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Abstract: In this work, the study of copolymer acrylic films was carried out on a laser photoelectric ellipsometer LEF-ZM-1. In
this work, we consider a chemical sensor based on an integrated optical sensing element, propose structural schemes of IOCS, as
well as conduct studies on a simulation model and assess the potential for detecting changes in the concentration of various
substances. For this, in the course of the work, we studied the change in the refractive indices of polymer films with a Navbahor
bentonite content of 5 wt.%, Depending on the time of their swelling in aqueous solutions containing Cr ions. The most important
characteristics for acrylic copolymers are mechanical strength and sorption, since it is the values of these parameters that impose
significant restrictions on the field of their application. Therefore, in this article, in addition to ellipsometry, the effect of the
initiator concentration on the absorption properties of polymer composites and the influence of the synthesis temperature on the
absorption properties of copolymer composites containing Navbahor bentonite are also studied. During the study, it was clarified
that acrylic mineral-containing composites obtained at 42°C have the maximum sorption ability.
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1. Introduction
Current trends in the development of thin-film technologies
and the semiconductor industry inevitably lead to a decrease in
the characteristic dimensions of the created structures [1-4].
This places high demands on analytical tools for controlling
the parameters of layered structures during their production:
composition of layers, crystalline perfection of materials, and
primarily their geometric characteristics - layer thicknesses.
There is an extensive arsenal of methods for such control:
Auger spectroscopy, diffraction of slow and fast electrons, Xray photoelectron spectroscopy, atomic force microscopy, and
others. A special place in this series is ellipsometry [5-7]. This
is an optical method based on an analysis of the polarization
state of light reflected from a sample. It is used to study the
physicochemical properties of a surface, its morphology, to
measure the thickness of multilayer structures and characterize
the optical properties of thin films. A number of significant
advantages of this method make it extremely attractive.
Ellipsometry has a number of invaluable advantages over
many research methods, concerning not only its sensitivity,

but also the range of materials covered by this method, and
the ease of preparing samples for research. The experimenter
is presented with the possibility of continuous observation of
physical or chemical processes on the surface, the possibility
of repeated experience on the same sample [8-12].
The unique features of ellipsometry, according to the literature,
are not fully used. Ellipsometry applications are not exhausted,
many new experiments can be put in the form of our work.

2. Materials and Research Methods
For the synthesis of acrylic copolymers the following are
used starting material:
1. Styrene;
2. Acrylamide;
3. Hydroxide;
4. N, N' - methylene bis acrylamide;
5. Tetramethylethylenediamine;
6. Ammonium persulfate (PSA)
7. Dinitrile azobisisobutyric acid (DAC).
Styrene should be purified from the inhibitor. For this
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distillation is used at +38  ־+43°C and a pressure of 8-12
mmHg. art. water jet pump.
N, N' - methylene bis acrylamide is purified using
recrystallization of ethyl alcohol. Hot saturated at 40°Ca
solution of 1 g of N, N' - methylene bis acrylamide is
dissolved in 5 ml of ethyl alcohol and filtered on a funnel for
hot filtering. Precipitate white flake crystals are dried by
vacuum drying or in thermostat. The dried crystals are stored
either in a bux or in a desiccator. Since the purity of PSA has
an impact on the physico-mechanical and sorption properties
will also require recrystallization of the PSA. Poly (styreneco-acrylamide) and polystyrene polymers were synthesized
by boiling temperature soap free emulsion polymerization in
aqueous medium with ammonium persulfate as the initiator.
To a mixture of styrene and acrylamide in 1: 1 ratio, the cross
linker (N, N-methylene-bis-acrylamide) and initiator
(ammonium persulfate) were added and the mixture was
heated at 70°C in an electric oven for 1hr. The co-polymeric
material so formed was washed with distilled water and cut
into small uniform pieces. The resulting polymers were
dissolved in dimethylformamide and teterahydrofuran (DMF:
THF) (4: 1) to form polymer [13-17].
Bentonites were used as fillers. Bentonite was provided by
the Navbahor Deposit of the Republic of Uzbekistan. One of
the most important deposits of bentonite clays in Uzbekistan is
considered to be the Navbahor Deposit in Navoi region.
Unfortunately, the thickening, colloidal-chemical and sorption
properties of clays of this Deposit have not been studied yet.
The most attractive sorbents from waste vegetable raw
materials. Practically unlimited reserves of these materials, their
cheapness, simple production technology, environmental safety of
the processes of processing used sorbents, as well as fairly high
adsorption, ion exchange and filtration properties of sorbents
stimulate research aimed at obtaining new adsorption-active
materials from plant raw materials. For this purpose, mechanical
and chemical modification of natural bentonite with styrene
acrylamide copolymers was carried out. The dependences of the
amount of grafted copolymer on the monomer content in the
system and the duration of the process are investigated.
Modification of minerals was performed depending on the
duration of the process, the ratio of components. The amount of
polymer grafting ranged from 3.5 to 6.2%.
We have studied the possibility of replacing imported
water-absorbing sorbents of domestic production based on
alkaline bentonite of the Navbahor Deposit and styreneacrylamide copolymers [18-20].
The ellipsometry method is based on the fact that by
analyzing the characteristics of elliptical polarization, one
can obtain information on the optical constants of reflecting
(refractive) materials, surface layers and films [21].
The first step is to determine the parameters of the
polarization ellipse ∆ and ψ. Elliptical polarization analysis is
performed using ellipsometers. Schematically (Figure 1), the
ellipsometer is a two-arm optical device in which the light of
the source S, passing through the monochromatic filter F and
the collimator C, is linearly polarized by the prism P,
reflected from the sample M passes through the analyzer A

