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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.



bac pemakToph

X.F.JI., ipod., KP ¥FA akanemuri
M.K. KypbiHOB

Pegaxuous axkacs:

ArabexoB B.E. npod., akagemuk (benopyc)
Boakos C.B. npod., akagemuk (Ykpanna)
BoporbinueB M.A. mpod., akanemuk (Peceii)
I'azaaueB A.M. nipod., akagemuk (Kazakcran)
Eproxun E.E. pod., akanemuk (Kazakcran)
KapmaramberoBa A.K. mpod. (Kazakcran), 6ac pen. operadacapsl
Kopobexona LL.7K. ipod., akanemuk (KpIipreicTaH)
Hrkynosa HI.C. npod. (KazakcTan)

ManTamss A.A. npod., akageMuk (ApMeHus)
Hpammes K.J. mpod., akanemuk (Kazakcran)
Baemor A.B. nipod., akagemuk (Kazakcran)
BypkiTt6aes M.M. npod., akagemuk (Kasakcran)
dxycundexon Y. K. mpod. xopp.-mymeci (Kazakcran)
MouangaxmetoB M.3. mpod., akamemuk (Kazakcran)
Mamncypos 3.A. npod. (Kazakcran)

Haypo1z6aeB MLK. mpoo. (KazakcTan)

Pynuk B. ipod., akamemuk (Moimosa)

PaxumoB K./I. mpod. akagemuk (KazakcTan)
Crpeasnnos E. npod. (benopyc)

Tomrimos JL.T. ipod., akanemuk (Kazakcran)
Toaepam U. npod., akagemux (Mommgosa)
Xamukos JI.X. mpoo., akagemuk (ToxikcTan)
®ap3aaueB B. nmpod., akanemuk (O3ipOaiixan)

«KP ¥T' A Xa6apiaapbl. XuMus jkdHe TEXHOJIOTHSI CEPUSICHD).

ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

Menmnikrenymi: «Kazakcrtan PecryOnukachbiHBIH #YJTTBIK FBUIBIM  aKaJIeMUsChy PecryOnuKanblK KOFaMAbIK
Gipuectiri (AMaThI K.)

Kazakcran pecrnyOiukacslHbIH MopeHHET MeH akhnapaT MHUHHCTPIJIriHIH AKIapar >KoHE MyparaT KOMHTETiHje
30.04.2010 x. 6epinren Nel089-2K Mep3iMaik 6acbLIbIM TipKeyiHEe KOMBUTY TYpaIbl KyaJliK

Mep3iMIimiri: )KeIIbIHA 6 peT.
Tupaxsr: 300 nana.

Penaxiusanaeig mekerxkaibl: 050010, Anmats K., llleBuenko kemr., 28; 219, 220 6e.; ten.: 272-13-19; 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© Kazakcran PecryOmukachiHblH ¥ ITTHIK FRUIBIM akaneMusichbl, 2020

Tunorpagususiy Mexerxkaiibl: «NurNaz GRACE», Anmarsi K., Peickysios kemr., 103.




I'maBHBIU penakTop

I.X.H., mpod., akanemuk HAH PK
M. K. KypunHos

PC)IaKL[I/IOHHaﬂ KOJITJIECTr Ui

Ara6exoB B.E. npod., akagemuk (benapycs)
Boakos C.B. npod., akagemuk (Ykpanna)
BoporbinneB M.A. mipod., akanemuk (Poccus)
I'azaaueB A.M. nipod., akagemuk (Kazaxcran)
Eproxun E.E. npod., akanemuk (Kazaxcran)
Kapmaramb6eroBa A.K. mpod. (Kazaxcran), 3am. ri1. pen.
Kopodexona L.7K. ipod., akagemuk (Keipre3cran)
Hrkynosa HI.C. npod. (Kazaxcran)

ManTamss A.A. pod., akaaeMuk (ApMeHus)
Hpammes K.J. mpod., akanemuk (Kazaxcran)
BaemoB A.B. nmpog., akagemuk (Kazaxcran)
Bypkur6aes M.M. npod., akagemuk (Kazaxcran)
dxycunéexon Y. K. mpod. wi.-kopp. (Kazaxcran)
MyanaxmeroB M.3. mpod., akamemuk (Kazaxcran)
Mamncypos 3.A. npod. (Kazaxcran)

Haypn1z6aeB MLK. npod. (Kazaxcran)

Pynuk B. pod.,akanemux (Momnmosa)

PaxumoB K./I. mpod. akanemuk (Kazaxcran)
Crpeasno E. npod. (benapycn)

Tammumos JL.T. mpod., akanemuk (Kazaxcran)
Toaepam U. npod., akagemux (Mommgosa)
Xamukos JI.X. nmpod., akanemuk (TamkukucTan)
®ap3aaueB B. npod., akanemuk (AzepOaiimxan)

«H3BecTuss HAH PK. Cepusi XuMHH ¥ TeXHOJIOTHI».

ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

CoOctBennuk: PecnybOnukanckoe oOmecTBeHHoe oObenuHeHne «HarmuonanbHast akanemusi Hayk PecrmyOnmkun
Kazaxcran» (r. AnMarsr)

CBUAETENHCTBO O TIOCTAHOBKE HA YYET MEPHUOAMYIECKOro IedaTHoro n3ganus B Komurere nHdopmanum 1 apxuBoB
MunncrepcTBa KyIbTyphl 1 mHGopMarn Pecryonuku Kazaxcran Nel10893-K, Beimannoe 30.04.2010 .

[Mepromm4HOCTE: 6 pa3 B TOA
Tupax: 300 sK3eMIUIApOB

Anpec pegakauu: 050010, r. Anmartsr, yi. llleBuenko, 28; kom. 219, 220; Tem. 272-13-19; 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© HanmonanpHas akagemus Hayk PecrryOimku Kaszaxcran, 2020

Anpec pegakuuu: 050100, r. Anmarsl, yn. Kynaesa, 142,
WuctutyT opranndeckoro karanusa u snekrpoxumud uM. J{. B. Cokonbckoro,
kab. 310, Tem. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz

Anpec tumorpadun: «NurNaz GRACE», r. Anmartsl, yi. Peickynosa, 103.

— 4 =



Editor in chief

doctor of chemistry, professor, academician of NAS RK
M.Zh. Zhurinov

Editorial board:

Agabekov V.Ye. prof., academician (Belarus)

Volkov S.V. prof., academician (Ukraine)
Vorotyntsev M.A. prof., academician (Russia)
Gazaliyev A.M. prof., academician (Kazakhstan)
Yergozhin Ye.Ye. prof., academician (Kazakhstan)
Zharmagambetova A.K. prof. (Kazakhstan), deputy editor in chief
Zhorobekova Sh.Zh. prof., academician ( Kyrgyzstan)
Itkulova Sh.S. prof. (Kazakhstan)

Mantashyan A.A. prof., academician (Armenia)
Praliyev K.D. prof., academician (Kazakhstan)
Bayeshov A.B. prof., academician (Kazakhstan)
Burkitbayev M.M. prof., academician (Kazakhstan)
Dzhusipbekov U.Zh. prof., corr. member (Kazakhstan)
Muldakhmetov M.Z. prof., academician (Kazakhstan)
Mansurov Z.A. prof. (Kazakhstan)

Nauryzbayev M.K. prof. (Kazakhstan)

Rudik V. prof., academician (Moldova)

Rakhimov K.D. prof., academician (Kazakhstan)
Streltsov Ye. prof. (Belarus)

Tashimov L.T. prof., academician (Kazakhstan)
Toderash 1. prof., academician (Moldova)

Khalikov D.Kh. prof., academician (Tadjikistan)
Farzaliyev V. prof., academician (Azerbaijan)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and technology.
ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of Information and Archives of
the Ministry of Culture and Information of the Republic of Kazakhstan N 10893-K, issued 30.04.2010

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19; 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© National Academy of Sciences of the Republic of Kazakhstan, 2020

Editorial address: Institute of Organic Catalysis and Electrochemistry named after D. V. Sokolsky
142, Kunayev str., of. 310, Almaty, 050100, tel. 291-62-80, fax 291-57-22,
e-mail: orgcat@nursat.kz

Address of printing house: «NurNaz GRACE», 103, Ryskulov str, Almaty.

