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COMMUNICATIONS

ORGANIC MONOMOLECULAR LAYERS

AND ORDERED MOLECULAR SYSTEMS

Július Cirák — Drahoslav Barančok —

Pavol Tomč́ık — Ivan Červeň
∗

Monomolecular assemblies on substrates, now termed Langmuir-Blodgett (LB) films, exhibit many interesting properties
and can perform functions which give them perspectives to impact advanced technologies in an important way. In this article
we review our recent research efforts aimed at the fabrication of such organic molecular systems, the study of electrical
transport and optical properties, and applications in LEDs and electrochemical microsensors.

K e y w o r d s: Monomolecular Langmuir-Blodgett (LB) films, transport and optical properties, electrochemical microsen-
sors.

1 INTRODUCTION

Information processing technology currently uses in-
organic semiconductor structures. Information is repre-
sented by charges and currents in the components. Such
components are fabricated in an essentially planar array
on the surface of silicon or gallium arsenide, and have
been made progressively smaller, primarily by advances
in lithography. However, the cost of each successive re-
duction now increases so much that a practical limit may
be approaching. In addition, there are severe physical lim-
its which hinder further progress in miniaturisation. An
alternative approach is to start with molecules as basic
building blocks, and to assemble the molecules together
in a controlled manner so as to create a structure with
designed electronic function.

This paper describes a design of systems assembled by
the Langmuir-Blodgett (LB) technique. In these struc-
tures information processing then consists of the con-
trol of charge motion in the z direction between adjacent
molecular layers. Such a hybrid structure takes advantage
of the molecular size in one direction.

The capability of LB technique will be briefly de-
scribed together with characterization of a molecular as-
sembly in two dimensions at the molecular level, as de-
tected by Maxwell’s displacement current method. More
direct applications of molecular organic layers in elec-
tronic, optoelectronic systems and electrochemical de-
vices are presented.

2 LANGMUIR MONOLAYERS

FORMED ON A WATER SURFACE

The origin of the present interest in LB films can be
traced back from the early 60s, to the works of H. Kuhn

[1] who recognised the utility of LB technique as a tool
to assemble molecules in a systematic and well-defined
manner. The LB technology is based on two successive
steps: formation of an organic monomolecular layer of am-
phiphilic molecules on the surface of water, and transfer
of the monolayer onto the solid substrate by its traversal
through the air/water interface. The monolayer is literally
a two-dimensional system built of ordered molecules. Dur-
ing the lateral compression the monolayer undergoes a
number of phase transformations (Fig. 1a). The preferen-
tial orientation of the molecules with a permanent electric
dipole results in spontaneous polarisation in the mono-
layer. The conformational and/or orientational changes
of the monolayer constituting molecules induced by ex-
ternal stimuli (illumination, chemical reactions, surface
pressure) can be monitored by measuring Maxwell’s dis-
placement current (Fig. 1b).

3 LANGMUIR–BLODGETT

FILMS ON SOLID SURFACES

In the condensed state a monolayer can conveniently
be transferred from the water surface onto the solid sub-
strate by its dipping and raising through the monolayer
[3]. LB film deposited on glass or a metal substrate can
serve for the study of the intrinsic properties of a molec-
ular material itself. Mechanical and thermal stability of
diacetylene amphiphiles formed on a glass substrate was
studied before and after polymerization [4]. Structure and
electrical properties of a novel form of carbon - fullerene,
deposited together with fatty acid molecules, were inves-
tigated [5]. The insulating LB films on semiconducting
substrates Si or GaAs, create a basis of the MIS structure.
Systematic research was directed towards such structures
because of possible practical applications of MIS FETs
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Fig. 1. a - Surface pressure vs. area per one molecule (π -A isotherm) of the stearic acid (SA) monolayer on the water surface b -
Recordings of the displacement current measurements made simultaneously with the π -A isotherm at various compression rates: (1) 50,

(2) 70, (3) 100 cm2 /min.

with incorporated central LB layers. In our laboratory
deep level transient spectroscopy (DLTS) was exploited
to study the structure metal/Cu-phthalocyanine/silicon.
The analysis of DLTS responses showed properties of
LB/Si interface, namely revealed a U - shaped spectrum
of the interface states which are introduced by individual
operations used during the LB deposition [6 - 9].

4 LB FILM AS A SURFACE MODIFIER

Chemical modification of the electrode surface is a ma-
jor area of current research in electrochemistry featuring
a wide spectrum of promising applications in the field
of electrocatalysis, medical chemistry and molecular elec-
tronics. Polymers and smectite clays can function as thin

coatings for modifying the electrochemical properties of
the electrode surface. We exploited the LB technique for
the formation of modifying coating on carbon microelec-
trodes (Φ = 7 mm). The behaviour of both untreated
and coated electrodes was tested by originally developed
double-step voltcoulometry [10]. The dependence of the

charge response on the concentration of Cu2+ dissolved
in water was investigated.

