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Abstract. In recent years, perovskite materials have attracted significant attention
due to their outstanding performance in photovoltaic devices. A particularly important
direction is the development of lead-free alternatives, among which tin-based perovskites
demonstrate high efficiency. However, their low stability and strong susceptibility to
degradation under exposure to oxygen, moisture, and light remain major challenges.
Consequently, researchers are actively exploring low-dimensional layered structures
capable of substantially enhancing the stability of these materials.

Layered perovskites consist of alternating organic and inorganic layers, forming 2D
quantum wells, 1D rods, or 0D quantum dots depending on their chemical composition.
Their key advantage lies in the broad flexibility of structural design, which opens
extensive opportunities for creating new architectures and tailoring material properties.
The article provides a detailed discussion of the main types of structural distortions -
in-plane, out-of-plane, and octahedral all of which have a pronounced impact on the
electronic and optical characteristics of these systems.

Special attention is given to the band structure, density of states, and effective masses
of charge carriers. It is shown that reducing dimensionality leads to band-gap widening,
enhanced quantum and dielectric confinement, and an increase in exciton binding
energy. These effects give rise to the strongly excitonic nature of optical transitions
in 2D tin-based perovskites. The discussion also covers photoluminescence features,
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including the emergence of “dark” exciton states and the influence of defects formed
during degradation.

Overall, the study highlights that low-dimensional layered structures represent a
highly promising strategy for improving the stability of tin-based perovskites. Control
over structural parameters, along with the selection of organic cations, halides, and
dopants, enables targeted tuning of their electronic and optical properties. The aim
of this work is to provide a comprehensive analysis of the structural, electronic, and
optical properties of low-dimensional tin-based layered perovskites, including their
structural distortions, band structure, and excitonic behavior. The findings may serve
as a foundation for the development of stable and high-efficiency photovoltaic devices.

Keywords: perovskites, tin, low-dimensional materials, 3D perovskite, photovoltaic
device
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Annotauusi. COHFbI KbUIIAPBI IEPOBCKHUT HET131HETi MaTepuanaap GOoTodIEKTPIIiK
KYpPBUIFbIIAPAAFbl  €peKIlIe CHMaTTaMalapblHa OallaHBICTBl alTapibIKTa Hazap
aymapbil  OTbIp. KopracklHCBHI3 OanamanapAblH JaMybl €peKIle KbI3BIFYIIBLIBIK
TyZABIPaJIbl, OJIAPBIH apachlHa Kajlaibl MEPOBCKUTTEP] XKOFAPhl THIMILTIKTI KOpCETe .
JlerenMeH, onapblH TOMEH TYPaKTBUIBIFBI )KOHE OTTET], bUIFall KOHE )KaphIK dCepiHeH
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Jerpananusra OeHiMaiIiri Herisri Macene Oobin Kana Oepeni. OcbliFaH OalIaHBICTHI
3epITeyIIiiep MaTepuaiJapAblH TYPAKTBUIBIFBIH €19yip apTThipa alaTblH TOMEH
eJIeM/i KadaTTbl KYpbUTBIMAAPBI OCJICEeHAl TYPE 3epTTEIII )KaThIp.

KabarTel mNepoBCKUTTEp XUMHAJBIK KypaMmblHa OaiimaHbicTel 2D  KBaHTTHIK
myHKeIpaapasl, 1D crepxenpaepai Hemece 0D KBaHTTBIK HYKTeNlepAl KypalTbIH
aybICTIajibl OPraHMKANbIK >KOHEe OeHopraHukajiblK KabarTapman Typaisl. OnapibiH
MaHBI3/1bl APTHIKIIBIIBIFBI — KaHa KYPbUIbIMIAP KYpyFa *KoHE KacHeTTepiH Oackapyra
KeH MYMKIHAIKTep amaael. Makanaaa SeKTPOH/bl XKOHE ONTUKAIBIK CHIIaTTaMalapra
alTapiablKTall ocep €TeTiH KYpbUIBIMABIK OypMalaHyJapAblH TYpJiepi — Ka3bIKTBIK
1IIiHAE, )Ka3bIKTBIKTaH THIC KOHE OKTadIPIIK TYPJepi KapacThIPhLIabl.

Makanaga  alMaKTBIK  KYpbUIBIMFA, KYH  TBIFBI3IBIFBIHA  JKOHE  3apsij
TachIMalay IbIApABIH THIMII MaccajapblHa epeKIlie Ha3ap ayAapbulaabl. OMeMHIH
TOMEH/ICYl AMana30HHBIH KEHEI0iHe, KBAaHTTHIK JKOHE IUINIEKTPIiK IIyHTTayAblH
JKOFapblUlayblHa JKOHE SKCHTOHIAPHABIH OaillaHBIC SHEPTUSICHIHBIH IKOFapblUIayblHA
oKeneTiHi kepcerinreH. byn ocepnep 2D Kanaiibl MEepOBCKUTTEPIHACTT ONTHKAJIBIK
aybICYJap/AbIH aiKbIH SKCUTOHJBIK CHIIATHIH aHBIKTalIbl. DOTONIOMUHECHEHIIMSIHBIH
EPEeKILETIKTePi, COHBIH IIIH/IE «KapaHFbD IKCUTOHJIBIK KYWICPAIH Maiaa 00Iyhl JKoHEe
Jerpaganus mpoLecine naiaa 6onaTelH aKayIapIblH dcepi e TalKbUIaHAIbI.

XKympic TemMeH enmeMai KabaTThl KYpbUIBIMIAp Kalalbl MEPOBCKUTTEPiHIH
TYPaKTBUIBIFBIH ~ apTTBIPYABIH ~ MEPCIEKTHBANBIK  OarbIThl  E€KEHIH  KepceTemi.
KypbuisIMablK napameTprepai 6ackapy, OpraHuKaJIbIK KaTHOHIAPAbI, TaJoreHuATepAl
JKOHE JIETHUPJICYLIl dJIEMEHTTEpIl TaHJay DIEKTPOHIBI KOHE ONTHUKANIBIK KacHEeTTepAi
MaKcarThl TYpIe peTTeyre MyMKiHaik Oepeai. OCbl MaKaJaHbIH MaKcaThl — Kajalbl
HETi31HIeT TOMEHOJIIeM/II Ka0aTThl MEPOBCKUTTEP/IH KYPBUIBIMIIBIK, 3JIEKTPOHIIBIK
KOHE ONTHKAIBIK KACHETTEpiH KeWeHIl Typae Taunay, ONapAblH OypManaHy
epeKUIETIKTePiH, 30HANBIK KYPBUIBIMBIH JKOHE SKCHUTOHIBIK TaOMFaThIH CHIATTay. by
3epTTey HOTHKENepl OonamiakTa TYpPakThl 9pi THIMAL (OTOINMEKTPIIK KYpPBUIFbIIAPIbI
a3ipiieyre Heri3 OoJia anajpl.