— § —



ISSN 2224-5286 1.2020

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2020.2518-1491.7
Volume 1, Number 439 (2020), 55 — 63

UDC: 549.331
MRNTI 31.17.29

M.A. Daurenbek!, A.K. Mazhibaev?, A.A. Bakibaev?

ITaraz State University named after M.Kh. Dulati, Taraz, Kazakhstan;
Taraz State Pedagogical University, Taraz, Kazakhstan;
National Research Tomsk State University, Tomsk, Tomsk Region, Russia
mdaurenbek@mail.ru 707olo@mail.ru bakibaev@mail.ru

ABOUT MODERN RESEARCH IN THE FIELD
OF COMPLEX SULFIDE COMPOUNDS (STATE AND TRENDS)

Abstract. The article provides an overview of the most significant scientific papers (from more than 600
literature sources), devoted to the studies of complex sulfides, some of which are given in this research. There are
examples of research in the field of the most promising complex sulfides CdZnS, AgInS, CulnS, ZnInS and the
predicted scope of their practical application in the article. The tendencies in the research for physicochemical
properties of complex metal sulphides are revealed.

Key words: complex metal sulfides, doping, quantum dot, quantum transition, photoluminescence,
electrochemical properties, phase transitions, traps, optical properties, solar cells, LEDs.

There are extensive series of creating new materials research based on the synthesis of complex
complex sulfide compounds has been conducted over the past 3 years. It will be presented examples of
research in the field of the most promising complex sulfides CdZnS, AgInS, CulnS, ZnInS.

1. Research in the field of complex sulfide CdZnS.

«Structural, optical and photovoltaic properties of Co (3%): CdZnS nanoparticles» [37]. In the present
study, CdZnS and Co (3%): CdZnS nanoparticles (NPs) have been synthesized via wet chemical method
at room temperature using 1-thioglycerol as a capping agent. The incident photon-to-current conversion
efficiency (IPCE) measurement has been carried out for Co (5%): CdZnS for the first time in this study.
The results show that Co (3%): CdZnS can be utilized as sensitizers to improve the performance of solar
cells. In addition to the photovoltaic properties; structural, optical and morphological properties of Co
(3%): CdZnS NPs have been investigated. The results indicate that Co (3%): CdZnS NPs can be suitable
material for photovoltaic applications.

«Influence of Ce** doping on the optical and photocatalytic properties of ZnosCdo2S-ethylenediamine
hybrid nanosheets» [8]. The Ce**-doped ZnosCdp2S-ethylenediamine (En) hybrid nanosheets were
successfully synthesized by a simple solvothermal method and characterized by scanning electron
microscope (SEM), transmission electron microscope (TEM), X-ray diffraction (XRD), UV-vis diffusion
reflectance spectroscopy (UV-vis DRS) and room-temperature photoluminescence spectra (PL). The
effects of Ce** doping amount on the photo-absorption properties and photocatalytic H-2 evolution rates
under visible light irradiation over ZngsCdoS-En hybrid nanosheets were also investigated. The results
show that the incorporation of Ce*, existing in the form of Ce,S; with uniformly distribution in sample
can narrow the band gap, enhance the photo-absorption and extend the photo-absorption range of the
Zno3CdoS-En hybrid nanosheets. The photocatalytic activity tests prove that Ce*"-doped ZnosCdo2S-En
nanosheets have much higher photocatalytic hydrogen production activity when compared with the
undoped one. Under the irradiation of visible light, the highest photocatalytic hydrogen production rate of
229.2 mu mol h(-1) is observed over 0.1 wt.% Ce**-doped ZnosCdo,S-En nanosheets, which is about 1.4
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times higher than that of the undoped Zno3Cdy>S-En nanosheets. The improved photocatalytic activity of
Ce-doped samples ascribes to the enhanced photo-response in the visible light region and the efficient
separation of electron-hole pairs due to the formation of heterojunction between ZnosCdo>S-En and Ce,Ss.

«Size-dependent structural phase transitions and their correlation with photoluminescence and optical
absorption behavior of annealed Zng 45CdossS quantum dots» [46]. In this paper, we investigate the effect
of thermally induced structural phase transitions on the photoluminescence (PL) and optical absorption
behaviour of Zng45CdossS nanoparticles (NPs). Analysis of X-ray diffraction (XRD) patterns and high-
resolution electron microscope (HRTEM) images reveal that the as-synthesized sample possesses zinc-
blende-type cubic structure. In addition, at annealing temperature (T-a) 400 degrees C, the cubic structure
transforms completely into the wurtzite-type hexagonal structure. Furthermore, the second phase transition
of the as-synthesized sample has observed at 700 degrees C, where the cubic structure has transformed
into mixed polycrystalline phases of hexagonal ZnO, cubic CdO, monoclinic CdSO3, and orthorhombic
ZnSO; structures. These new phases have also confirmed from the analysis of Raman and FTIR spectra.
Analysis of UV-visible optical absorption spectra demonstrates that Increasing T-a results in the decrease
of optical band gap due the improvement in crystallinity accompanied by the increase in the particle size.
The PL emission bands at an excitation energy of 3.818 eV exhibit redshift and a decrease in the intensity
with increasing T-a up to 500 degrees C. Meanwhile, further increase in T-a up to 700 degrees C results in
the enhancement of green emission intensity. On the other hand, PL emission spectra at 3.354 ¢V and T.
700 degrees C, reveal a dramatic increase in the emission intensity nearly by one-order of magnitude with
respect to its value of the as-synthesized sample. This behaviour is ascribed to the incorporation of
oxygen-related defects via thermal annealing in air, which act as additive radiative centers. Also, we have
interpreted the observed spectral blue shift of PL emission spectrum with increasing excitation energy.

A similar study of this complex sulfide is also reflected in the following works [11, 32] and in earlier
studies [38, 23, 29].

2. Research in the field of complex AgInS sulfide.

«Luminescence and photoelectrochemical properties of size-selected aqueous copper-doped Ag-In-S
quantum dots» [47]. Ternary luminescent copper and silver indium sulfide quantum dots (QDs) can be an
attractive alternative to cadmium and lead chalcogenide QDs. The optical properties of Cu-In-S and Ag-
In-S (AIS) QDs vary over a broad range depending on the QD composition and size. The implementation
of ternary QDs as emitters in bio-sensing applications can be boosted by the development of mild and
reproducible syntheses directly in aqueous solutions as well as the methods of shifting the
photoluminescence (PL) bands of such QDs as far as possible into the near IR spectral range. In the
present work, the copper-doping of aqueous non-stoichiometric AIS QDs was found to result in a red shift
of the PL band maximum from around 630 nm to similar to 780 nm and PL quenching. The deposition of
a ZnS shell results in PL intensity recovery with the highest quantum yield of 15%, with almost not
change in the PL band position, opposite to the undoped AIS QDs. Size-selective precipitation using 2-
propanol as a non-solvent allows discrimination of up to 9 fractions of Cu-doped AIS/ZnS QDs with the
average sizes in the fractions varying from around 3 to 2 nm and smaller and with reasonably the same
composition irrespective of the QD size. The decrease of the average QD size results in a blue PL shift
yielding a series of bright luminophors with the emission color varies from deep-red to bluish-green and
the PL efficiency increases from 11% for the first fraction to up to 58% for the smallest Cu-doped
AIS/ZnS QDs. The rate constant of the radiative recombination of the size-selected Cu-doped AIS/ZnS
QDs revealed a steady growth with the QD size decrease as a result of the size-dependent enhancement of
the spatial exciton confinement. The copper doping was found to result in an enhancement of the
photoelectrochemical activity of CAIS/ZnS QDs introduced as spectral sensitizers of mesoporous titania
photoanodes of liquid-junction solar cells.

