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HHonuuonoBUCMyTAaThl THAPOKCUIIMIIEPUIUHOB
By6neit AAL [lTectumeposa T.A.
Mockoeckuii 2ocyoapcmeennbiil ynusepcumem umenu M.B. Jlomonocosa, xumudeckuii
gaxynemem, Mockea, Poccus
anka.bubley@yandex.ru

B nacrosimee BpeMst st co3naHus (POTOINEMEHTOB aKTUBHO HMPUMEHSIIOTCS THOPUIHBIC
HoormromM0aTel, obOJagarole CTpyKTypoit mepoBckuta [1]. Tem He MeHee, BeaeTCs IMOUCK
IPYTHX COEAMHEHUN, KOTOpble MOJKHO Tak)K€ MCIIONb30BaTh B COJHEYHBIX OaTapesx 0e3
cylecTBeHHOU mnoTepu 3¢ dexkTuBHOCTH. B KauecTBe Takux albTepHATHUBHBIX COCIUHEHHI
WHTEpPEC HCcaeaoBaTelied npuBiekanu rubpuanele Womuasl BucmyTa (1), ocHOBHBIM
CTPYKTYPHBIM OJIOKOM aHHUOHHON MOJCTPYKTYPBI KOTOPBIX SBJISIOTCS OKTadapbl Bils. Kakx
NpaBUIIO, B HOJIOBUCMYTaTaxX MIMPHHA 3alpeIleHHOM 30HbI cocTaBisier 1.8-2.2 3B [1,2]. Onnako
OBLJIO MOKA3aHO, YTO YBEIMYCHHE KOJIMYCCTBA CIAOBIX KOHTAKTOB, Takux kKak N-H---1, O-H---|
win |---1, u/unm BcTpanBaHUE JTOTIONHUTENBHBIX MOCTUKOBBIX 3JIEMEHTOB, BpOAe MoJeKyl I,
MI03BOJISICT YMEHBIIUTD IIMPUHY 3aMpeNIeHHOM 30HbI 70 1.2 3B [3].

Hama pa6ora cBs3aHa ¢ U3y4e€HUEM CHCTEM, B KOTOPBIX MOKHO OXHUAAaTh 0O0pa3oBaHUs
OOJIBIIOr0 KOJMYECTBA CIAOBIX MEKMOJICKYJISIPHBIX B3aUMOJICHCTBUI MEXIy KATHOHHOW U
AHUOHHOM TMOACTPYKTYpamMH, a Takke C [OJIyudeHHEM COEAMHEHMH, COJepKaIIuX
JOTIOTHUTEIIbHBIC CBSI3U MEX]Y JI€MEHTaMU aHHOHHOM MOACTPYKTYpHI mocpenctsom | wiu |3,
['MapOoKCH-TIPOM3BOIHBIC THIIEPHINHA TPEACTABISIOT WHTEPEC C TOYKH 3PEHUS O0pa3OBaHHSA
cesizeit O-H...I u N-H...l. Bpiio momyueHO dYeTbpe HOBBIX COCIUHEHHsS, JBA M3 KOTOPBIX
SBIISIIOTCSL MOAOBUCMYTaTaMu 3- U 4-TUAPOKCHITMIICPUANHUEB U JBA — IOJMUOIUABI JTaHHBIX
KaTHOHOB. {11 flooBUCcMyTaTa 3-THAPOKCUTTUPUIMHA AHUOHHOW TOJICTPYKTYpa cpopMUpOBaHA
aHHOHAMH [Bizlg]3', CBSI3aHHBIMH MOCTHKOBBIMH |, ¢ oOpa3oBaHHeM OECKOHEUHBIX IIeTeil, B
cllydae 4-THAPOKCUIMIICPUIANHA B CTPYKTYpE IIPUCYTCTBYIOT OKTasapsl Bilg® u Monexyusl ls.
[Tonydyennsle oOpasubl ObuM oxapakTepuszoBaHbl Merogamu PDPA PCA u KP. Hamuuwme
MOCTHKOBBIX MoJieKyn |, moaTBepxkieHo KP ciektpomerpuei.

JlanHast paboTa BBINOIHEHA MpH noaaepxke rpanta PH® Nel19-73-30022.

Jlutreparypa

[1] N.A. Yelovik, A.V. Mironov, M.A. Bykov, A.N. Kuznetsov, A.V. Grigorieva, Z. Wei, E.V.
Dikarev, A.V. Shevelkov, Inorg. Chem., 55(9), (2016), 4132-4140.

[2] T. Li, Y. Hu, C. A. Morrison, W. Wu, H. Han, N. Robertson, Sustainable Energy & Fuels, 1,
(2017), 308-316.

[3] T.A. Shestimerova, N.A. Golubev, N.A. Yelavik, M.A. Bykov, A.V. Grigorieva ,Z. WEei,
E.V. Dikarev, A.V. Shevelkov, Crystal Growth & Design, 18(4), (2018), 2572-2578.
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HccaenoBanue BJANSAHUS TEXHOJOTNYECKHX 0CO0EHHOCTEl CHHTEe3a Ha
(l)OTOJ'IIOMI/IHeCIIeHTHI)Ie CBOMCTBA raJIOMIHbIX NMEPOBCKUTHBLIX

HAHOKPUCTAJJIOB

benopyc A.O.l, Hopy-ToBT H.B.z, Komesoit B.H.3, [nemanos U.M.*
1CaHKm-17ei11ep6ypeci<uﬁ 20Cy0apcmeenHulil d1eKkmpomexruieckutl ynugepcumem «JI13THy
umenu B. U. Yavsnosa, “TEOY Jluyeti Nel26, 3CaH7<m-Hemep6yp2c7<mZ 2OPHUIU YHUBEpCcUmem
4VHueepcumem UTMO
mop_92@mail.ru