Tyiiin ce3aep: nepoBckUTTED, Kaslaiibl, TOMEHOJIIIEM Il MaTepuaniap, 3 D-nepoBcKHuT,
(hOTORNIEKTPIIK KYPBUIFBI
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AHHoTammsa. B mnocnennue rofpl NEpOBCKUTHBIE MaTepuajbl MPUBIEKAIOT
3HAYUTEIbHOE BHHMaHWE Onarojapsi CBOMM  BBLIAIOIIMMCS  XapaKTEepPUCTHUKAM
B (oroanekTpudeckux ycrpoiictBax. OcoOblli WHTEpeC BBI3BIBACT pa3paboTKa
0€CCBUHIIOBBIX aJIBTEPHATUB, CPEIN KOTOPBIX OJIOBSIHHBIE IIEPOBCKUTHI IEMOHCTPUPYIOT
BBICOKYI0 3(dexTuBHOCTb. OgHAKO KIIOYEBOM NpoONeMON ocTaeTcsi MX HH3Kas
CTaOMJIBHOCTh M CKJIOHHOCTH K JETpajlalliy IMOJ BO3JICHCTBHEM KHCIOPOXA, BIArd U
cBeTa. B cBs3u ¢ 3TUM HccnenoBaTen akTUBHO M3Y4aroT HU3KOpa3MepHBIE CIIOMCThIE
CTPYKTYpBI, CIIOCOOHBIE CYIIECTBEHHO MOBBICUTH YCTOWYMBOCTH TaKWX MaTEpHAIIOB.
CroucTble NEPOBCKUTHI COCTOAT U3 YEPEAYIOIUXCS] OPraHNIECKUX U HEOPraHMYECKUX
cioes, dopmupys 2D-kBaHTOBBIE MBI, 1D-crepykHu wnm (0D-KBaHTOBBIE TOYKH B
3aBUCHUMOCTH OT XMMHYECKOro cocTaBa. MX BakHOE MPEeMMYLIECTBO 3aKIIOYAETCS B
LIMPOKKX BO3MOKHOCTSAX CO3AaHUSI HOBBIX CTPYKTYP M YIPAaBJICHHS MX CBOHCTBaMHU.
B crarbe TOAPOOHO paccMaTpUBAIOTCS THIIBI  CTPYKTYPHBIX HCKQKEHHH -
BHYTPHUIUIOCKOCTHBIE, BHETNIOCKOCTHBIE U OKTaIPUYECKHE, - KOTOPHIE CYIIECTBEHHO
BJIMAIOT Ha JIEKTPOHHBIE U ONTHYECKUE XapakTepucTuku. Ocoboe BHUMaHUE YIEIEHO
30HHOH CTPYKTYpE, IUNIOTHOCTH COCTOSIHUM 1 3((EKTUBHBIM MaccaM HOCHUTEINEH 3apsiia.
[TokazaHo, 4TO yMEHBIIEHNE Pa3MEPHOCTH NMPHUBOAMUT K PACIIMPEHHIO 3aMPEICHHON
30HBI, yCHJIEHUIO KBAHTOBOTO U INAJIEKTPUUECKOTO OIpaHIUEHUS, @ TAK/KE K YBEITHUEHHUIO
SHEPTUH CBSI3U IKCUTOHOB. ITH 3(h(HEKTHI ONPENEeNIOT IPKO BEIPAKEHHYIO SKCUTOHHYIO
MIPUPOJY ONTHYECKHUX MEPexo10B B 2D-00BSIHHBIX TepoBckuTax. OOCYKIaroTCs TakkKe
0COOEHHOCTH (POTONIOMUHECLEHLINH, BKIIOYAs IOSBICHUE «TEMHBIX» 3KCUTOHHBIX
COCTOSHUN U BIMsHHUE e(EKTOB, BOSHUKAIOIIMX B Ipolecce aerpajaunu. B padore
MOAYEPKUBACTCS, YTO HU3KOPA3MEPHBIE CIIOUCTBIE CTPYKTYPBISIBISIOTCS IIEPCIIEKTHBHBIM
HalpaBJICHUEM TMOBBIIICHUS CTAaOWILHOCTH OJOBSHHBIX IMEPOBCKUTOB. YIpaBJICHHE
CTPYKTYPHBIMH TIapaMeTpaMH, BBIOOp OPraHWYECKUX KATHOHOB, TaJOTEHHUIOB W
JIETUPYIOLIUX 3JIEMEHTOB I03BOJISIIOT LEJICHAIPABIEHHO PEryJIUpOBaTh JIEKTPOHHBIE U
OIITHUYECKUE CBOMCTBA MaTepuaoB. Lleib craTbu 3akitouaeTcs: B KOMIUIEKCHOM aHAJIN3e
CTPYKTYPHBIX, SJICKTPOHHBIX M ONTHYECKUX CBOWCTB HHU3KOPAa3MEPHBIX CIOUCTHIX
MEPOBCKUTOB Ha OCHOBE 0JIOBA, BKJIIOYasi OCOOCHHOCTH MX CTPYKTYPHBIX UCKa)KCHUH,
30HHOU CTPYKTYpPbI U SKCUTOHHOM MpHUpo/bl. [lonydeHHbIe pe3yabTaThl MOTYT CITYKUTh
OCHOBOU ISl pa3pabOTKK CTAOMIBHBIX U BHICOKOI(D(EKTHBHBIX (HOTOITEKTPHUECKUX
YCTPOMCTB.

KiroueBble  ci10Ba: IEpOBCKUTHI, OJOBO, HHU3KOPAa3MEPHBIE  MaTepHalbl,
3D-nepoBCKUT, POTOIIEKTPUIECKOE YCTPOHUCTBO

Kipicme. CoHFbl KbUIIapsl TMEPOBCKUTTIK  MaTepuaiiap  (QOTORIEKTPIIIK

KYPBUIFBIIApa KOFapbl THIMIUTIKKE KOJ JKETKI3yIMEH FBUIBIM MEH TEXHOJIOTHSIA
EpEeKITe KhI3BIFYIIBUIBIK TYABIPEIN OTHIp. Ocipece, KypaMblHa KOPFACBHIH KOCBUIMAM,
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Oanama Martepuan peTiHIAEe Kajailbl HeTi3iHAeri MEepOBCKUTTEPAi 3epTTey ©3€KTi
OarbITKa aifHanpl. Kanaibel Heri3iHaeri mepoBCKUTTIK KYH 3JIEMEHTTEPIHIH THIMALIIr
14%-nan acein, ojapabl Oojamarsl 30p MarepHainap KaTapblHAa KOCTHL. Adjaiija,
KaJlaiibl HeTi3iHJeri MaTepuanaapIblH TYPaKChI3AbIFEI MEH JAerpajanusara OeHiMaimir
MPAaKTUKAJIBIK KOJIAAHYAbI IIEKTEH 1.

By Moceneni menrynis »KoaAapbIHbIH 01pi —TOMEHeIeM Al KaOaTThl IEPOBCKUTTEPAI
naiinanany. Mynnail KypbuibiMaap OeiiopraHuKaibIK )KoHEe OpraHuKalbIK KabaTTapaan
Typaasl JXOHE OJapAblH XHMMHUSUIBIK KypaMmblHa OalIaHbICTBl OPTYPJi KBAHTTHIK
KyHenepai Ty3e amanbl. KabarTel MEpOBCKUTTEpHiH €H OacTbl apTHIKIIBUIBIFBI —
oJapablH KypaMmbl 3D-epoBCKUTTEpAET] CHUSKTHI A OPHBIHAAFBl KaTHOH ©JILIeMiMeH
LIEKTENINl KOWMaMIpl, COHABIKTAH >KaHa KOMIIO3UIMSIAp MEH KYpBUIBIMIAPAbIH KeH
MYMKIHIIKTEp 9JI€yeTiH alajbl.

