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ABSTRACT: Tke Iondon-Eyring-Pelunyi-Sate (LEPS) and the modified London.
FyringPolanyiSato (MLEPS) methods are used to caleulsie the activation energy of
the reaction H, + F— H + HF. Tt is found that the energy of activation czlculated by
MLEPS method iz in much better agreement with the experimenial result than by LEPS

method.

INTRODUCTION

Extensive sxperimental resuits on
the reaction H, + F->HF +H are
not available because the reaction is
50 exothermic that it is difficuit to
control. Nevertheless Fettis and
Knox (1984} have reported the en-
ergy of activation for the reaction
o be 1.7 Kcal/mole, while Wilkins
{1971) has reported the value to be
1.6 Kcal/mole. In the present work
we apply both the London-Evring-
Polyanyi-Sato (LEPS) method and
modified London - Eyring - Polanyi-
Banto (MELPS) method to calcu-
late the energy of activation of this
reaction. The results obtained by the
present calculation are compared
with currently available data in the
literature, as the relative merits of
these two methods is discussed.

THEORY AND CALCULATIONS

The variation with interatomic dis-
tances of the potential energy E of
a collinear three atom system XYZ
can be readily ecalculated by the
London equation {Glasstone, et al,,
1941), E=A+B+(C~
{14 [(am )2+ (g—y)% +
(y—ar?] {7 @
where AB, C are the coulombic in-
teractions of the pair of electrons on
the atoms X and Y, Y and Z and 7
and X, respectively, are o, g and y
are the corresponding exchange en-
ergies. The kinding energy E, of a
diatomic molecule XY is dependent

on the distance v between atoms,
with reference to the energy of the
separated afoms as zero; it is
(Morse, 1929) B, A +a =D,

[Cxp(—2A,uA) —2exp (“‘21\,01\)](2)
where py =r—1ra,, D, is the heat
of dissociation of the meolecule plus
the zero point energy, Tea is the
equilibrium interatomic distance of
the normal melecule and a, is the
Morse constant of the molecule.
Eyring and TPolanyi ((Glasstone et
al., 1941} suggested that the coulom-
bic energies (A,B, and C) are a
constant fraction (g) of the total
binding ehergies. E, of the diatomie
pair molecules XY, YZ and ZX. The
g value usually ranges from 10 to
20%,. Many activation energy caleu-
lations have been carried out by us-
ing this idea known as the London-
Eyring-Polanyi {LEP} method. Sa-
to (1955) modified the LEP method
by introducing an anit-Morse fune-
tion of the diatomic molecule XY,

E " =A—a=Dy [exp (—2a,p,)
T 2exp (—app 11/2 (3
so that coulombic energy or ex-
change energy is noc longer a con-
stant fraction of the total binding
energy but can he well defined with
the help of equations (2) and (3) as
a function of interatomic distance,

r, 28 A:DJ\.[% exp (_2APA)

—Y% exp (—anpa)] C)
a=D,[Y exp (—2a,04)
—3/2 exp (—apps)] (5)
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This constitutes the London-Eyring- _A—a
Polanyi-Sato (LEPS) method. Sato  a™ 17— Da [e50 (728500
(1955) also offered an alternative | exp (_E;M)A)] /2 (7

method known as modified London-
Eyring - Polanyi - Sato  (MLEPS)
method where A and e are calculated
from the following equations:

Aty

B = 1777, 7Pa [P (“2apa)

where Z, is the overlap energy of
the molecule XY, Solving equations
(6} and {(7) we have,

— 2exp (app}] (6) - 2 (1+32Z,) exp (—aupp)]/4 (8)
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Fig- 1. Potential Energy Surface of a Lineor

Triatomic Molecule XYZ.
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— D;\ [l:]_ + 3ZA) exp (_'28‘;\}3;\)
~2(3+ 7,0 exp (—aup,)1/4 (9

Similar expressions can also be ob-
tained easily for B, g and C, y in
both LEPS and MLEPS methods.