3a moclieHUE HECKONbKO JIeT THOPUAHBIE OPraHO-METAUIMYECKHUE TIEPOBCKUTHBIC
MaTepuaibl Ha OCHOBE TajJOreHHIOB CBUHIIA MPHBIICKIN IIMPOKOE BHUMAHHE HCCIeqoBaTeneit
BBH/Iy PEBOCXOIHBIX (poTodr3uuecknx xapakrepucTuk. HemaBHo, ObLTH MPOAEMOHCTPHUPOBAHBI
nabopaTtopHble 00pa3Ibl MEPOBCKUTHBIX COMHEUHbIX 31eMeHTOB ¢ KIIJI, npeBbimatonmm 23%.
[ToMmuMoO 53TOro, aKTHMBHO TMPOBOJASTCS MCCIEIOBAHUSA [0 MCIOJB30BAHUIO TaJIOMIHBIX
MEPOBCKUTHBIX KBAHTOBBIX TOUEK U IJICHOK B KaueCTBE aKTHUBHOTO CJIOS B CBETOM3IIYHAIOIIUX
ycTpoicTBax. B paborax mcciemoBateneil coo0manoch 0 JOCTHKCHUH 3HAYEHUs KBAaHTOBOTO
BBIXOJa CBETOJMOJOB Ha OCHOBE IMEPOBCKUTHBIX clioeB, mnpehimaromero 20% [1]. Onnaxo,
WCIIOJIb30BAaHUE TIEPOBCKUTHBIX MAaTEPHAIOB /IO CHX TMOpP OrPAHMYEHO H3-3a MOCTETICHHOU
Jerpajiallid BHE MHEPTHOM aTMmocdepsl (MpUCYTCTBUE BJiard B okpyxarwiuen cpexe). [Tomumo
ATOr0, KBAHTOBBIM BBIXOJ  (DOTOJIOMUHECHEHIIMA TEPOBCKUTHBIX KBAHTOBBIX  TOUYEK,
COJIeprKalllX aHUOHBI XJIOPA, CHJIBHO YMEHBIIACTCS HM3-3a MOSBICHUS J1e(DEKTHBIX COCTOSHUMN
BHYTPHM 3alpeIICHHONW 30HBI, M KaK CJCACTBUE, MPUBOJIUT K HAJUMYHUIO O€3bI3TydaTeIbHBIX
MEPEX0JIOB.

B pabore uccnemyercss BO3MOKHOCTD MIEPECTPONKHU JUTHHBI BOJHBI ()OTOITFOMIHE CIICHITHH
OpraHO-HEOPTaHUYECKUX MEPOBCKUTHBIX KBAHTOBBIX TOYEK CHUCTEMBI «METHIIAMMOHHII-CBUHEII-
OpoM» IyTEeM MaHHUITYJISIUA TEXHOJOTHYECKUX IapamMeTpoB CHHTe3a marepuaioB. CHHTE3
MEPOBCKUTHBIX KBAHTOBBIX TOYEK IMPOU3BENIEH COTJACHO MPOTOKOIY, U3NI0KEHHOMY paHee [2].
OTtauynreM SBISJIOCH TO, YTO B TMPOIECCE CHUHTE3a HM3MEHSUIOCh KOJMYECTBO MMOBEPXHOCTHO-
aKTHBHOTO BEIleCTBa - OKTWJaMuHa. M3MeHeHne oObeMa nmuranaoB oT 20 mo 80 mki (mar 20
MKJI) TIPUBOAMIIO K (POPMHUPOBAHUIO HAHOKPUCTAJJIOB, B KOTOPHIX HalJro/anach MnepecTpoika
JUIMHBI BOJHBI (DOTOMIOMUHECHIEHIIMM B KOPOTKOBOJHOBYIO 001acTh (MpU YBEIHMYEHUU
KOHIIEHTpaIlu OKTWiIaMuHa). Tak, st o0beMa 100aBIsieMbIX JTUTaHA0B B 20 MKJI, JIJTHHA BOJTHBI
coctaBuiia 528 um, mis 40 mxn — 482 um, mag 60 mxi — 474 aMm, g 80 mMxa — 471 Hwm.
W3menenne nauHBI BOJHBI CBA3aHO ¢ Moaudukanuer (Hopmbl HAHOKPUCTAIUIOB: yBEIIMYEHUE
KOJIMYECTBA JIUTAHOB MPUBOIUT K POPMHUPOBAHUIO PA3TUYHBIX KBAHTOBO-Pa3MEPHBIX CTPYKTYP
— KBAHTOBBIX TOYEK, KBAaHTOBBIC HUTEW WJIM KBAaHTOBBIX sSIM. B crekTpax morjiomeHus, mpu
YBEJIMYEHUH KOHIIGHTPALlUM JIMTAaHAOB, Oojiee OTYETIMBO HAONIOJAIOTCS DKCUTOHHBIE
COCTOSIHHSI.

Takum oOpa3zom, B paboTe MPOAEMOHCTPUPOBAHA BO3MOXHOCTH W3MEHEHHUS JITMHBI
BOJIHBI (POTOTIOMUHECIICHIIMM TIEPOBCKUTHBIX HAHOKPUCTAIIOB CHUCTEMBI «METUIAMMOHHUM-
cBuHen-Opom». HeoOxomMMo OTMETUTh, YTO C TMOBBIIIEHHEM KOJMYECTBA JIUTAHJIOB
YMEHBITAETCS CTAOMIBHOCTh HAHOKPUCTAUIOB M, COOTBETCTBEHHO, MPOUCXOAMT IMOCTETICHHAs
Jerpajanus KBAaHTOBBIX ToueK. JlaHHyr0 mpobieMy BO3MOXKHO peUIUTh, €CIH M0A00paTh
ONTUMAJIBHBIE PEKUMBI OYMCTKH HAHOKPUCTAJUIOB OT M30BITOYHOTO KOJMYECTBA JIUTAHIOB WU
MPOYMX MOJIIPHBIX PACTBOPUTENEH, TPUCYTCTBYIOIIUX B PACTBOPAX.

Jlureparypa
1. Lin K. et al. Perovskite light-emitting diodes with external quantum efficiency exceeding 20
per cent //Nature. — 2018. — T. 562. — Ne. 7726. — C. 245.
2. Zhang F. et al. Brightly luminescent and color-tunable colloidal CH3NH3PbX3 (X= Br, I, Cl)
quantum dots: potential alternatives for display technology //ACS nano. — 2015. — T. 9. — Ne. 4, —
C. 4533-4542.
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HccaenoBanus /lyoHeHCKOI PU3NKO-XUMHUYECKOH HAYYHOM IKOJbI B
00J1aCcTH THOPUIHOM OPTraHO-HEOPraHNYECKOH MePOBCKUTHOM
doToBOIBbTAUKH
I'mapsimes I1IT.

