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The behaviour of a vinylic molecule (acrylonitrile) submitted to the high electric field occurring during cathodic polymeriza- 
tion has been investigated by ab initio calculations. In this approach the electrochemical double layer has been modelized by 
homogeneous fields (up to 2X 1O’O V/m). It is found that the field induces minor geometrical deformations in the molecule 
( < 4” and < 0.02 A). But, owing to its orientation along the C-N bond, it enhances the electron attraction effect of the nitrile 
group, an intensity of 5 x lo9 V/m being needed to induce on the vinylic bond an effect of the same order of magnitude as that of 
CN itself. An opposite a/x electron transfer is also pointed out, suggesting how important is the o-x separation in conjugated 
system when subjected to an external field. Very high field intensity ( lOa V/m) is needed to induce significant changes in the 
electronic density and electrostatic potentials of the molecule, the particuhu behaviour of the highest occupied and lowest unoc- 
cupied molecular orbital (HOMO and LUMO) suggesting an increased ability for the CHz group to attract electron rich func- 
tional groups when such a high field intensity is reached. Finally the position trans relative to the CN group is the one most 
affected by the electric field; this behaviour provides a clue for monitoring the electronic properties of the molecule in view of 
designing selective polymerization reactions. 

1. Introduction 

Theoretical studies of molecular systems subjected 
to the influence of external electric fields are not only 
of great theoretical interest but are also of practical 
significance for many investigations in physics and 
chemistry. The characteristic electric field strengths 
in field ionisation mass spectrometric experiments 
[ 1 ] are about 1 09-1 OLo V/m, while the field strengths 
achieved in classical electro-optic studies are in the 
range of 106-10’ V/m. In electrochemistry, strong 
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fields estimated [ 21 to about IO9 V/m are developed 
in the electrochemical double layer at the interface 
between the electrode and the solution. 

The aim of this work is to evaluate how an electric 
field can favor&e the opening of the ~EG.C double bond 
of an acrylonitrile (CH,=CHCN) monomer, in or- 
der to clarify the question of the role played by the 
electrochemical double layer in the cathodic poly- 
merization [ 31. Comparison of the field effect with 
the inductive effect of the C=N group on the xcDc 
bond is made through the study of the isoelectronic 
molecule CH+ZHCCH. In a previous work [ 41, we 
have reported an ab initio study of the electric field 
effect on several molecules. Dipole moments, polar- 
izabilities and atomic charges were considered for 
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HCN, CH,CN, CH,CHCN, CH2C( CN)* and 
CHzCHCCH with homogeneous fields up to 
2.056~ IO9 V/m (0.004 au). Our calculations have 
indicated non negligible polarizabilities, but the in- 
duced dipole moment was still weak comparatively 
to the permanent one. The better ability of the C=C 
bond compared to CN to respond to the field solici- 
tation has been stressed. An analysis of the Mulliken 
atomic charges has also shown small changes in the 
charge patterns compared to those usually induced 
by chemical substitution. Moreover the particular 
reactivity of the trans CH bond has been evidenced, 
suggesting that this position is the most appropriate 
one for tuning the molecular reactivity by substituent 
effects in the presence of an electric field. 

The magnitude of the electric field developed in the 
electrochemical double layer is not accurately known; 
field intensities higher than 2x lo9 V/m cannot be 
excluded in experimental situations, although they 
have never been reported; furthermore it is rather 
unprobable that such high fields can be homogene- 
ous. Even in the absence of a more relined picture of 
this complex situation, the follow-up of the molecule 
electronic and structural characteristics under field 
intensities exceeding those generally admitted for 
electrochemical double layers is an interesting ap- 
proach. This is why intensities up to 2.056 x 10” V/ 
m have been considered in the present paper. 