To calculate the classical energy
of activation of a reaction, the above
cxpressions are first used to obtzin
the potential energy surface for XY%
a collinear three atom gystem. Then
the stretching and bending force
constants are calculated from the
potential energy surface. There are
four extrema in the potential energy
surface of a linear triatomic mole-
cule XYZ (sce Fig. 1) they are 0°,
X', Y, and 7. A Taylor series ex-
pansicn can be made in each ex-
tremum of the potential energy sur-
face. Near Z’ the linear, guadratic
and also all the higher terms in the
Taylor series expansion are zero.
Near the region Y’ and X’ only the
quadratic terms of the Taylor series
exist, which are the Force constants
of the diatomic molecule XY and
YZ respectively.

About the region O’ three quad-
ratic terms exist, they are
P BV e
Ry’ ¢R,
&'V
7R R,

At a small departure from 7, the

potential enerzy can be discribed by
the quadratic form,

f,, = and f12 -

(10

V—Vqo = (f,,r — 0 +

20 v 12) /2 (11
Whexe

r, =R, —R,, . =R, ~ R,

Therelore the force constant for a
line th_mugh 0, parallel to the R,
axis is,
f.=2A/1,2 (12}
and that for the line through O,
parallel to R, axis is,

f,, = 2aV/t,2 (13)

The force constant f, is calenlated
through O, for the line COD or EQF
neither parallc] to R, nor R, The
value of the interaction force con-
gtant f, can then be found from the
eguation,

f12 = [fC (1+C*) -~ f11 —C2 fza]
where,
fo =1, + €1, + 2Cf,, (14)
and

_dR,
C - d_RI‘

The potential ¢nergy function can
he well expressec in terms of three
co-ordinates R, R, and R,. The
bending angle & is related to the co-
ordinates as

R:, =Re + Rz, ~ 2R,R, Cos ® (15}

The angular force constant fe is
defiined by,

f= ﬂ = .E._ _Y..
?'@2 @ U@
_2 [V, iR
o@ ' AR, a@)
= T - (B)* (5
¢H; ' ded R,
) (16)
f-RB 2V
R, ‘iR, (17) -
R, 7R,
where the values of and
BLE] cw?

are obtained from equation {(15).

The explicit equations for vibra-
lion frequencies of Jinear. triatomic
molecule are ((ilasstone, et. al.,
1941) -

Ap— 18018 ;% cm?, where i = s,
Lo and

v Y2 [Li-H (Lt —4M) %]
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TaeLE 3. Comparison of Energies of Aetivation Calculated by Different Methods.

LEP method (when

Present Calenlalion coulombic binding Wilkins" Expt.
enerpy ia taken as  Calew- Valae
LEPS method MLEDPS method 10 & 3.5 respectively lation

A .

alem) 339.3 42834
A

Olem™} 720.8 411.0
A ) .

em™) 9719.11 7.6
Eofkeal/1nole) 2791 213 5.15 1.6 1.7

DISCUSSION for calculating the activation energy

From Table ITI onc can see that
the activation energy of the H, +
F—>H + HF reaction obtained by
MIEPS method is in much better
agreement with the experimenial re-
sult than by LEPS mecthod. The
MELPS method appears to provide
a potential surface free of deep ba-
ging. However, the MELPS method
still appears to be guite as empirical
ag the LEP method because the true
squarce of the Heitler-London over-
lap intorgral at the aclivated-state
configuration is usually three times
greater than the value required in
the MLEPS method. Moreover,
there can be no justification for us-
mg a consiart square of the Heitler-
London overlap integral for H, + F
(the value in fact changes with the
change of H-H distance in the ac-
fivated region). Nor can the use of
the same square of the overlap in-
tegral value in different reactions be
‘ustified. Thervefore, it is not unex-
pected that the MLEPS method is
inferior to Wilkins' (1971} caleula-
tion ol the activation energy for the
H, + I? > HF - H reaction. It secems
that the MTLEPS method may not
be a good guantitative method but
still 1s a uselul qualitative method

of a reaction because it gives reason-
able results and does not involve
any complicated computations.
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