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The synthesis of CdS/Ag™* heterostructures was carried out based on colloidal solutions of CdS nanoparticles
stabilized by the amino acid L-cysteine by the method of ion substitution and co-precipitation from aqueous
solutions at room temperature and a hydrogen index value of 7.

The effect of argentum ions on the optical properties of colloidal solutions of cadmium sulfide nanoparticles
in the conditions of an oxidizing environment was investigated.

Argentum ion concentrations were determined, the introduction of which leads to an increase in the
photoluminescence of the system and the growth of nanoparticles compared to the original colloidal solution of

CdS/L-Cysteine NPs.
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Introduction

The creation of core-shell heteronanostructures
expands the possibilities of wusing semiconductor
nanocrystals as new effective catalysts, and photocatalysts
[1-4], as well as for the production of flat displays, diodes,
and sensors [5, 6, 8, 9]. In order to modify the optical
properties of CdS nanoparticles (NPs), in many works, the
possibility of doping them with cations of d-elements Ag",
Cu?*, Pt?* [3,7-14] and other different practical
applications [1-4, 21-24] was investigated. CdS NPs
stabilized by L-cysteine (L-Cys) are also widely used in
analytical chemistry (in particular, as sensors of cations of
d-elements - Zn?*, Ag*, Cu?*, Co?*, Ni?*, Hg?*, and s-
elements Ca?*, Mg?* [15-20], as photocatalysts [1, 4, 8, 9,
14, 21-23], as active elements of light-emitting diodes [24,
25], as photoelectrochemical and fluorescent nanosensors
for detecting L-cysteine, L-morphine, D-
methamphetamine [15, 26].

The alloying effect of ions of d-elements is detected
when introduced into the reaction mixture at various
stages of synthesis [7], in various reaction media [27-31],
and obtained by various methods [4, 8-13, 15-26].

One of the methods of obtaining double sulfides is the
replacement of metal cations in the nanosized sulfide of
another metal. The possibility of such a synthesis is
substantiated by the values of the solubility product of the
initial sulfide and that obtained by ion substitution
(Ks(CdS)=1-10?" > Ks(Ag2S)=1-10"9),

The purpose of this work was to study the influence
of CdS/L-Cys/Ag heterostructure synthesis methods and
dopant concentration on the optical properties of colloidal
solutions of CdS/L-Cys nanoparticles.

I. Experimental

The synthesis of CdS/(Ag*) heterostructures was
carried out according to two schemes:
1) ion exchange:
CdS/L-Cys + xAg*— (Cda-x Ag2S)/(L-Cys) + xCd?* (1)
2) coprecipitation:
(XAg* + yCd?")/L-Cys + (x+y)S% —
— (CdS)y(Ag2S)x/(L-Cys) (2)
Synthesis according to both schemes was carried out
using high-quality starting reagents, namely: 0.5 M
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solution of CdCl,-2.5H,O of the "high grade" grade,
0.05 M solution of "high grade" L-Cysteine; 0.5M
solution of NaxS-9H.O (99% purity Aldrich), 0.1 M
solution of NaOH, 1-10 M solution of AgNO; "CP".

In the experiments, colloidal solutions of CdS/L-Cys
NPs with a fixed ratio of all precursors were used, namely
[Cd?*]:[L-Cys]:[S?]=1.1: 2.2 : 1. After draining the initial
solutions of CdCl, reagents and L-cysteine, the pH of the
solution was adjusted to 7. The ratio between the content
of Cd?*/Ag* ions was 400:1, 80:1 and 40:1.

All syntheses were carried out at a temperature of 298
K using deionized distilled water and without prior
deaeration of the solutions.

The study of the optical properties of the solutions
was carried out at a temperature of 298+5 K using MDR-
4 and USB-650 spectrophotometers (Ocean Optics). The
optical density of the solutions was measured in the range
of 0.01-2 with increasing wavelength in the range of 350-
1000 nm.

Photoluminescence (PL) was measured on a Perkin-
Elmer LS55 luminescence spectrometer. All investigated
solutions were excited by light with a wavelength of
A=360 nm. The quantum yield of photoluminescence was
evaluated using a standard solution of anthracene as a
luminescence standard (the quantum yield of which was
taken as 100%).