Our first work has clearly pointed out the limit of 
the analysis of global quantities such as dipole mo- 
ments, polarisabilities and atomic charges in provid- 
ing a definite answer to the question of the opening 
of the Q_~ double bond when the molecule is sub- 
jected to the electric field. We present here a more 
detailed analysis of the changes induced in acryloni- 
trile. This paper is organised as follows: after a brief 
review of the computational aspect, we report the 3- 
2 1 G optimized geometry of the molecule at E = 0 and 
2.056 x 10” V/m. The dependence of the computed 
values on the basis set extention is discussed, partic- 
ularly the effect of adding higher quantum number 
functions owing to their importance in the Stark ef- 
fect description. Then a detailed analysis of the acry- 
lonitrile behaviour (induced dipole moment, Mulli- 
ken atomic charges, gross orbital and overlap 
populations) is made. In order to determine the role 
played by the high permanent dipole moment due to 
the CN group, comparison with an isoelectronic mol- 

ecule, CH,CHCCH, is done. Finally, the deforma- 
tions of the contour maps of the molecular orbital 
electronic density are discussed. Owing to their well- 
known use for the prediction of the relative reactivity 
of functional groups in ionic-type reactions [ 5 1, elec- 
trostatic potentials have also been calculated. 

2. Computational aspects 

Results reported in this paper are obtained at the 
restricted Hat-tree-Fock level using the GAUSSIAN 
series of programs [ 6 ] to which a code for the finite- 
field [ 71 steps has been added. In this method, a term 
-p-E is added to the molecular Hamiltonian, where 
c is the dipole moment vector of the molecule and E 

the applied electric field vector. 
In absence of external field, E=O, analytical gra- 

dient optimization techniques [8] have been em- 
ployed to optimize fully the molecular geometry with 
the following requirements: lo-” au for the two- 
electron cutoff, 10e9 for the requested convergence 
on the density matrix elements, and 4.5 x 10v4 har- 
tree bohr-’ as maximal residual force for the Carte- 
sian components of the gradient of the energy. In the 
case of geometry optimizations under external fields, 
the numerical Fletcher-Powell technique has been 
used, keeping the same constraints as above [ 9 1. 

Computed values such as dipole moments, charges, 
overlap populations and electron densities obtained 
from the calculated molecular orbitals are known to 
depend on the basis set extension [ lo]. To have in- 
formations on this dependence, three basis sets have 
been used [ 111 namely the 3-21G, 6-3 lG*, and 6- 
3 1 G** basis sets. 

Net atomic charges, gross orbital and overlap pop- 
ulations are reported in terms of Mulliken popula- 
tion analysis [ 12 1. In order to compare the behav- 
iour of the R and the o electrons, we operate a 
partitioning of the electronic distributions: the x con- 
tribution is reported as the 2p, one (and 2p, for the 
second r&N orbital) and the o contribution has,been 
computed as the total minus the 1s and n 
contributions. 

The electrostatic potential V(r) arising from elec- 
tronic and nuclear charge distributions of the mole- 
cule at every point in its surrounding space is given 

by [51 
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where r(r,) is the electron charge distribution, i.e. 
the first-order density function determined in the SCF 
calculation. Electrostatic potentials have been com- 
puted and their contour maps drawn in selected 
planes. 

3. Results and discussion 

3.1. A4olecular geometry 

The structure of the molecule is shown in fig. 1 to- 
gether with the notation used for the geometrical pa- 
rameters. The molecular plane has been chosen to co- 
incide with the (z, x)-plane, the z axis being along 
the permanent dipole moment of the molecule ((Y is 
the angle between the CC(N) axis and the total di- 
pole moment vector). The electric field is imposed 
to lie in the molecular plane and oriented along - z. 
Zero-field equilibrium geometry parameters and to- 
tal energies are given in table 1 for 3-2 1G and 6-3 1 G* 
bases. These are in agreement with previously pub- 
lished experimental geometry [ 13 ] also reported in 
table 1. 

