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THE HARMONIC ENERGY TRANSFER IN THE FOUR ATOM-FOUR ATOM MONREACTIVE-
COLLINEAR-TNFIASTIC COLLISICNS

Fahrettin GOGTAS and Nuri KOLSUZ
Department of Physics, Firat University, 23119 Elazig, TURKEY

ARSTRACT

The quantum-mechanically calculation of the vibrational energy
transfer in the nonreactive -collinear-inelastic collisions of
fouratom—fouratom vhich has the form of XpYp+XpZp is presented. The
method has been applied to the CpHytCoHy, CoHptCoDy, and CoDptCyDy

collision systems.

DORT ATOM-DORT ATOM NCONREAKT1F-KOLINFER-INELASTIK GARPISMALARINDA
HARMONTIK ENERJ1 TRANSFERI

OZET

XoYp#XpZy formundaki ddrt atom—ddrt atom nonreaktif-kolineer-inelas-
tik garpigmasinda titregim enerji transferinin kuantum mekaniksel
hesaba gOsterilmig. Metod CoHy+CoHy, CoHp#CyDy ve CpDp#CoDy qarpig-
ma sistemlerine uygulanmigtix.

The theory of the energy in molecular collisions has great importan-
ce for the understanding of most physical problems in chemical
reactions and in most gas laser systems. For that reason, there has
been much work done in recent years on this subject.

so for, atom—diatom [1-3], atom—triatem [4-6], atom—fouratom [7],
atom-fouratam and diatam-fouratem [8], diatamdiatam [9-11],
diatom-triatom [12], and £inally triatom-triatom [13] nonreactive
collisions have been carried out.
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In this work, we have investigated the energy transfer in fouraotom-
fouratom-nonreactive-collinear-inelastic collision systems for the
first time. The collision system may be expressed in the terms of

vibrational quantum nunbers as the following;

¥g¥5(ny ,np,ny)+XoZy (nyg,ns.mg)  Xp¥olny',np',ng' 4¥pZo(ng' s’ /ng')
(1)

Where {njy} and (ni'} are vibratiomal quantum numbers before and

after collisions of the incoming and target molecules, respectively.

The general solution of the problem is very difficult and varicus
approximations are introduced. First of all, the problem is
restricted to the collinear collision model. Second, the vibrations
of ‘both molecules are assumed to be of the harmonic oscillator
type. Finally, we are assumed a repulsive exponential potential
function to represent the intermoleculer interaction which only
consisted of the interaction between two rnearest atoms of the

“collision system.

our objective in studying the collinear four atom-four atom
collision is not primarily to allow a direct comparision between
theory and experiment but to establish bench marks by which can be

extended to three dimensional collisions.

The Haniltonian in mass-weighted normal ocoordinates for four atom—

four atom collision system {see fig.l) is
Hp = T{x)+iapcp (Q1 Q2 Q3 ) HHERg (04,05 . Q6 ) #V (2,01 ,Q2,03,04.Q5.,0¢ ) (2)

where Qp and Q3 represent the symmetric and antisymmetric stretching
modes of the X-Y bonds, respectively, and Qo represents the stretch-
ing mode of the X-X bond for the XgYs molecule. 04, and Qg represent
the symmetric and antisymmetric stretching modes of the X-2 Thonds,
respectively, and Qg represents the stretching mode of the X-X bond
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for Xp2Z; molecule. Hapop and Hgpgy represent the internal Hamiltonian
of the ARCD and FFGH molecules, respectively. V is the interaction
potential between two nearest atoms of molecules.

The terms in the total Hamiltonian may be expressed in terms of

normal coordinates as follow:

n? ;: o2 1l E’I N
H = o — — - AN04% (3)
ABRCD 2 i=1 6!312 2 i=1 =1
Tl2 N 62 1 ]; a2
HEFGH::-—‘i — — B A0, {4}
2 =4 éojz 2 =47 1
h2 &
T(x) = = =— (5}
2u 2x2

and
V(x,05,Q2,23.24.05.06) = Voexpl- « (x-a101-2202-2303-24Q-2505-a506- o

In the ™Ms. 4 and 5, il A=4 uzviz) are energy parameters, u is the
reduced mass of the whole system, ard V, and « are parameters vhich
characterize the interaction potential. The parameter Vg, dcesn't
effect the transition probabilities [1]. The coefficients aj; and ag
in the interaction potential are zero, so that, one can expect that
the transition protmbilities to these modes will be very small.
Other coefficients are given as al=(1/2mA)l/2, a3=(mB/“§A1“l}l/2- ay=
(1/2mE)1-/2, and a5={mp/m5m;,)l/2 vhere m; and my are mass of the ABCD
and EFGH molecules, respectively. ¢ is the sum of the distances, at
equilibrium, hetween the center of masses of the molecules and their
end atoms. Using the total Hamiltonian expressicn in the Schrédinger
equation and harmonic tasis funcitons. We can easily construct the
close~-coupling system of erpations for the collision system.
a2
m = (XD = K2 Tp(X) + rf‘vm'(x) ¥n'(X) = 0 (7)

cIx~
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where
kn® = (24 /n?)(E - ey fa)

