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Theoretical study of the interaction between phenyl diacetylenes and
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Abstract

A theoretical thermodynamical study was carried out on the formation of Langmuir—Blodgett films of phenyl diacetylene
carboxylic acid derivatives containing a lateral chain. Two cases were computed: one for the isolated molecule and another one
for the same structure immersed in water with an acid pH. The result of this process shows that the formation of the film under
the latter conditions is favoured by the moiety of the carboxylic group. An analysis of the frontier orbitals and the dipole
moment in both situations is also presented. © 1998 Elsevier Science B.V. All rights reserved
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1. Introduction

Langmuir-Blodgett (LB) films have recently
received attention in the form of functional uitrathin
films. LB films are built up from condensed mono-
layers on a water—air interface by multiple deposition
onto a solid support. The LB technique can provide
organized molecular assemblies with a well-defined
molecular orientation and an ordered layer structure.
The functionality and properties of the organized
monolayer assemblies can be designed from a mole-
cular level by selecting the corresponding monolayer
and building up different monolayers.

The polymerization of diacetylenes was first
studied in the solid state by Wagner [1,2], as well as
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their polymerization mechanism. It was found that the
polymerization is a topochemical reaction and proceeds
by a radical stepwise 1,4-addition to the conjugated
triple bond (Fig. 1) [3]. According to Fig. 1, starting
from suitable substituted diacetylenes (polymers with
double and triple bonds in conjugated chains) [2,4], the
reaction can be activated by a variety of methods, such
as thermal, UV light, or by high-energy radiations
when using carbenes as active intermediates [5].

Tieke and Wegner’s group [6-9] have extensively
studied polymerization in LB films. They have
especially discussed the influence of the chemical
structure on polymerizability, stability of the LB
films, orientation of the molecules and packing of
the long chains.

Photopolymerizations of n-alkyl diacetylenic
carboxylic acids in LB films have been extensively
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Fig. 1. Chemical process for the topochemical formation of polydiacetylenes.

studied over the last decade [10—15]. It has been sug-
gested that the LB films of polydiacetylenes have
great potential for many applications in electronics,
optoelectronics and optics. The polydiacetylenes have
large third-order susceptibilities [16]. The polymer-
ized LB films of CH3(CH,)7C=C-C=CCOOH and
CH3(CH,) ;sC=C-C=C(CH,)§COOH generate the
third harmonic by transmitting Nd:YAG laser light
in a normal direction to the layers [17]. It is well
known that these effects arise from the delocalization
of w-electrons of the polydiacetylene backbone. In
addition to the diacetylene group, the incorporation
of a phenyl ring into the LB films provides a primary
structure for practical applications. However, publica-
tions on mono- and multilayers containing phenyl and
diacetylene simultaneously are very rare [18].

It was shown in a recent publication that a series of
aromatic diacetylenes can be spread at the air—water
interphase and multilayers can be built up by the LB
technique, and subsequently polymerized by exposure
to UV light [19].

However, it is not clear what happen when these
benzoic acid molecules are anchored in an acidic water
surface, what kind of changes occur on the diacetylene
molecule, which region of the same molecule enables
or allows the interaction, and what thermodynamic

effects favour the formation of the film. In order to
find answers for these questions, a theoretical study on
these molecules was carried out and the results are
described in this report.

2. Methodology

The quantum chemical calculations were carried
out using the GAUSSIANg4 program [20] included in
the CERIUS package [21], the initial geometries were
optimized by Universal 1.01 Molecular Mechanics
[22] included in the same software. The calculations
of molecule 1 without interactions with optimization of
geometry were carried out at the HF/3-21G level. The
calculation of the molecular interaction in the presence
of water (2) was carried out with full optimization of
geometry using the Onsanger model [23,24] at the HF/
3-21G level. The solute radius was computed from the
molecular volume of the optimized (gas phase) com-
pound using a Monte-Carlo integration [20].

3. Results and discussion

The model molecule is shown in Fig. 2.
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Fig. 2. Model molecule calculated (molecule 1).

There is a lot of controversy about the role played
by the chain joined at the end of the diacetylenic
monomers [6,13,25]. For this reason we searched for
evidence of this influence in many of the results that
we obtained.

The frontier orbitals (HOMO and LUMO) for 2 are
shown in Fig. 3.