«Origin and Dynamics of Highly Efficient Broadband Photoluminescence of Aqueous Glutathione-
Capped Size-Selected Ag-In-S Quantum Dots» [51]. The 2-3 nm size-selected glutathione-capped Ag In S
(AIS) and core/shell AIS/ZnS quantum dots (QDs) were produced by precipitation/redissolution from an
aqueous colloidal ensemble. The QDs reveal broadband photoluminescence (PL) with a quantum yield of
up to 60% for the most populated fraction of the core/shell AIS/ZnS QDs. The PL band shape can be
described by a self-trapped exciton model implying the PL band being a sequence of phonon replica of a
zero-phonon line resulting from strong electron phonon interaction and a partial conversion of the electron
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excitation energy into lattice vibrations. It can be concluded that the position and shape of the PL bands of
MS QDs originate not from energy factors (depth and distribution of trap states) but rather from the
dynamics of the electron phonon interaction and the vibrational relaxation in the QDs. The rate of
vibrational relaxation of the electron excitation energy in MS QDs is found to be size-dependent,
increasing almost twice from the largest to the smallest QDs.

«Synthesis of AgInS, quantum dots with tunable photoluminescence for sensitized solar cells» [14].
Synthesis of quantum dots (QDs) with high photoluminescence is critical for quantum dot sensitized solar
cells (QDSCs). A series of high quality AgInS, QDs were synthesized under air circumstance by the
organometallic high temperature method. Feature of tunable photoluminescence of AgInS, QDs with long
lifetime and quantum yields beyond 40% has been achieved, which was mainly attributed to the donor-
acceptor pair recombination, contributed above 91% to the whole emission profiles. After ligand exchange
with bifunctional linker, water-soluble AgInS, QDs were adopted as light harvesters to fabricate QDSCs,
achieved best PCE of 2.91% (short-circuit current density of 13.78 mA cm(-2), open-circuit voltage of
0.47 V, and fill factor of 45%) under one full sun illumination. The improved photovoltaic performance of
AgInS, QDs-based QDSCs is mainly originated from broadened optoelectronic response range up to-900
nm, and enhanced photoluminescence with long lifetime and high quantum yield beyond 40%, which
provide strong photoresponse similar to 40% over the window below 750 nm. The synthetic approach
combined with intrinsic defects created by intentionally composition modulation introduces a new
approach towards the goal of high performance QDSCs.

The research results of this complex compound are also reflected in the following works [36, 22] in
earlier studies [27].

3. Research in the field of complex CulnS; sulfide.

«Defect Luminescence from Wurtzite CulnS, Nanocrystals: Combined Experimental and Theoretical
Analysis» [45]. CulnS, nanocrystals with the wurtzite structure show promise for applications requiring
efficient energy transport due to their anisotropic crystal structure. We investigate the source of
photoluminescence in the near-infrared spectral region recently observed from these nanocrystals.
Spectroscopic studies of both wurtzite CulnS; itself and samples alloyed with Cd or Zn allow the
assignment of this emission to a radiative point defect within the nanocrystal. structure. Further, by
varying the organic passivation layer on the material, we are able to determine that the atomic species
responsible for nonradiative decay paths on the nanocrystal surface are Cu- or S-based. Density functional
theory calculations of defect states within the material allow identification of the likely radiative species.
Understanding both the electronic structure and optical properties of wurtzite CulnS;, nanocrystals is
necessary for their efficient integration into potential biological, photovoltaic, and photo catalytic
applications.

«Interplay between Surface Chemistry, Precursor Reactivity, and Temperature Determines Outcome
of ZnS Shelling Reactions on CulnS, Nanocrystals» [10]. ZnS shelling of I-I1I-VI,) nanocrystals (NCs)
invariably leads to blue-shifts in both the absorption and photoluminescence spectra. These observations
imply that the outcome of ZnS shelling reactions on I-III-VI, colloidal NCs results from a complex
interplay between several processes taking place in solution, at the surface of, and within the seed NC.
However, a fundamental understanding of the factors determining the balance between these different
processes is still lacking. In this work, we address this need by investigating the impact of precursor
reactivity, reaction temperature, and surface chemistry (due to the washing procedure) on the outcome of
ZnS shelling reactions on CulnS; NCs using a seeded growth approach. We demonstrate that low reaction
temperatures (150 degrees C) favor etching, cation exchange, and alloying regardless of the precursors
used. Heteroepitaxial shell overgrowth becomes the dominant process only if reactive S- and Zn-
precursors (S-ODE/OLAM and Znl; ) and high reaction temperatures (210 degrees C) are used, although a
certain degree of heterointerfacial alloying still occurs. Remarkably, the presence of residual acetate at the
surface of CIS seed NCs washed with ethanol is shown to facilitate heteroepitaxial shell overgrowth,
yielding for the first time CIS/ZnS core/shell NCs displaying red-shifted absorption spectra, in agreement
with the spectral shifts expected for a type-I band alignment. The insights provided by this work pave the
way toward the design of improved synthesis strategies to CIS/ZnS core/shell and alloy NCs with tailored
elemental distribution profiles, allowing precise tuning of the optoelectronic properties of the resulting
materials.
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The research results of this complex compound are also reflected in the following works [31] in
earlier studies [3, 24, 40, 18, 19, 13, 9, 28, 35, 12].

4. Research in the field of complex ZnInS sulfide.

«Improving the emission of ultrasmall Mn-doped ZnInS quantum dots via Ag-induced trap state
energy level» [39]. For ultrasmall Mn-doped quantum dots (QDs), the energy transfer of the exciton to the
Mn is the key factor for Mn emission. Herein, the Ag-induced electron trap state energy level, which is an
intermediate energy level between the conduction band (CB) and T-4(1) of Mn, is proposed for improving
the energy transfer. After doping the Ag and forming Ag&Mn:ZnInS QDs, most excitons will first be
captured by the intermediate energy level and then be transferred to Mn d-states, leading to enhanced
photoluminescence (PL) quantum yields (QY) of the QDs from the original 17% (Mn:ZnInS QDs) to 30%
(Ag&Mn:ZnlnS QDs).

«Dopant-controlled photoluminescence of Ag-doped Zn-In-S nanocrystals» [50]. In this work, we
reported the growth of cadmium-free Ag-doped Zn-In-S nanocrystals (NCs) with effective
photoluminescence (PL) via a hot-injection strategy. The effects of the nucleation temperatures, reaction
times, and Ag-doping concentrations on the PL properties of Ag-doped Zn-In-S NCs were investigated
systematically. The as-synthesized NCs exhibit color-tunable PL emissions covering a broad visible range
of 472-585 nm. After being passivated by a protective ZnS shell, the PL quantum yield (QY) of the
resultant NCs was greatly improved up to 33%. With the increase of the Ag-doping level, the PL is
significantly intensified due to the improved concentration of Ag ions which provides more holes to
recombine with electrons from the bottom of the conduction band. This also makes the emission via the
dopant energy level become a powerful, competitive advantage for the NCs with higher Ag-doping levels,
resulting in a longer lifetime and higher PL QY. These results suggest that tailoring the Ag-doping level
can be a powerful strategy to control the optical properties of Ag-doped Zn-In-S NCs.

«Highly bright and stable white-light-emitting cadmium-free Ag, Mn co-doped Zn-In-S / ZnS
quantum dots and their electroluminescence» [55]. Optimized white light emitting Ag, Mn:Zn-In-S
quantum dots (QDs) were synthesized via a simple, scalable, reproducible, and low-cost one-pot non-
injection synthetic approach. After coating a thick ZnS shell (similar to 12 monolayers) on the core QDs,
high photoluminescence (PL) quantum yield (QY) up to 76% was achieved and high emission efficiency
was retained even when the initially oil-soluble QDs were transferred into aqueous media by ligand
replacement. Moreover, both thermal stability and photostability of thick shell-Ag, Mn:Zn-In-S/ZnS QDs
were significantly enhanced as compared with those of Ag, Mn:Zn-In-S core QDs due to the suppressed
surface defects resulting from the passivation of the dense ZnS layers. White quantum dot light-emitting
diodes (QD-LEDs) were fabricated using thick shell Ag, Mn:Zn-In-S/ZnS QDs as single QDs emitter,
showing good performance with maximum current efficiency of 1.86 cd A(-1 )corresponding to external
quantum efficiency (EQE) of 0.82% at a current density of 0.065 mA cm(-2), color rendering indices
(CRI) of 83, Commission International d'Eclairage (CIE) coordinates of (0.344, 0.393) and correlated
color temperature (CCT) of 5156 K.