When an electric field is applied to a molecule, the 
electron density reorganizes and a new equilibrium 
geometry is reached. It has been shown that electric 
field intensities of the order of 10” V/m are actually 
needed to induce noticeable geometrical changes in 

z 

Fig. 1. Structure and notation used for the geometrical parame- 
ters of the acrylonitrile molecule. 

molecules, e.g., of the order of 0.01 A for bond length 
and a few degrees for bond angles [ 141. In order to 
verify that the structural changes in acrylonitrile are 
also negligible, we have performed 3-2 1 G geometry 
optimization with electric field intensity of 
2.056x 109, 1.028x lOi and 2.056~ 10” V/m. 
Therefore, only the results for the highest field are 
reported in table 1. We observe a bond increase 
smaller or equal to 0.018 A for a 2.056~ 10” V/m 
field. The unsaturated bonds C=C and C==N are the 
most sensitive ones together with the trans CH bond, 
owing to its particular orientation nearly parallel to 
the field. Bond angles change by a few degrees. These 
geometrical modifications are rather small and in 
agreement with previously mentioned works. 

From an orientational point of view, the isolated 
molecule in its non-zero-field equilibrium geometry 
is so that its total dipole moment lies parallel and in 
the direction of the field. As the field intensity in- 
creases, the angle between the CC(N) axis and the 
dipole moment vector, cr, although small, increases 
from 7.05” at E=O to 15.14” at E=2.056 10” V/m 
(see table 1). At the same time, an increase of the 
CCN bond angle, A6, and of the CCC one, AZ, is ob- 
served, pointing to a contribution of the C=C double 
bond to the total dipole moment increasing with the 
field. 

Accordingly, as already done in ref. [ 41, all results 
reported in the next sections correspond to the zero- 
field equilibrium geometry (except the CCN bond 
angle which has been kept to 180” ), and the field is 
imposed to be parallel to the C=N group and ori- 
ented from N to C. 

3.2. Basis efects 

In our previous work [ 41, we have shown how a 
basis of at least split valence quality is necessary to 
provide values in agreement with the experimental 
data. The question here is the dependence of the 
computed atomic charges and dipole moments on the 
basis set extension when adding polarization func- 
tions which are the next higher quantum number or- 
bitals implied in the Stark effect. Two series of com- 
putations were done: (i) on CHzCHCN, with two 
split-valence basis sets, namely: 3-2 1 G and 6-3 1 G*, 
using the corresponding geometries optimized at E= 0 
and (ii) on HCN, with 6-31G* and 6-31G** basis 
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Table 1 

Experimental and calculated geometrical parameters of CHrCHC=N (as defined in fig. 1). R; distance in A, Ai and tx: angle in degree, 

ET: total SCF energy in au 

Exp. [ll] 

1.426 

1.339 

1.086 

1.086 

1.086 

1.164 

122.61 

121.73 

121.73 

121.73 

3-21G 6-3lG* 

E=O E=2.056~ lO”‘V/m E=O 

1.427 1.428 1.443 

1.319 1.337 1.320 

1.012 1.073 1.074 

1.071 1.080 1.074 

1.072 1.074 1.074 

1.140 1.154 1.136 

122.69 126.45 122.14 

121.73 124.04 121.89 

121.89 120.49 120.72 

120.95 119.12 122.03 

180.19 184.54 180.00 ‘) 

7.05 15.14 6.88 

- 168.8204 - 168.9248 - 169.7680 

‘) Non optimised value. 

sets, using the 6-31G* geometry optimized at E=O, 
in order to test the effect of successively adding po- 
larization functions first on heavy atoms (6-3 lG*) 
and then on hydrogens ( 6-3 1 G** ) . 