Ochl KYMBICTBIH MaKcaThl — Kajaibl Heri3iHAeri TeMeHeeM/ i KabaTThl
MEPOBCKUTTEPAIH KYPBUIBIMABIK, JJCKTPOHABIK JKOHE OINTHKAIBIK KACHETTEPiH
KEIICH1 TYpAe Tanjay, olapAblH OypMaiaHy epeKLIeNiKTepiH, 30HalIbIK KYPbUIBIMBIH
KOHE DKCUTOHBIK TaOUFAThIH cUNATTay Oonbinm Tadbuiaabl. byn 3eprrey HoTHKenepi
Oonamakra TYpaKThl 9pi THIMII (OTOINMEKTPIIK KYpbUIFBUIAPBI 93ipieyre Heri3 Oona
anajpl.

Kanaiibl HeriziHgeri TEpOBCKUTTIK KYH 3JEMEHTTEpPiHIH THIMALIITIH Y3IiKci3
FBUIBIMU 3€pTTeyJepAiH HoTwxkecinae 14%-maH KOFaphl JIEHIelre >KETim, oJapbl
QIIeYeTTi «KOPFAaChIHCBI3» MaTepHajlapAblH KaTapblHa KOCTHL. JlereHMeH, THIMILTIKTIH
apTyblHA KapaMacTaH, KaJaibl HETi31HIeri KyphUIFbIIap Aerpafanusra OeidiM OobIm
Kana 6epeni. Korapsl TemnepaTypa MEH bUIFAIIbUIBIK KaFAaiIapblHIa TYPAKTBUTBIKTHI
apTTBIPy MaKcaThblHIa TOMEHeNIIEeMIi KabaTThl MEPOBCKUTTEpPre, KOPFACBIH >KOHE
KaJlaiibl HeT131Her1 )Kylenepe Jie, alpbIKiIa Hazap ayAapbulyaa.

Byn kabarTel KypbUibIMAapAa OelopraHuKalbIK >KOHE OpraHUKalbIK KadaTrTap
Ti30€KTi OpHAIAcaabl )KOHE ONapAbIH XUMUSIIBIK KypaMbIHa OaiIaHBICTBI TAOUFH TYpAe
2D KBaHTTBIK IYHKBIpIap, 1 D KBaHTTHIK cTepikeHbaep HeMece 0D KBaHTTBIK HYKTenepai
Ty3e ananel. KabarTel mepoBCKUTTEPIiH Kypambl 3D-IepOBCKUT KYPBUIBIMBIHIAFbIIAM
A OpHBIH/AFBl KaTHOH OJILIEMIMEH IIEKTeIMEeN i, COHABIKTaH XaHa KOMIO3HLUsIIAp
MeH KYpPbUTBIMAAP/IBIH ILIEKCi3 maiaa 60mybIHa KO alllbUIaIb.

Onebuerke wony. Ileposckutrin ABX, KypbUIbIMABIK Tumi ymenmemai (3D)
TOPIBIH TYPAaKTBUIBIFBIH KAMTaMAachl3 €Ty YIUiH A OpHBIHAAFbl KaTUOHHBIH HOHIIBIK
panuychlHA KaraH TajanTap KoWbUIagsl. Erep Oy TamanTapiblH cakTajiMaybl OpPbIH
ajica JKOHE OpHBIHA ipi OpraHMKajbIK KaTHOH eHrisiice, OacTtamkbl 3D-mepoBCcKHUT
KYpPBUTBIMBI TOMEH OJIILIEM/I1 )KYHeepre bLAbIpaii bl

Kabartsl (2D) nepoBckuTTi Marepuanaapasl 0acTankbl YIIOIMIEMIl KYpPbUIBIM/IbI
Oenrini 0ip KpucTamIorpagusuIbIK OarbITTap OOMBIHIIA OWIIIa KECY apPKBUIBI CHIIATTayFa
Oonanpl. MyHzmaii kabarTbl JKyHesnep TEpPOBCKUTKE YKcac OJIOKTapIblH apachlHa
OpTaHMKaJbIK KATHOHIAPAbI €HT13y apKbUIbI Ty3ineai. byn karnonaap GipBaneHTTi (A')
Hemece eKiBaneHTTi (A”) O0ybl MyMKiH.

Mpicansl, keneci | cyperte KabaTThl MEPOBCKUTTEPAIH €Ki Heri3ri TuminiH — (100)
xoHe (110) OaFbITBIHIAFBI KYPBUIBIMAAPABIH — ChI30aHYCKAIBIK OCHHECI KOPCETIITeH.
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By tunTep opraHuKablK KaTHOHJAPABIH €HT 31Ty epeKILeliKTepiHe )KoHe KadaTTapAbIH
OarbITTaybIHA OAHIIAHBICTHI XKBIPATHUIAIBI.

2 3D nepoeckuT {100} TimTi meposckuT
Lol 77 j

{110} ToarrTi mepoBcKuT

ﬁﬁl‘l

f!f.r‘ .’?J.f

Cyper 1 - Ymemmuemai (3D) 6actanksl KypsuibIMb! 010KTHI ) 100) sxoHe 9) (110) jKa3bIKTBIKTaph
OOMBIHIIIA KECY HOTH)KECIH/Ie TOMEHOIIIEM/ Il TIEPOBCKUTTEP abIHABI: ColikeciHmIe 2D-KBaHTTHIK
HIYHKBIpIAp skoHe | D-KBaHTTHIK CTEPIKEHbAED.
(100) Tamingeri neposckutTep dxerte Jaiion—SAko6con (DJ) dasacer Hemece Panmncner—Ilonmep
(RP) dazacel TypnepiHe KiKTenemi.

Temenemmemni nmepoBckutTiH (100) Tumi omerTe ex xwui kezaeceni, ai (110) TumnTi
MIEPOBCKUTI TE€K OipHEIIe KOChUIBICTAp FaHa TY3€Al. OPTYPi KYphlIbIMAAPABIH TUITEPI
KYWENIepAiH KYPBUIBIMIBIK ITapameTpiiepiHe KOJ JKeTKi3y YIIiH Map4yeHko KoHe
opinrTecTepiHiH AepekTep KopbiHaa cumartanrad (Marchenko et.al., 2020).

Kabarter mepoBckutTep 3D-aHanmorsIMeH — CanbICTBIPFAaHIA, JKHI  HJIEaJIbl
MEPOBCKUTTIK OaiIaHbICTaH aybITKUIbI, MYH/Ia OPTaHUKAJBIK KaTHOHAAp Kadarrapra
Oenrini 6ip OypMamanynap eHrizefi. Y Typii OypManaHy THITIH aHBIKTalMBI3, OJap
KeJieci 2 — CypeTTe KOpCeTiIreH.

a)
0)

Cypert 2 — KabarTbl IepoBCKUTTEp KeNeci YII Typii OypManaHyIsl KOPCETe alaibl: a) )Ka3bIKTHIKTAFbI
Oypmanany (in-plane), o) jka3bIKTHIKTaH ThIC OypManany (out-of-plane distortion) xoHe 6) oxTa’piIik
OypmaiaHny.
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KasbIkThIKTaFbI OypManany Sn—X—Sn Gaitnanbic OypbImbH naeanasl 180° MoHiHEH
azaiitagpl. JKa3bIKTBIKTaH ThIC OypManaHy OKTadApiepIiH €HKEIOiHe aybIl KeJeai, all
OKTayIpiik OypMaiaHy OelOpraHUKaJbIK TOPJIAPABIH OKTadIpJiK I€OMETpPHUSCHIHAH
ayBITKYbIMEH TYCIHIIpiieni.

