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Opportunities of electrical technologies for control of the quality
parameters of light sensitive materials

Abstract. Based on the obtained experimental results, an algorithm of the information and measurement system for operational control of the
efficiency of photocells during their operation is proposed. The subject of the research was solar radiation energy converters into electric current
energy - photocells from the wide-band semiconductor titanium oxide and polymethine dyes - sensitizers, which are sensitive to the action of light in
the visible and near-infrared bands of the solar spectrum. Using the method of immittance spectroscopy, information on transport and recombination
electronic processes was obtained, which was used to assess the potential for the construction and use of the investigated quality systems of solar
cells. The object of the study is the dependence of the quality control parameter of the photocell - the titanium oxide content - on the value of the
measured electrical parameter - admittance. Control of the efficiency of photocells is offered by the sign (positive or negative) of the value of the
measured electrical parameter - complex conductivity.

Streszczenie: Na podstawie uzyskanych wynikéw eksperymentalnych zaproponowano algorytm uktadu sterujgco-pomiarowego do operacyjnego
zarzgdzania wydajnoScig fotokomoérek podczas ich pracy. Przedmiotem badan byfy ogniwa zamieniajgce energii promieniowania stonecznego na
energie pradu elektrycznego - wykonane z szerokopasmowego potprzewodnika z tlenkiem tytanu i barwnikami polimetinowymi petnigcymi role
sensybilizatora, ktére sg czute na dziatanie Swiatta w pasmach widzialnym i bliskiej podczerwieni widma stonecznego. Metodg spektroskopii
immitancyjnej uzyskano informacje o zachodzgcych procesach elektronowych transportu i rekombinacji, ktére wykorzystano do oceny mozliwosci
budowy i udoskonalenia ogniw stonecznych. Przedmiotem badan jest jakosci fotokomérki skorelowana z zawarto$cig tlenku tytanu i parametrem

elektrycznym — admitancjg. (Mozliwo$ci technologii elektrycznych w kontroli parametrow jakosciowych materiatéow $wiatfoczufych)

Keywords: photocatalitic activity, light-sensitive materials, immittanse, spectroscopy
Stowa kluczowe: aktywnos¢ fotokatalityczna, materiaty Swiattoczute, immitanza, spektroskopia.

Introduction

Modeling and creation of efficient photocatalytic systems
is a priority area in scientific research using sunlight.

To improve the photosensitivity of semiconductor
materials, a method based on the creation of new
composite systems (heterostructures) is used, which is
widely used in nanocatalysis.

Photosensitive systems include additional components -
photocatalytic units [1-3]. It is most promising to use organic
dyes in the role of photocatalytic blocks, which are able to
undergo redox reactions. Due to their structure, these
compounds are good sensitizers and are able to expand the
zone of light absorption. Construction of such systems is
carried out by direct deposition of a dye-sensitizer on the
surface of a semiconductor.

Active solar radiation energy converters turned out to be
polymethine dyes, which are of great importance when
used in highly efficient dye-sensitized solar cells [1-3]. It is
polymethines, having the largest assortment in the entire
visible and near-IR range of the spectrum of photophysical
and photochemical properties among organic dyes, that is
promising for the creation of light-sensitive materials by
introducing chromoform groups into them, which solved a
number of practical issues related to the conversion of solar
energy.

It is known that photocatalytic properties are affected by
the concentration content of the dye, when it increases,
internal filtration is observed, which interferes with the
electronic  transition to the semiconductor, which
significantly affects its efficiency. Therefore, there is a need
for studies of the concentration dependence of the content
of dye and polymer material, which significantly affects the
volume transport and recombination processes of
photoinduced electronic transitions in heterostructures,
which in turn affects the qualitative characteristics of
photosensitive materials of solar cells.

Immittance studies on modern RLC-meters make it
possible to establish the dependence of physical properties

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 3/2024

(complex conductivity of the measuring system) on the
composition of the investigated substance [4-11].

Also, the efficiency of photoelectric conversion using
immittance spectroscopy has been widely investigated [4].
We propose to use these two scientific facts to control the
efficiency of the photocells we have improved and to
monitor their quality.

The new concept of immittance quality control of light-
sensitive materials is based on measurements of the
parameters of the model that supplies the object in the
alternating current circuit, as well as on the conditions and
methods adopted in qualimetry, the observance of which
allows realizing all the advantages of the electrical method
of quality assessment.