T'ocyoapcmeennwiii ynugepcumem «/{yonay
palad@yandex.ru

B noknane maercs 0030p mpoBOoAMMBIX JIyOHEHCKOW (PH3MKO-XMMHYECKOW HAaydHOU
IIKOJIOW HWCCIICIOBaHUKA B 00JAaCTH THOPHUJIHONW OpraHo-HEOPTraHWYECKOH IEePOBCKUTHOM
doroBosbTanku. B NByX MoHOrpadusx OMyOJIMKOBAaHBI TJIABHI, MOCBSIICHHBIE COBPEMEHHBIM
npobiieMaM TEPOBCKUTHON (OTOBOJIBTAMKKM M JaH MPOTrHO3 Haubojiee MEePCHeKTUBHBIX
HAmnpaBlIeHUH uccienoBaHuii B 9310l obmactu [1, 2]. IlpusHaHo, 4YTO TIpH CO3JMaHUU
doTornekTpuyeckux IpeoOpa3oBareieil Ha OCHOBE T'HOPUAHBIX OpraHO-HEOPraHMYECKHX
MIEPOBCKUTOB C YHUKAIBHBIMH (PU3NYCCKUMHU CBOWCTBAMH, BAXKHO OOECIEUYUTH Pa3padOTKy
YCTOMYMBBIX  HEOpPTaHWYecKuX p-OydepHbIX  CIoeB, OTKa3aBIIUCh MpPH  3TOM  OT
dboToIerpaiupyeMbIX OPTraHUYECKUX MarepuaioB. JIpyruM Ba)KHBIM HaINpPaBJICHHEM SIBIISICTCS
OTKa3 OT JOPOTOCTOSIIIMX SJICKTPOAHBIX MaTepuanoB (30J0TO, cepedpo U JZp.) B TMOIb3Y
JIEIIEBBIX YTJIEPOAHBIX MaTepuaynoB. Ilpu »sToM HEoOX0AMMO OOpaTUTh BHUMAaHHME Ha
BO3MOXXHOCTh CO3J[aHHsI TIEPOBCKUTHBIX COJHEYHBIX SJIEMEHTOB 0€3 CIelHaabHO BBOAMMBIX -
Oy(depHBIX CIIOEB, UTO CYIIECTBEHHO YIPOILAET apXUTEKTYPY, YACIICBIISET THOPUIHBIE OPTaHO-
HEOpPraHMYECKHE IEPOBCKUTHBIC COJIHEYHBbIC SJEMEHTHl W YBEIMYMBAET MEPCIEKTHUBBI HX
IIMPOKOTO TMPAKTHUYECKOTO HCIOJb30BaHMS. B CBS3M ¢ 3TUM B IKCIEPUMEHTAIBHBIX
UCCIICIOBAHMSX TIOMHMO HCCJEIOBAaHUS PA3IUYHBIX METONOB (OPMUPOBAHUSA OpraHo-
HEOPTaHMYECKUX TEPOBCKUTHBIX IUICHOK M N-Oy(QepHBIX CIO0EB OCHOBHOC BHHMAHHE OBLIO
yIEJIEHO COBEPIICHCTBOBAHHIO METOJOB CHHTE3a M HCCIEIOBAHUIO CBOHCTB pP-OydepHbIX
HEOpraHWYeCKHUX TUIeHOK 3akucu meau Cu,O, tmounonara meaun CuSCN wu ioguaa menu Cul, a
Tak)Ke MCCIIEOBAHHUIO MEPOBCKUTHBIX COJIHEYHBIX AJIEMEHTOB C YIJIEPOJHBIMH aHOJIaMu 0e3 p-
OydepHbIX CIO0B. YUWTHIBask BAXKHOCTh U OTPOMHBIN MOTEHITHAN VISl TPUMEHEHHUS B COTHEYHBIX
AIIEMEHTAaX U JPYTUX YCTPOHUCTBAX BBICOKOI(PPEKTUBHBIX TEPOBCKUTHBIX CUCTEM 1I€TIECO00pPA3HO
CO37aTh  POCCHUMCKYIO  TpPOrpamMMy, KOOPAWHUPYIOIIYIO  TMPOBEAEHUS  HCCIEIOBAHUUN
MEPOBCKUTHBIX M JPYTUX BCIIOMOTATENbHBIX MaTepUanoB s JaHHBIX (POTOBOIBTAMYECKHX
CHUCTEM.

Jlureparypa

1. Perovskite Solar Cells: Properties, Application and Efficiency Series: Renewable Energy:
Research, Development and Policies Murali Banavoth, PhD (Editor) 2019 Nova Science
Publishers Inc.

Chapter 1. Hybrid Organo-Inorganic Perovskite Solar Cells: Architecture Evolution, Materials of
Functional Layers, Photoelectric Characteristics, Properties, and Efficiency P.P. Gladyshev, M.
Banavoth, T. Swetha, N. Bingwa, Ya.B. Martynov, T.Yu. Zelenyak, V.A. Kinev and R.G.
Nazmitdinov

Chapter 3. Perovskite: Material and Device Optimization for Solar Cell Applications Antonio
Frontera, Yaroslav Martynov, Rashid Nazmitdinov and Andreu Moia-Pol,

2. Oprannveckre M THOPHIHBIC HAHOMATEPHAJIBI: TIOJTYYCHUE U MTEPCIIEKTUBBI TPUMEHCHHS:
Momnorpadus / mox penakuueii B.®. Pazymosa u M.B. KitoeBa.- Banoso : UBan. ['oc. yH-T,
2015. - 676 c.

I'naBa 10. 'ubpuaHbie opraHo-HEOPraHNYECKUE MEPOBCKUTHBIE CTPYKTYPHI U
dboTorneKTpHUUECKHEe MpeoOpa3oBaTesid Ha UX OCHOBE: (DU3NYECKUE U XUMUIECKHUE MTPOOIIEMBI,
I'magermies I1LIT., FOmanxaii B.1O,, Cropakmuna JI.A. ¢. 426 — 556.
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JbIPOYHO-TIPOBOISIIIIE MATEPUATBI HA OCHOBe okcuaa meau (1) mast

MNEPOBCKUTHLIX COJTHCYHBIX AYE€CK

3enensik T.1YO., Kpurep B.B, I'nagpimes I1.I1.
T'ocyoapcmeennwiil ynugepcumem J{youna, Poccus
tatyana.zelenyak@bk.ru