JKa3bIKTBIKTaFbI OypMaiaHy OKTadApJiep apachlHAarbl Oyphiil (Sn—X—Sn OyphIIIb)
uneannel 180°-tan a3 OonraH karmaiaa Oalikamamel (2 a-cyper). JKa3bIKTBIKTaH
ThIC OypMmaniaHy 2 9-CypeTTe KOpPCETUITeH J>KOHE OJI OKTadApJIepHiH >Ka3bIKTHIKTaH
TBIC E€HKEIOIMEH cumartananbl. JKekenereH okraapiep Ae OypMmariaHyFa YIIbIPaybl
MYMKiH, Oyn aaeTTe Sn—X OainaHblC Y3bIHIBIKTAPBIHBIH HeMece X—Sn—X OaiinaHbic
OypBIIITapBIHBIH ©3repyiHe anbin keseai (2 6-cyper).

HoTmikenep MeH TalKbLIay. DeKmpoHObIK JiCoHEe ONMUKANBIK Kacuemmep.
KabarTbl mepoBCKUTTEp TOMEHeNIeMIl OeHOpraHMKaIbIK KypbUIBIMIAp Ti30eriHeH
TYpabl, OCBIFaH OalIaHBICTBI ONAPABIH AIIEKTPOHIBIK JKOHE ONTUKANIBIK KacHeTTepi
aitapiblkTail e3repeni. Anramkelga Sn HeriziHAeri KadaTThl MEPOBCKUTTEP TOMEHT]
N MOH/EPIHJE KapThUIall OTKI3TIIITIK CUIIATKA Ue, all YJIKeH N MOHAEPIHIe METaJIIBIK,
KacueTTepre )kakbIHaai b1 nen ecentenreH (Papavassiliou et.al., 1994). byn ypaic ynken
N MOHJEPiHJE TOP OypMaaHybIHBIH TOMEHICYIMEH KOHE HIeal/Ibl KyOTBIK IIEPOBCKHUT
KYpBUTBIMBIHA JKaKbIHAAybIMEH Koppemsuusianran (Mitzi, 1996). Takaxamm >xoHe
opinTecTepi p-TUITI JIe3[eH JeTupIIey KadaTThl IEPOBCKUTTEPIiH JKOFaphl OTKI3TIIUTITiH
TybIHAaTaTbiHbH Ooskaasl (Takahashi et.al., 2007). OTKI3TIITIKTIH OJaH 9pi apTyhI
KypbUIbIMFa Sn*" MOHIAPBIH JKacaH/bl CHIi3y apKbLIbI )KY3€Te aChIPBUIBII, OJIAPbIH
TUIOTE3aChIH pacTaabl. Ka3ipri TaHa Kanalbl HETri3iHAeTi IePOBCKUTTEP I H METAIUIBIK
KacueTTepi p-THIITI JIETHpJieyMeH TYCIHIIpiae i, anaiaa Top OypManaHybl 3IEKTPOHIBIK,
JKOHE ONTHKAJIBIK KACHETTep/IiH OackiM OeIiriH alKbIHIayAbl KaIFacThIpyaa.

3onanvlk KypulibiM, Kyl mulebl30blebl dcone muimoi maccanap. OpraHHKaibIK
katrnoHnapasiH HOMO-LUMO caHpLiaybl OeiopraHUKaIbIK OKTadIpIIiK KYPhUIBIMHBIH
TBIHBIM ~ CallblHFaH aliMaFblHAa KaparaHaa oyiJeKaiija YJIKeH OOJFaHIBIKTaH,
TOMEHeIEeM i KabaTThl MEPOBCKUTTEPAIH aliMaK LIeKapachblHa KaKbIH JIEKTPOHIIBIK,
KacueTTepi Heri3iHeH Kallaiibl )KoHEe TraJIoreHr]] opouTangapblHad Typaabl. ANMaKTBIK
KypbUIbIMAap MeH Kyd Teirbi3abirbin (DOS) ecentey yminm Tek Snl,* HOHIBIK
Ka0aTTapblH KapacThIPFaH XKoHE KeHEHTUINeH XFOKKeIIb iH OalIaHbIC 9JTiCiH KOJIIaHFaH.
By ecenreynep TemeHenmeMal KypbUIbIMAAPIbIH HET13T1 epeKIIeTIKTePiH aHbBIKTa bl
TIiKeJIeH THIHBIM CallbIHFaH aiiMaK, KeHEWTIITeH aiMaKMCaHbLIAybl XKOHE OTKI3TIIITIK
KonarbIHbIH TapbUTysl (Katan et.al., 2019).

Keneci 3 a-cyperre ochl ecenteynep HoTMxkeciHne ansiaran DOS kepcerinreH:
BaJICHTTIK aitMakThiH MakcumMyMbl (VBM) HerizineH Sn 5s xxone | Sp kepi OaitnaHbic
opOuTangapslHaH TYpajbl, all OTKI3rIITIK aliMakTeiH MUHUMYMBI (CBM) HerizineH Sn
Sp xoHe 1 S5p kepi Oaiinanbpic opOHWTannapblHaH KypairaH. AWMaK HieKapajlapbIHbIH
Kypambl KYPBUIBIMHBIH TBIMBIM CaJIbIHFaH aiMakKa 9cepiH TYCiHyre MYMKiHIIK
oepeni, Oyn (100) Ttunti mepoBckutTep YyiuiH KHYTCOH »oHe opimTecTepiMeH
3eprrenred (Knutson et.al., 2005). XKa3bIkThIKTarbl OypmasaHy THIMBIM CaJIbIHFaH
aiiMaKTBIH YJIFalOblHA JKa3bIKTBIKTAH ThIC OypMallaHyFa KaparaHJa aHarypiibIM
KYIITi ocep eteTiHi Oaiikananpl. [lenrananammonnii (PeDA) xone iPy opraHukaibik
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KaTHOH/Aphl KonjanbuiFan 3eprrey (iPy) Snl, KOCBUIBICBIHBIH KEH THIHBIM CaJIbIHFaH
aiiMarbl Ka3bIKTBIKTaH ThIC OypMaliaHy a3alifaHblHA KapamacTaH, YJIKEH OKTadIpiiiK
OypMmallaHyMeH TYCiHaipinieTiHiH kepceTTi, (Stoumpos et.al., 2017).

a , - ; g)“_ :
- H z .\uoumon 0rev |
E 1sp il Eag L7eV | Eg
g Sm 5= 29¢eV
!10 _____ Sm 3p 2.4 exi Kabar al
& i
- 22 Vi xabaT
- .
B s , B ool ~e.zopT sater
v — —
- ,E 1.8 an
ot e Rl s s oo e ooy 2 o o
-12 -7 -2 0 5 10 15 20 25 30 35 40
Dueprus (2B) ArmvaxkTeiH emi (A)

Cyper 3 — a) Snl > nouzpIK Kabarrapbin raHa eckepeTin DOS, kerefiTinren Xiokkenbin Oaiinanbic
dmici apKpUIbI ecenTenreH. o) KabarTel HepOBCKUTTIH KaJBIHABIFBIHA TOYE Il THIHBIM CalbIHFaH
allMaKTBIH €Hi, MYHJIa TYTaC ChI3BIK THIM/Ii Macca KYBIKTaybl HETi31H/Ie €CeNTeNreH MOH/II KopceTe .
MoHoka0art yIiH Oy *KybIKTay Oy3bUIabI.