Since the immittance of the two-pole, which supplies the
object of control, is characterized by several parameters,
then such control is multidimensional or multiparametric.
The first measurement transformation of immittance quality
control is carried out by a primary converter (sensor), the
informative parameter of which is a passive value. To turn it
into an active one, it is necessary to apply the test signal to
the object of control, in connection with which such control
can be considered active. At the same time, there is an
opportunity to actively influence unit quality indicators
during the operation of the equipment.

The result of the measurement of multidimensional
objects is determined based on the results of direct
measurements of the informative parameter of the object,
which connects the informative value with the parameters
that determine it. The functional dependence of an
informative quantity with such parameters (components of
the measurement object model) can be:

linear Y = ikiAi ,
i1
non-linear Y = llI f(X,)

i=1
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mixed typey = T f(X.)|, where
il

ki — is the constant coefficient of the i-th parameter; A; —
informative parameter; f(x;)— some functions.

The type of relationship between Y and Xi determines
the methodology for calculating measurement errors.

The generalized quality indicator P of any type of
product can be represented by the following functional
dependence:

(1) P:F1(q1:Q19q23Q2""7qn’Qn)’

where Q1, Q2 ......Qn,—unit indicators of product quality;
g1, gz, .......gn—the weighting factor of a single indicator.

If the substance or material is supplied by a bipolar
device, then its complex conductivity in the volume of the
sensitive element of the sensor depends on the electrical
parameters of the bipolar device. At constant values of the
frequency, shape and amplitude of the test signal, without
the influence of non-informative immittance, the conductivity

) Y =F, (X, Xp0 X, ),

where X7, Xy, ... X,—electrical parameters of the complex
conductivity given by the known substitution scheme.

If the relationship between electrical parameters and unit
parameters of products is known, then

X :F(Ql)'
(3) —F(Qz), ,
F.Q,)

and therefore can be written down

4) P=F(X,,X,,... X,)

Thus, the product quality indicator can be determined by
the set of electrical parameters of a two-pole, which gives
grounds for the use of immittance control of product quality,
which can be presented in the form of a two-pole. That is, to
assess the level of quality, you can use measuring tools
that implement immittance measurements [12].

Research conditions

We used light-sensitive chemical systems developed in
laboratory conditions using a titanium dioxin P25
semiconductor photocatalyst. The special structure of this
chemical system is formed by a polymethine-type dye,
which is used as a sensitizer and fixed with a layer of the
electron-conducting polymer material.

For the successful functioning of photocatalysts-
heterostructures, it is necessary to select their components
with certain optical, electrophysical, and electrochemical
characteristics, which ensure thermodynamic gain of all
possible electronic processes that lead to photocatalytic
conversion under the conditions of a change in the required
light spectral regime.

The electrical properties of photosensitive elements in a
multi-frequency electromagnetic field depend on their
composition [4-6]. For research, we used the admittance
method, which is based on studies of the dependence of
complex conductivity (admittance) on the composition of the
substance. The negative value of this electrical indicator is
explained by the inductive nature of the measuring system,
and, in turn, the inefficiency of the photocells [4]. Therefore,
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we believe that the operational characteristic of controlling
the photoefficiency of the material can be the negative or
positive sign of the value of the reactive component of the
complex conductivity of the measuring system, which has
been repeatedly confirmed by works [4]. The inductance of
the behavior of such systems (the negative reactive
component of the conductivity) can be explained by the fact
that the physical nature of the sharp non-monotonic
frequency dependence of the real part of the complex
impedance affects the processes of carrier capture -
retention - release and coupling with them and the
appearance of the physical inductive nature of conductivity.
And the inductive nature of the conductivity of the system
will indicate the photoinefficiency of the selected material, or
the loss of this efficiency during operation. The novelty of
the research conditions is the use of a new approach to the
dielectric properties of objects of a non-electric nature and
its use in the method of controling the efficiency
(composition) of photovoltaic cells, which affects their
operational characteristics.

The main units of the measuring device are an
impedance sensor, a communication line and a measuring
circuit. A substance or material together with a sensitive
element that is in direct contact with a physical quantity (its
parameters) form an immittance sensor (primary
transducer). Under the influence of the test signal
parameters (level and frequency), it transforms a non-
electrical physical quantity into an electrical quantity of a
capacitive or inductive nature.

With the capacitive type, the reactive component of the
admittance acquires a positive value, and with the inductive
type, a negative value [7-9].