(which is a linearly polarizing device similar to P) and is
recorded either visually or photoelectrically (D). A
compensator K is installed between the polarizer P and
analyzer A, which changes the phase shift between the p and
s components accordingly [22].

Figure 1. Layout of the elements of the ellipsometer when working in
reflected light.

The orientation of the elements P, K, A is set using the
azimuth, which, by definition, is equal to the angle between
the plane of incidence and the characteristic direction of this
element, counted counterclockwise by the observer looking
towards the beam; for R and A, the directions of transmission
serve as such directions; for the compensator of Senarmon,
the F-direction. All polarizing elements are mounted in
graduated frames for measuring azimuths [4, 23, 24].
The compensator can be installed both before and after the
sample. In schemes with manual control or with servo drives,
measurements of the parameters of the polarization ellipse
are carried out by rotating two of the three polarizing
elements with a fixed third element.
In this work, the study of copolymer acrylic films was
carried out on a laser photoelectric ellipsometer LEF-ZM-1.
As mentioned above, one of the promising types of
chemical sensors is integrated optical chemical sensors.

3. Results and Discussions
3.1. Effect of Synthesis Temperature on Absorption
Properties Copolymer Composites Containing
Navbahor Bentonite
Particular attention is paid to crosslinked acrylic
polyelectrolytes, which are also called super moisture
absorbents or hydrogels. The main characteristics of acrylic
hydrogels necessary for practical use are a high degree of
swelling and acceptable physical and mechanical properties.
As can be seen from the figure, the dependence of the
equilibrium degree of swelling based on bentonite (Navbahor
deposit) containing styrene-acrylic copolymer of composites
on the experimental temperature is extreme. Samples
obtained at a temperature of 30°C have a minimum degree of
swelling. A decrease in sorption characteristics with a
decrease in the synthesis temperature is explained by the fact
that the limiting degree of monomer conversion decreases.
Acrylic mineral-containing composites obtained at 42°C
possess the maximum sorption ability. With increasing
polymerization temperature higher than 60°C, the degree of
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swelling of acrylic copolymers decreases, which can be
explained by the formation of more defective structure of the
polymer network [25].

Figure 2. The dependence of the equilibrium degree of swelling of the
polymer composition with a mass fraction of bentonite 30 wt.% from the
synthesis temperature.

3.2. Effect of Initiator Concentration on Absorption
Properties Polymer Composites
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copolymers in aqueous electrolyte solutions, most often, two
modes of interaction of a hydrogel with polyvalent metal ions
are considered in the case when the latter form waterinsoluble compounds with reactive network groups:
- if the polymer concentration in the hydrogel-solution
system is greater than the salt concentration, then the
hydrogel absorbs predominantly pure water, increasing the
salt concentration in the environment;
- if the polymer concentration is significantly lower than
the salt concentration, then the hydrogel acts as an ionexchange sorbent.
In order to study both modes in this work, we studied the
effect of an aqueous solution of chromium chloride, taken in
a concentration range of 10–5–10–2 mol/L, on the absorption
properties of synthesized composite bentonite-containing
materials.
The study of the surface of polymer - bentonite composites
with different proportions of bentonite in the composition of
the polymer composition was performed on a Phillips XL 30
transmission electron microscope and the obtained
micrographs are presented in Figure 4.

The most important characteristics for acrylic copolymers
are mechanical strength and sorption, since it is the values of
these parameters that impose significant restrictions on the
field of their application.
The figure shows a graph characterizing the sorption
capabilities of bentonite (Navbahor deposit) -containing styreneacrylic copolymer compositions when they swell in distilled
water at a temperature of 30°C depending on the concentration
of the initiator - DAC (dinitrile azobisisobutyric acid).
a)

b)
Figure 3. The dependence of the equilibrium degree of swelling of acrylic
a polymer composition with a mass fraction of bentonite of 30 wt.% from the
concentration of initiator.