Vcnonp30BaHne HEOPTaHUYECKOTO JABIPOYHO-TIPOBOIAIIECTO Oy(epHOro cios Ha OCHOBE
Cu,0O B OpraHo-HEOPraHWYECKMX TEPOBCKUTHBIX (POTORIEKTPHUUCCKUX MPeoOpa3oBaTesax
(®OII) mnoszBomsier cHU3UTH crouMocTh DOII M ynydlIUTh €ro 3KCITyaTallMuOHHbIE
XapakTepucTuKu. lIpekypcopsl 3TOro Marepuana JJOCTYIHBI, a HAHOCTPYKTYPHPOBAHHBIC
MOKPBITUST OKCHIA MEIH TIOTY4YaroT MO MPOCTOW TEXHOJIOTMH W HE TMOJBEPraroTCs ACCTPYKIIHH
nox BiusHUeM BHemHed cpenbl. CupO — ycroifunBoe coenuHeHHE O00JaJal0IIUe BBICOKUM
kod(durmentom mnoryomenus (o ~ 105 CM'l), IIUPOKUM CIEeKTpoM morjomenus (ot Y@ mo
ommkaero MK nuamasona) [1] m BbICOKOW MOABMXKHOCTH abIpok (1-10 CmZ/B'c) [2].
Metonom sxkuakodaznoro monHoro HacinauBanus SILAR Obun copmupoBaHbl ciion oKcuia
mean (I) Ha mpoBOASIINX CTEKJISIHHBIX MOTokKax (cTekino/FTO) u mpoBeneHbl UCCIeI0OBaHUS
WX ONTHUYECKUX CBOMCTB. Iyisi cuHTe3a TOHKHMX TUIeHOK okcuna meau (Cu,0) mcnosib30Baioch
B3auMoaencTBre KoMIuiekcHON coimn 3CurS,;03x2NarS,03 u 1M NaOH. KonmyecTBo IUKIIOB
MOHHOTO HacjauBaHusi cocTtaBwio 3 W 6. IlomydeHHbIE TUIGHKH WMENIH KEITHIA I[BET.
H3mepeHne CHEKTPOB TMOTJIOMICHUS IOJIYYEHHBIX OOpa3lOB MPOBOAWIUCH MPH KOMHATHOMN
temneparype Ha crnektpodoromerpe YD (190-1100 uM). bbuio ycTraHOBIEHO, 4YTO C
YBEJIMYEHUEM KOJIMYECTB IIMKJIOB HOHHOT'O HACIAUBAHUS PACTET ONTUYECKas IIOTHOCTh TUICHKH,
HO TIPU 3TOM KOJIMYECTBO LIMKIIOB HE BIUAET Ha BuA crekTpa (puc.l). Ilpu momomu dopmymsl
[Inanka paccuMThIBajiach IIKMPUHA 3arpenieHHou 30Hb1 Eg, koTopas cocraBmia 2,17 — 2,2 3B B
3aBUCHUMOCTH OT KOJIMYECTBA IIUKJIOB.

Jlureparypa

1. Kynpsimmos 1. A. u np. Hanopa3mepnsie mienku CuO: popmupoBanue meroom BU-
MAara€TpoOHHOT'O paClblJICHUA, UCCIICAOBAHNUEC CTPYKTYPHBIX U OIITHYCCKUX cBoiicTB //Dusuka u
TeXHUKa NoaynpoBogHukoB. — 2017. — T. 51. — Ne. 1. — C. 111-115.

2. Chen, L.-C. (2013). Review of preparation and optoelectronic characteristics of Cu,O-based
solar cells with nanostructure. Materials Science in Semiconductor Processing, 16(5), 1172—
1185. doi:10.1016/j.mssp.2012.12.028&nbsp.

11


mailto:tatyana.zelenyak@bk.ru

MAPPIC-2019

CuHre3 u uccie10BaHue Heopranudeckux oydepunix cjoe Cul, CuUSCN nas

NMEPOBCKUTHBIX (OTOITEKTPHUUECKHUX NTpeodpasoBaTeliei
Kunes B.A., Imutpuesa A.Jl., I'mageimes I1.11.

T'ocyoapcmeennniil ynugepcumem «/[yonay, e. [yona, Poccus.
dmitrievanastyal998@mail.ru

B nacrosiee BpeMsi akTHBHO HCCIIEIYIOTCS COJTHEUHBIE 3JIEMEHTHI HA OCHOBE THOPUIHBIX
OpraHO-HEOPraHMYECKUX MEPOBCKUTOB. OTH MaTepHaibl HMEIOT MOTEHIHMAJ, 4TOObI OBITh
U7CaNbHBIMU NIl HEAOPOTHX U BBICOKOA((PEKTUBHBIX COMHEUHBIX 371eMeHTOB [1]. OgHako s
3 dexTuBHOM pPaOOTBI COJHEYHBIX OJEMEHTOB HEOOXOIMMO MOA00paTh ONTHMAJIbHBIC
O0ydepHbIe ciowu.

HaubGonee wyacTto wHcrnonb3yeMbIM MaTepuaioM Uil TPAHCIOPTHPOBKU JILIPOK B
MEPOBCKUTHBIX COJIHEYHBIX 3yieMeHTax sBisercss spiro-OMeTAD (KIIJ coime 22% [2]).
OpnHako €ro CTOMMOCTb OCTA€TCs, BBICOKOM B OCHOBHOM M3-3a €0 JJUTEIBHOTO U CIOXKHOIO
CHHTE3a, K TOMY K€ OH HE CTOEK K Pa3JIMYHbIM BHEIIHUM Bo3aeicTBusM. [loaTomy cramo
HEOOXOMMBIM pa3paboTaTh 0ojiee SKOHOMUYHBIE anbTepHaTHBBI Spiro-OMeTAD, Takue Kak
Heopranunueckue Oydepubie marepuansl Cul m CuSCN [3]. B cBs3u ¢ HeopraHnuyeckou
MPUPOIOI JaHHBIX COCTUHEHHM, OHU 00JIaJar0T BBICOKON CTOMKOCTBHIO M HU3KOM CTOMMOCTBIO
cuHTe3a. [Ipu 3TOM NEPOBCKUTHBIE CONHEYHBIE DJIEMEHTHl C HEOPraHUYECKHUMH Oy(epHbIMU
CJIOSIMU TIOKA3bIBAIOT IOCTATOYHO XOpoIIyto 3(hPeKkTUBHOCTS [4].