To study the structure of CdS NPs by TEM, a drop of

the analyzed solution was applied to a graphite substrate
and dried under a vacuum for 12 hours. Transmission
electron microscopes CM-12, EM-420, Tecnai F30,
manufactured by FEI, were used for electron microscopy.
The resolution of the method reached 0.5 - 0.3 nm
depending on the magnification. The image was recorded
with a CCD camera.

I1. Results and Discussion

2.1. Study of the optical properties of the CdS/L-
Cys/Ag" colloidal solution obtained by the ion
exchange method

To study the effect of impurity ions of Argentum on
the spectral characteristics of NPs, a solution of CdS/L-
Cys NPs synthesized with a slight excess of the
concentration of cadmium ions to S% ions (25.6% Cd?* :
23.2% S% or 1.1 : 1) and 51.2% L-Cys. This ratio was
selected experimentally from previous studies (the
selected colloidal solution is stable over time,
characterized by monodisperse particles and a quantum
yield of 15%).

The dependence of optical characteristics on the
concentration of Ag* ions is given in the table. 1 and
illustrated in Fig. 1.

In Fig. 1 shows the absorption (a) and luminescence

Table 1.
The dependence of the optical characteristics of solutions on the CdS/L-Cys/Ag* system, from Ag* concentration
o [Ag+]! 2+ + . 7\4max 7\amax.|um Stokeslan
N ol [CA"VIAGTT | haim N nm nm dslide, nm | D» "™
1 0 - 409 389 506 117 3.8
2 1-10% 400.0 409 385 499 114 3.8
3 5-10° 80.0 419 390 513 123 4.0
4 1-10* 40.0 423 392 516 124 4.1
5 | 1.6-10* 25.0 436 * * * 4.5
6 | 2.810% 14.3 440 * * * 4.6
7 | 45-10* 9.0 449 * * * 5.0
8 | 55-10% 7.3 451 * * * 5.1
9 | 6.5-10% 6.1 458 * * * 5.4

Note: « - measurements were not performed, Aim - optical absorption edge, Amax - Optical absorption maximum,

Amax.um - luminescence maximum, D - particle size.
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Fig. 1. Absorption (a) and luminescence (b) spectra for solutions obtained according to Scheme 1 with different
concentrations of Ag* ions.
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(b) spectra of the initial solution of CdS NPs and a series
of solutions with different concentrations of silver ions
obtained according to the scheme (1). The peak of the
absorption spectrum of the original solution (375 nm)
shifts to the long-wavelength region in proportion to the
amount of the introduced impurity, while the spectral
curve is noticeably broadened. Since in the investigated
concentration interval of the alloying agent, when the
impurity content increases, no reflexes characteristic of
Ag>S NPs occur in the region of 515-520 nm [32], the
broadening of the spectrum should be associated with the
localization of Argentum on the surface of CdS/L-Cys
NPs.

If the concentration of Ag+ ions (1-107° mol/I), which
is the  minimum level  studied, enhances
photoluminescence, then a further increase in
concentration results in an increase in the Stokes shift and
causes photoluminescence quenching. This trend indicates
an increase in the defectivity of nanocrystals.

A similar trend is also observed in works [27, 28],
where it is shown that with a low impurity content in the
Ag/CdS/L-Cys structure, the PL intensity increases, and
exceeding a certain critical concentration of Argentum in
the  reaction  mixture causes quenching  of
photoluminescence.

Taking into account the values of solubility products
of Argentum sulfides (according to various sources
Ks(AgzS) =810 + 1-10*°) and Cadmium CdS (Ks(CdS)
=1-10%+1-1077), it can be expected that when Argentum
ions are added to CdS NPs, ionic replacement of Cadmium
by Argentum should occur with the formation of a more
stable sulfide, since the solubility product of Ag.S is much
smaller than that of CdS. However, the appearance of both
types of spectra (Fig. 1) does not change, new peaks do
not appear, therefore the nucleus of the original particles
does not change its composition.

The effect of Argentum ion concentration on the
optical properties of the CdS colloidal solution is shown
in Figure 2.