The same wave functions are present for 1. An
important feature observed on these orbitals is that,
as in the case of the HOMO the wave function is
concentrated mainly in the electronic resonance
region, i.e. both triple bonds and some part of the
ring. There is no symmetry for the molecule, so it is

{a)

(b)

not possible to label the orbitals. However, in the
absence of the lateral chains, it could belong to an
a, irreducible representation of a C,, point group.

This orbital should be the one that donates electrons
in an orbital interaction of a reaction, so it could be a
good target for a nucleophilic process which we need
for a polymerization.

The LUMO has no symmetry and is weaker than
the HOMO. It is also concentrated in the electronic
delocalization region, but here the new main feature is
that the carboxylic group has a very important role.
Since the molecule was calculated without dissocia-
tion of the acid group (considering a solution with

Fig. 3. (a) HOMO; (b) LUMO.
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Fig. 4. Electrostatic potential shields for (a) 1 and (b) 2. The black point indicates the highest charge center in each case.

acid pH), this orbital can receive electrons, which is
the kind of interaction that we expect in this process
for the formation of the Langmuir-Blodgett film. In
this way the solvent can polarize as is the case of
water.

The last interpretation is very useful for our calcu-
lations. There is no real chemical interaction in this
process and the shape and nature of the orbital have
not changed on passing from a neutral and isolated
molecule to one immersed in the solvent. Therefore, it
is necessary to analyze other features in order to estab-
lish if the process is favoured.

With this in mind. a thermodynamic analysis was
carried out considering that the formation of the LB
film has the same behavior as that in the formation of a
solution, since the carboxylic group can easily interact
with water. However, the interesting point is that the
chain at the end of the diacetylene group seems to
be hydrophobic and does not play any role in the

formation of the film. Consequently, the solvation
phenomenon should occur only at the carboxylic end.

The total energy of both species was computed and
is shown in Table 1. It can be seen that there is a
difference of AU = -2.0727 kcal mol™'. This result
indicates that the process is thermodynamically
favoured to form the LB film because, in the present
case, there is only one process that can change the
value of the energy and it is the formation of a mix-
ture. Then we can consider that this value corresponds
to the free energy of the mixture.

The dipole moment changes on going from the iso-
late item to the film. The corresponding values are
also shown in Table | and there is a net increase of
1.428 Db. The direction of the corresponding resultant
vector originally has a perpendicular direction to the
axis formed by the diacetylene fragment in the same
plane than the ring, and finally we have a resultant in a
45° angle in the direction of the aromatic ring on the
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Table 1
Total energy/kcal mol ™' w/Db
1 —452921.0562 5.641
-452923.1289 7.070

opposite side to the carboxylic group. This indicates
that the molecule changes to a polarized form with a
net positive density of charge near the hydrogen atoms
of the ring. This effect is a consequence of the
interaction of the carboxylic group with the solvent
surface.

The electrostatic potential maps were computed in
order to probe the last proposition. It is possible to see
a center of charge well defined on the oxygen atom of
the hydroxylic group in molecule 1: this center of
charge is lost in 2. This phenomenon indicates that
the charge density is satisfied by solvation on the
formation of the film (see Fig. 4).

There is experimental evidence about the stability
of the monolayer which increases as the length of the
lateral chain increases; however, some recent results
of our group [19] indicate that it is possible to obtain
stable monolayers in the case of a monomer with a
chain of four carbon atoms like the model compounds
calculated in this paper, However, the process of poly-
merization is poor for this case. Therefore, it seems
that the size of the chain is only relevant for the topo-
chemical polymerization process and not for the for-
mation of the film as was mentioned by Tieke and
Wegner’s group [6]. Our results confirm this interpre-
tation, and allow us to establish that the formation of
the film is a thermodynamic process in which the
chain does not play any role.

4. Conclusions

Langmuir—Blodgett films represent a very impor-
tant topic of research. Theoretical studies contribute
to the understanding of the formation of these chemi-
cal items [26]. In this work we demonstrated that there
is a thermodynamical preference for the formation of
the film when the model molecule interacts with water
at an acid pH. Also we found evidence that the chain
at the end of the diacetylene group is not important for
the formation of the stable layers although it can play
an important role for a further polymerization.
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