As can be seen from Figure 3, an increase in the initiator
concentration of more than 0.5 wt.% Leads to a decrease in
the equilibrium degree of swelling by more than 2 times.
This can be explained by the fact that the formation of a
copolymer with a reduced molecular weight between the
crosslinking sites [26].
3.3. Study of the Surface of Copolymer-Bentonite
Composites with an Electron Microscope
When studying the behavior of ionogenic crosslinked

c)
Figure 4. Photos of the surface of composites based on acrylic copolymer
and bentonite: a) unfilled copolymer; b) a composite with a concentration of
bentonite of 10 wt.%; c) a composite with a concentration of bentonite of 40
wt.%.
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As can be seen from Figure 4, when nanoparticles are
introduced during the synthesis, a partially ordered structure
such as a house of cards is obtained, which was also observed
in [27] when studying the polymerization of acrylamide with
bentonite in an aqueous medium at a synthesis temperature of
40°C during the day.
3.4. Ellipsometry Study of Swelling of Styrene-acrylic
Bentonite-containing Films
In this paper, we consider a chemical sensor based on an
integrated optical sensing element, propose IOCS structural
schemes, conduct studies on a simulation model and assess
the potential for detecting changes in the concentration of
various substances.
For this, in the course of the work, we studied the change
in the refractive indices of polymer films with a Navbahor
bentonite content of 5 wt.%, Depending on the time of their
swelling in aqueous solutions containing Cr ions. The results
are presented in figures 5-6 [13, 23].

Table 1. The refractive index of a solution of ions of 0, 1 M CrCl3.
A sample placed in a solution for
2 minutes
1
n=1,399
2
n=1,393
3
n=1,399
4
n=1,397
n0,1*2CrCl3=1,397

A sample placed in a solution for
10 minutes
1
n=1.378
2
n=1,385
3
n=1,373
4
n=1,379
n0,1*10CrCl3=1,379

Refractive index of the solution n0,1CrCl3=1,3365
Table 2. The refractive index of a solution of ions of 0,01 M CrCl3.
A sample placed in a solution for
2 minutes
1
n=1,361
2
n=1,366
3
n=1,376
4
n=1,3858
n0,01*2CrCl3=1,368

A sample placed in a solution for
10 minutes
1
n=1.360
2
n=1,355
3
n=1,357
4
n=1,358
n0,01*10CrCl3=1,3575

Refractive index of the solution n0,1CrCl3=1,3382
Table 3. The refractive index of a solution of ions of 0,001 M CrCl3.
A sample placed in a solution for
2 minutes
1
n=1,340
2
n=1,340
3
n=1,350
4
n=1,343
n0,001*2CrCl3=1,343

A sample placed in a solution for
10 minutes
1
n=1.339
2
n=1,339
3
n=1,339
4
n=1,339
n0,001*10CrCl3=1,339

Refractive index of the solution n0,1CrCl3=1,339

Figure 5. Graph of the dependence of the refractive index of the polymer
film on the concentration of the solution (-lg C) CrСl3, 1-2 min, 2-10 min.

As can be seen from figure 2, when the concentration of
the CrCl3 solution increases from 0,001 M to 0.1 M, the
refractive index increases from 1,3365 to 1,37 and
approaches the value of 1,339, which corresponds to the
refractive index of the salt solution with the initial
concentration.
This can be explained by sorption of heavy metal ions on
films. At the same time, we can talk about the prospects of
using bentonite-containing material as the basis for creating a
chemical sensor.

4. Conclusion

Figure 6. Graph of the refractive index of a polymer film of a bentonitecontaining composition with a bentonite fraction of 5 wt.% From the time
spent in an aqueous solution of CrCl3, 1-0.1 M, 2-0.01 M, 3-0.001 M.

Tables 1-3 show the dependences of the refractive indices
of the polymer film of the Navbahor bentonite-containing
composition on the time spent in an aqueous solution of
CrCl3.

It can be concluded that the obtained bentonite-containing
copolymer composites can be used in medicine and as a basis
for integrated optical chemical sensors.
The study shows with an increase in the initiator
concentration of more than 0.5 wt.% Leads to a decrease in
the equilibrium degree of swelling by more than 2 times.
During the study, it was clarified that acrylic mineralcontaining composites obtained at 42°C have the maximum
sorption ability. With an increase in the polymerization
temperature higher than 60 °С, the degree of swelling of the
acrylic copolymers decreases, which can be explained by the
formation of a more defective structure of the polymer network.
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