The nature of the concentration dependence of the
absorption edge of the investigated CdS/L-Cys NPs on the
concentration of the impurity ion of Argentum (Fig. 2)
makes it possible to establish the critical concentration of
Ag" ions ([Ag*]=1.5-10" mol/l), which can be determined
by the change in the absorption spectrum of the initial NP
solutions and is a nomogram for determining higher
values of the content of this impurity in the analyzed
solution. A break in the dependence can be interpreted as
evidence of a change in the mechanism of interaction of
Ag* with NPs. Perhaps, with a lower content, Argentum
ions are introduced into the core of NPs in the position of
Cadmium vacancies, while not significantly changing the
band gap. Above the critical concentration of [Ag*], one
can expect not only an increase in the size of NPs but also

a change in the structure of the core, if we take into
account the results of [33], where it is shown that an
increase in the size of CdS NPs above 5-6 nm causes their
transformation from hexagonal into the cubic phase. In
addition, since the shape of the peak on the absorption and
PL spectra does not change and new naturally occurring
sulfides are not formed, but only the growth of primary
nuclei occurs, it cannot be excluded that the reason for the
growth of NPs is their aggregation. The reason for this
conclusion is the change in the color of the synthesized
solutions from light lemon to dark brown during their
storage. Also, with an increase in the content of Ag* ions,
the stability of colloidal solutions decreases and
coagulation is observed.

11{'}}1, nm
460 —
450 — -
440 —
430 —
420 —

410 -

o 1 2 3 4 5 6 71
[Ag™]*10* mol/l

Fig. 2. Influence of the content of Argentum ions on the
position of the absorption edge of the colloidal solution of
CdS/L-Cys NPs.

2.2. Study of the optical properties of the
Ag*/CdS/L-Cys/ colloidal solution obtained by
coprecipitation

The results of a series of experiments on co-
precipitation of cadmium and argentum cations by sulfide
ions are summarized in table 2 and illustrated in Fig. 3.
From the spectra of optical absorption (Fig. 3, a.), it
follows that with the addition of Ag* ions with a
concentration of more than 1-10° mol/l, the edge of
optical absorption shifts to the long-wavelength region.
Since the content of Cadmium ions is significantly higher
compared to the content of Ag*, both spectral curves
reflect the formation of CdS/L-Cys NPs without evidence
of Ag,S formation.

The effect of [Ag*] on the position of the absorption
edge of solutions (Fig. 4) shows that the order of
introducing Ag* ions at least up to [Ag*]=6:10"° mol/l
within the experimental error does not significantly affect

Table 2.

Dependence of optical characteristics in the Ag*/CdS/L-Cys system on [Ag*]

Ag*], . . i A Amax. Stokeslandslide, D,
N [mgll]l [Cd*TIAgT] nlrl:11 nnrlilx mr?xmIum nm nm
1 0 - 409 389 506 117 3.8
2 1-10° 400 411 386 491 105 3.8
3 5-10° 80 416 394 508 114 3.9
4 1-10* 40 422 394 514 120 4.1
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Fig. 3. Spectra of optical absorption (a) and luminescence (b) in the (Ag*+Cd?*)S*~L-Cys system.

the position of the limiting wavelength of the optical
absorption of the colloidal solution.
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Fig. 4. The position of the limiting wavelength as a
function of the concentration of Ag* ions introduced into
the CdS/L-Cys+Ag* (1) and (Ag*+Cd?*")+L-Cys+S? (2)
system.

At the same time, the hypsochromic shift of Ajim
caused by the addition of a minimal amount
(1-10° mol/l) of Argentum ions and the increase in PL
intensity, as in the previous case (deposition according to

20 nin 20 nm

a)

b)

scheme 1), may indicate the introduction of an impurity
into the semiconductor lattice. At the same time, the
admixture acts as a polarizer to sulfide ions.

CdS quantum dots doped with Ag and stabilized by
oleic acid obtained in [10] showed a similar red spectral
shift in the absorption spectra when low concentrations of
silver were added. The lifetime of excitons at minimum
concentrations of silver increased and was suppressed
when the concentration of the alloying agent increased.
The emission intensity of CdS/Ag nanocomposites in
work [11], compared to the original CdS solution, slightly
decreases, and the width of the emission peak expands,
which the authors explain by the capture of charge
recombination after the introduction of Ag into the CdS
lattice. The obtained photoluminescence results can be
explained in a similar way, namely a slight increase in the
band gap for sample 2 (Fig. 3, b). A further increase in the
concentration of Argentum cations leads to an increase in
the size of nanoparticles (Table 2) and a change in their
optical characteristics relative to the initial solution of
cadmium sulfide (sample 1) and the minimum
concentration of the alloying agent (sample 2) (Fig. 3, a,
b, samples 3, 4).

