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The gas-phase pyrolysis of azoisopropane (iso-CzH,-N = N-iso-C;H,; AIP) was studied at
494—546 K in a static system. Arrhenius equations were suggested for the following reactions:

AIP+iso-C;H,; — CHz+ C3Hg==N-:N-iso-C;H, 4]
log (ky/dm® mol~-1s"1) = (6.7+0.2) —(27+-2 kI mol~1)/2.3 RT
AIP —~ N,+2 iso-CsH; (i)

log (kifs™) = (14.6+0.4) — (178 +-4 kJ mol~1/2.3 RT

The disproportionation and combination rate constant ratio for the isopropyl radical was found
to be ku/k.=0.840.1. Results are discussed and compared with literature data.

Introduction

Azo compounds are good sources of radicals in gas reactions and their de-
compositions have been the subject of kinetic studies [1—4].

There have been several studies on the thermal decomposition of azoisopropane
(hereafter AIP) [1, 5—7], although the quantitative results available so far differ
somewhat.

Recent thermochemical data on AIP [8] suggest new investigations for the
pyrolysis of AIP. The present work was undertaken for two.purposes:

(a) measuring the kinetics of the hydrogen-abstraction reaction of iso-Cy;H, from

AIP; and
(b) measuring the kinetics of the unimolecular decomposition of AIP.

Experimental

The static reaction system and the analytical methods applied on the gas-
chromatograph were described earlier [9, 10].

Azoisopropane was prepared by the RENAUD—LEITCH method [11] and purified
by intensive washing with water and low-temperature distillation. It was 99.8%
pure,; containing acetone and diethyl ether as impurities.
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Results and Discussion

The thermal decomposition of AIP was studied in a static reaction system in
the range 494—546 K at pressures of about 6 kN m~2 The following products
were identified by gas-chromatography: nitrogen, propane, propylene, 2,3-dimethyl-
butane (DMB), 4-methyl-pentene-1 (4 MP1), as well as C,H, and CH, at higher
temperatures.

A typical product composition is shown in Table I. Some polymer formation
was also observed in the reactions.

Table 1
Products of AIP decomposition

T=500K; [4IP],=4.53-10"* mol dm~3;
Conversion 10%

Products %

N, - 40.6
Cs;H, 23.6
DMB 21.7
C;H, 14.0
4 MPI 0.1

The formation of the products can be understood from the reaction shown
below:

AIP — 2is0-C;H,+ N, (i)

Reaction (i) is the source of N, and iso-C,;H, radicals, which latter can react with
each other in combination and disproportionation reactions:

2 iso-C3H, — C¢H,, (DMB) (©)
2is0-C;H, — CyHg + C3Hg (d)

It can be seen in Table II that the rate of formation of CgHy (Rc,y,) is higher
than that of propylene (Rc,,). This means that, besides reaction (d), another
source of propane formation should exist. This may be the hydrogen-abstraction
reaction of iso-CzH,:

iso-CgH, + AIP — CyH; + C3H == N==N-iso-CH, )
4-Methyl-pentene-1 can be formed by the following reactions:

iso-C;H, + C;Hy — C;Hg+ C;H; (allyl) )]

iso-C;H, + C;H; — CHy, (4MPI) 3)

“Reactions (2) and (3) were proved by decomposition of AIP in an excess of C3Hg.
It was observed that the rate of formation of 4MP1 was proportional to the con-
centration of propylene. :
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In this study the rate constants of reactions (i) and (1) were determined. The
procedure for the determinations is discussed below.

(a) Rate Constant of Reaction (1)

The rate of reaction (1) can be ‘given by Eqn. (I):
Regmy — Reg, = kaliso-GH][AIP], , 4]

Re,n, and Ry, are the initial rates of formation of C;Hg and C,Hg, respectively;
[AIP], and k, are the initial concentratlon of AIP and the rate constant of reaction
1), respectlvely

The rate of reaction (c) is given by Eqn. (II):

Rpme =k, [iSO'C3H7]2 In

where Rpyg and k., are the initial rate of formation of DMB and the rate constant
of isopropyl combination, respectively. Equation (I1I) can be obtained by substi-
tuting [iso-C,H;] in Eqn. (I) by Rpygp/kY/? (originating from Egn. (IT)) and dividing
by Rpmp: _
Rens—Res _ ki [AIP],
RDMB B kz/Z Rll)/lsz (III)

If the reaction mechanism is correct, the ratio (Rc,u,—Rc,un,)/Rpms should be
linear as a function of [AIP],/R¥%;. The slope of the stralght line is ky/kY2

The experimental results calculated with Eqn. (IIT) are shown in Fig. 1. Ex-
perimental data are collected in Table II. Ratios of ky/k., together with k,/k¥2,
are also shown in Table II. The ratios of k,/kY? were calculated with Eqn. (IV):

kl — RCaHa - RCaHs
k2 RyslAIP

Iv)

The experimental results shown in Fig. 1 support reaction steps (c), (d) and (1).