Discussion of research results

The laboratory experimental and measuring system
consisted of a standard RLC-meter measuring device, a
primary transducer with a capacity for the substances under
investigation, and a computer with software for processing
the measurement results. The computerized measuring
system is designed for measuring electrical impedance in the
frequency range of 0.5...100 MHz.

The laboratory experimental and measuring system
shown in Fig. 1

Fig. 1. Experimental measurement using a laboratory RLC-meter

Samples of photocells with sufficient efficiency and
photocells that partially lost their operational properties (after
long-term use) were studied. Therefore, the value of the
admittance of the latter from a certain value of the frequency
of the electromagnetic field acquires a negative value.

On the basis of the obtained results and conclusions, we
developed a computerized charter for operational control of
solar cells according to admittance parameters. The
measuring system consists of an impedance meter, a high-
frequency generator, a computer, as well as hardware
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(coupling) nodes of a high-frequency generator and an
impedance meter with a computer. The operation of the
complex is carried out under the control of a computer
program that coordinates the interaction of all hardware, the
input of control signals to external devices, the input of data,
their initial processing and measurement of the parameters of
the object under study. The software part of the charter runs
on the Microsoft Windows operating system.

During such studies, parameters are established
according to which it is possible to determine the efficiency of
the system for their evaluation and quality control. Such
studies contribute to the theoretical and practical
development of the design and creation of effective
photocatalytically active light-sensitive materials, the samples
of which are made on the basis of crystalline or amorphous
semiconductor materials, and to determine their quantitative
composition with the help of direct measurement. Fast (within
a few seconds) control of solar cells takes place according to
the impedance sign and precedes the following test
algorithms or replaces them.

We used light-sensitive chemical systems developed in
laboratory conditions using a titanium dioxin P25
semiconductor photocatalyst. The special structure of this
chemical system is formed by a polymethine-type dye,
which is used as a sensitizer and fixed with a layer of the
electron-conducting polymer material
polyepoxypropylcarbazole.

The electrical properties of photosensitive elements in a
multi-frequency electromagnetic field depend on their
composition.[4-5]

For research, we used the admittance method, which is
based on studies of the dependence of complex
conductivity (admittance) on the composition of the
substance. The negative value of this electrical indicator is
explained by the inductive nature of the measuring system,
and, in turn, the inefficiency of the photocells. Therefore, we
believe that the operational characteristic of controlling the
photoefficiency of the material can be the negative or
positive sign of the value of the reactive component of the
complex conductivity of the measuring system, which has
been repeatedly confirmed by works. The inductance of the
behavior of such systems (the negative reactive component
of the conductivity) can be explained by the fact that the
physical nature of the sharp non-monotonic frequency
dependence of the real part of the complex impedance
affects the processes of carrier capture - retention - release
and coupling with them and the appearance of the physical
inductive nature of conductivity. And the inductive nature of
the conductivity of the system will indicate the
photoinefficiency of the selected material, or the loss of this
efficiency during operation.The novelty of the research
conditions is the use of a new approach to the dielectric
properties of objects of a non-electric nature and its use in
the method of controlling the efficiency (composition) of
photovoltaic cells, which affects their operational
characteristics. The value of the electrical parameter
measured for the photosensitive material with the content of
polymethine dye C (g/l) is shown in Figure 2.

Based on the obtained experimental results, an
algorithm of the information and measurement system for
operational control of the efficiency of photocells during
their operation is proposed (Figure 3).

Using the method of immittance spectroscopy,
information on transport and recombination electronic
processes was obtained, which was used to assess the
potential for the construction and use of the investigated
quality systems of solar cells.
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Control of the efficiency of photocells is offered by the
sign (positive or negative) of the value of the measured
electrical parameter - complex conductivity.

Research refers to direct measurements of the
composition of multi-component material, which allows to
improve quality control and efficiency of photo materials
through automation.
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Fig 2. The value of the electrical parameter measured
for  the light-sensitive material with the content

of polymethine dye C (g/l).
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Fig 3. The algorithm of practical application of the electrical method
to control the quality of photo materials according to experimentally
established electrical parameters.

Conclusions

During laboratory studies, parameters are established
according to which it is possible to determine the efficiency
of the system for their evaluation and quality control. Such
studies contribute to the theoretical and practical
development of the design and creation of effective
photocatalytically active light-sensitive materials, the
samples of which are made on the basis of crystalline or
amorphous semiconductor materials, and to determine their
quantitative  composition with the help of direct
measurement. Fast (within a few seconds) control of solar
cells takes place according to the impedance sign and
precedes the following test algorithms or replaces them.
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