The increase in the concentration of the formed
particles and their size is confirmed by TEM images of
NPs from the investigated systems (Fig. 5).

Evaluation of the results of TEM images shows that
the CdS and CdS/Ag nanoparticles formed in the work
have a spherical shape, which is also confirmed by the data

F)nm

c)

Fig. 5. TEM image of NPs from solutions obtained according to scheme 2: a) CdS, b) [Cd?*]/[Ag*]=80/1,
¢) [Cd*J/[Ag*]=40/1; in the inset is a histogram of the distribution by size of NPs.
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[9, 11, 23], despite the different conditions of their
preparation. An increase in the concentration of Argentum
ions leads to the aggregation of nanoparticles, with
subsequent coagulation over time. A similar tendency to
the process of aggregation of CdS nanoparticles doped
with Ag was also observed in [17].

Conclusions

The effect of Ag* ions on the optical properties of the
CdS semiconductor was investigated. It was found that the
introduction of Ag* ions (concentration
1-10°>mol/l) into a colloidal solution with nanosized CdS
particles causes an increase in the quantum vyield of
luminescence compared to the original solution of CdS
NPs. The improvement of the luminescence output is
caused by the fact that the introduction of impurity ions
with a +1 charge contributes to the formation of hybrid
structures that participate in energy conversion in the
excited state of the system. Absorption spectra are
characterized by a shift of the absorption edge to the long-
wavelength region. The absorption edge is not clear,
which corresponds to the defectiveness of the obtained
systems.

In all cases, the introduction of admixtures of Ag* ions
causes an increase in the number of formula units included
in the composition of the agglomerate.

Based on the obtained results of optical studies of the
CdS/L-Cys/Ag* system, it is possible to conclude about
the possibility of using the obtained colloidal CdS/L-Cys
systems in analytical chemistry as sensors for the
detection of Ag* ions.

Krupko O. — PhD in Chemical Sciences, Associate
Professor of the Department of Medical and
Pharmaceutical Chemistry of Bukovinian State Medical
University;

Shcherbak L.P. — Doctor of Chemical Sciences,
Professor of the Department of General Chemistry and
Chemical Materials Science;

Khalavka Yu.B. — Doctor of Chemical Sciences, Vice-
Rector for Research Associate Professor,  Yuriy
Fedkovych Chernivtsi National University;

Pylypko V.G. — Doctor of Philosophy, Head of the
laboratory of the Research Center «Functional Materials
Technology», Yuriy Fedkovych Chernivtsi National
University.

[1] A. Singh, D. Singh, B. Ahmed, & A.K. Ojha, Sun/UV-light driven photocatalytic degradation of rhodamine B dye
by Zn doped CdS nanostructures as photocatalyst, Materials Chemistry and Physics, 277, 125531 (2022);

https://doi.org/10.1016/j.matchemphys.2021.125531.

[2] Jichao Zhu, Jie He, Liangguo Da, Lifang Hu. Synthesis and visible-light photocatalytic potential of nanocomposite
based on the cadmium sulfide and titanoniobate, Materials Chemistry and Physics, 253, 123408 (2020);

https://doi.org/10.1016/j.matchemphys.2020.123408.

[3] Chuanbiao Bie, Junwei Fu, Bei Cheng, Liuyang Zhang. Ultrathin CdS nanosheets with tunable thickness and

efficient  photocatalytic  hydrogen  generation,
https://doi.org/10.1016/j.apsusc.2018.08.130.

Applied

Surface  Science, 462, 606 (2018);

[4] Sajad Karimzadeh, Kiumars Bahrami. Role of L-cysteine and CdS as promoted agents in photocatalytic activity of

TiO, nanoparticles, Journal of
https://doi.org/10.1016/j.jece.2019.103454.

Environmental Chemical

Engineering, 7(6), 103454 (2019);

[5] N.V. Hullavarad, S.S. Hullavarad, P.C. Karulkar, Cadmium sulphide (CdS) nanotechnology: synthesis and
applications, J. Nanosci. Technol., 8(7), 3272 (2008); https://doi.org/110.1166/jnn.2008.145.