«Doping concentration-dependent photoluminescence properties of Mn-doped Zn-In-S quantum dots»
[15]. In this report, doping concentration-dependent photoluminescence (PL) properties of Mn-doped
ternary Zn-In-S quantum dots (QDs) were studied by using steady-state and time-resolved PL
spectroscopy. The QDs PL was firstly significantly intensified with the increasing Mn doping
concentration and then decreased after the doping concentration increased up to 7.5 at.%. However, their
decay lifetimes exhibit a monotone decrease with Mn doping concentration ranged from 0 to 10 at.%. It
can be concluded that the PL intensity was mainly determined by two factors: one was the increased
efficiency of energy transfer from host excitons to Mn?* ion accepter, and the other was the decreased
efficiency of the emission from a Mn*" ion, which was caused by the increased component of exposed
Mn?* ions on QDs surface and the accelerated interaction between adjacent dopants. The competition of
above two exciton relaxation dynamics processes determined the trend of the PL intensity, while the latter
was responsible for the monotonously decreased lifetime of the Mn*" ion emission with the increasing Mn
doping concentration.

The research results of this complex compound are also reflected in the following works [16, 17] in
earlier studies [25, 26, 34,1, 2].
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Note that other complex compounds of complex ternary sulfides such as CdPbS [7], HgPbS [20],
BaPbS [21], CdCoS [4], PbZnS [5], PbCoS [6], HgCdS [30], CdSnS [33], PbCaS [49], CdPbS [52],
PbSnS [53], ZnMnS [41], CdMnS [43], ZnCoS [42], CdFeS [54], CdNiS [44], MnZnS [48] were studyed.

Research in the field of sulfides was also carried out by domestic scientists. For example, studies for
ZnS sulfides are reflected in [56, 57], and the study for the physicochemical properties of CdS sulfides is
described in [58, 59]. Practical applications of complex sulfides are described in [60].

Findings

There a clear tendency of doping the basic sulfide material with various chemical elements that are
not part of them is followed from the analysis of the vast majority of modern works (on the synthesis and s
tudy of complex sulfides) shown in the literature review. This operation significantly changes the physico
- chemical properties of complex sulfide, which, as a result, leads to a significant expansion of their
practical application in science and technology.

M.O. [lpypenodex’, A.K. Maxubaes?, A.A. Bakn6aes®

'M.X. [lynatu atemgarsl Tapas MeMeNeKeTTiK yauBepcuTeTi, Tapas k., Kazakcran;
>Tapa3 MeMEJIEKETTIK MearoruKanblK ynusepeuteti, Tapas K., Kazakcran;
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KYPAEJI CYJAb®UATI KOCBLIBICTAP CAJTACBIHJIAFBI
3AMAHAYMU 3EPTTEVYJIEP TYPAJIbI (KAFIANBI ’)KOHE BETAJIBICHI)

AnHoTanusi. Makanana kypzeni cynsuarepai 3eprrey OolibiHIna Oip Gemiri Makanaga kentipiired 600 aca
oneOUeTTIK Ke3JepliH €H MaHbI3bl FhUIBIMH CHOCKTepiHe IOy KacalblHAbl. EH MepcrneKTHBaibl Kypaesi
cyabuarep CdZnS, AgInS, CulnS, ZnInS canackiHa MbIcangap >KOHE OJIAPABIH TOKIPUOETIK KOJIJAHBLIATHIH
OoimKaMIbl ayKbIMbI KEJITIpiJi.

Ocepunaita, CdZnS xypaeni cynbhua canacblHIarbl 3epTTeysep OOWbIHIIA )KapbIK SHEPTHUSACHIH 3JIEKTP TOThIHA
TYPJICHIIPY THIMAUIN aHBIKTAJIABI, OYJl OCBHI KOCBUIBICTBI KYH BJIEMEHTTEpIHIH CHIaTTaMalapblH XKaKcapTy YIIiH
ceHcHOMIIM3aTOp PeTiH/Ee Maiianany Typaibl aiiTyFa MyMKinaik 6epeni. Ce,S; Typingeri Ce*-ni Teric Gemin kocy
THIMBIM CaJIBIHFAaH aliMaKTBIH CHiH TapbUITHI, ZngsCdo2S ruOpuaTi HaHOKABIpAKTapABIH (OTO CiHIPY TUAITa30HBIH
WIFAUTYBl KOHE KEHEWTYyl MYMKiH. Zno4sCdossS HanoOemmeKkTepai ONTHKAIBIK CiHIpY >KoHE (OTOIOMHHECIEH-
LUSICBIHA TEPMISIIBIK MHAYKIUATIAHFaH KYPBUIBIMIBIK (ha3alblK aybICYIapablH ocepi 3epTTem .

AglInS apanac cynbdun canacelHIAFEI 3epTTEYIIEP e MBICIICH JICTHPIICHY1 CYHBIK 6TyMEH KYH 3JIeMEHTTepiH/IeT1
TUTaH JUOKCHAIHIH ME30KEYeKTi (poToaHOATApABIH CHEKTPIIK ceHcHOmmm3aTropmapsl petiaae enrizinrer CAIS/ZnS
KBaHTTBIK HYKTEJIEPiHIH (OTOAIEKTPOXUMUSIIBIK OEJNCeHUIITIHIH JKOFapbllayblHa aJIblll KeJeTiHl OailikaiFaH.
KBaHTTBIK HYKTenepliH (OTONIOMHHECLEHINS >KOJTAaKTapbIHBIH OpHAJacybl MEH IMillliHI SHEepPreTHUKajbIK (akTop-
JapMeH eMmec (Ty3aKTapAblH TepPEeHAIriMeH KoHe jKail-KyHiHIH TapaaybIMeH), SJIEKTPOHAAPIbIH (POHOHIAPMEH e3apa
opeKeTTecy JMHAMHUKACHIMEH J>XOHE KBAHTTHIK HYKTENepJe TepOeiMelni penakcauusMeH OailllaHbICThl EeKEeHIIrl
Typajibl KOPBITBIH/IBI Kacanazpbl. JKorapbl (OTONIOMHUHECIIEHIMSIIBI KBAHTTHIK HYKTEIEPIIH CHHTE31 KYH JJIEMEHT-
Tepi YIIiH eyl MOHTe 1e O0JIaThIHbI aTal KepCeTiu.

CulnS; xypaeni cynbduz canacbiHIars! 3epTTeyiep OoifbiHmIa xymbictapaa CulnS, Bropuurtiy e3iH xaHe Cd
HeMece JIETHPIICHIeH Zn YITUIepAiH CIEKTPOCKONUSUIBIK 3epTTeyliepi OyJl cayieneHy li HaHOKPUCTaJUIIarbl pajua-
OUSUTBIK HYKTENIK aKayFa JKaTKpI3yFa MYMKIHIIK OepeTiHi nomemnenreH. OHuey omicimeH CulnS, HaHOKpHC-
TAUIJApBIHAAFEl ZnS KaOBIPIIBIKTAHY PEaKIMsIIAPBIHBIH KOPBITBIHABI MOCEIeCi NPEKYypPCOPABIH PEaKIMIIBIK
KaOUIeTTINMITiHIH, peakus TeMIIepaTyPaChIHBIH JKoHEe OCTTIH XUMUSUIBIK KYPaMBIHBIH OCEpIIepiH 3epTTey apKbLIbI
LIETIiIe .

