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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.
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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 Zno sCdo »S-ethylenediamine
hybrid nanosheets» [8]. The Ce*"-doped ZnosCdooS-ethylenediamine (En) hybrid nanosheets were
successfully synthesized by a simple solvothermal method and characterized by scanning electron
microscope (SEM), transmission ¢lectron 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 ZnosCdo»S-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
Zn, 5Cdo2S-En hybrid nanosheets. The photocatalytic activity tests prove that Ce**-doped Zn,sCdo2S-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 Zno sCdoS-En nanosheets, which is about 1.4
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times higher than that of the undoped Zno 5Cdo2S-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 Zng sCdo 2S-En and Ce-Ss.

«Size-dependent structural phase transitions and their correlation with photoluminescence and optical
absorption behavior of annealed Zno 4sCdossS 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 Zno4sCdossS 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
ZnSQ; 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 ¢V 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
vielding 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 vields 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-1II-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
carlier 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:ZnInS 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
carlier 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], CAMnS [43], ZnCoS [42], CdFeS [54], CANiS [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.9O. Joypenbex', A.K. MaxuGaen?, A A, Bakubaen?

'M.X. Hdynatu atemaarst Tapas MeMeTEKeTTIK yEuBepcuTeTi, Tapas k., Kazakcram,
*Tapa3 MEMENEKETTIK IIEIArOTUKAJIBIK YHIUBEpCHTETI, Tapas k., Kazakcran;
*TOMCK YITTBIK 3epTTeY yHHBEPCHTETI, TOMCK Kamackl, ToMCK 00mbiChl, Peceit

KYPJAEJI CYJIb@HUIATI KOCBLIBICTAP CAJIACBIHJAATBI
3AMAHAYMU 3EPTTEVYJIEP TYPAJIbI ((KAFTAWUDBI ’)KOHE BETAJIBICHI)

Annotamust. Makanaga kypaem cynsduarepai 3eprrey Ooifbiama Oip Oermiri Makamaza kenripinren 600 aca
omeOMeTTIK KO3ACPIAiH €H MAaHBI3AbBl FBHUIBIMH CHOCKTEPIHE IIONY KAacamblHABL. EH IepCcneKTHBANBI KypAei
cymeunrep CdZnS, AgInS, CulnS, ZnInS canachiHa MBICATIAP KOHC OJAPABIH TOXKIPHOCTIK KOJIAHBLIATHIH
00mKaMIbI Y KBIMBI KSTTIPLIL.

Ocprmatima, CdZnS xypaesni cynbua canacsIHAAFsl 3epTTEYIICp OOMBIHINA KAPHIK YHEPTHACHIH 3JICKTP TOTHIHA
TYPICHIIPY THIMALITI aHBIKTAIABL, OYJI OCBI KOCBUIBICTBI KYH 3JICMEHTTCPIHIH CHIATTAMAIAPBIH KAKCAPTY YINiH
CCHCHOUNU3ATOP PETiHC MANIANAHY Typabl aiTyra MyMmkinaik Oeperi. CeoSs Typinmeri Ce*'-ai Teric Gemn kocy
THIMBIM CAJTBIHFAH aHMAKTHIH CHiH TapbUITHIL, ZnosCdo »S THOPHATI HAHOXKATIBIPAKTAPABIH ()OTO CiHIPY AHATIA30HBIH
YEAHTYBl KOHE KEHEHTYlI MYMKIH. Zno45CdossS HaHOO®MIEKTEpal ONTHKANBIK CIHIPY >KOHE (POTOOMHHECUCH-
IUSICHIHA TEPMISIIBIK HHAY KIHIAHFAH KYPBUIBIMIBIK (DA3aIbIK ayBICY TapAbIH 9CEpPi 3ePTTEIIL.