[6] T. Zhai, X. Fang, Liang L., Y. Bango, D. Golberg. One-dimensional CdS nanostructures: synthesis, properties
and applications. Nanoscale, 2(2), 168 (2010); https://doi.org/10.1039/BOINR00415G.

[7] M. Berr, A. Vaneski, A. S. Susha, J. Rodriguez-Fernandez. Colloidal CdS nanorods decorated with subnanometer
sized Pt clusters for photocatalytic hydrogen generation, Appl. Phys. Lett, 97(9), 093108 (2010);

https://doi.org/10.1063/1.3480613.

[8] Gai, Qixiao, Ren, Shoutian, Zheng, Xiaochun, Liu, Wenjun, Dong, Quanli. Enhanced photocatalytic performance
of Ag/CdS by L-cysteine functionalization: Combination of introduced co-catalytic groups and optimized injection
of hot electrons, Applied Surface Science, 579, 151838 (2022); https://doi.org/10.1016/j.apsusc.2021.151838.

[9] T. Igbal, G. Ara, N.R. Khalid, et al. Simple synthesis of Ag-doped CdS nanostructure material with excellent
properties, Appl Nanosci, 10, 23 (2020); https://doi.org/10.1007/s13204-019-01044-y.

[10] N. Singh, S. Prajapati, Prateek, R. Kumar Gupta. Investigation of Ag doping and ligand engineering on green

synthesized CdS quantum dots for tuning their optical properties,

https://doi.org/10.37819/nanofab.007.212.

Nanofabrication, 7, 89 (2022);

[11] S. Ravikumar, Durai Mani, E. Chicardi, R. Sepulveda, Krishnakumar Balu, V. Pandiyan, Young-Ho Ahn.
Development of highly efficient cost-effective CdS/Ag nanocomposite for removal of azo dyes under UV and solar
light, Ceramics International, 49(6), 9551 (2023); https://doi.org/10.1016/j.ceramint.2022.11.123.

[12] A. Nain, R. Pal Chahal, E. Dhanda, S. Dahiya. The Electrochemical Society (ECS), find out more, ECS Journal
of Solid State Science and Technology, 12(7), 073006 (2023); https://doi.org/10.1149/2162-8777/ace47b.

[13] Kanika Khurana, Nirmala Rani, Neena Jaggi. Enhanced photoluminescence of CdS quantum dots thin films on
Cu and Ag nanoparticles, Thin Solid Films, 737, 138928 (2021); https://doi.org/10.1016/j.tsf.2021.138928.



https://doi.org/10.1016/j.matchemphys.2021.125531
https://doi.org/10.1016/j.matchemphys.2020.123408
https://doi.org/10.1016/j.apsusc.2018.08.130
https://doi.org/10.1016/j.jece.2019.103454
https://doi.org/110.1166/jnn.2008.145
https://doi.org/10.1039/B9NR00415G
https://doi.org/10.1063/1.3480613
https://doi.org/10.1016/j.apsusc.2021.151838
https://doi.org/10.1007/s13204-019-01044-y
https://doi.org/10.37819/nanofab.007.212
https://doi.org/10.1016/j.ceramint.2022.11.123
https://doi.org/10.1149/2162-8777/ace47b
https://doi.org/10.1016/j.tsf.2021.138928

Effect of silver ions on the optical properties of colloidal solutions of CdS/L-Cysteine nanoparticles

[14] Chang Y-C, Lin Y-R. Construction of Ag/Ag,S/CdS Heterostructures through a Facile Two-Step Wet Chemical
Process for Efficient Photocatalytic Hydrogen Production, Nanomaterials, 13(12), 1815 (2023);
https://doi.org/10.3390/nan013121815.

[15] H. Zhang, S. Qi, H. Wang, G. Zhang, K. Zhu, W. Ma. Ultrasensitive Determination of L-Cysteine with g-
CsNs@CdS-Based Photoelectrochemical Platform, Symmetry, 15(4), 896 (2023);
https://doi.org/10.3390/sym15040896.

[16] D. Ghosh Quantum dot based probing of mannitol: An implication in clinical diagnostics, Analyt. Chim. Acta,
675(2), 165(2010); https://doi.org/10.1016/j.aca.2010.07.020.