ZnInS apanac cynbduari 3eprrey KesiHje JerupieHreH Mn aca a3 KBaHTTBIK HYKTeNlep YLIIH KCHTOHMEH
SHeprusiHbl Mn-re TachiManjay Herisri ¢axkrop Oombin TaObuiaabl. bICTBIK WMHKEKIHMs omiciMeH TUiMIi (OTOIO-
MHUHECIIEHIMSCH 0ap, KYpaMblH/a KaJMHI KOK JierupsieHreH Ag-H ZnlnS HaHOKpHCTaJULAAPBIHBIH 6CYi 3epTTE.
AK KapbIK CoyJie IIbIFapaThlH OHTAWIAHIBIPBUIFAH KBAHTTHIK HYKTenep Ag, Mn Oenrinenai: ZnInS nHKXeKIHICHI3
KapanaibiM, MacltaOTalFaH, >KaHFBIPTBUIFAH JXKOHE KbIMOAT €MeC CHUHTETHUKANIBIK TACLT apKbUIbI CHHTE3ZEI.
CreKTpOCKONUSIHEl NaliianaHa oOThIpbII, Mn nerupienreH ZnInS-H QoromoMHuHECHEHTTI KacHeTTepi, YIUTIK
KBaHTTBIK HYKTEJIEpi 3epTTENI].

Hlonyna xenTipinreH onedu Ke3aepl TaniaynaH, Kypaeti cylbGUITepi CHHTE3IeY JKoHE 3epTTey KOHIHIEeT1
Ka3ipri 3aMaHfBl KYMBICTApABIH OacklM KONIILUTriHAE CyTb(QUATIH HETI3Ti MaTepHaiblH OJapAblH KypamblHA
KIpMEHTIH OpTYpJIi XMMUSUIBIK DJIEMEHTTEpMEH KOcmajay YpAici aiikelH Oaiikamansl. Byn omepamms e3 keserinme
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FBUIBIM MEH TEXHMKaJa INPAKTHUKAJbIK KOJAHy AsChIH alTapibIKTal KEHEWTyre oKeNneTiH Kypreni CynbGHUATiH
(hM3HMKa-XUMUSUTBIK KACHETTEPIH alTapsIbIKTail e3repTe.

Tyiiin ce3mep: MerangapablH Kypaeni cynbGuATepi, Koclajlay, KBaHTTHIK HYKT€, KBAaHTTHIK aybICy,
(hoToNIOMUHECHEHIIUS, IEKTPOXUMHUSUIBIK KacueTTepi, (ha3ajiblk aybICyliap, TYTKBIITAp, ONTHKAIBIK KacCHETTEepi,
KYH Oarapesuiapsl, )apblK JHOATaphl.
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O COBPEMEHHBIX HCCJEJOBAHUSX B OBJIACTH CJOKHbBIX
CYJb®UJIHBIX COEJUHEHMI1 (COCTOSIHUE U TEHEHIINHN)

AnHotanusi. B craree cnenaH 0030p Haubosee 3HAYMMBIX HAyYHBIX PaOOT IO HCCIIEIOBAHHIO CIIOMKHBIX
cynbpdunoB u3 6osee 600 JMTEPATYpPHBIX UCTOYHHKOB, YaCTh KOTOPBIX NpUBENEHA B crarbe. [IpuBeneHsl mpumepsl
HCCIIeIOBAaHMA B 00JMacTH Hambojee MEepCHEeKTHBHBIX CIOXKHBIX cyiabpumoB CdZnS, AgInS, CulnS, ZnInS u
IporHo3upyemast cepa nX IPaKTHIECKOTO IIPUMEHEHHS.

Tak, mo uccinenoBaHuAM B o6mactu ciokHoro cynbduaa CdZnS BeisiBieHa 3QPEKTHBHOCTE MPeoOpa3oBaHuUs
CBETOBOM PHEPIHHU B BJIEKTPUUECKUI TOK, YTO MO3BOJISIET CYyJUTh 00 MCIOJIB30BAHUM 3TOTO COECIMHEHUS B KaUECTBE
CeHCHMOMIM3aTOpa JUIs YJIyYIIeHNs XAPAKTEPUCTHK COJHEYHBbIX dmeMeHToB. OTMeuaercs, uto BrimoueHune Ce*',
cymectBytomero B popme Ce;S; ¢ paBHOMEPHBIM paclpeeeHHeM B 00pa3lie MOXKET CY3UTh IIHPHHY 3alpelleHHOM
30HBI, YBEJIMYUTh U PACHIMPUTH IHAINa3oH (OTONOIJIOMIEHHs TMOPUIHBIX HaHOMMCTOB ZngsCdo,S. Hccnenosano
BJIMSHME TEPMHUUYECKH HHAYIMPOBAHHBIX CTPYKTYPHBIX (Da30BBIX IEPEXOJ0B Ha (DOTONOMHHECHEHINIO U
OITHYECKOE MOrJIoNIeHre HanoyacTi Zng 45Cdo ssS.

B nccnenoBanusx B obiacti cMemanHoro cynbguna AgInS orMeuaeTcs, 4To JIernpoBaHUE MEAbI0 IPUBOANT K
MOBBIMICHUIO (DOTOIICKTPOXUMHUICCKON aKTHBHOCTH KBaHTOBBIX Touek CAIS / ZnS, BBeJGHHBIX B KadecTBe
CHEKTPAJIBHBIX CEHCHUOMIIN3ATOPOB ME30MOPUCTHIX (DOTOAHOIOB JMOKCHIA THTAaHA B COJHEYHBIX JJIEMEHTax C
JKUJIKUM TIepexonoM. Jlemaercss BBIBOJ O TOM, YTO ITOJIOKEHHE M (hopMa MoIoc (POTONOMHHECIEHINN KBAHTOBBIX
TOYEK OOYCIIOBIEHBI HE JHEPreTHYSCKUMH (akTopamu (TIIyOWHOHW WM pacrhpefelicHHeM COCTOSHHU JIOBYIIEK), a,
CKOpee, AWHAMHUKOW B3aMMONEHCTBHS S3JCKTPOHOB ¢ ()OHOHAMH W KOJeOaTeMbHOH pelakcanueii B KBaHTOBBIX
To4kax. OTMEUEHO, YTO CHHTE3 KBAaHTOBBHIX TOYEK C BBICOKOH (DOTONIOMUHECIEHLIHEH HMMeeT pellaroniee 3HaueHue
JUISL COJTHEUHBIX 3JIEMEHTOB.

B pabotax mo uccnenoBaHusM B obnacTé cinoxkHoro cynbduma CulnS; nokasaHo, 4TO CHEKTPOCKOIMYECKHE
uccienoBanus kak camoro Bropuuta CulnS,, Tak u 00pasios, jgerupoBanHbix Cd win Zn, MO3BOJISIOT OTHECTH 3TO
M3JIy4YCHUE K paJuallMOHHOMY TOUeYHOMY JedekTy B HaHOKpHcTaie. [Ipobiiema ucxoaa peakiuil menymeHus ZnS
Ha HaHokpucraulax CulnS; MeromoM TpaBieHHs penraeTcs HCCIEIOBAaHHEM BIMSHHS —B3aWMOJICHCTBHH
PEeaKIMOHHOM CLIOCOOHOCTH PEKypcopa, TEMIIEpaTyphl peakiuy 1 XUMUIECKOTO COCTaBa IMOBEPXHOCTH.

[Ipn unccnenoBaHMsAX cMemaHHOrO cyib(uaa ZnInS BBIABIEHO, YTO Ul CBEPXMAJBIX KBAaHTOBBIX TOYEK,
JIETHPOBAaHHBIX Mn, mepenada SHEPTUH SKCUTOHOM B Mn sBisercss KirodeBbIM (akropom. MccmemoBaH poct
HaHOKpHUCTAWIOB ZnInS, nmernpoBaHHBIX Ag, He coiep)Kammx KaaMmus ¢ 3PQPEKTHBHON (OTOIOMUHECIICHINEH
METOJIOM ropsiueil MHxKeKnui. OTMEYEHO, YTO ONTUMU3NPOBAHHBIE M3IyUaloONIne OENblii CBET KBAHTOBBIE TOUKH Ag,
Mn: ZnInS OblM CHHTE3WPOBAHbI C MOMOIIBIO MPOCTOr0, MAcHITAOUPYyEMOro, BOCIIPOM3BOANMOIO U HEIOPOTOTro
CHHTETHYECKOT0 Mojaxona 0e3 MHKeKIHH. M3yueHsl (OTOIIOMHUHECLICHTHBIE CBOHCTBA, TPOMHBIX KBAHTOBBIX TOYEK
ZnInS, nerupoBaHHBIX Mn, C UCIIOJIB30BAHUEM CIIEKTPOCKOITHH.