AglInS apanac cyap(ua camackIHIAFE 3CPTTCY ICPAC MBICTICH JICTHPJICHY1 CYHBIK 6TYMCH KYH 3JICMCHTTCPIHIACTI
TUTaH JTUOKCHIHIH ME30KeYEKTi (DOTOAHOATAPABIH CHEKTPIIK CeHCHOMIM3aTopiaaps! perinae exrizimeH CAIS/ZnS
KBAaHTTBHIK HYKTCJCPIHIH (DOTOINCKTPOXMMILIIBIK OCJICCHIUTITIHIH JKOFAphIIAybIHA aJBIN KENCTiHI OalKaiFaH.
KBaHTTBIK HYKTCICPAiH (DOTOFOMHUHCCUCHIMA >KOTAKTAPBIHBIH OPHATIACYBI MCH MiINiHI SHCPTCTHKAJIBIK (DakTop-
JAPMCH eMEC (TY3aKTapIbIH TCPCHAITIMCH JKOHS KAM-KYHiHIH TapaIybIMCH), JICKTPOHAAPABIH (JOHOHAAPMCH 63apa
OpEKETTECY MUHAMHUKACHIMEH J>KOHE KBAHTTHIK HYKTEICpAC TEpOEIMEN pelaKkCauusIMeH OallaHbICTBI CKCHIITI
Typanbl KOPBITHIHABI Kacanansl. JKorapel (pOTOTIOMHHECUCHIMSIIB KBAHTTHIK HYKTCJICPIIH CHHTE31 KYH JJICMCHT-
TEpl YIIiH MEIy I MOHTE HE OOIAThIHBI aTall KOPCETIIL.

CulnS; xypzeni cynbdua camaceiHAAFs! 3epTTeyaep OoifbiHma sxymbicTapaa CulnS, BropuurTiy e3iH xonHe Cd
HEMECE JICTHPJICHICH ZN YITIepaiH CICKTPOCKOMMIIBIK 3ePTTEyJIepi OYII CoyNneneHy Il HAHOKPHUCTAJUIIAFbI pagua-
IISUTBIK HYKTETIK aKayFa »KaTKpI3yFa MYMKIHAIK OeperTiHi AanmenneHreH. Ownzaey omicimern CulnS; Hanokpuc-
TAJIJAPBIHAAFB ZNS KAOBIPHIBIKTAHY PEAKIMSIAPBIHBIH, KOPBITBIHABI MOCENECI IPEKYPCOPABIH PECAKIHSLIBIK
KaOUNEeTTLNTIHIH, PEaKI¥s TSMIICPATYPACHIHBIH JKOHE OCTTIH XHMILIIBIK KYPAMBIHBIH OCEPJICPIH 3€PTTEY apPKbLIbI
HICTTITICT.

ZnInS apanac cymb(uari 3eprrey Ke3iHAe JerupieHreH Mn aca a3 KBaHTTBHIK HYKTEJICp YIIH 3KCHTOHMCH
SHEprustHpl Mn-re TackiManay Herisri ¢akrop Oombinm Tadbumagbl. bICTBIK WHKEKIms omiciMeH THiMzl (HOTOIFO-
MHHCCICHITHACH! 0ap, KypaMBIHAA KaIMHUH KOK JCTHPICHICH Ag-H ZnInS HAHOKPHCTALITAPBIHBIH 6CYi 3ePTTCIL.
AKX apbIK CoyJIe IIBFApPaThIH OHTAWIAHABIPHUFAH KBAHTTHIK HYKTenep Ag, Mn Oenrinenai: ZnlnS HHKEKIMACH3
KapamaifbiM, MacmraOTayFaH, >KAHFBIPTBUFAH JKOHE KbIMOAT €MEC CHHTCTHKANBIK TACIT APKBLIBI CHHTE3CIL.
CrHexkTpoCKONMAHBl TalzanaHa OThIpeIT, Mn neruprieHreH ZnlnS-H (DOTOTFOMHHECHECHTTI KACHETTEpi, YINTIK
KBAHTTHIK HYKTEIICPI 3¢PTTCIIAL

lonyna xearipiireH oa¢0u KO3ACPIi TaAmaydaH, KypACTi CyIbQHATSPAlI CHHTE3ACY KOHE 3CPTTCY KOHIHICTI
Kazipri 3aMaHFbl >KYMBICTAPABIH OachlM KONIIUNTIHAE CYJIb(HATIH HETI3rl MATCPHANBIH OJAPIABIH KypaMbIHA
KIPMEHTIH 9PTYPIl XHMILIIBIK 3JICMEHTTEPMEH KOCIAIay YpAici aikpiH Oaiikamanel. Byn omeparms e3 keseriHzme
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FBUIBIM MCH TCXHHKAJA IPAKTHUKAIBIK KOIJAHY AACHIH AHTAPIBIKTAHl KEHEHTYTE OKENETIH KYpAeHl CyIb(pHuATIH
(pM3UKA-XUMILIIBIK KACHETTEPIH aUTAPIBIKTal 63repPTEi.

