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DYNAMIC BEHAVIOUR OF THE LANGMUIR
MONOLAYER AT THE AIR/WATER INTERFACE

Ján Vajda — Martin Weis — Drahoslav Barančok

Július Cirák — Pavol Tomč́ık
∗

The experimental results of the measurements of displacement current generated during stearic acid monolayer com-

pression are analyzed by means of the model based on analogy with non-ideal gas of polar rod-like molecules, assuming

Boltzmann statistics of orientational distribution. The experimental data are compared with our theory and the following

experimental steps as well as further theoretical analysis are suggested.
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1 INTRODUCTION

Over the past ten years the displacement current mea-

suring technique for the dynamical study of monolayers

was developed [1]. With this technique, displacement cur-

rent generated from changes in vertical component of the

dipole moment of monolayer by the increasing of surface

pressure was found to be detected with high sensitivity.

The change of orientational polarization vector can

be expressed as Maxwell’s displacement current through

a short-circuited capacitor being formed by two parallel

plates, one in above the monolayer detached at a certain

spacing, another immersed in water below the monolayer

[2]. During the compression of the monolayer, the external

mechanical force, which drives a movable barrier, results

in the change of surface concentration of the molecules as

well as in the orientational change of the direction of the

molecular electric dipoles.

The theoretical explanation of the behaviour of a sim-
ilar system can be found in [3]. This is based on the well-
known theory of the Debye-Brown rotational motion [4].
In this communication our previous experimental results
are analyzed using an elaborated theoretical model.

2 EXPERIMENTAL

The experimental method consists in detection of a
transient electrical effect arising on two parallel elec-
trodes, between which an organic monomolecular layer
formed of straight-chain hydrocarbons is placed. Stearic
acid (SA) was purchased from Lachema (Brno, Czech
Rep.).

Each substance was dissolved in chloroform (as a
1 mmol/l solution) and added to a surface of bidis-
tilled water (12MΩcm) to form a single monolayer.
The Langmuir trough was supplied from NIMA Tech-
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Fig. 1. Schematic view of the experimental setup for displacement current measurement. Rod-like polar molecules execute precessional

motion at the water surface with maximal tilt angle ΘA (A and µ stands as area per molecule and dipole moment of molecule,

respectively).
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Fig. 2. Comparison of geometrical factor (5) and reciprocal dis-
tance.
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Fig. 3. Two contributions I1 and I2 to the overall current.
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Fig. 4. Comparison of typical experimental results obtained on the
stearic acid monolayer with our calculations.

nology, UK. The total working area of the through was
600 cm2 and the compression rates were varied between
20 and 120 cm2 and which corresponding to about 0.05

to 0.30 Å2/s per molecule.

A schematic diagram of the displacement current ap-
paratus is depicted in Fig. 1. It is a special configuration

designed for the detection of electrical transient processes
in the floating monomolecular layer at the air/water in-
terface. Two plate electrodes form the basis of the set-
up. Upper electrode is electrically shielded, suspended in
air at a spacing about d = 0.5 mm. Bottom electrode
is immersed in water (sub-phase in the Lagmuir trough)
and grounded. Due to dynamic processes in the mono-
layer associated with the change of charge distribution,
the charge Qj induced in the upper electrode varies with
time and this generates a current flowing through a sen-
sitive electrometer (Keithley 617). The detection system
is attached to the computer-controlled Lagmuir trough
being electrically shielded and placed in a dust-free com-
partment on an anti-vibrating stand.

Measurements were carried out at various speeds of
compression. A position of the measured maximal cur-
rent flowing between the electrodes for different rates of
compression is situated at same values of the area per
molecule (Fig. 5a).

3 CALCULATIONS

The model is based on the assumption that each
molecule behaves like a weak dipole moment with a neg-
ative pole bound to the water surface. In [5] it is shown
that for a linear hydrocarbon chain the description of
electric properties using the dipole approximation is suffi-
cient. The influence of the polar water molecules on a final
measured signal was neglected. A basic assumption of the
model is that the individual dipole moments have random
directions within a certain solid angle. The molecules exe-
cute a random precessional motion with a maximal possi-
ble dipole moment tilt ΘA from the vertical axis. The an-

gle ΘA is defined by the relation cosΘA =
√

1−A/Ac ,
where A is the area per molecule and Ac is the critical
area per a molecule lying on the water surface [3]. Gen-
erally, we consider the molecule as a rod-like rigid body
without a possibility of bending.

The statistical mean value of cosΘ, where Θ is the
angle between the vector dipole moment and the vertical
axis, is defined by relation

〈cosΘ〉 = 1

2

∫

cosΘ exp

(

− U

kT

)

dΩ (1)

where dΩ is a solid angle in which the molecule is laying

and the U is the mean value of interaction energy. The
angle Θ varies as Θ ∈ 〈0,ΘA〉 .
The mutual interactions between molecules consists of

two-body dipole-dipole interaction similar to one in the
non-ideal gas theory, eg on the deduction of van der Waals
equation of state. Other potential energy components of
the system (repulsive and dispersive) are expressed by
well-known Buckingham modified potential.