W3 aHanu3a nuTepaTypHbIX HCTOYHHKOB, MPUBEAEHHBIX B 0030p€, CIIEAYET, YTO B IMOAABIISAIONIEM OOJIBITHHCTBE
COBPEMCHHBIX pa60T MO0 CHUHTE3y M HCCICAOBAHUIO CJIOXKHBIX Cyﬂb(i)l/IZlOB ABHO MPOCJICKUBACTCA TCHACHUUA
JICTUPOBAHUA OCHOBHOI'O MaTe€pualjia cym)(byma Ppas3IMYHbIMU XUMHWYCCKUMU 3JIEMECHTaMH, HC BXOAAIIUX B UX COCTAB.
Orta onepanus 3aMeTHO U3MEHSeT (PU3NKO-XMMHYECKHE CBOIMCTBA CJIOXKHOTO CyiIb(uaa, 4To, KaK CIIE/ICTBHE, B CBOIO
ouepe/b IPUBOJIUT K 3HAYMTEIILHOMY PaCIIMPEHUIO c(hephl MX MPAKTUUECKOTO IPUMEHEHHS B HAYKe M TEXHHKE.

Ki1ioueBble ci10Ba: CIIOXKHBIE CyIb(QHIBI METAIOB, JISTHPOBAHUE, KBAHTOBAas TOYKA, KBAHTOBBIM IEpexon,
(hOTOIOMUHECHICHINSI, 3NEKTPOXHUMHUYECKHE CBOWCTBA, (ha30BBIE MEPEXObl, JIOBYIIKH, ONTHYECKHE CBOWCTBA,
COJIHEYHBbIE OaTapen, CBETOIHUOIbI.




ISSN 2224-5286 1.2020

Information about the authors:

Daurenbek Murat Amiruly — PhD student of specialty chemistry of the Chemistry & chemical technology department, M.H.
Dulaty Taraz state university, Suleimenov str., 7, Taraz, Kazakhstan, e-mail: mdaurenbek@mail.ru, https://orcid.org/0000-0003-
3275-2920;

Mazhibaev Asylzhan Kenzhekereevich — candidate of chemistry sciences, department of Chemistry & chemistry teaching
methods, Taraz state pedagogical university, Tole bi str., 62, Taraz, Kazakhstan, e-mail: 707olo@mail.ru, https://orcid.org/0000-
0001-8997-9646;

Bakibaev Abdigali Abdimanapovich — doctor of chemistry sciences, professor, leading researcher, laboratory of catalytic
research, National research Tomsk State University, Tomsk, Tomsk region, Russia, e-mail: bakibaev@mail.ru,
https://orcid.org/0000-0002-3335-3166

REFERENCES

[1] ANAGNOSTOPOULOS A, KAMBAS K, SPYRIDELIS J (1986) ON THE OPTICAL AND ELECTRICAL-
PROPERTIES OF THE ZN3IN2S6 LAYERED COMPOUND. Materials research bulletin, 21 (4):407-413. DOI: 10.1016/0025-
5408(86)90005-X (in Eng).

[2] ANDREANI F, ROMEO N (1976) PREPARATION AND PROPERTIES OF ZNIN2S4 THIN-FILMS. Thin solid films,
31 (3):217-221. DOLI: 10.1016/0040-6090(76)90368-0 (in Eng).

[3] Asgary S, Mirabbaszadeh K, Nayebi P, Emadi H (2014) Synthesis and investigation of optical properties of TOPO-
capped CulnS2 semiconductor nanocrystal in the presence of different solvent. Materials research bulletin, 51:411-417. DOI:
10.1016/j.materresbull.2013.12.059 (in Eng).

[4] Bacaksiz E, Tomakin M, Altunbas M, Parlak M, Colakoglu T (2008) Structural, optical and magnetic properties of Cd(1-
x)CoxS thin films prepared by spray pyrolysis. Physica B condenced matter, 403 (19-20):3740-3745. DOI:
10.1016/j.physb.2008.07.006 (in Eng).

[S] Badawi, A, Al Otaibi, AH, Albaradi AM, Al-Hosiny N, Alomairy SE (2018) Tailoring the energy band gap of alloyed
Pbl-xZnxS quantum dots for photovoltaic applications. Journal of materials science-materials in electronics, 29 (24):20914-
20922. DOI: 10.1007/s10854-018-0235-2 (in Eng).

[6] Badawi, A (2019) Tunable energy band gap of Pb1-xCoxS quantum dots for optoelectronic applications. Superlattices
and microstructures, 125:237-246. DOI: 10.1016/j.spmi.2018.11.012 (in Eng).

[7] Badawi A (2016) Photoacoustic study of alloyed Cd1-xPbxS quantum dots sensitized solar cells electrodes. Journal of
materials science-materials in electronics, 27 (8):7899-7907. DOI: 10.1007/s10854-016-4781-1 (in Eng).

[8] Bai YH, Wang K, Wang XT (2018) Influence of Ce3+ doping on the optical and photocatalytic properties of
Zn0.8Cd0.2S-ethylenediamine hybrid nanosheets. Journal of photochemistry and phonobiology A-chemistry, 356:355-363.
DOI:10.1016/j.jphotochem.2018.01.014 (in Eng).

[9] Banger KK, Cowen J, Hepp AF (2001) Synthesis and characterization of the first liquid single-source precursors for the
deposition of ternary chalcopyrite (CulnS2) thin film materials. Chemistry of materials, 13 (11): 3827-3829. DOL:
10.1021/cm0105070 (in Eng).

[10] Berends AC, van der Stam W, Hofmann JP, Bladt E, Meeldijk JD, Bals S, Donega CD (2018) Interplay between
Surface Chemistry, Precursor Reactivity, and Temperature Determines Outcome of ZnS Shelling Reactions on CulnS2
Nanocrystals. Chemistry of materials, 30 (7):2400-2413. DOI: 10.1021/acs.chemmater.8b00477 (in Eng).

[11] Boltaev GS, Fu DJ, Sobirov BR, Smirnov MS, Ovchinnikov OV, Zvyagin Al, Ganeev RA (2018) Optical limiting,
nonlinear refraction and nonlinear absorption of the associates of Cd0.5Zn0.5S quantum dots and dyes. Optics express, 26
(11):13865-13875. DOI: 10.1364/0E.26.013865 (in Eng).

[12] Braunger D, Hariskos D, Walter T, Schock HW (1996) An 11.4% efficient polycrystalline thin film solar cell based on
CulnS2 with a Cd-free buffer layer. Solar energy materials and solar cells, 40 (2):97-102. DOI: 10.1016/0927-0248(95)00069-0
(in Eng).

[13] Bu XH, Zheng NF, Li YQ, Feng PY (2002) Pushing up the size limit of chalcogenide supertetrahedral clusters: Two-
and three-dimensional photoluminescent open frameworks from (Cu5In30S54)(13-) clusters. Journal of the American chemical
society, 124 (43):12646-12647. DOI: 10.1021/ja021009z (in Eng).

[14] Cai CQ, Zhai LL, Ma YH, Zou C, Zhang LJ, Yang Y, Huang SM (2017) Synthesis of AgInS2 quantum dots with
tunable photoluminescence for sensitized solar cells. Journal of power sources, 341:11-58. DOI: 10.1016/j.jpowsour.2016.11.101
(in Eng).

[15] Cao S, Zheng JJ, Dai CC, Wang L, Li CM, Yang WY, Shang MH (2018) Doping concentration-dependent
photoluminescence properties of Mn-doped Zn-In-S quantum dots. Journal of materials science, 53 (2):1286-1296.
DOI:10.1007/510853-017-1598-0 (in Eng).