For the sake of not overloading the presentation, 
we will only report the main conclusion. With these 
three basis sets, we observed the same trends in the 
evolution of the computed values (dipole moment 
and Mulliken populations) with the field intensity, 
the fluctuations not exceeding 15%. In the case of 
acrylonitrile, the relative increase of the dipole mo- 
ment is nearly the same in the 3-21G basis (6~/ 
p”=118.110h) than in the 6-31G* ones (a~/ 
PO= 119.45%). For this molecule, the Mulliken pop- 
ulation analysis in the 6-3 1 G* basis compared to that 
in the 3-2 1 G one reveals net increase in the o-overlap 
population: 35% for the C=C bond, 30% on the C=N 
bond and a factor of 1.5 for the -C-C= bond. Simi- 
larly, the n-overlap population of the C-C= bond in- 
creases by a factor of three. These results reflect the 
better ability for the 6-3 1 G* basis to concentrate the 
electrons in the o bonding region and to account for 
the conjugative effect through the -C-C= bond. 

Comparison of 6-3 lG* and 6-3 lG** results on 
HCN pointed to minor changes when adding polari- 
zation functions on hydrogen atoms. Similar trends 
were also observed in the case of the dipole moment. 

Thus, the remaining differences between the ex- 

perimental geometry and dipole moment and the 
corresponding calculated values (tables 1 and 2 ) are 
in the range of the usual residual basis set deficiency 
(lack of diffuse functions for example) and most 
probably in the neglect of correlation effects. 

According to the previous discussion, the inclusion 
of polarization functions in the atomic basis appears 
to be essential for a correct description of the elec- 
tronic distribution. Addition of extra functions of 
lower exponent, which would improve the numerical 
accuracy but certainly not modify the basic proper- 
ties we are looking at, was not deemed necessary at 
this level of theory. In the next section, we present the 
results obtained on CHICHCN at the 6-3 1 G* level, 
with field intensities of 0, 2.056X 109, 1.028X 10” 
and 2.056x 10” V/m (0.004, 0.02, 0.04 au 
respectively). 

3.3. Dipole moment 

The components of the total dipole moment vector 
of CH,CHCN and its absolute value I p 1 are listed in 
table 2 for the four values of the field intensity con- 
sidered. In our previous work [4], the study of the 
variation of the dipole moment with field intensity 
up to 2.056~ lo9 V/m has shown: (i) a linear re- 
sponse of 1 p(E) ) with the field (for the range of in- 
tensity used) and (ii) an induced dipole moment 
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Components and absolute value of the total dipole moment of CHpCHC-N for different field intensities at the 6-3 1 G* level. w dipole 
moment indebye (1 D=3.33X lO-NC m) 

E W/m) 0 2.056x lo9 1.028x 10’0 2.056x 10” 

KX 0.510 0.604 0.980 1.454 
fiz -4.256 -4.152 -6.708 - 9.225 
ICI 4.256 ” 4.761 6.779 9.229 

*) To be compared with the experimental value of 3.87 D from ref. [ 151. 

equal to about 10% (at 2.056~ lo9 V/m) of the per- 
manent one (4.256 D) with a non-negligible com- 
ponent originating from the C-C bond. 

For the field intensity that we have considered here 
(see table 2 ), a considerable increase of I p(E) I (a 
factor of two for E=2.056~ lOto V/m) is observed, 
still corresponding to a linear dependence with the 
field intensity. Moreover, 1 px,I increases more than 
the I pxl component ( 185% and 117% respectively) 
which shows that the contribution of the C=C double 
bond to the dipole moment becomes more impor- 
tant. For the highest field intensity these results are 
indicative of a very high charge transfer towards the 
nitrogen atom. 

3.4. Population analysis 

To get a more detailed picture of the changes in the 
molecular wavefunction, we have considered its 
Mulliken population analysis [ 121 which involves a 
partitioning of the charge distribution into atomic 
orbital contributions. In spite of its dependence on 
the number and type of atomic orbitals, the relative 
values of the Mulliken charges and overlap popula- 
tions in a molecule are known to reproduce the essen- 
tial features and trends of the electron distribution, 
although little significance can be attached to the 
magnitudes themselves [ 161. The atomic charges 
evolution with the field intensity is reported in fig. 2 
and table 3. 

