COMPUTERIZED SYSTEM FOR INVESTIGATION OF ORGANIC
MONOLAYERS AT THE AIR-WATER INTERFACE AND
FOR DEPOSITION OF NANO THIN LAYERS FOLOWING
THE LANGMUIR AND BLODGETT METHOD
George R. Ivanov, Zorica Polevska
Resume: Our next 5th generation Langmuir-Blodgett (LB) organized organic film research and deposition system
is under development. It has several world innovations mainly: high mechanical impedance translational module based
on bidirectional screw drive and plastic bearings; replacement of the dedicated and expensive microprocessor controller
with analogue-to-digital converter board and operation in Windows environment. The system is fully computerized
and the software is written in LabView programming environment. The LB method is the key technology in the high
priority area of organic nanotechnologies and the best method for supramolecular architecture. This sophisticated
instrument combines precision mechanics and motion control, precision sensors and complicated computer control.
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1. Introduction
Probably the best method for the creation of
supramolecular architectures in a well controlled
manner is the method of Langmuir and Blodgett.
The method was recognized with a Nobel Prize to
their authors in the thirties of the last century but
the interest in it has grown significantly starting
from the eighties. This can be seen from exponential growth in publications and from international
conferences named after the method. This increase
in interest in the method can be attributed in part
to the fact that optoelectronics and molecular
electronics have become areas at the frontier of
material science. In both cases there are limitation
to what inorganic materials can provide and hence
ordered organic materials become of increasing importance. Another major area where LB films have
promising applications is the area of chemical and
biological sensors and this is the focus in our group
with 3 new effects discovered in LB monolayers
from fluorescently labelled phospholipids [1, 2, 3].
Twenty years ago our company Advanced Technologies Ltd. has succeeded in entering the Japanese
market with several successful sales of LB film
equipment and surface pressure sensors, which are
part of the system. However the instrument was
very complicated and difficult to manufacture and
we could not keep up with the demand. So now
we aim to simplify the design by using made-toorder or off-the-shelf components, use advances in
precision mechanics and electronics, develop the
software under LabView (which increases productivity in software development tenfold). Another
motivation to start this difficult and lengthy process
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of instrument development is the lack of funding
to purchase a commercial instrument with prices
in the 20 000 € ex-works range. The instrument is
in its final stages of development and test. Here
we describe its concept and some preliminary data
from its tests.

2. The Langmuir-Blodgett method and
its advantages
There are some excellent books and reviews
about the LB method [4]. The LB instrument and
method is illustrated in fig. 1. A trough, usually
manufactured from well cleanable and inert material Teflon® (polytetrafluorethylene) is filled
with ultra-pure water. The organic substance to
be investigated and deposited is spread from a
solution. Molecules of the substance should be
with the proper hydrophilic–hydrophobic balance
so they remain at the air-water interface and do
not penetrate the water. These molecules consist
of a hydrophilic head group, which is attracted to
the water and a hydrophobic tail (most often – hydrocarbon groups) which is repelled by the water.
Some time (typically 15 minutes) is allowed for
the solvent to evaporate until something like a 2D
gas of the investigated molecules remains at the
air-water interface. This is called Langmuir film.
After this a compression of the organic monolayer
with a barrier is started.
The surface pressure is constantly measured
by a surface tensiometer (not shown on fig. 1). A
surface pressure – mean area per molecule isotherm can be measured. Additionally, the trough
can be integrated with another instrument, e.g.

Fig. 1. The Langmuir and Blodgett method
for investigation of organic monolayers
at the air-water interface (Langmuir films)
and for thin film deposition.

fluorescence microscope and additional data can
be gathered. At any point the compression of the
monolayer can be stopped, the regime of constant
surface pressure maintenance can be switched on,
and a deposition on a solid substrate can be started.
If we have a hydrophilic substrate which attracts
the molecules’ heads and it is immersed in the
water before the monolayer spread then on the first
movement up the first monolayer is deposited. Now
the substrate becomes hydrophobic because the
hydrophobic molecular tails are on the surface and
on a downward movement of the substrate a second layer is deposited. Again the substrate surface
becomes hydrophilic and on a subsequent movement upwards a 3rd layer is deposited. The layer
by layer deposition can continue. This deposition
method has the following advantages compared to
alternative methods of thin film deposition like spin
coating, vacuum evaporation and self-assembling:
• This is a discreet method of deposition, a
complete layer after complete layer are deposited.
This gives the possibility for a very precise control
of the film thickness to 0.1 nm accuracy.
• The molecules are well oriented. This is very
important for some applications, e.g. nonlinear
optics and biosensors.
• The molecules are prearranged on the water
surface before the deposition process. Thus the
surface density of defects is much smaller.
• This is the most suitable method for supra-mo-

