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ABSTRACT

The classical trajectory calculations had been carried out
to study energy transfer in methane - argon collisions. The
average energy transfer is calculated for the temperature and
molecule internal energy wide range.

To calculate the nonequilibrium unimolecular reaction ra-
te constant at the low pressure limit it is necessary to de-
termine the average energy transferred by a collision between
translational and inner degrees of freedom. The average ener-
gy transferred determines the probabilities of transition bet-
ween energy levels and thus the molecules energy distribution.

This work was undertaken to calculate using the classical
trajectory method the average energy <AE> trasferred per
collision between methane and argon. The classical trajectory
calculations had been carried out earlier to study energy
transfer in atom - triatom collisions (lle, Ar - 05, H,0 [1].

The potential surface of the methane molecule”is presented
by expression

V=2 Diferp (piaki)- 1] + & 3 ki oty

where D are the dissociation energies, B; are Morse coef-
ficients, A Rj are lengthenings for 1 -bonds, kij are hardness
coefficients, AN%; are the valent angles changes.

The interaction between the molecule and the heat-bath
gas atom is described with the Lennard-Jones (6 - 12) poten-
tial.

For the atom - molecule trajectory there are a number of
variables that have to be defined at the start of each tra-
jectory. We assume that at the start of each trajectory the
molecule passes through its equilibrium configuration, the
initial direction and values of the atoms' momenta being ran-
domizated but normalized to give a definite internal energy of
the system. For the majority of calculations the vibrational
and rotational energies of the molecule were set at their clas-
sical equipartition corresponding to the temperature under con-
sideration. Hence each rotational degree of freedom was given
an initial energy 1/2 kT. The impact parameter and the vibra-
tion phase were given by the standart calculation methods [2]).
The average energy transferred per collision is the result of
statistical averaging of number of trajectories.

The average vibrational energy transferred per collision
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< Ey> is most important to be known for the rate constant
calculations. Therefore in our calculations the internal ener—
gy of the molecule was divided into the vibrational snd the ro—
tational components. The CH, molecule rotational energy was
calculated from the inertia momenta at a given time. The vibra-
tional energy Ey was calculated from the difference of the
molecule total internal and the rotational energy.

In the Fig.1 the rotational energy Egr of CH, is presen-
ted vs. time at the internal energy of the molecuie correspon—
ding to the temperature of 2000 K. Oscillations of ER are of
the same order of magnitude of kT and are determined with the
molecule inertia momenta varying during the molecule vibrations.,
Therefore at the calculations of the average transferred energy
smoothed rotational (and vibrational) energies were used.

In the Fig.2 histogramm is shown which characterizes the
distribution of E value determined from the trajectory cal-
culations at 500 K and internal energy of CH 4,5 eV for Ar
as the heat-bath gas. The exponential model &s seen to be a
good approximation to the V ~ T transition probabilities.

In the table average energies transferred per collision
between CH, and Ar are given. £ is seen to increase with
both transiational temperature and molecule internal energy.
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Fig.1. Methane molecule rotational energy ER vs, time
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Fig.2. Histogramm of the transition probability function
determined from the classical trajectory calcula-
tions. The curves are the transition probability
function calculated using exponential model

Table. Average vibrational energies transferred
per collision between CH, and Ar (eV)

T,K 500 2000 5000
Eint )y ©
0.45 4.,72.10™% | 5.50°1072 -
1.806 6.40.10~2 | 3.32:1072 | 2.95-1072
4.5 1.62°1072] 2.73:1072 | 4.13.1072






