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SENSITIVE LAYERS FOR OPTICAL
SENSORY DEVICES FOR ALUMINUM

lUsmanova H.U., ?Bobozhonov H.S., 3Smanova Z.A.

ABSTARCT--The possibility and optimal conditions for immobilization by eriochrome blue SE,
eriochrome gray SQL on polymeric carriers were studied. The positive effect of immobilization of the investigated
oxyazocompounds on their chemical-analytical properties is shown. The optimum conditions for the complexation
of the reagents with aluminum are established. New systems of organic carrier reagent for solid-phase luminescent
determination of aluminum are proposed.
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I.  INTRODUCTION

With the increasing human impact on the environment and the intensification of agricultural production
methods, the involvement of toxic elements in the biogeochemical circuit has increased. This, ultimately, leads to
increased pollution of the final product - human food, which cannot but have a negative impact on human health.
In this regard, there is a need to expand the circle of defined elements in environmental objects and food products.
So, previously assumed minor toxicity of aluminum. However, since the late 70s of the last century, evidence has
emerged that aluminum is the cause of Alzheimer's syndrome [1]. In addition, aluminum is an immunotoxic
element. In this aspect, the development of rapid and sensitive methods for the determination of Al in
environmental objects promising. Monitoring the state of environmental objects involves the presence of simple,
selective and sensitive methods of analysis. Recently, chemical analysis methods of analysis have been widely
used for these purposes [2, 3]. Chemical sensors constitute a separate group among the express methods of
analytical chemistry, which provide rapid determination of substances with minimal sample preparation, accurate
and reproducible measurement under various conditions of analysis [4, 5].

Organic reagents immobilized onto solid matrices are used as sensitive layers of optical sensors. The role of
organic reagents is reduced to the concentration and determination of inorganic and organic molecules. Detection

is usually carried out by solid-phase spectroscopic or luminescent method [6,7].
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Figure 1: Dependence of the fluorescence intensity of the complex on the acidity of the medium upon
immobilization: 1 - Eriochrome blue SE on Molselect 72 G-10; 2 - eriochrome gray SGL on Molselect 72 G-25;

According to the detection limit of a number of substances, luminescent analysis methods worthily compete
with chromatographic and mass spectrometric methods that are most often used in the determination of organic
and inorganic substances, differing from them in the simplicity of equipment operation. The advantages of
luminescent analysis methods are minimal sample preparation, the test substances are not destroyed during the
analysis, flow analysis is possible. These advantages significantly reduce the duration of the analysis and reduce
the cost of analytical control. Luminescent analysis allows the use of screening methodology and can be used as a
test method [8, 9]. Information on the working methods and competitive such devices, on the technical design and
their functions, as well as on the terminology in this area, which provides an unambiguous understanding of the
subject, can be found in [10-13]. The universality of luminescent analysis methods makes it possible to use them
to determine not only substances with their own luminescence, but also forming luminescent products of various
chemical reactions [14-16].

Among the new approaches to improving the analytical characteristics of luminescent reagents, it should be
noted the immobilization of organic reagents on solid carriers, which allows combining concentration with
simultaneous determination directly on the sorbent. Using immobilized reagents, effective, reliable and rapid
methods for determining micro- and trace amounts of metals in various environmental objects (natural, waste and
drinking water, soil, biological products, air, etc.) have been proposed [17-21]. Exact, express, sensitive, and
highly selective sorption-luminescent methods have been developed that allow the determination of the studied
metals in objects of various nature [22-24].

The optimal conditions for the reaction of complexation of aluminum with immobilized calconcarboxylic and
carminic acids were selected, the possibility of sorption-luminescent determination of a metal ion was shown,
while the dependence of the obtained data on various factors (reagent concentration, immobilization time, pH of
the medium and others) was established, at the same time, Some physicochemical characteristics of the obtained

complexes are calculated. The luminescence intensity does not depend on temperature changes over a wide range.
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The aim of this work was to study the carrier-phosphor system to create a sensitive layer of a luminescent

sensor on aluminum.