B pamkax naHHOW paOOThl ObUIM CHHTE3UPOBAHBl TOHKHE IUICHKA HEOPTaHUYECKUX
neIpovHO-TIpoBoaAX Oydepubix cioeB CuSCN u Cul pa3nuyHbIME MOKPBIMH METOJAMH Ha
CTEKJIIHHBIX TOANI0OKKaX. Ilpu 3TOM mpenmouteHne OBUIO OTAAHO METOAAM CHHH-KOATHHTA H
crpeiti-nmuponuza. [lomyuennsie ToHkue MieHOKH Cul m CuSCN Obu OxapakTephu30BaHbI
MeToJaMu  cnekTpodoromerpun U npoduiomerpuu. Ha  ocHOBaHMM — McclenOBaHUMN
CHEKTPAbHBIX XapaKTEPUCTUK TOHKHUX IJICHOK OBUIM BBISBICHBI OCHOBHBIE 3aKOHOMEPHOCTH
ceeronoromenuss mieHok Cul m CuSCN. M3 crekTpoB mHOMIomeHuss ObIIM ONpeaeeHbI
3Ha4YeHHUs MIUPHUHBI 3aMPEIIeHHON 30HbI TOJYITPOBOIHUKOB.

Jlureparypa

1. Gladyshev P.P., Banavoth M., Swetha T., Bingwa N., Martynov Ya.B., Zelenyak T.Yu.,
Kinev V.A., Nazmitdinov R.G. Hybrid Organo-Inorganic Perovskite Solar Cells: Architecture
Evolution, Materials of Functional Layers, Photoelectric Characteristics, Properties, and
Efficiency // Renewable Energy: Research, Development and Policies. Perovskite Solar Cells:
Properties, Application and Efficiency. — 2019. — P. 1-75.

2. Jeon N. J. et al. A fluorene-terminated hole-transporting material for highly efficient and
stable perovskite solar cells // Nature Energy. — 2018. — V. 3. — Ne. 8. — P. 682.

3. Matebese F., Taziwa R., Mutukwa D. Progress on the Synthesis and Application of CUSCN
Inorganic Hole Transport Material in Perovskite Solar Cells // Materials. — 2018. — V. 11. — Ne,
12. - P. 2592,

4. Martinez S. et al. Micro-combined heat and power systems (micro-CHP) based on renewable
energy sources // Energy Conversion and Management. —2017. — V. 154. — P. 262-285.
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IMepoBckuTHbIE PoTOITEKTPUUYECKHE TPe0dpa3oBaTeu 0€3 IHLIPOYHOr0

NMPOBOASIIET0 CJI0SI
Kunep B.A.l, IIsu1pHEB M.A.Z, [nanpies [LITY
tr ocyoapcmeeHnbill yHugepcumem «/[yonay, 2. [yona, Poccus.
2 . .
Hayuonanvnwiii ynueepcumem /{one Xea, . Xyanano, Tausans.
vladkinya@gmail.com

HckmounTenbHble (OTOBOJIBTANYECKHE CBOWCTBA THOPUIHBIX OPraHO-HEOPTaHUYECKUX
CBUHIIOBO-TAIONIHBIX 1epoBckuToB (Hampumep, CH3NH3PbXs, X= CI, Br, 1), mpuBnekiu
OTPOMHOE BHUMAaHHUE CO CTOPOHBI YYEHBIX BCero mupa. ['mOpuaHble OpraHO-HEOpraHHYECKHe
CBUHIIOBO-TAJION/IHbIE TIEPOBCKUTHBIE coynHeuHble 3ieMeHThl (IICD) ObicTpo BB Ha
nepegHud  Kpalh  (POTODNEKTPUYECKHX TEXHOJOTMH U JIOCTUIJIM  CepTU(ULIMPOBAHHON
sbdextusHoct 22,1 % [1].

B tunmunsix [1CD ucnonp3ytor koHurypanuto ycrpoiictsa TiOz/mepoBekut/AIIM/Au,
B KOTOpOil B KadecTBe OydepHOro ciiosi ¢ IBIPOYHO-TPOBOASIIMM Marepuaiom (II1IM)
npumMenstoTest  spiro-OMeTAD wmu PTAA  (momutpuapunamun) [2]. OnmHako BbICOKas
ctouMocTh spiro-OMeTAD u PTAA u uX HeCTaOMIBHOCTH TOJI BO3JCHCTBHEM aTMoc(hepHOro
BO3/lyXa U COJIHEYHOW paguallii CTaHOBSTCS cephe3HOl mpobnemont ans passutus [ICO [3]. K
cuacThio, nepoBckut, Takoi kak CH3NH3Pbls, o6mamaeT BbICOKOM MOABMKHOCTBIO HOCHTENIEH
3apsifia, MOATOMY OH CaM MOXET CIYXKUTh B KauecTBE MEPEHOCUYMKA JBIPOK, YTO JesaeT
U3IUIIHAM HCIIOJIb30BaHUE JIOMOJHUTENIBHOTO MaTepuana Al HUX TPaHCIOPTUPOBKU [4].
Jist co3manust MpOCTOr0 M HEAOPOTOTO (POTOTANBBAHUYECKOTO YCTPOMCTBA OBUIH MPEIOKEHBI
[ICD nue conmepxkamme Oydepusii cmoit JIIM c¢ yriepomHbiMu aHomamu [S]. YriepomaHbie
MaTepHuaibl, 0cOOeHHO rpaduT, yriepoaHas caxa M YIJIepoJHbIe HAHOTPYOKH, 00JamaroT
TaKUMHU  XapaKTePUCTUKAMH, KaK HHU3Kasg CTOMMOCTb, BBICOKAas AJIEKTPONPOBOIHOCTD,
JOCTYMHOCTh, KOHTPOJIMpYeMasi MOPUCTOCTh, XUMHYECKas CTAOMIBHOCTh U SKOJOTHYHOCTH.
Hcxons w3 STUX MPEUMYIIECTB, JaHHBbIC YIIEPOAHBbIE MaTepuanbl CUYUTAIOTCS OIHUMH W3
HaboJIee MePCIeKTUBHBIX AaHOAHBIX dJIEKTPOIHBIX MaTepranoB ams [1CD.

B nmokmage mpencTaBieHBl  OCHOBHBIE THIIBI  CTPYKTYpP  YIUVIEPOJICOJEPKAIINX
NEPOBCKUTHBIX COJHEUYHBIX 3JIEMEHTOB 0e3 Oy(epHbIX clloeB U pa3paboTaHHbIE AaBTOPaMU
pa3IUYHBIE METOIBI (POPMUPOBAHUS YTIICPOJIHBIX KOHTAKTOB JIJISl JAHHBIX YCTPOMCTB.

Jlureparypa

1. Yang W.S., Park B.-W., Jung E.H., Jeon N.J., Kim Y.C., Lee D.U., Shin S.S., Seo J., Kim
E.K., Noh J.H. lodide management in formamidinium-lead-halideebased perovskite layers for
efficient solar cells, Science 356 (2017) 1376-1379.