The effect of 20 LB layers of polythiophene deposited
on the carbon microelectrode is illustrated in Fig. 2 by the
family of charge responses recorded for various concentra-
tions of Cu ions. The enhanced sensitivity of the coated
electrodes (6, 10, 20 monolayers added onto the surface)
as compared with the uncoated ones is clearly demon-
strated by the calibration curves (Fig. 3) in the concen-

tration range between 20 and 100 ng/ml of Cu2+ . A sim-
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Fig. 2. Voltcoulometric spectra for various Cu 2+ concentrations
using the working electrode coated with 20 LB layers of polythio-
phene (the numbers correspond to respective ion concentrations in

ng/ml).
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Fig. 3. Effect of the thickness of electrode coating on the calibration
curves: circles - bare electrode, squares - 6 LB layers of polythio-
phene, triangles - 10 layers, crosses - 20 layers. The straight lines
are added as a guide for eye so as to visualise the effect of deposited

monolayers.
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ilar effect of the enhanced sensitivity has been found with
a clay modifier. Moreover, in this case also the memory
effect was observed, which provides promising objectives
for the development of a portable instrument for contin-
uous monitoring and storage of data on the analysis of
metal ion content in various aqueous solutions (drinks,
beverages, waste water, medical liquids, etc.)

5 ELECTROLUMINESCENCE

FROM LB STRUCTURE

Electroluminescence (EL) generated in conjugate poly-
mers is a phenomenon which has been intensively studied
and mostly focused on the preparation of new synthetic
materials suitable for fabrication of light-emitting diodes
(LEDs) with improved emission characteristics and longer
lifetimes. In this context, the method used for the fabri-
cation of the active polymeric layer of the LED has a
relevant role in determining the device performance. One
of the advantages of the LB technique, besides the control
of the thickness at the molecular level, is the orientation
reached for polyconjugated stiff macromolecules along the
dipping direction when transferring from the water sur-
face.

Poly(3-alkylthiophenes) were among the first active
materials used in polymeric LEDs as spin cast films. Since
this molecule has no hydrophilic group which would an-
chor it to the surface of the subphase, the conformation of
the polythiophene backbone was considered to be three-
dimensionally random. Therefore, we submitted a new
type of an amhiphilic thiophene [11] with increased polar-
ity due to the presence of oxygen atoms in the sidechains.
These molecules form an ordered monomolecular layer at
the air/water interface and can be deposited onto a solid
substrate.
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Fig. 4. Polarised electroluminescence spectra from the ITO/poly-
thiophene/Al diode. The thick line shows parallel emission and the

thin line shows perpendular emission at 4.3 V, 1.0 mA/cm 2 .

The electroluminescence spectrum of the ITO/poly-
thiophene/Al diode is shown in Fig. 4 for two polarization
angles [12]. It is clearly seen that the emitted light is po-
larized and that the perpendicular emission is shifted to

higher energy with respect to the parallel emission. This
is an indication that the high conjugation length segments
are preferentially oriented parallel to the dipping direc-
tion. It is also worthwhile to note that depending on the
applied field, the EL peak is centered at various ener-
gies. This also gives evidence of the conjugation length
distribution in the sample, although Joule heating giving
rise to thermochromism may also contribute to the shift.
Work is in progress to prepare multilayer active films with
different polymers having different band gaps for multi-
colour emission.

6 CONCLUSIONS

When defining the role of LB layers in materials sci-
ence in the new decade and beyond, not only should po-
tential applications be considered but first of all the un-
derstanding of the molecular assembly in two dimensions
at the molecular level is the basis in the technique of
materials. More than to anything else, interest is given to
systems composed of several types of molecules where the
molecular interactions play a key role in determining the
resultant system properties. But the interactions depend
on the way how the molecules are spontaneously organ-
ised in the system - depend on self-organisation. From
this point of view LB films can be regarded as an ideal
technological tool for modelling basic physical processes
in the system with molecular organisation and this im-
pact of the research should be understood and put for-
ward in any concept. More direct goals of the research
of organic molecular systems are emerging in these areas:
- Nonlinear optic systems (the use of spontaneous ori-
entation of molecules in the layers, molecular-level con-
trol on film thickness, generation of higher harmonics).
- Development of novel materials for the control of fric-
tion and wear (tribology). - Development of electrochem-
ical microsensors (the use of selective reactions of organic
molecules in the ordered systems, biomimetic structures).
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