[17] K. Zhang, Y. Yu, S. Sun, K. Zhang. Facile synthesis L-cysteine capped CdS:Eu quantum dots and their Hg?*
sensitive properties, Applied Surface Science, 276, 333 (2013); https://doi.org/10.1016/j.apsusc.2013.03.093.
[18] C. Zhao-Xia, H. Yang, Y. Zhang. Preparation, characterization and evaluation of water-soluble L-cysteine-
capped-CdS nanoparticles as fluorescence probe for detection of Hg (1) in aqueous solution, Analyt. Chim. Acta,

559(2), 234 (2006); https://doi.org/10.1016/j.aca.2005.11.061.

[19] J. Chen., Y. Zheng, Y. Gao et al. Functionalized CdS quantum dots-based luminescence probe for detection of
heavy and transition metal ions in aqueous solution, Spectrochim. Acta Part A: Molecular Biomolecul.
Spectroscopy, 69(3), 1044 (2008); https://doi.org/10.1016/j.5aa.2007.06.021.

[20] D.P.S. Negi, T.l. Chanu. Surface-modified CdS nanoparticles as a fluorescent probe for the selective detection
of cysteine. Nanotechnology, 19, 465507 (2008); https://doi.org/10.1088/0957-4484/19/46/465503.

[21] K. Dashtian, S. Hajati, M. Ghaedi. L-phenylalanine-imprinted polydopamine-coated CdS/CdSe n-n type Il
heterojunction as an ultrasensitive photoelectrochemical biosensor for the PKU monitoring, Biosensors and
Bioelectronics, 165, 112346 (2020); https://doi.org/10.1016/j.bi0s.2020.112346.

[22] X. WEei, F. Cheng, Y. Yao, X. Yi, B. Wei, H. Li, Y. Wu, J. He. Facile synthesis of a carbon dots and silver
nanoparticles (CDs/AgNPs) composite for antibacterial application, RSC Adv., 30(11), 18417 (2021);
https://doi.org/10.1039/D1RA02600C.

[23] J. Liu, D. Shan, T. Zhang, Y. Li, R. Wang, Dr. M. Liu. Ag,S/CdS-Heterostructured Nanorod Synthesis by L—
Cysteine-Mediated  Reverse ~ Microemulsion  Method,  ChemistrySelect  4(35), 10219  (2019);
https://doi.org/10.1002/slct.201902171.

[24] X. Wang, B. Yu, Q. Wang, J. Cao, M. Wang, W. Yao. L-cysteine-protected ruthenium nanoclusters on CdS as
efficient and reusable photocatalysts for hydrogen production, International Journal of Hydrogen Energy, 48(77),
30006 (2023); https://doi.org/10.1016/j.ijhydene.2023.04.199.

[25] Mohammad Hasan Yousefi, A. A.Abdolhosseinzadeh, Hamid Reza Fallah, Ali Azam Khosravi. Growth and
characterization of CdS and CdS:Ag luminescent quantum dots dispersed in solution, Modern Physics Letters B,
24(25) (2011); https://doi.org/10.1142/S0217984910024882.

[26] Majid Masteri-Farahani, Kiana Khademabbasi, Niloofar Mollatayefeh, Raphael Schneider. L- and D-cysteine
functionalized CdS quantum dots as nanosensors for detection of L-morphine and D-methamphetamine, J of
Nanostructures, 8(4), 325 (2018); https://doi.org/10.22052/JNS.2018.04.001.

[27] A. Kumar, V. Chaudhary. Time resolved emission studies of Ag-adenine-templated CdS (Ag/CdS) nanohybrids,
Nanotechnology, 20, 095703 (2009); https://doi.org/10.1088/0957-4484/20/9/095703.

[28] P. Thakur, S.S. Joshi, T. Mukherjee. Fluorescent behavior of cysteine-mediated Ag@CdS nanocolloids,
Langmuir, 25(11), 6377 (2009); https://doi.org/10.1021/1a8042507.

[29] P. Thakur, S.S. Joshi, K.R. Patil. Investigations of CdS and Ag-CdS nanoparticles by X-ray photoelectron
spectroscopy, Applied Surface Science, 257(5), 1390 (2010); https://doi.org/10.1016/j.apsusc.2010.08.035.

[30] G.Hota, Shikha Jain and Kartic C. Khilar. Synthesis of CdS-Ag.S core-shell/composite nanoparticles using
AOT/n-heptane/water microemusions, Colloids and surfaces A: Physicochemical Engin. Aspects, 232(2-3), 119
(2004); https://doi.org/10.1016/j.colsurfa.2003.10.021.