[16] Cao S, Zheng JJ, Zhao JL, Yang ZB, Shang MH, Li CM, Yang WY, Fang XS (2016) Robust and Stable Ratiometric
Temperature Sensor Based on Zn-In-S Quantum Dots with Intrinsic Dual-Dopant Ion Emissions. Advanced functional materials,
26 (40): 7224-7233. DOI:10.1002/adfm.201603201 (in Eng).

[17] Cao S, Zhao JL, Yang WY, Li CM, Zheng JJ (2015) Mn2+-doped Zn-In-S quantum dots with tunable bandgaps and
high photoluminescence properties. Journal of materials chemistry ¢, 3 (34):8844-8851. DOI: 10.1039/c5tc01370d (in Eng).




News of the Academy of sciences of the Republic of Kazakhstan

[18] Castro SL, Bailey SG, Raffaclle RP, Banger KK, Hepp AF (2004) Synthesis and characterization of colloidal CulnS2
nanoparticles from a molecular single-source precursor. Journal of physical chemistry B, 108 (33):12429-12435. DOI:
10.1021/jp049107p (in Eng).

[19] Castro SL, Bailey SG, Raffaelle RP, Banger KK, Hepp AF (2003) Nanocrystalline chalcopyrite materials (CulnS2 and
CulnSe2) via low-temperature pyrolysis of molecular single-source precursors. Chemistry of materials, 15 (16):3142-3147. DOI:
10.1021/cm0341610 (in Eng).

[20] Chattarki AN, Maldar NN, Deshmukh LP (2014) Synthesis, structure and spectro-microscopic studies of polycrystalline
HgxPbl-xS thin films grown by a chemical route. Journal of alloys and compounds, 597:223-229. DOI:
10.1016/j.jallcom.2014.01.006 (in Eng).

[21] Chattopadhyaya S, Bhattacharjee R (2017) Theoretical study of structural, electronic and optical properties of BaxPb1-
xS, BaxPbl-xSe and BaxPbl-xTe ternary alloys using FP-LAPW approach. Journal of alloys and compounds, 694:1348-1364.
DOI: 10.1016/j.jallcom.2016.10.096 (in Eng).

[22] Chen SQ, Demillo V, Lu MG, Zhu XS (2016) Preparation of photoluminescence tunable Cu-doped AgInS2 and
AgInS2/ZnS nanocrystals and their application as cellular imaging probes. RSC advances, 6 (56):51161-51170. DOI:
10.1039/c6ra09494¢ (in Eng).

[23] Chen ZG, Tian QW, Song YL, Yang JM, Hu JQ (2010) One-pot synthesis of ZnxCd1-xS nanocrystals with tunable
optical properties from molecular precursors. Journal of alloys and compounds, 506 (2):804-810. DOI:
10.1016/j.jallcom.2010.07.075 (in Eng).

[24] Chen BK, Zhong HZ, Wang MX, Liu RB, Zou BS (2013) Integration of CulnS2-based nanocrystals for high efficiency
and high colour rendering white light-emitting diodes. Nanoscale, 5(8): 3514-3519. DOI: 10.1039/c3nr33613a (in Eng).

[25] Chen ZX, Li DZ, Zhang WJ, Shao Y, Chen TW, Sun M, Fu XZ (2009) Photocatalytic Degradation of Dyes by ZnIn2S4
Microspheres under Visible Light Irradiation. Journal of physical chemistry ¢, 113 (11): 4433-4440. DOI: 10.1021/jp8092513
(in Eng).

[26] Chen ZX, Li DZ, Zhang WJ, Chen C, Li WJ, Sun M, He YH, Fu XZ (2008) Low-Temperature and Template-Free
Synthesis of ZnIn2S4 Microspheres. Inorganic chemistry, 47 (21): 9766-9772. DOI: 10.1021/ic800752t (in Eng).

[27] Cheng KC, Law WC, Yong KT, Nevins JS, Watson DF, Ho HP, Prasad PN (2011) Synthesis of near-infrared silver-
indium-sulfide (AgInS2) quantum dots as heavy-metal free photosensitizer for solar cell applications. Chemical physics letters,
515 (4-6):254-257. DOI: 10.1016/j.cplett.2011.09.027 (in Eng).

[28] Czekelius C, Hilgendorff M, Spanhel L, Bedja I, Lerch M, Muller G, Bloeck U, Su DS, Giersig M (1999) A simple
colloidal route to nanocrystalline ZnO/CulnS2 bilayers. Advanced materials, 11 (8):643-646. DOI: 10.1002/(SICI)1521-
4095(199906)11:8<643:: AID-ADMA643>3.0.CO;2-I (in Eng).

[29] Dai J, Jian WP, Zhuang JQ, Yang WS (2006) Synthesis and optical properties of ZnxCd1-xS : Ag nanocrystals.
Chemical journal of Chinese universities - Chinese, 27 (4): 704-707. (in Eng).

[30] Deshmukh LP, Garadkar KM, Sutrave DS (1998) Studies on solution grown HgxCd1-xS thin films. Materials chemistry
and physics, 55 (1):30-35. DOI: 10.1016/S0254-0584(98)00004-2 (in Eng).

[31] Fuhr AS, Yun HJ, Makarov NS, Li HB, McDaniel H, Klimov VI (2017) Light Emission Mechanisms in CulnS2
Quantum Dots Evaluated by Spectral Electrochemistry. ACS photonics, 4 (10): 2425-2435. DOI: 10.1021/acsphotonics.7b00560
(in Eng).

[32] Ghosh S, Sarkar S, Das BK, Sen D, Samanta M, Chattopadhyay KK (2017) Band edge tuned ZnxCd1-xS solid solution
nanopowders for efficient solar photocatalysis. Physical chemistry chemical physics, 19 (44):29998-30009. DOI:
10.1039/c7¢cp06305a (in Eng).

[33] Ghosh PK, Maiti UN, Ahmed SF, Chattopadhyay KK (2006) Highly conducting transparent nanocrystalline Cd1-xSnxS
thin film synthesized by RF magnetron sputtering and studies on its optical, electrical and field emission properties. Solar energy
materials and solar cells, 90 (16): 2616-2629. DOI: 10.1016/j.s0lmat.2006.02.015 (in Eng).

[34] Gou XL, Cheng FY, Shi YH, Zhang L, Peng SJ, Chen J, Shen PW (2006) Shape-controlled synthesis of ternary
chalcogenide ZnIn2S4 and Culn(S,Se)(2) nano-/microstructures via facile solution route. Journal of the American chemical
society, 128 (22):7222-7229. DOI: 10.1021/ja0580845 (in Eng).

[35] Gurinovich LI, Gurin VS, Ivanov VA, Bodnar IV, Molochko AP, Solovej NP (1998) Crystal structure and optical
properties of CulnS2 nanocrystals in a glass matrix. Phisica status solidi b — basic solid state physics, 208 (2):533-540. DOI:
10.1002/(SICT)1521-3951(199808)208:2<533:: AID-PSSB533>3.0.CO;2-P (in Eng).

[36] Hamanaka Y, Ozawa K, Kuzuya T (2014) Enhancement of Donor-Acceptor Pair Emissions in Colloidal AgInS2
Quantum Dots with High Concentrations of Defects. Journal of physical chemistry c, 118 (26):14562-14568. DOI:
10.1021/jp501429f (in Eng).

[37] Horoz S (2018) Structural, optical and photovoltaic properties of Co (3%): CdZnS nanoparticles. Indian journal of pure
& applied physics, 56 (10):759-764.

[38] Hospodkova A, Svoboda L, Praus P (2015) Dependence of photocatalytic activity of ZnxCdl-xS quantum dot
composition. Chinese journal of catalysis, 36 (3):328-335. DOI:10.1016/S1872-2067(14)60269-2 (in Eng).

[39] Huang GG, Wang CL, Xu SH, Cui YP (2017) Improving the emission of ultrasmall Mn-doped ZnInS quantum dots via
Ag-induced trap state energy level. Materials research express, 4 (8), article number: 085028. DOI:10.1088/2053-1591/aa806¢ (in
Eng).