2. Gratzel M. The rise of highly efficient and stable perovskite solar cells, Acc. Chem. Res. 50
(2017) 487-491.

3. Berhe T.A., SuW.-N., Chen C.-H., Pan C.-J., Cheng J.-H., Chen H.-M., Tsai M.-C., Chen L.-
Y., Dubale A.A., Hwang B.-J. Organometal halide perovskite solar cells: degradation and
stability, Energy Environ. Sci. 9 (2016) 323-356.

4. Xu L., Xiong Y., Mei A., Hu Y., Rong Y., Zhou Y., Hu B., Han H. Efficient Perovskite
Photovoltaic-Thermoelectric Hybrid Device, Advanced Energy Materials 8(13) (2018) 1702937.
5. Kinev V.A., Gladyshev P.P., Ibrahim M.A. Prospects for the Use of Carbon-based Perovskite
Solar Cells, Egyptian Journal of Chemistry 62 (2019) 89-97.
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®opMHpPOBaHUE TOHKOMJIEHOYHBIX CTPYKTYP Ha 0cHOBe okcuaa meau (Cu,0)
METOAOM HOHHOI'0O HACIAaHBAHUA IJIA MEPOBCKUTHLIX COTHCYHDBIX 6aTapeﬁ
Kpurep B.B., 3enensik T.}YO., I'magpimes I1I1.

T'ocyoapcmeennniil ynugepcumem «/[yonay, e. [yona, Poccus.
vladlena.k576@mail.ru

Oxcun menu (CupO) sBAsieTcsl MONYNPOBOJHUKOM pP-THIA C IIMPUHOM 3alpeleHHON
30mbI 2 - 2,17 5B [1], o6maaroum Gosimmm kosddummenTom mormomenus (o~ 105 em™) [2],
YTO TMO3BOJISIET HCIIONB30BaTh €ro B KauyecTBE (POTORJIEKTPUUECKOrO0 Marepuaia B
dotoBosbTauku. Cup,O urpaer poiib, B IEPOBCKUTHBIX coiHeYHBIX OaTapesx (IICB), apipodHo-
npoBosmero marepuaia (JIIM). 3amaua gannoro cios B [ICh 3akmtodaercs B OJ10KHpOBaHUE
NepeHoca EeKTPOHa Ha aHOJ, U3BJIICYCHUH JBIPOK U3 MEPOBCKUTA U TPAHCIIOPTUPOBKY 3apsIOB
Ha KaToJ U MpeAOoTBpalleHUe MPSIMOTro KOHTaKTa MEepOBCKUTA ¢ 3iekTpoaoM. [lo cpaBHeHHIO C
OPTraHWYECKUMH JIBIPOYHO-TPAHCIIOPTHBIMUA MaTepHalaMH, HEOPTaHWUYECKHE IOIYIPOBOJIHUKHU
p-tuna Cu,O mnpencTaBIsOT CcOOOW HWICANBHBIN MaTepuan, T.K. OH CTaOWJICH, MPOCT B
MOJIYYCHHUH, a TAKKE M3-32 €r0 HU3KOW CTOMMOCTH U SKOJIOTUYHOCTH.

Oxcu MeM TOJydalid MeToZoM noHHoro HaciauBanus SILAR (Successive Immersion
Layer Adsorption Reaction). B kauecTBe mNOJIOKEK HCIOIB30BAIUCH IPOBOIAIIME CTEKJIA
(crexno/FTO). Ins ocaxxaenus miueHok p-CuyO merogom SILAR ucnons3oBanu JBOMHYIO COMb
3Cu,S,03%2NaS,03 1 2M NaOH. JIBoiinyto conp nomydanu u3 1M pactBopa CuSO4x5H,0 u
IM pactBopa Na,S,03 xotopsiit mommuBaiu k pactBopy CuSO4x5H,0 [3]. Meton 3akimtoyaercst
B (GOpPMHPOBAHMM TOHKUX IUJICHOK IIOJYyYE€HHBIX TOBTOPEHHUEM IIUKIOB, COCTOSIIIMX U3
MOCJIEIOBATEIbHBIX TOTPYKEHUN B pacTBOPHI U aicopOumu noHOB Ha moaioxke. SILAR meron
MO3BOJISICT MMOTYYaTh TOHKHE TUICHKH KOHTPOJIMPYEMOU TOJIIMHBL. MeTol He TpeOYeT CI0KHBIX
JIOPOTOCTOSIIITUX PEAKTUBOB U 000PYIOBAHUS.

Jlureparypa

1. Hossain M.I., Alharbi F.H., Recent advances in alternative material photovoltaics, Mater.
Technol. Adv. Perform. Mater. 2013. 28. 88-97.

2. Kynpsimos 1. A. u ap. Hanopasmepnsie mienku Cu20: ¢popmupoBanue merogom BU-
MarHeTpOHHOTO paclbUICHHs, UCCIIE0BAaHUE CTPYKTYPHBIX M ONTHUYECKHX CBOMCTB //Pu3nka u
TeXHUKa NoaynpoBogHukoB. — 2017. — T. 51. — Ne. 1. — C. 111-115.

3. O.H. 3amanoga, JI.A. AnueBa. CTpyKTypa ¥ ONITUYECKHE CBOMCTBA TICHOK 3aKUCH MEIH P
Cu,0, moyueHHBIX HU3KOTEMITepaTypHBIM XUMU4YecKuM ocaxaeHuneM. // FIZIKA. 2008. Ne3.
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YcraHoBieHue BJAMSHASA 00padOTKH NapaMu ioAa HA JIIOMUHECHEHTHbIEe

CBOiicTBa IJIeHOK nepoBckuTa cocraBa CH3;NH3Pbl;

Inetinepman A., I'pumiko A.1O., Tapacos A.b.
Jlabopamopus Ho8bIX Mamepuanos Ol CONHeUHOU dHepeemuKy, PaKyibmem HAYK 0
mamepuanax, MI'Y umenu M.B. Jlomonocoea, Mocksa
aleshneiderman@gmail.com

[Inénku ruOpUIHBIX OPraHO-HEOPraHMYECKUX MEPOBCKUTOB, UCIOIB3YyEMBIX B KaueCTBE
CBETOIIOIJIOIIAIOIIETO €08 B MEPOBCKUTHBIX COJHEYHBIX AJIEMEHTAaX, IMOIY4al0T PacTBOPHBIMU
METOJJaMH B CYIIECTBEHHO HEPABHOBECHBIX YCIIOBUSX, YTO OOYyCIABIMBAET BBICOKOE
conepkanue nedekroB B Marepuane. HempepslBHO BeayTCsl MOMCKH METOAOB MOCTOOPabOTKH,
KOTOpbIe 3((EKTUBHO yIydmanud Obl KpHUCTALIMYHOCTh. OJHUM M3 HOBBIX U, KaK CIEICTBHE,
MaJIOM3Y4YEHHBIX fABIIsEeTCS 00paboTKa napamu ioaa.