E is the total collison energy, £, is the melecular harmonic value
for the state n(n=nj,ny,ny,... ng) of four atom-four atom collision

system, and

mmwx)=(zuﬁ@)mﬁ-“H~°)£<:ﬂé%an'> (@)

Equation 7 can be represented in matrix form as follow [8]

a2
[-—— I+ V(x)] ¥(x) = k2 ¥(x} - - (10)
ax? = T

where I is the unit matrix, k2 is the wave number element of the
scattered wave vwhich is given by Eq.8 and V(x) is the interaction

matrix. The elements of interaction matrix {(or coupling matrix) are

given by Eq.9.

We have used Gordon's methad [14,15] to calculate the scattering

matrix, which gives the transition probabilites, namely

Pijklmn 1'3'k'l'm'n' = ISijkimn i'§'k'1'm'n'!? (11)

Hence, the energy transfered from the ijklmn state to the all
excited states can e calculated by equation

Bi,4,%", 1" ,m',n' = Eijklmal

ﬁEijklm_n'- by Pijkll’l‘lﬂ iljlklllmlnilEiljlkllimlnl ijk].mnl (12)
lrlj lklllmlnl

We have applied this method to the system of CpHo+Colp, CaolpsCobs,

and CoDp+loDp and we have calculated the transition provabilities

and the energy transfer according to the relative oollision enerqgy

for these systems.
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The numbers of open channels of three collision systems considered
in this work are different for a given collision energy; for instan-
ce, at 1.450 eV, there are 3, 9, and 19 open channels for CoHyt+CoHs,
CoHp#CoDgy, and CoDp#CyDy  systems, respectivelly, and at 1.500 eV
there are 11, 17, and 25 open channels for those collision systems,
respectively.' So that the range of collision energy for these three
systems are different for low lying transitions. For this reason,
different collision energy ranges for each collision system are
considered in the calculations.

The parameters used in the calculations are given in Table 1. Tt
variations of the transfered energy according relative collisic

energy are ploted in the Figure 2.

The results show that the T-V transitions (Figure 2) to antisymmet-~
ric modes are larger than those to the symmetric modes, i.e.
P(T-V)p > P{T-V)g, and the transition prokebilities between two
symmetric modes are larger than those for two antisymmetric modes.
That is, P(V-V)g_,g>P(V-V)p_,n- '

There are many degenerate states for CoHotColly, and CpDp+CoDy colli-
sion systems because incoming molecule is the same as the target
molecule.But there is not any degenerate state for CoHp+#CyDy, colli-
sion system in the energy range studied.

Transition prorabilities to doubly degenarate states are equal. For
example, the harmonic energies for both n=4(001000) and n=5(000001)
states are equal, so that this state is doubly degenerate, and the
transition prorability to both n=4 and n=5 state has the same value
of 0.60x10-3., The total transfered energy increases with increasing

mass of the incoming molecule as expected.
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Table — 1. The parameters used in the calculation [8].

CoHa Cabz
1. Frequences (cm)
vy : 3374 2700
vy + 1974 1762
vy : 3287 2427
2. Bond distances (A®)
' X1 t 1.06 1.06
Xop + 1.20 1.20
X3p + 1.06 1.06
3. The potential Parameters
o (ag~l) : 2.10 2.10
Volev) : 900 900
fe R ¢
_ L ;’.:(F 8 Ay e :{B K
H ‘ G F £ i D £ B A
|":"5+'X5 24"] . l‘—xg‘l‘* Kzg'-x‘-ﬂl
. |
H 2
Figure - 1 : Schematic representation of the Xp¥p+XpZp

collinear collision system.
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Figure ~ 2 : The variation of the transfered energy versus
relative collision energy for (@) CyDy+CoDp,
( §) CoHp+CoDy and (M) CoHp#CoHp, collision

systems, respectively.
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