Fig. 2. Block diagram of our Langmuir-Blodgett organized organic film research and deposition instrument.
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Fig. 3.Photograph of our Langmuir-Blodgett organized organic film research and deposition instrument.
The vertical module is on the right hand side and further to the right is the myDAQ data acquisition board.
Horizontal module (at the back) drives 2 barriers. LVDT based surface pressure sensor is at the center
of the Teflon® trough behind the small dipping well for LB film deposition.

lecular architecture. Different layers can be from
different molecules. Inside the layer mixture of
different molecules can be used. Orientation can
be varied. There is a possibility for interface reactions (e.g. CdSe nanoparticles incorporated in
the lipid matrix can be prepared in this way). Also
absorption from the water subphase of e.g. proteins
is possible.

3. The design and testing of our system
for LB film research and deposition
Block diagram of our LB film research and
deposition is shown on fig. 2. A photograph of the
system is shown on fig. 3. The trough is machined
from one piece of Teflon® in order to eliminate
contamination from seals if gluing of the dipping
well is used. The shape of the trough is almost
square (600 cm2) to minimize the shear stress on
the monolayer when it is dragged against the side
walls during compression. In some experiments a
more elongated design is useful. This can be easily incorporated if needed in the present design.
Troughs and the barriers can be easily lifted and
carried away for cleaning. This open and modular
design holds significant advantages and allows
future upgrades or modifications.
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Critical and most important part of an LB film
system is its surface pressure sensor. We use the
typical approach of the Wilhelmy plate method for
measurement of surface pressure with its principle
of operation illustrated on fig. 4. Horizontal surface tension force is translated into vertical force
which is proportional to the perimeter of the plate
and the contact angle. We use filter paper as the
plate material which gives zero contact angle and
smaller errors in measurement.

Fig. 4. Wilhelmy plate method for measurement
of surface pressure

There are different methods for measuring the
force. Sometimes a feed-back mechanism is used
in order to keep the plate in constant

Fig. 5. Our surface pressure sensor

position, thus eliminating errors from the Archimedes (upward buoyant) force. However this
design is expensive and prone to instability errors
due to changes of the visco-elastic properties of the
Langmuir film. Instead we use the classic approach
of Wilhelmy plate attached to flat leaf spring which
transforms the measurement of force into measurement of position (fig. 5). Archimedes force error
is minimized by using less than 0.2 mm travel for
the full scale of the sensor and by using very thin
filter paper with minimum displaced water. For
the positioning of the filter paper plate as regards
the water surface the entire sensor is attached to a
manual rack-and-pinion vertical translation module with 40 mm of travel (Edmund Optics). For
precision measurement of position we use Linear
Variable Differential Transformer (LVDT) contactless transducer type DC-EC 050 (Measurement
Specialties, Inc., USA) with ±1.27 mm travel and
maximum nonlinearity ±0.25%. The transducer
has built-in electronics which outputs ±10 V full
range. The power supply for the transducer is a
linear transformer type with ±5 mV ripple at ±15 V
supply. For the digitalization of the analogue output
from the transducer we use myDAQ Student Data
Acquisition Device (National Instruments, USA)
with excellent parameters for its price (differential
input ADC with 16 bit resolution; ±10 V and ±2
V ranges; maximum sampling rate of 200 kS/s).
This board is integrated with LabVIEW (National Instruments, USA, version 2016) - a systems
engineering software for applications that require
test, measurement, and control with rapid access to
hardware and data insights. We used LabVIEW to
develop a special software program for testing of
our surface pressure sensor. The program allows
data acquisition at variable sampling rate, a lowpass filter followed by a smoothing filter, sample

compression with averaging to minimize recorded
data. In real time are visualized raw data, filtered
data and are measured their DC, RMS and peakto-peak values. Data from the measurement are
output in columns with format: time, raw data,
filtered data and are visualized here using Microsoft Excel. Initial results of noise measurements for
filter paper immersed in the water are presented on
fig. 6. It can be seen that for an average value of
around 0.588 V the peak-to-peak noise is around
10 mV. These results were obtained using the
±2 V range of the ADC, 5 Hz low-pass Butterworth
2nd order filter and exponential averaging with
0.2 s time constant. We are working for further
improvement of these results.