Before discussing the field effect, it is interesting to 
analyse the values computed in the zero-field situa- 
tion. The polarization of the rcc_c bond by the high 
dipole moment of the CN substituent group is al- 
ready important. A quantitative idea of this polari- 
zation is obtained by comparing the charge transfer 
in CaH2CbHCN ( 1) and in the isoelectronic mole- 
cule CaHzCbHCCH (2), where the substituent group 

1.5 ./ L .A’ 

0 2.109 10’ 2.10’ E(Vlml 

Fig. 2. Evolution of the Mulliken atomic charge of the molecule 
with the field intensity. 

carries a much smaller dipole moment (0.187 D). 
The data reported in table 3 show that the charge 
transfer from the CH&H moiety to the CN group 
is higher by 0.094 than that induced by the CCH 
group. The net result is a reversal of the CHrCH 
bond polarity, defined as the difference between the 
net charge of the CH2 group and the CH one, equal 
to - 0.015 for (2) compared to 0.025 for ( 1 ), which 
means a global transfer of 0.040 electron. This effect 
is essentially important on the C” ( CHI-) atom, in- 
deed: q(Ciz,)-q(q,,)=O.O26 and q(Cy2,)- 
q(ctij) = -0.002. 

Atomic charges depend linearly upon the field in- 
tensities considered in this work. When the field in- 
creases, charges on C” and Cb tend to equalize (fig. 
2). The net charge on the CH2 group becomes more 
positive and that on CN becomes more negative (of 
about the same absolute value) while that on CH is 
nearly constant (table 3 ) . From these results, we can 
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Table 3 
Mulhken charges on the carbon atoms of the CcCb bond and summation of the Mulliken net charge over the functional groups of 
CH$HCN and CH&HCCH for different field intensities at the 6-31G* level 

E (v/m) CHzCHCCH 

C’ Cb CaH2 CbH CCH 

0 6.361 6.171 0.030 0.045 -0.075 

E (V/m) CH,CHCN 

c” Cb CaH2 CbH CN 

0 6.336 6.173 0.097 0.072 -0.169 
2.056x lo9 6.331 6.182 0.119 0.071 -0.190 
1.028x 10”’ 6.304 6.220 0.211 0.065 -0.275 
2.056x 10” 6.263 6.261 0.324 0.065 -0.389 

conclude that the field, owing to its orientation, en- 
hances the electron withdrawing effect of the CN 
group on the C=C double bond. Compared to the zero 
field situation, the increase of the bond polarity of 
CH,-CH, defined as above, due to the field of 
2.056 x lo9 V/m is equal to 0.023; thus a field inten- 
sity at least equal to 5 x lo9 V/m is needed to create 
an additional effect of the same order as that induced 
by the CN group itself. 

A finer breakdown of the charge distribution in o 
and x atomic orbitals has been made to get more pre- 
cise information about the charge flux in the mole- 
cule. The evolution with the field intensity of the o 
and A Mulliken gross orbital population is reported 
in fig. 3. When the field is applied, there is a strong 
two-way charge transfer between the o and rt elec- 
tronic distributions, the o electrons being polarized 
opposite to the electric field direction and the charge 
shift being larger for x electrons. 

To complete this description, we report in figs. 4 
and 5 the x and o overlap populations (denoted OP ) . 
At the zero-field level, we find the expected behav- 
iour of the o and x bonds: OPEN > OP& > OP”c, 
and OP& Z OP”,, > OP& in accordance with the 
reported bond length ( rCN < rc_c < T~_~). 

As the field intensity increases, three different sit- 
uations appear in the molecule backbone. 

(i) For the C-C bond, there is a general decrease 
of both the o and K overlap populations correspond- 
ing to the lengthening of this bond as predicted by the 
geometry optimization. 

-.-. 

t 

--N 

5 -*-•-• Cb --(I t= 
a 3 

n,n’ 

Fig. 3. Evolution of the gross orbital population o (continuous 
lines)andx(2p,) (x’(2px)) (dashedlines)ofthemoleculewith 
the field intensity. 