Tyiiin ce3nep: MeramgapaelH Kypzaemi cyiab(uarepi, Kocmanay, KBAaHTTHIK HYKTC, KBAHTTHIK aybICy,
(POTOFOMUHECIICHITHS, JNCKTPOXHMISUIBIK KacHeTTepl, (ha3ambIK aybICylIap, TYTKBIITAP, ONTHUKAIBIK KACHETTEPI,
KYH OaTapesiapsl, KapbIK JHOATAPHL.

M. 9. Maypentdex!, A K. Maxubaen?, A.A. Baku6aes®

Tapasckwuit rocy mapcreenubii yrusepceureT uv. M. X, Jlynara, Tapas, Kazaxcraw,
*Tapa3sckuii TOCY JAPCTBEHHBIN MEAATOTHICCKII YHuBEpCcuTeT, Tapas, Kazaxcraw;
SHaumoHabHBIH HCCIIENOBATENBCKHIH TOMCKHI TOCY TAPCTBEHHBIH YHUBEPCHUTET,
Tomck, Tomckas 00macts, Poccus

O COBPEMEHHBIX HCCJIEJOBAHUAX B OBJJACTH CJIOKHBIX
CYJb®UJHBIX COEAUHEHHUMU (COCTOSTHHUE U TEHAEHIINN)

Annoramusa. B cratee cacman 0030p HAHWOOIGS 3HAYMMBIX HAYYHBIX PAbOT MO HCCIACAOBAHHEO CJIOKHBIX
cympumos u3 6omee 600 IUTEPATYPHBIX MCTOYHHKOB, YaCTh KOTOPBIX IPHBEICHA B CTaThe. [IpHBEICHBI IPUMEPHI
HCCNECIOBAaHUH B OOJAacTH HAmOOJee TMEPCIEKTHUBHBIX CIOKHBIX cynbhuaoB CdZnS, AglnS, CulnS, ZnInS mu
MPOTHO3UpYEMast c(hepa uX MPAKTHICCKOTO IIPHMEHCHHS.

Tak, mo wccnenoBaHusIM B 00nacTw CokHOTO Cyabpuaa CdZnS BbiaBreHa 3QPEKTHBHOCTH MPEOOPA30BAHUS
CBETOBOH OHCPTUHA B SHGKT'pI/I‘{eCKI/IfI TOK, YTO MO3BOJICT CYAUTH 00 HCIIOJIb30BAHUH ITOTO COCONHCHHUA B KAUCCTBC
CEHCHOMJIM3ATOPA I YIIYIIEHHS XAPAKTEPUCTHK CONHEYHBIX 31eMEHTOB. OT™euaercs, 4r0 BKmoueHme Ce',
cymectByromero B (hopme Ce-S3 ¢ pAaBHOMESPHBIM PAaCHPSACICHHCM B 00pa3Lie MOKST CY3HUTh MIHPHHY 3ANPCIICHHON
30HbL, YBEIMYUTh M PACIIMPHTH JUANA30H (POTOMOTIOMEHH THOPHIHBIX HAHOMUCTOB ZnosCdo.S. UccmemosaHo
BAMSHHC TCPMHUYCCKH WHAYILMPOBAHHBIX CTPYKTYPHBIX (DA30BBIX IIEPEX0T0B HAa (POTONFOMHHECHCHIHIO H
OTTHYECKOE MOTTIONICHHE HAHOYACTHIL Z 1 45Cdo 55S.

B nccaenoBaHmAX B 00IACTH CMCIIAHHOTO CYab(puaa AgInS 0TMEUACTCS, UTO JICTHPOBAHHUC MCABIO MMPHBOANT K
TMOBBIIICHAIO (DOTOIICKTPOXUMIMCCKOH AKTHBHOCTH KBAHTOBBIX TOueKk CAIS / ZnS, BBEACHHBIX B KAYCCTBC
CIICKTPAIbHBIX CEHCHOMIIH3aTOPOB ME30MOPHCTHIX (JOTOAHOMOB MHOKCHAA THTAHA B COJHCUHBIX 3JICMCHTAX C
SKUIKHAM TIepexosoM. JlemaeTcs BBIBOX O TOM, YTO MOJOXKCHUE M (popMa monoc (hOTOMFOMHUHECIICHIINH KBAHTOBBIX
TOYCK OOYCIIOBIICHBI HE JHEPreTHUYCCKHMH (pakTopaMu (TIyOMHOH M pacHpeIelICHHEM COCTOSHHH JIOBYLICK), a,
CKOpeC, AMHAMHKOH B3aHMOJCHCTBHSA 3JICKTPOHOB C (DOHOHAMH W KOJICOATCITPHOH PCIAKCAIMCH B KBAHTOBBIX
To4KaX. OTMCUCHO, YTO CHHTC3 KBAHTOBBIX TOUCK C BBICOKOH (JOTOFOMHHCCUCHIMCH MMCCT PCIIAIOIICE 3HAUCHHC
JUISA COTHEYHBIX 3JICMCHTOB.