[31] P. Mandal, S.S. Talwar, S.S. Major, R.S. Srinivasa. Orange-red luminescence from Cu doped nanophosphor
prepared using mixed Langmuir-Blodgett multilayers, J. Chem. Phys., 128(11), 114703 (2008);
https://doi.org/10.1063/1.2888930.

[32] J. Xiang, H. Cao, Q. Wu, et al. L-Cysteine-Assisted Synthesis and Optical Properties of Ag.S Nanospheres,
Journal of Physical Chemistry C, 112(10), (2008); https://doi.org/10.1021/jp710597j.

[33] R.L. Orimi, N. Shahtahmasedi, N. Tajabor, A. Kompany. The effect of solvent on the crystal structure and size
distribution of cadmium sulfide nanocrystals, Physica E, 40, 2894 (2008);
https://doi.org/10.1016/j.physe.2008.02.011.

915


https://doi.org/10.3390/nano13121815
https://doi.org/10.3390/sym15040896
https://doi.org/10.1016/j.aca.2010.07.020
https://doi.org/10.1016/j.apsusc.2013.03.093
https://doi.org/10.1016/j.aca.2005.11.061
https://doi.org/10.1016/j.saa.2007.06.021
https://doi.org/10.1088/0957-4484/19/46/465503
https://doi.org/10.1016/j.bios.2020.112346
https://doi.org/10.1039/D1RA02600C
https://doi.org/10.1002/slct.201902171
https://doi.org/10.1016/j.ijhydene.2023.04.199
https://doi.org/10.1142/S0217984910024882
https://doi.org/10.22052/JNS.2018.04.001
https://doi.org/10.1088/0957-4484/20/9/095703
https://doi.org/10.1021/la8042507
https://doi.org/10.1016/j.apsusc.2010.08.035
https://doi.org/10.1016/j.colsurfa.2003.10.021
https://doi.org/10.1063/1.2888930
https://doi.org/10.1021/jp710597j
https://doi.org/10.1016/j.physe.2008.02.011

O. Krupko, L.P Shcherbak, Yu.B. Khalavka, V.G. Pylypko

O.B. Kpynko?, JLII. Illep6ax?, }0.b. Xanaska?, B.I". [Tuaunko?

BnuiuB i1oHIB cpi0d/1a HA ONITHYHI BJIACTHBOCTI KOJIOIIHUX PO3YHHIB
HaHoyactuHok CdS/L-Cysteine

I Bykosuncoxuii Oepacasnuti meduunul yniepcumem, Yepuisyi, Yipaina, krupkoo@ukr.net
2Yepuiseyvkuil nayionanvuuii ynisepcumem imeni IOpia ®edvkosuua, Yepnisyi, Yrpaina

IpoBeneHo cuHTe3 reTepocTpyktyp ckiaay CdS/Ag* Ha oCHOBI KONOIAHMX po3uHHiB HaHo4acTHHOK CdS
cTabi1i30BaHNX aMiHOKHCIOTOIO L-IIMCTETH METOI0M HOHHOTO 3aMiIlICHHS Ta CMIBOCA/KCHHS 13 BOIHUX PO3YUHIB
3a KIMHaTHOI TeMIIepaTypH Ta 3Ha4E€HHS BOJAHEBOTO ITOKA3HHUKa 7.

JlocmikeHO BIUIMB HOHIB apreHTyMy Ha ONTHYHI BIACTHUBOCTI KOJIOITHUX PO3YMHIB HAHOYACTHHOK KaaMii
cysbdiny B yMOBaX OKHCHIOBAHOTO CEPEIOBHIIA .

Busnaueno koHmeHtpamii ioHIB ApreHTyMy, BBEACHHS SKHX IPHU3BOAUTH 10  IIiABUICHHS
(oTONMOMIHECHIEHIIIT CUCTEMH Ta POCTY HAHOYACTHHOK y IMOPIBHSHHI i3 BHXIJHUM KOJOIZHMM po3unHoM HY
CdS/L-ITucrein.

KumwouoBi ciaoBa: rerepocTpykTypH, HaHodacTuHkd CdS, Honm Ag*, ONTHYHI BIACTHBOCTI,
(boTONMOMIHECIICHILIsL.
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