From the temperature-dependence of k;/kl?2 shown in Table II, Arrhenius
parameters. can be calculated. The temperature-dependence of k,/kY? is shown in
Fig. 2.

Figure 2 also deplCtS results of DURHAM AND STEACIE [12] and Riem anD Kur-
SCHKE [13], measured in the photolysis of AIP. Recent results are in agreement
with the literature data. The combination of the recent results and the literature
data leads to the following equation:

log (ki/kY2 dm®2mol~V/25-12) = (1.940.2) —~ (2742 kJ mol~Y)/2.3 RT

Taking the value of k,=10%% dm? mol ts™! from the paper of GOLDEN et al.
[14], k, can be given as, follows

Jog (ky/dm®mol ~*s~1) = (6.7+0.2) — (27+2 kJ mol-1)/2.3 RT.

This value is compared with the literature data in Table I1I.

5%
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Fig. 1. (RCsHs - RC:,HG)/RDMB as a function of [AIP]y/RY:Zs. 1.494; 2. 500; 3. 523;4. 531; 5.546 K

Table 11

Kinetic data for the determination of k,/kY'? and k,fk,

R, R, R 1
- C,yH, l CyH, I DMB 10 [AIli]: L2 k.,
108 R/fmoldm ~3s™! mol dm
494 0.217 0.179 0.218 1.12 0.071 0.82
494 0.478 0.363 0.462 3.31 0.073 0.78
494 1.27 0.822 1.19 6.02 0.068 0.69
494 3.05 1.62 2.42 12.3 0.074 0.71
500 0.382 0.321 0.361 1.06 0.097 0.78
500 0.789 0.586 0.781 2.26 0.10 0.75
500 2.11 . 1.26 1.94 5.67 0.11 0.65
500 5.30 2.86 4.05 12.0 0.10 0.70
£23 2.83 2.44 3.54 - 1.26 0.16 0.84
523 7.86 6.56 7.91 3.14 0.15 0.8y
523 18.5 15.1 18.7 7.45 0.14 0.80
523 29.1 20.4 28.2 11.2 0.15 0.60
531 4.84 4.48 ’ 4.04 1.01 0.16 0.69
531 15.2 13.3 12.5 2.91 0.18 0.81
531 28.4 23.3 25.3 5.52 0.18 0.92
531 64.7 48.1 57.3 12.2 0.18 0.84
546 45.4 40.8 45.9 3.01 0.22 0.89
546 86.3 74.2 80.5 545 0.25 0.92
546 16.9 140 163 10.8 0.22 0.86
546 182 | 144 180 11.8 0.23 0.80

Dimensions of k,/k2/? are dm?¥? mol-1/2 5-1/2,
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Fig. 2. Temperature-dependence of k,/k/2. (1) Data of DURHAM and STEACIE [12]; (2) data
of RIEM and KUTSCHKE [13]; (3) this work

Table 111
Arrhenius parameters for A1P +iso-C;H,; - C;Hg+ CyH=“N-=-N-is0-C;H, (1)

k
A E log—m88 —
e — — T/K 4 ~1g™ Ref.
log dm3mol~1s™1 kJ mol 1 dm;g:;’:( s ¢
6.7 27 303—393 3.88 [12]
6.8 28 308—400 3.87 [13]
7.3 30 300—433 4.17 [14]
6.7+0.2 27+2 494—546 3.88 this work

(b) Rate Constant of Reaction (i)

Rate constants of reaction (i) were calculated from the rate of consumption
of AIP. Reaction (1) was taken into account by correction, as reaction (l) is also
a route of AIP consumption in the decomposition.

The consumption of AIP in the decomposition reactions obeys a ﬁrst order
rate equation, as shown in Fig. 3. The slopes of the lines give the rate constant of
AIP consumption (Kp)- '

The temperature-dependence of k,,p was determined and the results are shown
in Fig. 4. From this dependence the value of k4, can be given in the following
Arrhenius equation:

log (kap/s™") = (15.44+0.2)— (186 2 kJ mol~1)/2.3 RT.
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Fig. 3. Consumption of AIP in pyrolytic reactions at different temperatures. (1) 494; (2) 500; (3)
513;(4) 523, (5) 531;(6) 546 K
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This rate constant is characteristic for the consumption of AIP in the decom-
position reaction, which consists of two main processes, reactions (i) and (1). -

The evaluation of the rate constant of reaction (i) is based on considerations
in which the role of reaction (1) is estimated. From the experimental data the role
of reaction (1) in the consumption of AIP can be given by the following formula:

X% = (100 R’l] : )
Raw /i=o :

The results of calculations are shown in Table IV.