Fig. 6. Noise in our surface pressure sensor.

It should be noted that we are testing also another type of transducer with much better S/N ratio
and lower cost to replace the LVDT. This is a world
novelty and we are limited to disclose information
now due to possible infringement of our intellectual
property rights.
Another major component of the system is the
horizontal translation module which moves the
barriers to compress the film. We use symmetrical
barrier compression with 2 barriers to minimize the
drag on the Langmuir film and increase the accuracy of surface pressure measurement (when the
film becomes rigid it can tilt the filter paper from
its vertical position if only one barrier is used). This
module consists of a linear stage, a motor drive
and precision position measurement. Typically for
the linear stage a belt-drive mechanism coupled
to linear guide rail is used and the 2 barriers are
attached to the different parts of the belt. We also
used this approach in past which offers lower cost.
But it requires precision in house manufacturing
and has low mechanical rigidity in case of reverse
movement. So we choose to use tailor made to
our specifications bidirectional screw drive and
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guide rail with plastic bearings (Igus, Germany).
Trapezoidal screw is used with a stroke 2 x 160
mm. Plastic bearings eliminate the need for grease
and ensure smooth, quiet operation. The overall
backlash per carriage (no preload) is negligible
and less than 0.1 mm. Additional advantage is
that there were ready made mountings for motors
to the linear stage.
Another important step is the selection of the
type of motor and position measurement. Twenty
years ago we used DC motor with gearbox and
built-in tachometer, linear stage to drive it and
digital n-coder attached to the belt stage. Thus
we were able to achieve very smooth motion and
velocity dynamic range in excess of 1:10 000.
We considered this option. However we were
convinced that present day micro-step controllers
for the stepper motors can provide very smooth
operation. Additional advantages of coupling a
stepper to a small pitch screw is that there was
no need of a gearbox and associated back-lash
and cost problems. And, the faces of the steppers
are standardized for attachment which allows to
use a completely ready-made horizontal module.
We choose a NEMA17 STM17Q-3AE 0.48 N-m
stepper motor with integrated encoder (Applied
Motion, USA) and with integrated 2 A drive. The
intelligent drive can provide up to 56 000 microsteps, sophisticated current control, anti-resonance,
torque ripple smoothing, microstep emulation and
RS-232 port for programming and communications. It uses a specially developed (SCL) language
for programming and a software tool to easily configure it. We developed under LabVIEW a software
module to test and control the motor and its front
panel is shown on fig. 7. Results show that even
at slowest required speeds the operation is very
smooth with no feeling of the microsteps or any
generated vibrations. Additionally we found out
that at these small loads that we have the position
results from the 1024 pulse n-coder coincide with
the number of microsteps. So in the future we can
eliminate the n-coder.
For the vertical translation module which moves
the substrate up and down we use another made-toorder 80 mm stroke module from Igus (Germany)
with plastic bearings and completely integrated
stepper motor which drives directly the screw. The
motor is controlled by a separate DSP based microstep controller over another RS232 serial port.
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Fig. 7. Front panel of the software developed under
LabVIEW to test the LB system and the horizontal
translation module more specifically.

4. Conclusion
This work is the next – 5th step in our efforts to
develop a precision LB film system with the best
price/performance ratio in the world. The first
instruments was developed in 1988 – 1990 for the
Institute of Solid State Physics, BAS; the 2nd one
was sold to Plovdiv University; the 3rd one was
sold to Sofia University; with the 4th generation we
entered the international market with sales to Japan
and Korea. We not only designed and manufactured
these instruments but also actively researched them
by measuring motor generated vibrations, unevenness of barrier motion, performance of the surface
pressure sensor, etc. which resulted in a Bulgarian
patent, several quality papers [5, 6] and oral report
on the largest international conference (LB5, Paris,
1991). The presented here design includes several
world innovations e.g. the use of bidirectional
screw drive for the horizontal translational motion,
elimination of expensive microprocessor controllers. It is open for further innovations like joystick
manual control. The most important feature of the
current design is that it can be easily reproduced
with no precision in-house mechanical work needed and no electronic hardware manufacture. The

developed under LabVIEW software allows easy
upgrade and is customer modifiable – a strong
advantage to our competitors.
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