U = C exp

(

− r

r0

)

− B

r6

+
µ′µ′′

4πε0r3
[ν ′ · ν ′′ − 3 (ν ′ · n) (n · ν ′′)] (2)
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Fig. 5. a) Recordings signals obtained at three different rates of compression: (1) 100 cm2/min, (2) 75 cm2/min, (3) 50 cm2 /min.

b) The family of signals from Fig. 5a re-plotted as the dependence I/β versus area per molecule.

where µ′ , µ′′ are dipole moments with the base direction
vectors ν ′ , ν ′′ and vector n connects the polar heads of
a chosen pair of molecules. The intermolecular distance r
is defined as a center-to-center separation of the particles
( |n| = r ) and C , B , r0 are constants. For empirical and
semi-empirical two-body potentials the many-body effect
will implicitly be included by justification of parameters
with experimental obtained data [6]. For the mean value
of interaction energy we can obtain

U = C exp

(

− r

r0

)

− B

r6
− µ′µ′′

4πε0r3
(1− cosΘA) (3)

If we assume
∣

∣U
∣

∣¿ kT , the integral has an analytic so-
lution and we can expand the exponential function in a
series where we take only first two terms into considera-
tion.

If we consider the organic film as a system of electric
dipole moments then it is possible to calculate the in-
duced charge on the upper electrode with the method of
images

Qi = 〈µz〉NG = µ〈cosΘ〉NG (4)

where G is the geometrical factor for the experimental
setup and N is the number of molecules under the elec-
trode. For a circular electrode was found geometrical fac-
tor

G =
8d

3L2
− 4
√
d2 + L2(2d2 − L2)

3d2L2
(5)

where L is the radius of the electrode. The dependence
G on a distance is shown together with a factor 1/d
introduced in [3] on Fig. 2.

The current flowing between the electrodes can be
obtained as a time change of the induced charge

I =
∂Qi

∂t
= GµN

∂〈cosΘ〉
∂t

+Gµ〈cosΘ〉∂N
∂t

= I1 + I2 .

(6)
The two contributions to the overall current can be con-
sequently represented in Fig. 3.

4 DISCUSSION

Let us turn our attention on basic equation which was
introduced in [2]

I =
µz

d

∂N

∂t
+
N

d

∂µz

∂t
+ C

∂Φs

∂t
(7)

where C is the capacitance between upper electrode and
water surface and Φs is the surface potential of water.
The third component was taken as zero because the sur-
face potential of water may be consider constant during
the experiment. Our expression (6) closely corresponds to
(7), the individual terms being expressed in more details.

A comparison of typical measured data obtained on
mono-layers formed with stearic acid molecules with our
theoretical model is shown in Fig. 4.

Measurements recorded at various rates of compres-
sion are presented in Fig. 5a. The calculation predicts a
position stability of the measured maximum in the de-
pendence of I on the area per molecule A for various
rates of compression β and a ratio

I1
β1

=
I2
β2

= · · ·

is conserved. This theoretical prediction was fully con-
firmed by the experiment (Fig. 5b).

4 CONCLUSIONS

We rather successfully explained the experimental
data by analyzing the model, based on the analogy with
a non-ideal gas. This approximation can be justified for
the assembly with weak intermolecular forces even though
the concentration of particles is higher then in a real gas.

The concentration gradient generated during compres-
sion is not included in this model. Therefore, it was not
possible to calculate relaxation effects in the ordering af-
ter stopping the compression.
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The difference between the calculations and the ex-
periment for larger intermolecular distances is probably
caused by an omission of the interaction between the
monolayer and the sub-phase (water in our case) and the
contribution of the sub-phase to the total dipole moment.
The formula used for Buckingham potential is also not ab-
solutely correct when the tilt angle of any dipole deviates
significantly from zero.

In future, we intend to utilize a method based on the
cluster interaction potential and the equation of state.
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Drahoslav Barančok (Prof, Ing, CSc), born in Jase-
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International Conference
on Microwaves Radar and
Wireless Communications
Poland, Warszawa, May 17-19 2004

The 15-th International Conference on
Microwaves, Radar and Wireless Communi-

cations MIKON-2004 will be held in War-

szawa on 17-19 May as a part of Microwave

and Radar Week in Poland, which is the
largest event in middle Europe dedicated

to a broad range of microwave theory and
techniques concerning many aspects of radar

technology and microwave & optical com-
munications system.

A complete manuscript in English de-

scribing new work in the areas of Confer-

ence Topics should be prepared in the MS
Word 2000 or pdf format and submitted by

mailed to: godlewska@pit.edu.pl by Decem-
ber 15, 2003. Full text of the paper should

occupy no more than four (but no less than

three) A4 pages including figures, tables and
references.

All contributions presented in oral and

poster sessions will be published in the Con-

ference Proceedings and CD. Selected pa-
pers (particularly by young authors) will
also be published after the conference in the
Journal of Telecommunications and Infor-

mation Technology.

Conference topics

• Antenna Design, Modelling and Mea-

surement

• Active Devices and Components

• Passive Devices and Components

• Microwave and Optical Integrated Cir-

cuits

• Millimetre and Sub-millimetre Technol-
ogy

• Photonics, Microwave - Light Wave In-

teraction

• RF, VHF and UHF Technology

• Magnetic & Acoustic Wave Devices

• CAD Techniques, Modelling and Simu-

lation

• Microwave Measurements

• Industrial, Environmental and Medical
Applications

• Microwave and Optical Communication

Systems

• Wireless and Personal Communications

• Radar Technology

• Radar Polarimetry and Signatures

• Sensors, Detectors and Vehicular Radars

• Electromagnetic Compatibility

• Teaching Microwaves

The young scientist competition will be

organized at MIKON Conference. The pa-

pers approved for presentation during Con-
ference, and entering the competition, are to

be evaluated for content, presentation man-
ner and visual aspects. Three best works are

to be awarded by the Polish IEEE Chap-

ters. Eligible candidates ie, students, PhD
students or young engineers, under 35 years

of age, must be the main authors and they
must present their original works, at oral or
poster Conference sessions. In the case of a

paper co-authored by an advisor, the latter

should sign the declaration - to be attached

to the submission - that the work is primar-

ily the one of the candidate.
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