Table IV
The role of the reaction AIP +is0-C3H,; - CyH; + CyHg:Nz::N-iso-C,H, (1)
in AIP decomposition .
104 [AIP) 108 R, 108 R 10° R
T/K _(; - DMB AIP ‘ 1 x %
mol dm R/moldm~3s~1
494 3.24 0.61 1.29 2.94 22.8
500 3.20 1.02 2.21 4.07 18.4
523 3.06 7.58 15.3 14.1 9.2
531 3.01 12.5 28.9 18.9 6.5
546 2.93 44.0 90.2 42.0 4.6

From the known role of reaction (1), the value of k; can be calculated with
the following expression:

23 [AIP],
i O [ATP]+ (ATPL,— [AIPD(R,)o/(Rar)e’

where [AIP], and [AIP] are concentrations at zero time and time ¢, respectively;
(R,), is the initial rate of reaction (1); and (Rap), is the initial rate of consump-
tion of AIP.

The temperature- dependence of k; can be given by the following Arrhenius
equation:

k = v

log (ki/s~Y) = (14.6 +-0.4) — (178 + 4 kJ mol~%)/2.3 RT. (VD
f

These Arrhenius parameters are compared with the literature data in Table V.

The Arrhenius parameters reported here are very different from those of
BensoN and O’NEeaL [1] and GoLpeN et al. [7].

BensoN and O’NEAL suggested an activation energy from thermochemical
calculations. Their A factor was calculated from the experimental rate constant
of RAMSPERGER [5] with their estimated activation energy. Heats of formation
necessary for the calculation of the activation energy are shown in Table VI.
BensoN and O’NEAL used thermochemical data of AIP calculated from the heat
“of combustion of AIP [15]).

Recent data of ENGEL et al. [8] for the heat of combustion of AIP suggest
that earlier data are probably erroneous. Thermochemical data on AIP were re-
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Table V
Arrhenius parameters of reaction (i); AIP - N, +2 iso-CsH, (i)
E - -1
log (Afs™1) ESPoTETY "ll?i ‘g';I:K ) T/IK Ref.
13.75 171 4.34 523—563 [5)
13.68 17N 4.41 503—673 [6)
16.4 198 4.54 —_ n
16.6* 200* 4.55*%
18.1 213 4.43 625—854 [7}
13.7 170 4.28
14.6+04 178 £4 4.33 494—546 this work
* Preferred by the authors.
Table VI

Heats of formation for the calculation of the activation energy of reaction (i)

ATIP iso-C3Hj, iso-CgH,—N=N
. 87.5*% 73.3 212.2%
AH,O 298 kJ mol—*
36.0%* 73.3 140.7%*

* Calculated from the data of Coates and Sutton [15].
** Calculated from the data of Engel et al. [8).

calculated in this work from the heat of combustion of AIP determined by ENGEL

et al. [8].

Estimation of the activation energy of reaction (i) using the new thermochemical
data results in 178 kJ mol~Y, in good agreement with the experimental data re-

ported here.

Rate constants for reaction (i) determined in different laboratories are very
similar. This means that the thermochemical calculations also make the recent

value of the A factor probably correct.
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KMHETUKA TEPMUYECKOI'O PA3JIOXEHUSA A30U30IPOIIAHA
J1. Cuposuya
U3yuen nuponu3 B razosoit daze azousonponana (u30-C;H,N=N-uzo-C;H,, AIP) B craTn-

4ECKUX YCNMOBHAX npu Temmepatypax 494 u 546 K. IlpensnioxeHnl ypaBHEHUS AppeHHyca O
CileIyIOLIMX PEaKLIMiA:

AIP +iso-CsH, - CgHg+ C3Hg-N = N-iso-C;H,, 1)-
log(k,/dm®mol~1s~Y)=(6.74+0.2) — (27.2 kJ mol~1)/2.3 RT
AIP — N, +iso—C;H, OF

log(ki/s~1) = (14.6+0.4)— (178 +-4 kJ mol~1)/2.3 RT.

HaiigeHo COOTHOLIEHHE CKOPOCTel OMCNPONOPLUOHMPOBAHMA M PEKOMOUHALIMH IS W3ONPONMIIbL-
Horo pamukana pasHoe ku/k.=0,80+0,1. OGcyxneHbl NoNyYeHHbIE PE3YALTATHL M COMOCTABIICHBI .
C IUTEPATYPHBIMH JAHHLIMMU. .



