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1 Introduction

High-temperature reactions of methyl radicals are specific and key stages of kinetic mechanisms
of pyrolysis and oxidation of hydrocarbons and aso play theimportant role in the kinetic of promoted
combustion of different fuels. The vital condition of research of high-temperature processes seems to
be a reception of precisely dosed out quantity of methyl radicals so that it was possible to study their
interaction with other molecules and atoms (including O, O,, NO, €tc.).

The “purest” source of CHs-radicals (in comparison with decomposition of C,Hs, CH3J or
metalorganic molecules) is high-temperature decomposition of azomethane (AM). However, until
recently some uncertainty in values of AM decomposition rate constants and coefficients of extinction
of CH; radicals took place. Besides it has not been made appropriate analysis of great discrepancy
between low- and high- temperature decomposition of AM.

For example, low-temperature rate constants have extremdy high vaues of the pre-exponentia
factor, on the order of 10°—10" sec™, and activation energy value of up to 55.4 kca/mol. By
contrast, the high-temperature rate constants are characterized by low activation energy 26—34
kcal/mol and alow pre-exponential factor 10°°—10™ sec™ [1].

In this work by direct absorption spectroscopic measurements of AM decomposition and by
analysis of low- and high temperature data on this reaction we give answer on some problems of AM
decomposition.

2 Experimental

Experiments were carried out in a stainless-steel shock tube of 75 mm inner diameter [2, 3] in
incident and reflected shock waves. The absorption of methyl radicals in decompositions of
azomethane was recorded in the 216 nm region. The AM absorption was recorded in 198 nm region.
Simultaneously two monochromators served as dispersion devices in different spectral regions and
two phaoto-multipliers as receivers. The source of sounding radiation was a capacitor-discharge lamp.
This made it possibleto record methyl radicals of about 10™ cmi™ concentration with a signal-to-noise
ratio greater than 3 and with time-resol ution of electron-optica channels of about 10°° sec. The Ar, He
cylinder gases, used in the experiments, were certificated purity of 99.9 percent. The purity of the
azomethane in the gas phase was checked spectroscopically. Its extinction factors proved to bein good
agreement with the data published in literature.
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3 Reaultsand discussion

Azomethane decomposition was studied by recording absorption of azomethane itsdf and
absorption of methyl radicals generated in this reaction in the temperature range of 850 to 1390 K,
M =3.10°— 10~ mol/cm® and with an azomethane fraction ranging from 40 to 2000 ppm. The
experimentally observed initially rate constants (k°*) of azomethane decomposition by reaction:

(CH3)2N2 (+|V|) — 2CH3 + N, (+|\/|)
were measured from theinitia slope of CH; yield curves:

kobs - d[CHS]
1 20t[AM , ]

and of the azomethane consumption curves:

obs_dl AMO
= A

Simultaneously decimal coefficients of extinction of methyl radicals (ecqs) were measured at
T =1350—2940 K and p = 0.3—10 bar. After analysis of our and published data on ecns following
approximating semi-empirical expression is received for ecys (at | =216 nm, DI =1—1.6 hm,
T = 500—2940 K) [4]:

echs = 3.25 10" T ***exp(500/T)-exp(—T/2500), cm?/mol

This interpolation dependence covers the wide temperature interval and leans on significant
number of our and literary experimental data. In our opinion, its use will alow to reduce essentialy a
significant disorder existing nowadaysin values of kinetic data.

Figure 1 demonstrates atypical experimental curve of the decomposition of azomethane. Figure 2
presents temperature dependence of ecys obtained in this work in comparison with literature data.
Figure 3 demonstrates temperature dependence of [ CH3]a/[AM]. The results of our measurements of
k.°* are compared with the temperature dependence of k,°*in [1] and in our previous papers [2, 3, 5]
in Figure 4. Our measurements of k. correlate well with the data of [1, 2, 3, 5] and are described by
the following expression

k™ = 10™3.exp(—33.5/RT), sec™

It is established that rate constants of AM decomposition practically do not depend on pressure
and on initial concentration of azomethane even if they is varied over a wide ranges These facts, low
values of the pre-exponentiad factor and observed energy of activation (E;*™) indicate on the
“concerted” mechanism of AM decomposition, when the breaks of two chemical bonds is carried out
during one kineticdly inseparable stage. At the initial phase of azomethane decomposition an
extremely instable radical CH3N, is formed, which during the femtoseconds disintegrates in CH; and
N, with energy output approxi mately 16 kcal/mol. This exotherma process promotes the dissociation,
thus the observed energy of activation (E,®* ~ 34 kcal/mol), which is obtained in our measurements,
seems to be the difference between the dissociation energy of a single C-N bond (approximately equal
to 50 kcal/mol) end energy of 16 kcal/mol, produced in theinstant break of CH3N, radical.