(ii) For the C-C bond, we see at the same time, an 
increase of the n-conjugation but a stronger decrease 
of the o overlap population corresponding to the 
overall lengthening of this bond. 

(iii) For the C-N bond, the overlap population of 
the in plane II’ orbital is not affected due to the lack 
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1 a-m-0 Cr N n’ 

I 1 1 I 

0 2 109 10" 2.10’ EN/ml 

Fig. 4. Evolution of the z( 2p,,) (R’ (2~~) ) overlap population of 
the molecule with the field intensity. 

0.5 

b 0.25 

.y’ CrN 

/ i 
-. 

\ . 

\ *c-c 
-0 

\ . 

\ 

1 1 \* c=c 
0 2.109 10’ 2.10” EN/m] 

Fig. 5. Evolution of the cr overlap population of the molecule with 
the field intensity. 

of possible conjugation. The x overlap population 
decreases whereas the o component shows a net in- 
crease. This latter behaviour is somewhat artificial 
since most of that value comes from a reorganisation 

of the nitrogen lone pair which explains that in the 
end there is a slight increase in the CN bond length. 

The principal information drawn from this analy- 
sis is that the x system has been pulled toward the 
nitrogen atom with a loss in the double bond charac- 
ter of the vinylic fragment and that this evolution is 
not linear with the field, an enhancement of this phe- 
nomenon being visible at 10” V/m (fig. 5 ) . 

3.5. Electronic densities 

Owing to the basic limitation of the population 
analysis in reporting all information into atomic cen- 
tered quantities, we further analysed the field effects 

Fig. 6. Contour maps of the electronic density for the HOMO for: 
(a) E=O and (b) 17=2.056x 10” V/m. The upper and lower 
panels correspond to a cut in the rrc_c and %GN planes 
respectively. 
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Fig. 7. Contour maps of the electronic density for the LUMO for: 
(a) E=O and (b) E=2.056x10Lo V/m. The upper and lower 
panels correspond to a cut in the ~rc_c and ~~~~ planes. 

by probing the spatial distribution of the electron 
density. For the lowest field intensity studied here 
(2.056 x 1 O9 V/m), the deformation of the electron 
density is actually weak. Fields higher than 10” V/ 
m are needed to induce noticeable changes. 

According to the importance of the frontier orbit- 
als for chemical reactivity [ 171 we considered the 
spatial distribution within the highest occupied mo- 
lecular orbital (HOMO) and the lowest unoccupied 
one (LUMO) which have both a xc_c character for 
the zero field value. The contour maps of the HOMO 
and the LUMO, respectively, are reported for the 
highest and the zero-field intensity in figs. 6 and 7 in 

selected K planes. The spatial distribution around the 
C” and N atoms appears to be less sensitive to the 
field than that of the Cb and C(N) atoms. The 
HOMO’s density increases around Cb, decreases 
around C” and N and becomes almost zero around 
C(N), supporting the idea of an increase in the nu- 
cleophilic character of Cb. As expected, the LUMO 
appears more sensitive to the field than the HOMO. 
A strong decrease is observed on Cb together with an 
increase on C(N) and N. 

To complete this discussion, it can be added that 
increasing the electric field favours the interaction 
between the HOMO of a first monomer and the 
LUMO of a second one (interaction occurring dur- 
ing the polymerization) in two ways: first, the energy 
gap between the orbitals decreases from 13.62 eV at 
zero field to 13.43 eV at 2x 10” V/m; second, the 
reorganisation of the LUMO orbital results in a more 
efficient overlap between Cb (HOMO of monomer 
1) and C” (LUMO of monomer 2) leading to an eas- 
ier opening of the CC double bond. 

Contour maps in the plane of the molecule of the 
difference of the total electronic densities at the high- 
est field (2.056 x 1 O’O V/m) and the zero-field inten- 
sities are also reported in fig. 8. We observe an op- 
posite deformation of the electronic density compared 
to those in R planes. The most striking electron trans- 
fer, however, happens for the CH bond trans to the 

Fig. 8. Contour maps of the electronic difference density (from 
zero to 2.056x 1O’O V/m field intensity) for the summation of 
all the Q, in the planes. 
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cyano group, providing a clear indication as to the 
most sensitive position to be substituted for impos- 
ing specific changes to the electronic distribution. 