In this work, we studied the possibility of immobilizing Eriochrome Blue SE and Eriochrome Gray SQL on

carriers of various nature: gels, inorganic silicas, fibrous sorbents, silica gels, etc. Studies have shown that the

greatest effect is achieved when immobilizing Eriochrome Gray SGL on Molselect 72 G-25, Eriochrome Blue SE

on Molselect 72 G-10. The optimal conditions for the immobilization of the studied reagents were established

(table 1). The immobilization conditions were optimized by determining the maximum analytical signal with

varying acidity, concentration of the reagent in solution, and contact time of the reagent-carrier.

To select the optimal concentration of reagents during immabilization, the «load» of the carrier was determined.

The «load» of the support was determined by the residual concentration of reagents over the precipitate by

spectrophotometric method. The research results are shown in table 1.

Table 1 : Optimal conditions for the immobilization of the studied reagents

mu=0,4 gr
The
pH volume of “Load” to
] . . Contact
Reagent Carrier environ | the buffer | carrierskg/ . .
time min.
ment mixture, gr
mi
] Molselect 72
Eriochrome gray SGL 2.5-35 3.00 116.0 5
G-25
) Molselect 72
Eriochrome blue SE .10 3.0-5.0 3.00 158.7 5

The conditions for the complexation of immobilized reagents with the studied ions were studied. The results

are shown in table 3. The analytical parameters of the complexation of the studied ions were compared with

immobilized reagents and with reagents in solution.
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Figure 2: Absorption (1-3) and luminescence spectra in solution (1°-3 *) and in the immobilized state

(1” -3 ) of Eriochrome blue-black R at various acidity values

1-pH=10 2-pH=20

3-pH=8,0

I’-pH=2,0 2°-pH=50 3 -pH=55
1”-pH=20 27 -pH=50 3”-pH=43

Comparison of the spectral and fluorescence characteristics of the complexation of metals with the studied

reagents in solution and in the immobilized state showed that for complex compounds of immobilized reagents,

Stokes shift decreases compared with complexes in solution. This indicates that the magnitude of the quantum of

absorbed energy and the quantum of energies converted to luminescent began to differ less. Consequently, the

structures of metal complexes with the studied reagents became more rigid, as evidenced by an increase in the

quantum number of the yield of complex compounds with an immobilized reagent compared with complexes in

solution. This is associated with a decrease in the detection limit of aluminum using the proposed new analytical

systems.
Table 2: Comparison of optimal conditions for ion complexation aluminum with eriochrome gray SGL
(R1) and eriochrom blue SE (R2) in solution in an immobilized state
Eriochrome gray SGL Eriochrome blue SE
Options

Ri1-Me R2-Me Ri1-Me R2 -Me

Afl, nm 545 525 550 515
Interval pH 5,0-7,5 2,0-4,0 5,5-7,5 3,0-5,0

30 15

about. % org solvent 30 (DMF) | 15 (DMF)

(ethanol) | (ethanol)

Fluorescence development time, min 8 5 40 15

Cu, ng 10 2 4 0,1
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Based on the studied complexation reactions, methods are proposed for the quantitative sorption-fluorimetric
determination of aluminum in environmental objects.

The proposed new rapid technique includes pre concentration of aluminum, allows the quantitative separation
of aluminum from a large sample volume with a complex background composition, and ensures reliable and correct
determination. rotation of the ligands and, due to this, an increase in the fluorescence intensity of the complexes.

Thus, the studies showed a positive effect of immobilization of the studied reagents for the determination of
aluminum, which consists in increasing the luminescence intensity, lowering the detection limit of metals,
increasing the selectivity of reactions on solid carriers due to a shift of pH to the acidic region. The proposed
systems eriochrome blue SE - Molselect 72 G-10, eriochrome gray SQL - Molselect 72 G-25 can be offered as

sensitive layers of sensor devices.
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