HenaBHo ObUT0 yCTaHOBIIEHO, YTO 00pabOTKa MEPOBCKUTA MapaMH HoJa MPUBOAUT K €ro
XUMHYECKOMY CBSI3BIBAHMIO U 00pa30BaHHUIO PEaKIMOHHOTO moiuuoauaHoro pacruiaa (PIIP),
KOTOpBIM  CIIOCOOCTBYET PEKpUCTAUIM3ALMK JAHHOTO MaTepuana, OJIHAaKO JETaJbHBIX
UCCJICIOBAaHHUM TAHHOTO MO/IX0/1a IPOBEJEHO He ObLIO.

JIroMUHECIIEHTHAasl CIIEKTPOCKOINMSI YyBCTBUTEJIbHA K IPEBPAIICHUSIM, CKa3bIBAIOLINXCS
Ha KPUCTAJUIMYECKON M 30HHOM CTPYKTYpE MOIYNPOBOJHUKOBBIX MAaTepUAIOB, IO3TOMY MOKET
OBITH MCIIOJIB30BAHA ISl OTCIISKUBAHUS 3(PPEKTOB, BRI3BIBAEMBIX TOCT-00PaOOTKO.

Lenpto paboOThl SBISETCS YCTAaHOBJICHHME B3aUMOCBSI3M JIIOMHUHECIIEHTHBIX CBOWMCTB
IUIEHOK THOpHIHOTO opraHo-Heopranuueckoro nepoBckuta CH3NH3Pbls; (MAPI) u pexxuma nx
MOCTOOpPabOTKH MapaMu Hoja.

B kauectBe OOBEKTOB HCCIIEAOBAaHUS OBUTM HCIIOJNB30BaHBl TOHKHE IUIGHKA U
MoHOKpucTaisl MAPI, xotopble ObuUIM TMONy4EHb METOAOM KPUCTAJUIM3AIMH M3 PacTBOpA.
[Tnenkn MAPI nonBepranmu o0paboTKe mapaMu iofa B TEUCHHE Pa3IMYHOIO BPEMEHH, MOCIE
Yero MPOBOJWIM TEPMHUUECKYIO0 00pabOTKY ISl yAalleHUs! CBA3aHHOTO o/a.

Mertoaom peHTreno(a3oBoro aHajan3a ObIJIO YCTAaHOBIIEHO, YTO 00paboTKa MEPOBCKUTA B
YCIOBHAX MAaJoOro JaBiieHUs nmapoB Hoxaa (mopsaka 0,32 mOap) He MPUBOIUT K M3MEHEHUIO
¢dazoBoro cocrtaBa. /laHHbBIE PacTPOBOM 3JIEKTPOHHONM MMKPOCKONHMH YKa3bIBalOT Ha TO, YTO B
TaKHUX YCIOBHSX IPOUCXOAUT PEKPUCTAIUIN3ALIMSL, TPUBOIALIASL K POCTY 3EPEH.

bbun 3ammcaHbl CHEKTpPHI JIIOMUHECLIEHLIMN CEpUil 00pa3lioB, MPOMIECAIINX PA3IUYHbIE
pPEeKUMBI TIOCTOOPAOOTKU. BBISABIEHBI ClIEAYIONIME TEHAECHIMM M3MEHEHUS XapaKTepUCTUK
JIOMUHECIEHIINM, TI0 MEpPEe YBEIUYEHHUs JINTEIbHOCTH BBIJEPKUBAHUS MEPOBCKUTA B Mapax
foma: cMelleHHMe MaKCUMyMOB SMHUCCHOHHBIX Tmojoc PJI B UIMHHOBOJIHOBYIO 00JacTb,
YBEJIMYEHHUE MOTYIIUPUH MOJI0C U YBETNYEHHE HHTEHCUBHOCTH JTFOMUHECIICHIINH.

BaxxHbIM pe3ysbTaTOM HpPEJCTAaBICHHON paboThl SABISETCS JEMOHCTPAIlMK B3aMMOCBS3U
JUIUTETBHOCTH 00pabOTKM MEPOBCKHUTA MapaMH oJa U JIIOMUHECLIEHTHBIX CBOICTB MaTepHuaa.
[TosrydyeHHBIE 3KCIEPUMEHTAIBHBIE JAHHBIE CBUIETEIBCTBYIOT O IOJOKUTEIBHOM BIIMSHUU
nocToOpaboTKH MapaMu iojla CBOWCTBAa MOJUKPUCTAIUIMUECKUX IUIEHOK THOPUIHBIX OpraHo-
HEOPraHMYECKUX IEPOBCKUTOB, MO3TOMY HM3YyYEHHE MOTEHIHala NPEUIOKEHHOIO METojda —
BaXKHas 3a/1aya, KOTOopas HOCUT (yHIAaMEHTAJIbHBII U MPUKIATHOW XapaKTep U CIHOCOOCTBYET
Pa3BUTHIO IEPOBCKUTHON (POTOBOIBTAUKH.

HccnenoBanue BBIMOIHEHO 3a cueT rpanTta Poccuiickoro Hayunoro ¢onna (IIpoext Ne
18-73-10224).
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lattice effects investigation
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In the past ten years, it has seen high grown rate of organic photovoltaic devices
efficiency such as perovskite solar cells (PSC). PSC have very attractive features such as long
carrier free path in comparison with all-organic SC, high sun power absorption, and low-cost
precursors to synthesis PSC as well as simplicity of the fabrication. The high interest among
scientists has evolved into a significant efficiency increase in past ten years from 3.8 to 24.2%
for single-junction PSC [1]. Generally, typical perovskite-based SC is a multilayer structure
include the photoactive layer consisting of MAPbPbX; solid solution (where X = Br, CI', I
etc.) embedded located between the hole and electron transport layers.