By ecenreynep cyneprop ocepiH acklpa Oarasiaiiibl: MUHM-aliMaKTapblH TY3U1yi
OOJDKaHFaHBIMEH, KEHIHEH KOJIJAHBUIATBIH OPraHMKaJbIK KaTHOHZApAa OJ ol
Toxipubenik Typae pacranmarad (Even et.al., 2014). Tanako >xoHe spinTectepi anraH
HOTHXeEJEep 3 9 — CyperTe KepCeTUIreH, oJap THUIMAI Macca XYBIKTaybl MOHOKaOar
(n = 1) ymIiH THIHBIM CaJbIHFaH aiMaKTBIH €HIH KaiiTa IIblFapa ajlMalThIHBIH alKbIH
koepcereni (Tanaka et.al., 2003). CoHABIKTaH, OCHl OAICTEPMEH AaJIbIHFAH SKCHUTOH
OaiilaHpIC SHEPTUSACHIHBIH ecernTeynepi HakThl eMec (Ma et.al., 2016).

MoHOKa0aTThl TEPOBCKUTTEP VIIIH THIMAI Macca JKYBIKTaybl  JKYMBIC
icremelTinaikTeH, momipek cumnarray yumrH DFT omicrepin kommany kaxeT. DFT
KYPBUIBIMIBIK ONITUMHU3AIUSIIAPBIH JKYy3€re achlpy MYKHAT TeKcepiiayi THic, cebeOi
Ka3bIKTBIK IIIIHAET1 JXOHE CBHIPTBIHAAFBI KOCBHIMIIA OypMajaHyiap 3JIEKTPOHIBIK
KYPBUIBIMFa alTapiIbIKTall ocep €Tyl MyMKiH. ExiHIIiieH, THIM/II Maccaiapibl CeHIM/Ii
Oaranay Teopus JieHrefiHe Toyel/Ii, 071 PeNIATUBHUCTIK KoHE KorOemekTi addekrinepai
eHrizyai tanam eteni. KenrTereH KaOarThl NMEPOBCKUTTEP YINIH MYHIAW TEOPHSUIBIK
JICHI'ell ecenTey TYPFBICBIHAH ThIM KYpJesli OOJIbII Ta0bLIaIbI.

baranayneia Oonmmaysl (BA)ZSnI , KOCBLIBICHI YIIIiH JIEKTPOH MEH KeMTIKTiH THIM/I
MaccallapblHbIH OPTYPJIi MOHJIIEPiHIH XabapiiaHyblHA aJIbIIl Kelledi: ojlap COMKeCiHIIe
0,29/0,37 m. (HSE + SOC) xone 0,33/0,21 m. (HSE) 6onsim ecenrtenren (Dyksik
et.al.,2020). Toxipubemik Typ/e aHbIKTaIFaH (PEA)ZSnI , KOCBUIBICHIHBIH KeJTipiinreH
TriMai Maccanapel FASnl-xe Kaparanna TeMEH MOHJEP KOPCETKEH, Oyl Kykeneri
KBAaHTTHIK [IEKTEY/l €CKEPreH/ie KapaMa-Kapchl HOTrKe 0oibin Tadbiians! (Liang et.al.,
1998). PBE nenreitinneri DFT »xomak KypbUTBIMBI ecenTeyiepi Kanaibl OpOMUIiHIH
0D »one 2D kaOarThl MEPOBCKUTTEPI YIIIH OJMIEMIUTIKTIH a3af0bl AMCIIEPCHSIHBI
TOMEHJICTIN, THIMbIM CaJIbIHFAaH alMaKTBhIH €HIH apTTBIPAThIHBIH KepceTTi (Straus
et.al., 2018). 0D »xyiienepi oJaKk KYPBUIBIMBI €cenTeyaepi KYPhUIBIMABIK TYPFBIIaH
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OKILIAyJTaHFaH OKTadApJIEPIiH AJIEKTPOHIBIK TYPFBIIAH Jla a’KbIPaThUIFAHbIH KOPCETTI.
2D karpaiibiHga ['—|L OaFbITBIHAAFBI AWMCIEPCHSHBIH OOJIMaybl >Ka3bIKTBIKTAH ThIC
OarbITKa coiikec keneni >xkoHe {100} TunTi mepoBckUTTEpHiH 2D 31MEKTPOHIBIK
TaburaTelH pacTaiinel. bysn ecenteynep ToxipuOenik Oakpuiaynapabl KyaTTalmbl,
SFHU KeplIiniec OeopraHuKajblK KadaTTap apachblHAa CIIKaHAald e3apa dpeKeTTecy
Oaiikanmaran (Zhou et.al., 2017). 0D xypsuisiMbiaeiH CBM KypaMbiHa OpraHMKaibIK
KaTHOHHBIH YyJIeCl KipreHiIMeH, ONTHKaJIbIK KacueTTep oii jae OelopraHuKalbIK,
OKTaspiepMeH alKbpIHAATa bl TETIK Sn—Br 5KBaTOPIBIK Ka3bIKTHIFBIH/A, a1 DJIEKTPOH
Sn—Br anukanbapIk OaliaHbICTapbIHIA JOKAIA3AMSIIAaHFaH.

Onmuxkaneix xacuemmep.{100} Tunti nmepoBckutTep yurin: Kamaiiel Herizingeri
Ka0aTThl IEPOBCKUTTEPIIH OJIIIEM/IIK 9MOSOAINTHIFbI OJIapbIH ONTHKAJIBIK KACUCTTEPIH
epekuie KbI3bIKThI ereni. {100} TunTi mepoBcKUTTEpAl KMi uaeanasl 2D-xyitenep aen
araiiyipl, onap 6eyiMe TeMIepaTypachbiHia TaOUFaTbIHAH YKCUTOH/IBIK CHITaTKA Ue OOJIBIIT
Tabbutaabl. OnapablH SKCUTOHMABIK TaOMFAThIH TYCIHY YIUiH KBaHTTBHIK LIEKTEY MEH
JURNEKTPIIIK MEKTEY SCePIePiH KapacThIpy KaxkKerT.

