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AhstraetXNDO MO calculations are carried out for four acrylates, H,C=C (R,)-COO(R,) with R,=H, 
Me and RiMe, Et for dipole moment determination using the Pople-Segal expression.’ Energy 
minimization for various conformers in each molecular system was achieved by the gradient method. 
Dipole moments for comparatively stable conformers of each of the molecules considered are reported. 
Theoretically calculated energy values are used to arrive at the equilibrium geometry and the correspond- 
ing dipole moments are compared with the experimental values in each system considered. 

Dipole moments of several acrylates have been re- 
ported ‘.’ The dielectric permittivity t’ and loss fac- 
tor L were determined for methyl acrylate, ethyl 
acrylate, methyl methacrylate and ethyl methacrylate 
at different temperatures and microwave frequencies.’ 
The activation energies and relaxation times were 
estimated. It was observed that the absorption max- 
ima for these liquids are in the millimeter region. The 
dipole moments were calculated using Onsager’s 
equation and Rao’s equation. In the latter paper.’ the 
relaxation times and dipole moments of these 
acrylates were determined using single-frequency 
method of Sobhanadri. It is observed, in general, that 
the dipole moments obtained by Guggenheim’s 
relation2 are larger than the dipole moments calcu- 
lated using Onsager’s and Rao’s equations. In some 
of the studies3 Higasi relation has been used for the 
estimation of the dipole moment of organic systems. 

As an extension to our programme of studies of 
dipole moments of organic systems, we report here 
the results of our theoretical investigation carried out 
on four monomeric acrylates. Many semi-empirical 
MO theories have been fried successfully in predict- 
ing equilibrium geometries and various ground and 
excited state properties of several molecular systems 
have since been calculated. A given set of parameters 
used in the MO calculations are good only for 
determining certain molecular properties. For exam- 
ple, Del Bene and Jaffe4 have used a set of parameters 
entirely different from the ones originally proposed 
by Poples-’ for calculating spectral transitions and 
ionization potentials using CNDO (Complete Ne- 
glect of the Differential Overlap) method.’ 
Pople-Segal formula for dipole moments in the 
CNDO approximation is considered as the most 
accurate one of several approximate formulae satis- 
fying the requirements of translational invariance.s 
Such calculations are particularly successful when the 
molecules involved have simple atoms like C or H, as 
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in the case of monosubstituted benzene or aliphatic 
molecules like formaldehyde. These calculations have 
also been used to predict dipole moment derivatives 
and thus IR intensities of a number of simple molec- 
ular systems. 9.‘o Recent investigations of Pulay” and 
Kanakavel et ~1.‘~ demonstrate that gradient method 
in CNDO calculations leads to better convergence, 
energy.minimization and more effective evaluation of 
MO%. In the present studies, a modified version of 
CNINDO programme called CNDO/Force is used to 
calculate the electric dipole moment of four mono- 
meric acrylates and these calculations are used to 
arrive at the correct molecular conformations. 

Method of calculation 
The application of CNDO method for determining 

the molecular dipole moment leads to the following 
formula4 

is the contribution due to net atomic charge 
Et%ies which is given by 

&,,_ = 2.5416 c APA,,% Debye 
A 

where R” is the position vector of the nucleus A and 
AP,, = ZA - PAA; P,, is the self-consistent electron 
density on atom A and 2, its core charge. APAA is 
thus the net atomic charge on the atom A. 

byb is the contribution from atomic polarization 
resulting from mixing up of 2S, and 2P, orbitals, a 
typical component of which is given by 

bhyb)r = - 14.674 5 9, ’ p2sA. @,,, Debye 
A 

where Y, is the orbital exponent of the valence 
orbitals of atom A. The asterisk implies that hydro- 
gen atom is not included in the sum. 

The most general molecular formula for these 
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acrylate monomers chosen is 

H R, 0 
I I II 

c=C-c-ceRI 
I 

H 

where R, and R, are the different substituent groups 
for different acrylates. 

Methyl acrylate: R, = H, R2 = CH, 

Ethyl acrylate: R, = H, Rz = C,H, 

Methyl methacrylate: R, = CHS R2 = CH, 

Ethyl methacrylate: R, = CH, R2 = GH,. 

Standard bond angles and bond lengths (Table 1) 
are used for the initial geometry of a particular 
structure in a given system.’ The number following 
the symbol of the element denotes the connectivity of 
the atom. For e.g. C, denotes that carbon is bonded 
to 3 neighbours. If the connectivity is 4, tetrahedral 
angles are used. For connectivity 3, planar structure 
with bond angle 120” is used; atoms with connectivity 
2 are taken as bent with a bond angle of 109.47”. The 
calculations are carried out on IBM 370/l% using 
CND0/2 Force method (referred to as CNDO/F 
method). A brief account of CNDG method is given 
by Pople.’ A modified version of Pople’s computer 
programme CNINDG is used in the present calcu- 
lation to compute CNDO forces. 