[40] Huang WC, Tseng CH, Chang SH, Tuan HY, Chiang CC, Lyu LM, Huang MH (2012) Solvothermal Synthesis of
Zincblende and Wurtzite CulnS2 Nanocrystals and Their Photovoltaic Application. Langmuir, 28 (22): 8496-8501. DOI:
10.1021/1a300742p (in Eng).




ISSN 2224-5286 1.2020

[41] Ichino K, Misasa H, Kitagawa M, Tanaka S, Kobayashi H (2001) Mechanism of blue-shift of Mn2+ luminescence in
ZnMgS : Mn for electroluminescent thin films. Japanese journal of applied physics part 1-regular papers short notes & review
papers, 40 (3A): 1289-1293. DOI: 10.1143/JJAP.40.1289 (in Eng).

[42] Kamble, SS, Dubal DP, Tarwal NL, Sikora A, Jang JH, Deshmukh LP (2016) Studies on the ZnxCo1-xS thin films: A
facile synthesis process and characteristic properties. Journal of alloys and compounds, 656:590-597. DOL:
10.1016/j.jallcom.2015.10.011 (in Eng).

[43] Kim DJ, Choi YD, Lee JW (2011) Investigation of crystal structure and optical properties of Cd1-xMnxS epilayers.
Journal of vacuum science & technology A, 29 (5), article number 051504. DOI: 10.1116/1.3610173 (in Eng).

[44] Kumar S, Sharma P, Sharma V (2013) Phase Transition in II-VI Nanofilms of Dilute Magnetic Semiconductors: Cd1-
xNixS. Science of advanced materials, 5 (6):713-717. DOI: 10.1166/sam.2013.1505 (in Eng).

[45] Leach ADP, Shen X, Faust A, Cleveland MC, La Croix AD, Banin U, Pantelides ST, Macdonald JE (2016) Defect
Luminescence from Wurtzite CulnS2 Nanocrystals: Combined Experimental and Theoretical Analysis. Journal of physical
chemistry c, 120 (9):5207-5212. DOI: 10.1021/acs.jpcc.6b00156 (in Eng).

[46] Osman MA, Abd-Elrahim AG, Othman AA (2018) Size-dependent structural phase transitions and their correlation
with photoluminescence and optical absorption behavior of annealed Zn0.45Cd0.55S quantum dots. Materials characterization,
144:247-263. DOLI: 10.1016/j.matchar.2018.07.020 (in Eng).

[47] Raevskaya A, Rozovik O, Novikova A, Selyshchev O, Stroyuk O, Dzhagan V, Goryacheva I, Gaponik N, Zahn DRT,
Eychmuller A (2018) Luminescence and photoelectrochemical properties of size-selected aqueous copper-doped Ag-In-S
quantum dots. RSC Advances, 8 (14):7550-7557. DOI: 10.1039/c8ra00257f (in Eng).

[48] Sarkar U, Debnath B, Debbarma M, Ghosh D, Chanda S, Bhattacharjee R, Chattopadhyaya S (2019) Density functional
calculations of structural, elastic and optoelectronic features of MgxZnl-xS, MgxZnl-xSe and MgxZnl-xTe alloys. Materials
chemistry and physics, 230:54-77. DOI: 10.1016/j.matchemphys.2019.03.050 (in Eng).

[49] Sifi C, Meradji H, Slimani M, Labidi S, Ghemid S, Hanneche EB, Hassan FE (2009) First principle calculations of
structural, electronic, thermodynamic and optical properties of Pb1-xCaxS, Pbl-xCaxSe and Pbl-xCaxTe ternary alloys. Journal
of physics condenced matter, 21 (19), article number 195401. DOI: 10.1088/0953-8984/21/19/195401 (in Eng).

[50] Shi XJ, Zheng JJ, Shang MH, Xie TT, Xie JB, Cao S, Yang WY (2017) Dopant-controlled photoluminescence of Ag-
doped Zn-In-S nanocrystals. Journal of materials research, 32 (18):3585-3592. DOI: 10.1557/jmr.2017.247 (in Eng).

[51] Stroyuk O, Raevskaya A, Spranger F, Selyshchev O, Dzhagan V, Schulze S, Zahn DRT, Eychmueller A (2018) Origin
and Dynamics of Highly Efficient Broadband Photoluminescence of Aqueous Glutathione-Capped Size-Selected Ag-In-S
Quantum Dots. Journal of physical chemistry ¢, 122 (25):13648-13658. DOI: 10.1021/acs.jpcc.8b00106 (in Eng).

[52] Tan GL, Liu LM, Wu WB (2014) Mid-IR band gap engineering of CdxPb1-xS nanocrystals by mechanochemical
reaction. AIP Advances, 4 (6) DOI: 10.1063/1.4881878 (in Eng).

[53] Wei H, Su YJ, Chen SZ, Lin Y, Yang Z, Sun H, Zhang YF (2011) Synthesis of ternary PbxSn1-xS nanocrystals with
tunable band gap. Grystengcomm, 13 (22):6628-6631. DOI: 10.1039/c1¢e05999 (in Eng).

[54] Wu XJ, Shen DZ, Zhang ZZ, Liu KW, Li BH, Zhang JY, Lu YM, Zhao, DX, Yao B, Ren, XG, Fan XW (2007)
Characterization of Cdl-xFexS diluted magnetic semiconductors grown at near phase conversion temperature. Solid state
communications, 141 (6):344-347. DOI: 10.1016/j.ss¢.2006.11.002 (in Eng).

[55] Zhang WJ, Pan CY, Cao F, Wang HR, Yang XY (2018) Highly bright and stable white-light-emitting cadmium-free
Ag, Mn co-doped Zn-In-S / ZnS quantum dots and their electroluminescence. Journal of materials chemistry c, 6 (38):10233-
10240. DOI: 10.1039/c8tc03742f (in Eng).

[56] baemos A.B., Korsipbaes A.E., Capbaesa M.T. (2014) Meipbim cynb(uaiH 31eKTpoXUMISIIBIK oxicneH aimy, KP ¥YFA
XABAPJIAPBI, xumust »oHe TEXHOJIOTHUS CepusiChl, 6:44-48.

[57] Vpaso K.A., Jleprauéea M.b., JleoutseBa K.A., XycypoBa I''M., fckeBuu B.M. (2014) DnekTpoxuMHYECKOE
ocaxxaeHue wiHoK cyibpuna nunka, U3SBECTUS HAH PK, cepust xumust u texuomnorusi, 3:36-43.

[58] Heprauésa M.b., JleontseBa K.A., Ypazos K.A., Xycyposa I""M., Komamxo JI.B. (2014) OGpa3zoBanue KOJJIOUAHBIX
pactBopoB CdS, U3BBECTUS HAH PK, cepust xumus u TexHonorus, 2:9-13.

[59] deprauésa M.b., JleontseBa K.A., Ypazos K.A. (2014) Bausaue ocemenust Ha snekrpoocaxaenune CdS, U3BBECTUSA
HAH PK, cepus xumus u rexnonorus, 1:15-20.

[60] AGmynmua X.A., Mykames Bb.H. (2013) ®usuka nonynposoaaukoB u HaHocTpykTyp, JOKJIAZIBI HAH PK, 3:8-21.




News of the Academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[TpaBwia opopMIICHHS CTATBU IS Ty OJITHKAIIHH
B )KypHaJile CMOTPETh Ha CaiTe:

www:nauka-nanrk.kz

http://chemistry-technology.kz/index.php/en/arhiv

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Penakropsl: M. C. Axmemosa, I. b. Xanuoynnaesa, /. C. Anenos
Bepctka Ha kommbroTepe A.M. Kynveunbaesoii

IToanucano B neuats 13.02.2020.
dopmat 60x881/8. bymara odcernas. [leuats — puszorpad.
7,8 .. Tupax 300. 3aka3 1.

Hayuonanvnas akademus nayk PK
050010, Armamur, ya. [llesyenxo, 28, m. 272-13-18, 272-13-19