KBaHTTBIK IIEKTEy ocepi ipi OpraHMKaNbIK KAaTHOHAAp apachlHAa OpHalacKaH
OeliopraHMKalblK ~KaOaTTapiblH OJIIEeMICPIHIH a3aloblHA OaiJIaHBICTBI  OOJIBI
TaObUIaAbl. byl 3J€KTPOHABIK THIMBIM CalbIHFAaH alMaKTbIH KEHEIO1HE JKOHE SKCHUTOH
Gaiinanpic suepruschinbid (E,) apTybina anein kenei. byt exi ocep ThIlbIM casblHFaH
aiiMakKa KapaMa-Kapchl bIKIAN €TCE e, COHFbI HOTH)KE TOMEH OJILIEM/Ii IEPOBCKUTTED
YIIiH ONTHKAJBIK THIMBIM CaJbIHFAaH aliMaKThIH KeHerol Oombin TaObuiansl. Vneamnusr
2D xytene Eb,D mawni 3D »xy#eneri E -re kaparania TopT ecesieHyi THIC e KYTiTeN,
ce0ebi 3apsiz TackIMaayIIblIap apachlHIaFbl KYIOH/IBIK dpeKkeTTecy Kymekheni (Zhou
et.al.,2018). Anaiina 6efiopraHUKaJIbIK )KOHE OpPraHUKANbIK Ka0aTTapAblH JUJIEKTPIIiK
OTIMIUTIKTEPIH/IET] YIIKEH albIPMAIIBLIBIK OKCIIEPUMEHTTIK E, MOHIHIH TOPT eCeleH e
JKOFapbl OONTybIHA aJbIl Keneni. bysm KyObuTbIc TUANEKTPIIIK HIEKTey Hemece OeiiHeHIH
3apsiz ocepi aen aranansl. KapamaiiblM TinMeH aiiTKaHIa, OpraHUKaNbIK KadaTTapAblH
TOMEH JMIICKTPIIK OTIMJAUII 3apsj TackIMajIayllbUIapAbl oJci3 OehiMuiei i,
HoTKecinae E, apranpr.

Kabar canbinbig (n) ocepi: beliopranukanblk kadarTap caHbl KBaHTTBHIK ILEKTEYAl
AHBIKTAMIbl, COHIBIKTAH N MOHIH ©3TepTy apKbUIbl ONTHKAJBIK TBHIHBIM CaJIbIHFaH
aiMakTel perreyre Oomanel. (BA),(MA) Sn I3  cepusacbiHaa n = 5-TeH n = l-re
JEWiHT1 IIeKTeyAiH apTybl >kyTbuty merid 1,37 sB-tan 1,83 5B-ka XKbUDKBITaIBI
(Folpini et.al., 2020). Erep, n = 1 sxaraaiibIH1aFbl alKbIH SKCUTOHJIBIK TIbIH {100} THnTi
MEPOBCKUTTEPAIH IKCUTOH/IBIK TAOUFaThIH allKbIH KOPCETEi.

Beliopranukanslk KaOarrapiblH OypMmalaHybl ONTHUKANBIK TBHIHBIM CaJIbIHFaH
30HaFa 3JCKTPOHJBIK 30HaJarbIIail acep eremi. byn acep Eb—re BIKITAJ] €THEUTIHAEH
KODIHT€HIMEH, TONBIK 3epTTenMereH. JlereHMeH, ONTHKAJbIK >KOHE 3JIEKTPOHIBIK
aiiMakrapnarel ykcac ypaicrep E, MoHiHiH alTapibiKTall ©3repMedTiHIH GOKan b,
Byt TyKBIpEIM KOCBIMIIIA 3€PTTEYII KaKeT eTeai, cededi xy3aeren MaB aeHreiinmeri
yikern E_ (oTosnekTprmik  KyphUIFBUIADIBIH - OHIMAUINH  TOMEHIETYi MYMKiH.
OnTUKaNbIK THIMBIM CaJbIHFAaH aliMarbl TOMEH KYPBUIFbIIAp YIIiH OeHOpraHMKajbIK
Kabar OypmasaHybl TOMEH MaTepHajAapAbl TaHAAy KaKET, MbICAIbI OCH3MMUIA30I1H
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XKOHE OCH30MMMHUIA30JIUH, ONAapAbIH ONTUKANBIK THIMBIM cally aliMaKTapbIHBIH €Hi
1,81 xone 1,79 3B-ke TeH Oosbin TabbuIank! (Gao et.al., 2020).

lanorenun meH katumoH TaHzmay: 3D mepoBckuTTepre ykcac, HOATBHI OpoMra
aIMacTbIpy ONTHKAJIBIK 30HAHBI JKOFApbl DHEPrusiFa XKbUDKbITanbl. COHBIMEH Karap
OpTaHHMKaJbIK KaTHOHJIBI TaHJAy Ja THIMBIM CallblHFaH 30HaFa ocep eTell, Oyl KeH
JMara3oHIa peTTey MYMKIHJIriH Oepei.

Jlerupney crparerusunapbl: ONTHKAIBIK KACUETTEPAl PETTEYAIH KOCBIMILA TICLII —
TOMOBAJIEHTTI HEMECE Ie€TepOBAJIEHTTI MOHAapMeH nerupney. Meicansl, (PEA) SnBr,
KOCBUTBICHIHBIH Bi*" noHbIMEH serupiienyi ¢portomomuHecueHuusHbH (DJI) a3znamn kex
aiiMaFrbIHa BIFBICYBIHA JKOHE TOMEH SHEPreTHKAJBIK LIETKI COyJENICHYIIH a3aloblHa
anmpln Keaai. Mn** MOHBIMEH JISTUPJICHTCH OKTHJIAMMOHMI Kajaibl OpoMMai Taza
Marepuangarbl DJI-HBl KbI3BUT alMaKKa BIFBICTBIPBIN, KBI3FBUIT-KBI3BUI  KapBIK
weiFapasl. Jlereamen, nerupiney PLQY (Photoluminescence Quantum Yield) monin
TOMEHAETETIHIKTEH, OacKa JeTHpIIeylli KocnaaapAbl 3epTTey KaKEeTTirl apTaibl.

Keneci 4a — cyperre (PEA),Snl, KOCBLIBICBIHBIH KYTBUIYbl MEH JIFOMHHECLEHIIMSACHI
kepcetinreH. Jlromunecnenuust a3 CTOKC BIFBICYBIMEH KOHE Tap CHI3BIKTHIK €HIMEH
cunarraiagsl. CrekTp (GopMacklH MYKHUAT KapacTbIpy aCHMMETPHSUIBIK COYJIENeHYII
KepceTeli, 071 Y3bIH TOJIKbIHAApFa ACHIH co3bUIbIN, ~650 HM aliMarblHIa WUBIK TY3€Ii.
Keitinri 3eprreyne yari 6ipaenie kyH ayaaa cakransin, 80 K remneparypana enmeHnrenae
OyJ1 MBIK aliKbIH KOPiHiN, OHBIH MHTECHCUBTLUIITT apTKaHbl OaiikanraH (4 o cyper). byn
KYOBUIBIC YJTIHIH JErpajalusichl HOTWXKECIHAE Maija OoNiFaH akayiaapAblH TOMEH
SHEPTUSIIBI CIYJIETICHYTE JKayallThl EKeHIH KopceTel. Sn Heri3iHAeri MepoBCKUTTEPIIH
KapblK, OTTET1 JKOHE BUIFall 9CepiHe OTe TYPAaKChI3 eKeHi Oenrim. ¥Kcac KyObUIbIC
OyTHIIaMMOHUM KOJNJaHBUIFaH KyHenepne ae Oaiikanran, Oyn {100} Tunti Oapibik
MEPOBCKUTTEP YIIiH Aerpajanisi MEXaHU3MiHIH YKCac eKeHIH MEH3EH/Ii.