In our opinion, the AM decompasition mechanism is “concerted” because of initial stage of
reaction (1) not single, but two C-N bonds breaks and AM molecule disintegrates into three parts
(instead of two parts in “classicd” monomolecular decomposition). Our analysis show that low-
temperature decomposition of AM is far from being an exemplary unimolecular reaction, as was
claimed. This decomposition was studied using indirect, rather insensitive, time-unresolved and
reactant-unsel ective methods. The low-temperature decomposition of AM turned out to be strongly
influenced by chain and heterogeneous processes.
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Figure 1. Typical curve of the azomethane Fgure3. Temperature dependence of [CHg]nex/[AM]o

decomposition. | =198 nm, T=1008 K, 10 nsec/point
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Figure2. Temperature dependence of €3 ¥ — this
work (experiment); 14 — this work (calculation and
extrapolation to low temperature); other signs and
numbers — literature data of other low-, mid- and
high- temperature measurements and estimates of

€z (See detailsin [4])
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Fgure 4. Temperature dependence of the rate congtants
of AM decompostion: j — this work (experiment),
line— k:°*[1, 2, 3, 5]
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4 Conclusons

Our own measurements and published experimenta data on azomethane decomposition at 850—
1430 K, in conjunction with a theoretical analysis of this reaction, provide convincing evidence for its
occurrence via the “concerted” mechanism in this temperature range. Most of the available
experimental data cannot be described within the framework of the “classical” theory of unimol ecular
reactions. The need for direct timeresolved |ow-temperature data on AM decomposition is
emphasized.

The assumption of “concerted” decomposition of azomethane alows to interpret vaues of k,°*
measured at high temperatures in the newest direct experiments [1, 3, 5, 7, 8 and the present work], as
the vaid rate constants of decomposition of azomethane Hence, these kinetic data quite reasonably
can be used to describe the decomposition of azomethane as “calibrated” source of CHs-radicalsin a
wide range of temperatures and pressures.

References

[1] Glanzer K., Quack M, Troe J. (1976). High temperature UV absorption and recombination of
methyl radicals in shock waves. Proc. 16-th Symp.(Int.) on Comb.: 949.

[2]. Bulgakov AV, Petrov YUuP, Tereza AM, Turetskii SV, Smirnov SA. (1992). Kinetics of the high-
temperature decomposition of CH,4, (CHs).N,, oxidizing and other reactions of CHs-radicals in shock
waves. Proc. Russian-Japanese seminar.: 240.

[3] Petrov Y uP, Turetskii SV, Bulgakov AV. (2007). High-temperature decomposition of azomethane
in shock waves: 1. Initia stage of decomposition. Khimich.Fizika. 26: 26.

[4] Petrov Y uP, Turetskii SV, Bulgakov AV. (2007). High-temperature decomposition of azomethane
in shock waves. 2. Temperature dependence of extinction coefficients of CHs-radicals.
Khimich.Fizika. 26: 20.

[5] Zborovskii AG, Petrov YuP, Smirnov VN, Tereza AM, Tyurin AN. (1987). High-temperature
recombination reactions of methyl radicals and their promotive effect in methane ignition.
Khimich.Fizika. 6:506.

[6] Petrov Y uP, Turetskii SV, Bulgakov AV. (2008). High-temperature decomposition of azomethane
in shock waves: 3. On the unimolecularity of azomethane decomposition under low-temperature
conditions. Khimich.Fizika 27: 5.

[7] Petrov Y uP, Turetskii SV, Bulgakov AV. (2008). High-temperature decomposition of azomethane
in shock waves: 4. On the unimolecularity of azomethane decomposition: An analysis of high-
temperaure data. Khimich.Fizika 27: 39.

[8] Du Hong, Hessler JP, Ogren PJ. (1996). Recombination of methyl radicals. 1. New Data between
1175 and 1750 K in the fallof region. J.Phys.Chem. 100: 974.

22 ICDERS —July 27-31, 2009 — Minsk 4