B paborax mo MCCICIOBAHHAM B 00JaCTH CIOKHOTO Cyimb(uma CulnS, A0ka3aHO, YTO CICKTPOCKOMHUICCKHC
HCCIIeA0BAaHUA Kak camoro Bropumrta CulnS,, Tak u 00pas3uos, aerupoBanHbX Cd wmm Zn, MO3BOAIOT OTHECTH 3TO
H3IYUICHHC K PAAHAIMOHHOMY TOUCYHOMY Ie(ekTy B HAaHOKpHCTa/Ue. [Ipodiema ucxoma peakuuii meaymeHns ZnS
Ha HaHokpuctamwiax CulnS; MerogoM TpaBICHHS PEMIACTCS HCCIACAOBAHHEM BIHMSHHSA B3aHMOICHCTBHI
PCAKIMOHHO CIIOCOOHOCTH MPEKYPCOPa, TEMIECPATYPHI PEAKITHA H XUMHYECKOTO COCTABA MOBEPXHOCTH.

[Ipu wmccnenoBaHWAX CMEMIAHHOTO Cyiab(uaa ZnInS BBLIBICHO, YTO I CBEPXMAJNBIX KBAHTOBBIX TOUCK,
JCTHPOBAaHHBIX Mn, mepemava 3HEPIHH 3KCHTOHOM B Mn sBsieTcs KIOYeBBIM (paktopoM. HccrmenosaH poct
HAHOKPHUCTAIOB ZnlnS, rermpoBaHHBIX Ag, HE coaepkammx KagMmusi ¢ 3(dexkTuBHOH (HOTOTFOMHUHECHCHIMEH
METOIOM TOpsTIcH MHKEKIUH. OTMEUEHO, YTO ONTHMH3HPOBAHHBIC H3IIyUaronIye OCIbIi CBET KBAHTOBBIC TOUKH Ag,
Mn: ZnlnS OpM CHHTC3HPOBAHBI ¢ MOMOIIBI0 MPOCTOTO, MACIITAOHPYEMOTO, BOCHPOHM3BOIMMOTO H HCIOPOTOTO
CHHTETHYECKOTO IMOAX01a 0e3 MHKEKIHH. M3yueHb! (JOTOFOMUHECICHTHBIE CBOMCTBA, TPOWHBIX KBAHTOBBIX TOUCK
ZnlnS, neTupoBAHHEIX M, C HCTIOTB30BAHUEM CTICKTPOCKOTIHH.

U3 anamm3a uTepaTypHBIX HCTOYHHKOB, IPHBEASHHBIX B 0030Pe, CICAYET, YTO B MOJABIAFOMIEM OOJTBIIHHCTBE
COBPEMCHHBIX PabOT MO CHHTE3Y W HCCICIOBAHHIO CJIOKHBIX CYJb(HIOB ABHO MPOCTC)KUBACTCS TCHIACHLUS
JCTHPOBAHMS OCHOBHOTO MATEpHANA CYIb(HIA PASTHYHBIMA XHMHUYCCKUMH 3ICMECHTAMH, HE BXOJAIIHX B HX COCTAB.
Jta omepanusl 3aMETHO M3MEHSET (PU3UKO-XUMHUIECKUE CBOMCTBA CIOXHOTO CYIb(HIa, UTO, KAK CICICTBHUE, B CBOIO
ouepeb MPUBOIUT K 3HAYUTEILHOMY PACIIMPEHUIO C()ephl HX MPAKTUUECKOTO MPUMCHCHHS B HAYKE M TCXHHKE.

KaroueBnie c/oBa: CIOXKHBIC CYIb(HIBI METAIUIOB, JICTHPOBAHUC, KBAHTOBAS TOUKA, KBAHTOBBIH IEPEXO,
(DOTONFOMHHECUCHIUSA, 3TICKTPOXHMHUCCKHE CBOWCTBA, (DAa3OBBIC IEPEXObL, JOBYIIKH, ONTHYCCKHC CBOWCTBA,
COITHCUHBIC OaTapeH, CBETOIHOIBL.
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