®onnunu xone opinrectepi 2020 xbuibl (PEA),Snl, KOChLIBICBIHIA KAPBIK 3KCUTOH
KyiineH mamameHn 10 M3B TeMeH opHanackaH MEHILIIKTI «KapaHFbD» SKCHTOH KYHiH
anbikTansl (Folpini et.al,, 2020), (Liu et.al., 2019). byn MeHIIiKTi KacueT KapbIK
9KCHTOH KYHiHIH penakcanus AMHAMHMKACHl VIIIH MaHBI3Ibl cajjapra He eKeHi
aHBIKTaIABI. MBIcaibl, Temneparypa TeMenaeret cailbii @JI enry yakbITBIHBIH apTybl
KyTineni. Anaiina aBropiap 4 0 — cyperTe KepceTinrenae, 0eame TemMrnepaTypacbiHaH
100 K-re peitin temenaetkenne ®DJI emip cypy yakbITBIHBIH KbICKapyblH OaiiKabl.
By epekie MiHE3-KYJIBIKTBl KapaHFbl KYWAIH peKOMOMHALMS KBUIJAM/IBIFBI KapbIK
KYHiHe KaparaHaa onjeKaiiia Oasy eKeHiH ecKepreHie Tycinaipyre Oonanbl. bemame
TeMIepaTypacblHa TOMEHI1 SHEPrHsiIbl KapaHFbl KYWIEri SKCUTOHIAAp TEPMHSUIBIK
TYPAE XKapblK KYHiHEe aKTUBTEHEl, Oy CoyneniK peKOMOWHANMAHBI OastyaaTaabl )KoHe
notmwxecinge OJI-niH y3ak emip cypy yakbITbIHA oKeJeni. byl KacueT mMarepuangarsl
coylnelieHy TpOLECTepiH TepeH TYCIHYOIH MaHBI3AbUIBIFBIH alKbIHOAWIBI, acipece
(PEA),Snl, 630 HM TOJIKBIH Y3bIHIBIFbIH/IA JKaPBIK LIBIFAPAThIH Kypbuirbliapaa EQE
0,72% kepcerkeH (Smith et.al., 2018).

Conrbl  3eprreynepae  2-(4-cTWiIbOSHWI) 3TaHAMMOHHMU — Kallaiibl MOIMJIIHIC
Tap SKCUTOHIBIK SMHUCCHSMEH Karap Y3bIH TOJKBIHAApAA KEH COYJIENEHY >KOJIAFbl
anbIKTanAbl (4 ¢ -cyper). TemeH TemmepaTypaia KeH SMHUCCHUSHBIH apTybl OHBI

145




ISSN 2224-5227 1.2026

ABTOJIOKAIM3aLMSUIAHFAaH YKCHUTOHAAPFA KaTKbI3yFa MYMKIHIIK Oepai, OyJ KOpFachlH
HeTi3iHJeri nepoBckuTTeple OalikanraH ypaicke colikec keneni. Keneci 4a-cyperre
Tap JKOHE KEH OMHCCUS KyaThIHBIH TOYENAUIri KepceTUIreH. ABTOpIapblH
ABTOJIOKAIM3ALMSUIAHFAH SKCUTOHBIK COYJIENIEHY Typasbl TYKbIPHIMBIHAH 06JeK, KeH
SOMHCCHS KyaThIHBIH O1pIIiKTEH aJ1/IeKaiiia ToMeH 00Ty bl OHBIH aKayJlapMeH OaiIaHbICThI
coylesieHy 00JTybl MYMKIH €KEHIH JIe KOpCeTe/Ii.
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Cypet 4 — a) PEA_Snl, KOCBUIBICBHIHBIH 60JIME TEMIIEPAaTyPACKIH/IAFBI KYTBUTY JKOHE
¢doromomunecuennus (OJI) cnexrpepi. Tap chBBIKTHIK eHi 650 HM alfMaFbIHAAFEI UBIKIICH CHIIATTATaIbL.
3) (PEA),Snl, xone (PEA),Pbl, xoceumbicTapbinbir @JI criexpiepi 80 K temneparypana, OipHenie KyH
ayajia cakranrannaH keiiin. 6) (PEA),Snl, kocputbichinby @I enry yakpITe TeMIepaTypa TOMEH/IETEHIE.
c,1) Crunsben TysHABICHHBIH {100} TunTi neposckuringeri OJI: teMneparypa TOMEHICTCHETT CIIEKTP
(c) xoHe eKi coyieeHy JKOIaFBIHBIH KyaTKa ToyeNIUIiri (x).
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By ceiptkpl Taburartarsl OJI <100> THNTI KOpFacklH MOAMII TIEPOBCKUTTEPIHIE
ne Gaiikanrad. <100> THUNTI KOPFACHIH MEPOBCKUTTEPI OMIKCUTOHIBIK COYJICICHY JKOHE
«BICTBIK» SKCUTOHBIK COYJIEJIEHY CHSIKTBI €peKIile KacueTTepi kepceTTi. Kanaiisl sxoHe
KOpPFachIH HEr131H/IeT1 KOCBIIBICTAP/IbIH ONTHKAIBIK KACHETTEPIHACT1 YKCACTBIK KaTalbl
HETi3iH/er] XKy#enep/ae ol ambUIMaraH, OJlaH Jia KbI3bIKThl KAaCUETTEP/IiH Oap eKeHiH
MeH3eyl MyMKiH. byl e3 ke3erinjae KOoprachblH HETi3iHJeri MepOBCKUTTEPIl TepeHipeK
TYCiHyT€ OJI arabl.

KopsiTbinabl. Kanaiibl HeriziHgeri nepoBCKUTTEP KOPFACHIHCHI3 Oanama peTiHie
KOFapbl THIMIUTIK KOPCETKEHIMEH, OJapblH TYPAKCBI3ABIFBI MEH Te3 Jerpajalusra
YIIbIpaybl MPaKTHKAJIBIK KONJAHBUTYbIH MIeKTelai. OcChl >KYMbICTa TOMEHOILIEMIl
Ka0aTThl KYPBUIBIMAAP/bI €HT13y apKbUIbI MAaTePH A AaPAbIH KYPBUIBIMIBIK, JIEKTPOHIBIK
JKOHE OINTHKAJIBIK KAaCHETTEpiH OacKapy MYMKIHZIr KaH-KaKThl Tanganisl. KabaTTer
MEPOBCKUTTEPAC OPraHUKAIBIK >KoHE OeHopraHMKajblK KadaTTapAblH Ke3eKTecyi
KBaHTTBIK JKOHE AUJICKTPIIIK HIEKTEY dCepIIePiH KYILESHTII, THIHBIM CaJIbIHFaH alMaKTbIH
€HIH, DSKCHTOH OailaHbIC JHEPrHSICHIH JKOHE TachIMalJayllbllap AMHAMHKACHIH
perTeyre Karaan xacauabl.