The optimization of the Geometry is done as 
described by Kanakavel er a/.‘* For the proposed 
structures, in each system, the forces acting on all 
atoms in a system are calculated using an arbitrary 
geometry and CNDO wave functions. Each atom is 
then moved in the direction of the force acting on it, 
through a distance, say 0.01 A. With the new geom- 
etry thus generated, the forces are again computed 
and the nuclei allowed to relax towards the equi- 
librium geometry. This is repeated until consistency 
in energy and the minimum norm of the forces is 
obtained. This method is described as the “Steepest 
descent method”.” The dipole moment correspond- 
ing to the lowest energy configuration (also minimum 

Bond 

C-H 

C31C3 

c3'c3 

=3'c4 

c3d2 

C39 

'4-2 

Table I. Bond lengths 

Lenath in 1 

. . 1.08 

. . 1.34 

. . 1.46 

. . 1.52 

. . 1.36 

. . 1.22 

. . 1.43 

norm of the force) is compared with the experimental 
value to arrive at the correct structure of the molec- 
ular system. 

RESULTS AND Dl!XUS!3ION 

On the basis of free rotation around C-C and C-G 
bonds, six different structures can be proposed and 
CNDG calculations on these conformers were carried 
out for methyl acrylate and it was found that two 
structures given in Figs. 1 and 2, are comparatively 
more stable in terms of the energy of the conformers. 
The calculated energies and dipole moments for the 
four acrylate monomers considered are given in Table 
2 along with the reported experimental values. Out of 
the two structures studied in detail, the first structure 
leads to a lower energy value than the second in the 
case of methyl acrylate and ethyl acrylate whereas in 
the case of methyl metha and ethyl metha acrylates, 
second structure leads to a lower energy value. The 
difference in energy values of the two structures is of 
the order of 1.5 KCal/mole. Methyl methacrylate is 
obtained by replacing one hydrogen in the vinyl group 
by a Me group. This substitution leads to changes in 
charge relative to the parent molecule. There is a 
rearrangement of charge within the vinyl group 
mainly due to polarization rather than a net transfer of 
charge from methyl to vinyl group. This rear- 
rangement trend was already observed in the case of 
simple molecules like ethylene and acetylene.’ The 
most significant change, however in such a redis- 
tribution process is that the Me group has driven away 
electrons from the atom to which it is attached onto 
the B C atom. For example in methyl acrylate-I the 
charge densities of (x and j? C atoms are 

+ 0.0328 - 0.0524 = (double bond) 

c, = c,. 

While the corresponding distribution in methyl metha 
acrylate-I is 

+0.0051 -0.0057 

c, = c,. 

(The figures are given in electrons.) 
Another important result emerged on doing the 

Mulliken population analysis” is that there is a small 
donation of rt electrons from methyl to vinyl; never- 
theless the main effect is a redistribution within the 
vinyl group. For example, again in methyl acrylate-I, 
the vinyl carbons have the following II electm distri- 
bution 

1.2726 1.3067 

c, = c, 

while the corresponding figures in methyl metha 
acrylate-I are 

1.2655 1.3381 

c, = c,. 

Pople’ has reported that substitution by methyl group 
in acetylene and ethylene resulted in donation of rr 
electrons from methyl to vinyl, but /J-carbon always 
acquired more electron density. But in our case, n 
electron density of /I-C decreases on substitution by 
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Fig. 1. Except R, and R,, all the atoms are in the plane of the paper. 
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Fig. 2. Ally1 group atoms are in the plane perpendicular to 
the plane of the paper. 

Me group. This feature may be due to the presence 
of carboxyl group close to the a-C atom. Owing to 
its greater electronegativity, the carboxyl group 
would have attracted more electrons thus increasing 
the IT electron density of a-carbon. 

Another important feature noticed is that substi- 
tution by Me group lowers the total energy of the 
molecular system thus leading to better stability. This 
trend is reflected in the results of methyl acrylate and 
methyl metha acrylate on one hand and ethyl 
acrylate and ethyl methacrylate on the other. Also 
substitution of Et group leads to a greater stability 
than the Me group substitution. This is seen from the 
results of methyl acrylate and ethyl acrylate. Dipole 
moment of the molecular system increases on substi- 
tution by Me group or Et group. This is because, 
there is a little overall charge transfer into vinyl group 
on substitution, but again the redistribution of 
charges between the a and /3 C’s predominantly 
affects the dipole moment. This redistribution of 
charges is mainly associated with the n orbital elec- 
trons as reported by Pople4 in ethylene and acetylene. 

Despite the approximation involved in CNDO 
calculations, it is observed that the calculated dipole 
moment values for the two conformers are compara- 
ble with the experimental values within the limits of 
accuracy of experimental results and theoretical cal- 
culations. For comparison sake however, it can be 
pointed out that experimental values for methyl 
acrylate and methyl methacrylate are closer to the 
theoretical values for conformer I whereas for ethyl 
acrylate and ethyl methacrylate the experimental 
values lie between the theoretical values of the two 
conformers. These observations lead to conclusion 
that most probably methyl acrylate and methyl meth- 
acrylate exist as conformer 1 whereas ethyl acrylate 
and ethyl methacrylate contain two conformers exist- 
ing at equilibrium under the experimental conditions 
of temperature and solvent environment. A survey of 
theoretical values of dipole moments shows that even 
though the energy differences between the two con- 
formers considered for the four arcylates are very 
small, the dipole moments for the II conformer is in 
general higher than that for the I conformer. Further 
studies on the effect of environment due to polarity 
of the solvent and variation in temperature on the 
dipole moments of these systems are in progress 
which will help in determining the possibilities of 
equilibrium between the two conformers under ex- 
perimental. conditions. 
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