
[12] Parkes, D. A., C. P. Quinn: J. Chem, Soc. Faraday Trans. I. 72, 1952 (1976).
[13] Arrowsmith, P., L. J. Kirsch: J. Chem. Soc. Faraday Trans. 1. 74, 3016 (1978).

VCKOPEHHBIN XJIOPUCTHIM BOIJOPOJOM PACIIAL 2,2-A30BUCIIPOIIAHA
’ JI. Cuposuya

W3yven ouponas 2,2-azobucnponana (AIP) B npacyrctear HCI npu 494—546 K B ctaTHuec-
xoit cucreMme. Ckopocrs pacmaga AIP yeermywBanca B mpmrcyTcrBEE mapoB HCI. Vckoperme
MOXHO OOBACHHTDL CHCOYIOHMICH LEOHON peaxumel

iso—C;H, 4+ HCl-C;H+ Cl
Cl+ AIP-HCI+CsHg + N, +iso—CsH,

\
KoxcTaHTa CKOpOCTH PEKOMGHHAUMA H30-OPONMJIbHBIX palukanoB Oblla pacciATaHa MO YCKO-
PEHHIO peaximi.
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