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Abstract:
The intermolecular potential of ethanedinitrile has been
calculated using two independent estimates:
(i) &b initio calculations for dimers on the 6-31G basis set
level,

(1i) atom-atom potential calculations,

While some consistent features emerge, there is gualitative
disagreement in the majority of approach configurations, The
atom-atom potential is over estimating the attractive part of
the potential energy surface and underestimating the anisotxropy
of this surface in comparison with the ab initio method,

Introduction:

T™e difficulties associated with extending the Lennard-
Jones representation to anisotroplc molecules have been tackled
in different ways, Electrostatic terms have been added to
account for interaction between net charges, Kihara et a:l.:L
and Buckingham et a12 have introduced shape factors for the
anisqtropy of repulsive parts of the potential and the problem
for molecular dynamics similation is of course that the extra
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tu‘ms'contribute more in the condensed phase than in the
dilute ges,

The electronic structure and potential functions for
ethanedinitrile have been calculated using different MO
methods}'e. Also different theoretical relations have
been used’ ? to calculate the intermolecular potential far
ethanedinitrile, The calculated intermoleculsr potential
constants were compared7’8 with values determined from
empirical expressions,

In this paper we report briefly on ab 1Initio calcula-
tions on ethanedinitrile dimers using 6-31G basis set level,
We aim to build up potential energy surfaces amd to extract
an analytical representation of the pair interaction
potentials for direct use in molecular dynamics algorithms,
Our MO calculations were compared wilth the atom—-atom pair
potentials,

Method of Calculations:
fhe b initio caloulations were carried out using the

Ganssian 76 program of Pople and co—worka'slo using the 6-31G
basis set, The monomer geometry ls kept at its experimental
valuell with the C-C distence taken to be 1,37 & and the C-N
distance has been set equel to 1,16 1 The calculations were
carried out on the Honeywell 6080/QDG 7600 system of

Ab erys twyth /UMBRCC,

The atom—atom potential calculaticns have been

carried out on a PDP 11/70 computer at Alexandria
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University Gomputer Center with a Fortran IV program
written by one of us (A.AH,) which calculates first the
atomic coordinates, and then the interaction energy at
each intermolecular separation, The parameters used for

the atom—atom potential calculations are as follows:

Atom interaction g (f\) € /k(°K)
C - G 2.80 50.0
G~ N 3.071 47.0
J——— N 3.541 44,0

Results and Discussion:

The total energy of ethanedinitrile monomer calculated
by the ab initio L0 method was found to be -184,499141 a,u.
at the 6-31G basis set level, The caleculated atomic charges
(C: +0,178819 and N: -0.178819) show that each carbun at.ow
donates 0,178819 electrons to its neighbouring nitrogen atom
and thus the calculated dipole moment is found to be zero,

The intermolecular potential deponds on the mutual
orientations of the molecules as well as the intermolecular
distance, To reveal the characteristic features of this

1,12 ;¢ the two

dependence nine typical mutual orientations
ethanedinitrile molecules have been considered, The calculated
intermolecular potentials for these different dimer approaches

are illustrated in Fig., 1.

In case of the [22) approach, Fig. 1 (i), there is a
disagreement between the &b initio calculated potential and
the atom-atom potential, While the first is repulsive the
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latter shows a shallow well of depth approximately 82°K at

an intermolecular distance of 7.3 ;.

For the [2X] approach, Pig, 1 (ii), there is a

Jualitative agreement between the ab initio and atom-aton

potentials, Both methods predict that this dimer approach
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Fig.1- Intermolecular potentials for different ethanedinitrile dimers,

Ordinate: Kelvin ;Abscissa: A°5a— 6-316 ab initio calculations
b- atom- atom potential caiculations:

(iY(zz) 5 (i) (zx) 5 (i) (xx) 5(iv) (xy) 5(v)(zd);

(vi) (xd) 5 (vii) (dd) 5 (viii) (dd)3(ix) (dd)

Where the z-axis is taken along the line connecting

the two molecuies and d stands for diagonal
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has a minimim energy configuration at an intermolecular
o

distance of 5.15 a, The ab initio calculated potential

well depth is considerably deeper (approximately 650°L)

than the atom—atom potential one (approximately 24C°K),

The potential of the [ XX approach Fig. 1 (iii), is
calculated to be repulsive by the &b initio method but
attractive using the atom-atom potential calculations,
This dimer has a minimum energy confisuration at an
intermolecular distance of 3.4 A wvith a potential well of

depth amounting to 480 °K,.
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While the [XY] approach i1s predicted to be repulsive
by the &b initio method, the atom-atom potential calculations
show that this approach is the most attractive one, The
potential well has a depth of approximately 720°K at an
intermolecular distance of 3.0 4, Fig. 1 (iv).