3.6. Electrostatic potentials 

Our purpose here is to have information on the ex- 

perimental situation where the monomer is a target 
attacked by positively or negatively charged species. 

At the zero-field level, three potential wells are ob- 
served where the approach of a positively charged 
reactant is favored. The first two (fig. 9 ( 1) ) at - 2.9 
kcal/mol are associated with the C-C bond. They lie 
symmetrically in planes parallel to that of the mole- 

3 
g 

: : 
: : 

: : 
: 

---. e_. __*_ ~-_~ _ 

Fig. 9. Contour maps of the electrostatic potential: (a) in the rc, plane, and (b ) in a plane parallel to that of the molecule at a distance 
of 1.65OAforE=O (I), 2.056X lo9 (2), 1.028X IO’O (3) and 2.056X 10LoV/m (4). The interval between the isopotential curves is 2 
kcal/mol from 10 to 0 kcal/mol (dotted lines) and 0.5 kcal/mol (continuous tines), excepted in (4.a) where the negative curves are 
drawn from 0 to - 10 kcal/mol with a step of 1 kcal/mol. 
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cule at a distance of + 1.65 A and correspond to the 
intuitive picture of the charge distribution of a C-C 
bond. The occurrence of a lone pair on the nitrogen 

atom induces a large negative region near the C=N 
bond but without double minima. A deep well lies at 
-56.3 kcal/mol in the plane of the molecule in 
agreement with a previously published work [ 18 1. 

When the field intensity increases, the lone-pair well 
becomes deeper ( - 111.8 kcal/mol at E=2.056 x 
10” V/m) and extends up to covering the entire CN 
bond. At the same time, the two C=C bond wells van- 
ish (this trend is shown in fig. 9 ). It suggests an over- 
all increase of the positive character of the CH2=CH 
region of the molecule where the approach of a neg- 
atively charged reactant is favored, particularly for 
field intensity higher than 1O’O V/m. The reactive 
character of CH*=CH is masked by the local impor- 
tance of the electronic modification around the cy- 
an0 group. 

4. Conclusion 

From the present study one can conclude that the 
application of strong electric fields (up to 2.056 x 10” 
V/m) on the acrylonitrile monomer induces negligi- 
ble geometrical deformations and does not modify 
significantly the dipole moment direction (along the 

CN group ) . 
For intensities up to about 5 x lo9 V/m, the field 

effect on the electronic distribution is small: the C=C 
double bond keeps the polarized character imposed 
by the high permanent dipole moment of the CN 
group in the absence of any applied field. For higher 
intensities, major effects are observed: a considera- 
ble increase of u is reported together with a strong 
polarization of the C-C bond. An opposite behav- 
iour of the rc and o electrons is pointed out, the 7c elec- 
trons following the field while the o electrons tend to 
counterbalance this effect. These opposite behav- 
iours between o and IC electron transfer show how im- 
portant is the o-n separation in conjugated system, 
suggesting that both systems must be analysed sepa- 
rately. Our study also suggests that the position 
“trans” to the cyan0 group is the most sensitive to the 
field. 

So, it appears that the field in the electrochemical 
double layer does not significantly modify the reac- 

tivity of acrylonitrile, if it remains within the most 
commonly assumed values ( x IO9 V/m). By con- 
trast, if electric fields are higher than 5 x lo9 V/m 
there is a net increase in the electrophilic character of 
the CH2 terminal group and the opening of the CC 
bond is favoured through more efficient orbital inter- 
action. Finally, the fact the the position trans to the 
CN group is mostly affected by the electric field gives 
a clue for an efficient of monitoring the electronic 
properties of the monomer in view of designing selec- 
tive polymerization reactions. 
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