Tannanran HOTHKENIEP TYPAKThl Opi KOFapbl THIMAI (POTORIEKTPIIIK KOHE KAPBIK
LIBIFAPaTBIH KYPBUIFbUIAPAbI 931piieyTe TEOPHSUIBIK )KOHE MPAKTUKAIIBIK HET13 Kalaiabl.

References

Dyksik M., Duim H., Zhu X., Yang Z., Gen M., Kohama Y., & Plochocka P. (2020). Broad tunability of
carrier effective masses in two-dimensional halide perovskites. ACS Energy Letters, 5(11). — P. 3609-3616.
DOI: 10.1021/acsenergylett.0c01758 (in Eng.).

Even J., Pedesseau L., & Katan C. (2014). Understanding quantum confinement of charge carriers in
layered 2D hybrid perovskites. ChemPhysChem, 15(17). — P. 3733-3741. DOI: 10.1002/cphc.201402428
(in Eng.).

Folpini G., Cortecchia D., Petrozza A., & Kandada A.R.S. (2020). The role of a dark exciton reservoir
in the luminescence efficiency of two-dimensional tin iodide perovskites. Journal of Materials Chemistry
C, 8(31). — P. 10889-10896. DOI: 10.1039/DOTC01218A (in Eng.).

Gao C., Jiang Y., Sun C., Han J., He T., Huang Y., & Liang H. (2020). Multifunctional naphthol sulfonic
salt incorporated in lead-free 2D tin halide perovskite for red light-emitting diodes. Acs Photonics, 7(8). —P.
1915-1922. DOI: 10.1021/acsphotonics.0c00497 (in Eng.).

Katan C., Mercier N., & Even J. (2019). Quantum and dielectric confinement effects in lower-
dimensional hybrid perovskite semiconductors. Chemical reviews, 119(5). — P. 3140-3192. DOI: 10.1021/
acs.chemrev.8b00417 (in Eng.).

Knutson J.L., Martin J.D., & Mitzi D.B. (2005). Tuning the band gap in hybrid tin iodide perovskite
semiconductors using structural templating. Inorganic chemistry, 44(13). — P. 4699-4705. DOI: 10.1021/
ic050244q (in Eng.).

Liang K., Mitzi D.B., & Prikas M.T. (1998). Synthesis and characterization of organic— inorganic
perovskite thin films prepared using a versatile two-step dipping technique. Chemistry of materials, 10(1).
—P. 403-411. DOI: 10.1021/cm970568f (in Eng.).

Liu K., Wang W., Guo P, Ye J., Wang Y., Li P., & Xie S. (2019). Replicating the defect structures
on ultrathin Rh nanowires with Pt to achieve superior electrocatalytic activity toward ethanol oxidation.
Advanced Functional Materials, 29(2). — P. 1806300. DOI: 10.1002/adfm.201806300 (in Eng.).

MaL., Dail., & Zeng X.C. (2016). Two-dimensional single-layer organic-inorganic hybrid perovskite
semiconductors. Advanced Energy Materials.DOI: 10.1002/aenm.201601731 (in Eng.).

Marchenko E.I., Fateev S.A., Petrov A.A., Korolev V.V., Mitrofanov A., Petrov A.V., Tarasov A.B.
(2020). Database of two-dimensional hybrid perovskite materials: open-access collection of crystal

147




ISSN 2224-5227 1.2026

structures, band gaps, and atomic partial charges predicted by machine learning. Chemistry of materials,
32(17). — P. 7383-7388. DOI:10.1021/acs.chemmater. 002290 (in Eng.).

Mitzi D.B. (1996). Synthesis, crystal structure, and optical and thermal properties of (C,H,NH,) 2MI4
(M= Ge, Sn, Pb). Chemistry of materials, 8(3). — P. 791-800. DOI: 10.1021/cm9505097 (in Eng.).

Papavassiliou G.C., Koutselas [.B., Lagouvardos D.J., Kapoutsis J., Terzis A., & Papaioannou G.J.
(1994). Optical and related properties of some natural three and lower dimensional semiconductor systems.
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid
Crystals, 253(1). — P. 103-112. DOI:10.1080/10587259408055249 (in Eng.).

Smith M.D., & Karunadasa H.I. (2018). White-light emission from layered halide perovskites. Accounts
of chemical research, 51(3). — P. 619-627. DOI: 10.1021/acs.accounts.7b00433 (in Eng.).

Stoumpos C.C., Mao L., Malliakas C.D., & Kanatzidis M.G. (2017). Structure—band gap relationships in
hexagonal polytypes and low-dimensional structures of hybrid tin iodide perovskites. Inorganic chemistry,
56(1). — P. 56-73. DOI: 10.1021/acs.inorgchem.6b02764 (in Eng.).

Straus D.B., & Kagan C.R. (2018). Electrons, excitons, and phonons in two-dimensional hybrid
perovskites: connecting structural, optical, and electronic properties. The journal of physical chemistry
letters, 9(6). — P. 1434-1447. DOI: 10.1021/acs.jpclett.8b00201 (in Eng.).

Takahashi Y., Obara R., Nakagawa K., Nakano M., Tokita, J.Y., & Inabe, T. (2007). Tunable charge
transport in soluble organic—inorganic hybrid semiconductors. Chemistry of Materials, 19(25). — P. 6312-
6316. DOI:10.1021/cm702405c¢ (in Eng.).

Tanaka K., & Kondo T. (2003). Bandgap and exciton binding energies in lead-iodide-based natural
quantum-well crystals. Science and Technology of Advanced Materials, 4(6). — P. 599-604. DOI: 10.1016/].
stam.2003.09.019 (in Eng.).

Zhou C., Lin H., Shi H., Tian Y., Pak C., Shatruk M., & Ma B. (2018). A zero-dimensional organic
seesaw-shaped tin bromide with highly efficient strongly stokes-shifted deep-red emission. Angewandte
Chemie, 130(4). — P. 1033-1036. DOI: 10.1002/ange.201710383 (in Eng.).

Zhou C., Tian Y., Yuan Z., Lin H., Chen B., Clark R., & Ma B. (2017). Highly efficient broadband
yellow phosphor based on zero-dimensional tin mixed-halide perovskite. ACS applied materials &
interfaces, 9(51). — P. 44579-44583. DOI: 10.1021/acsami.7b12862 (in Eng.).

148




Publication Ethics and Publication Malpractice
in the journals of the Central Asian Academic Research Center LLP

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 journals of the Central Asian Academic Research Center LLP 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 Central Asian Academic Research
Center LLP 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 Central Asian Academic Research Center LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor and safeguard
publishing ethics.

[TpaBuna odopmiieHHs CTATBU JUIsl TyOJIMKALMK B )KypHaJIe CMOTPETh Ha CalTe:
www:nauka-nanrk.kz
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
http://reports-science.kz/index.php/en/archive

OTBeTCTBEHHBIH penakrop A. bomankuisbl
Penaxropsr: /1.C. Anenos, T. Anenoues
Bepctka Ha xommsrotepe 1 /]. JKaovipanosotii

TTonnucano B neyats 16.03.2026.
®opmat 60x88'/,.
18,0 m.u1. 3akas 1.

«Central Asian Academic Research Centery LLP
Anmamuwt, Lllesyenxo k-ci, 28