Similar to the [2X} approach, the a initio calculated
potential for the [2d] approach Fig. 1 (v), is attractive
with a shallow well of depth approximately 170°K at an
intermolecular separation of 6.2 j\ The atom—atom
potential is also attractlive with a well depth of
approximately 125°K at an intermolecular distance of 6,1 ii
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Again and similar to the case of [XY) approach the
[xd)approach Fig. 1 (vi), is repulsive using the ab
initio calculations while attractive using the atom-atom
potential calculations, but with much smaller Intermolecular
interaction energy. The potential well has a depth of only

275°K at an intermolecular separation of 4.3 4,

For the (ad)] approsch, Pig. 1 (vii), there is a
qualitative agreement between the ab initio and atom-aton
calculated potentials, The ab initio potential has an
attractive part with a minimim energy configuration at an

o
intermolecular distance of 4,7 A with an intermoleculaxr
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interaction encrgy amomnting to 32C°K, On the other hand
the atom-atom potential well has a depth of 420°K at an

intermolecular distance of 4,0°A,

The [ddﬁ] approach Fig. 1 (viii), also shows an
agreement between the &b initlio and atom-atom calculated
potentials, Both methods predict attractive potential
wells of approximately the same depth, being 150°K using
the &b initio method and 205°K using the atom-atom potential
calculations, The minimm energy configuration has a
shorter intermoleculer separation using the atom-atom
potential 4.8 K compared to that calculated by the &b

initio method 5,2 f&.
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Finally the [da"] approach shows Fig, 1 (ix), & disagreement
between the ab initio calculated potential and the atom-atom
potentisl, While the farmer is repulsive the latter is
attractive with a shallow well of depth approximately 110°K

at an intermolecular separation of 5.8 Z

It 18 clear from the above results that some consistent
features emerge but there is a disagreement in the majority
of approach configurations, The atom-atom potentlal calcula~
tions predict that all the approaches considered here have
attractive intermolecular dimer potentials with the [ XY)
configuration being the most stable, On the other hand &b



54

Wit
+300L
+100}F
1
8.0
100}

-300f

initio calculated potentials show that only the [2X], [zd],
[ad] and [ad'] configurations are attractive with the [2X]
configuration being the most stable, We considere the minimm
energy configuration as calculated by ab initio method, This
disagreement may be attributed to an overestimation of the
attractive part of the potential energy surface and an under-
estimation of the anisotropy of this surface by the atom-atom
potential, The ab initio representation seems to be over-
sensitive to what we may term miltipole-multipole repulsion
specially at short intermolecular distances, in instants where
the ab initio calculated potential is repulsive, Consideration
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of polarizability via multipole-mltipole interacticns is
important in accurately representing dimer interaction, and
even more so in consequence when considering miltimer clusters
and non-pair additivityu. In general, the dependence of the
potential depth on the molecular orientation is caused partly
by the electrostatic multipole interactions between the

molecules and it governs the structure of the molecular

crys talsl .

In a previous paperlq, a comparison of pair

interaction potentials in methyl fluoride, an example
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of polar liquids, has been done using ab initio method,
atom—-aton potential and the potential of Copeland and
C}ole15 which is based on gas viscosity, second pressure
virial and second dielectric virial data, The ab initio
and the experimental Copeland/Gole potentials were found
to be more often in better agreement than with the atom-
atom potential, but in some dimer configurations the
Copeland /Cole potential failed to appreciate the strong

repulsion between atoms at short intermolecular distances,

On the other hand and for non-dipolar linear molecules
1t has been J’:‘oun.d12 that the atom—-atom potential and the
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Kihara/Koide potentiall agree almost quantitatively in
the majority of dimer configurations, so that the extra
electrostatic features considered in the Kihara/Koide
potential seem generally to have little effect on the

atom~atom potential results,

The intermolecular forces are due %o the interacticn
of the permanent, induced amd correlated instantaneocus
charge distributions of the system, Thus a variational
calculation of intermolecular potentials must account for
the modification of the intermolecular interaction through
exchange and overlap effects and 1t must correctly take
into account closed shell repulsions at short d:l.stanceslS.
The crucial problems in the variational calculations of
intermolecular potentials are the coupling of inter-
and intra-correlation effects as well as the variation

of the intracorrelation energy with distancele,

In general ab initio molecular oarbital calculations
produce more realistic potentials and the disagreement
with the atom-atom potential method imply that the
latter is overestimating the attractive part of the
potential energy surface and underestimating the
anisotropy of it in comparison with the ab initio method,
However, there are some discrepancles which obviously
remain to be considered by some independent source such
as how well spectral features can be reproduced using some
representation of these potential surfaces 1n a molecular
dynamic simulation. It is unlikely that variation of

the parameters of the atom~atom potentials will remove
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the discrepancies, but 1t is more likely that a parameterization
of the &b initio surface will produce more realistic

results from a molecular dynamics simulation of ethane-
dinitrile,
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