Organic transport layers limit the stability and lifetime of PSC due to oxidation between
photoactive layer and transport layers thereby destruct solar cell [2]. Transition metal oxides thin
films are supposed to be used as transport layers for perovskite solar cells because it provides
better chemical stability. Transition metal oxides are perspective materials for construct transport
layers in perovskite solar cells for better energy-level alignment [3]. Moreover, these compounds
increase device’s service life.

In the work polycrystalline non-stoichiometric nickel oxide (NiO) thin films had
deposited by an RF magnetron sputtering process in different gas compositions — mixtures of
nitrogen, oxygen, and argon. The x-ray diffraction and Raman scattering were measured. The
texture Harris coefficients and dependencies of the spectral properties on proportions of gases
mixture were studied. The evolution in spectra with increasing of substrate temperatures were
investigated.

Study of the NiO thin film properties was carried out for further fabricating effective non-
organic transition metal oxide hole transport layers for perovskite solar cells by magnetron
sputtering method.

The reported study was funded by RFBR, project number 19-38-90149. The authors
acknowledge support from the Ministry of Science and Higher Education of the Russian
Federation (RFMEFI61619X0115).
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Toward efficient polymer solar cells several key challenges have to be resolved,
including improvement of light absorbance, managment of transport properties of free charge
carriers, and nanomorphology of bulk heterojunction. Ternary systems, including the D1:D2:A
system and D:A1:A2 system, is regarded as prospective approach to address these issues [1].

We previously reported novel highly soluble double-caged fullerene acceptors (dFR)
providing inhanced charge transport and molecular ordering in binary systems with P3HT as a
donor component.ii Here we report fabrication, optimization, and testing of related photovoltaic
devices with ternary active layer based on P3HT, dFR, and third component comprising a low
band gap donor polymer or small-molecule/fullerene acceptors. Optimization of the fabrication
protocol for ternary solar cells includes variation of donor/acceptor/third component ratio,
thickness of photoactive layer, annealing temperature, and used solvent(s). Electronic properties
of individual compounds as well as the active layer, including the HOMO and LUMO levels, the
charge carrier mobility as well as the nanomorphology of photoactive layer will be discussed.
The experimental composition-structure-property relationships for a representative series of
ternary photovoltaic devices makes possible to reveal correlation between the molecular and
electronic features of components of the active layer and its photovoltaic characteristics.

This work was supported by RFBR (project Ne 18-33-00670).
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We report the results of experimental studies of the processes of photostimulated defect
formation in pristine and doped halide perovskites by diffuse reflectance spectroscopy.
Absorption spectra of photoinduced defects and kinetics of their formation under irradiation
within fundamental absorption spectral range will be presented in details. Based on the kinetic
analysis it is suggested that both mechanisms of defect formation which are typical for the
photoresistant and photosensitive solids, can be observed in halide perovskite. Particularly, a
formation of new types of defects through excitonic dissipation is characteristic for Ag-doped
halide perovskites.

In addition, the effect of photostimulated defect formation on photoluminescence of
halide perovskites will be also demonstrated and discussed in terms of competing relaxation
pathways through exciton and defect states. The observed effects may play a significant role in
terms of photostability of halide perovskites for their application in photovoltaics and
optoelectronics.
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We have shown recently that methylammonium and formamidinium polyiodides can
serve as facile precursors for a completely new solvent — free scalable approach of hybrid halide
perovskite film processing based on their interaction with the metallic lead thin layers; as a proof
of concept, high-efficiency perovskite solar cells were fabricated using these new precursors [1].

On the other hand, these polyiodides are responsible for perovskite solar cells degradation
[2]. The dual character of such compounds, either as a facile precursor for perovskites in solar
cells or corrosive products of photodegradation, is governed by their unique feature to occur as a
liquid at room temperature. This inevitably raises the demand of complex investigation of such
polyiodides and building up their preliminary phase diagram.

As a result, we identified and refined four new methylammonium polyiodides with
complicated crystal structures, namely, MAl,, MAslg (MAl,g7), MAl;, MAzl1; (MAIss). The
performed DFT calculations revealed the crucial role of entropy contribution to the formation of
higher methylammonium polyiodides which is in a good agreement with experimental data. On
the basis of a set of techniques, we investigated phase relations in the system MAI-I, and built up
a first phase diagram of the system MAI-l, characterized by unprecedented (for known
polyiodide systems) phase diversity. The formation of observed peculiar structures and unusually
low melting points of the observed compounds are determined by conjoint presence of small
polar amphiphilic cation, highly polarized catenating anion and the competition between H-
bonds and halogen bonds. Overall, there are deep reasons to believe that the MAI-1, system is
the first but quite characteristic representative of the new class of compounds which we suggest
to name as “monoalkylammonium polyiodides™ [3].

The set of properties of alkylammonium polyiodides made them nearly ideal candidate to
realize the reactive flux approach for a directed synthesis of ternary and more complex metal
halide perovskite-like compounds. Therefore, an understanding of the unique distinguishing
features of MAI-I, system can greatly promote the development of hybrid polyiodide fluxes
assisted synthetic approaches. Research was financially supported by the Russian Science
Foundation (Project Ne 18-73-10224).
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The discovery of photovoltaic efficiency of various inorganic and hybrid haloplumbates
has led to the increasing in activity in the scientific community and boost the research into
synthesis and properties of various complex halides of mainly metals of fourth and fifth groups,
including bismuth(l11). Such interest is caused by the need to search lead-free perovskite-like
materials. One of the most significant problems is to find lead-free halide semiconductors
demonstrated high photovoltaic efficiency and also high stability. Due to the structural diversity
polyhalide complexes of bismuth(l11) are also interesting as objects of fundamental research [1].

We consider some optical properties, crystal structure and thermal stability of
compounds, formed during to interaction of bismuth(lll) iodide with phenylendiammonium
derivatives in presence of hydroiodide acid. A number of halide complexes with the similar
crystal structure [CgHi(NHs)2][Bizli0]*nH,O (n=0,4,6) was obtained by varying synthesis
conditions in well-known literature method. [CeH4(NH3),][Bils]2(12) was formed when we used
fourfold excess of iodine in the same conditions. The crystal structure of new complex consist of
anionic chains [Bils]., connected by bridging I, molecules through weak I...I interactions. The
cations and 12 molecules alternate along the axis forming a supramolecular arrangement running
parallel to the [Bil4]..- chains [2].

Presence of acetone in the stock solution leads to cation conversion and crystallization of
new complex - [CsHi(CNH(CHs),)2][Bils]2, composed of the same anionic chains which are
connected to pseudo-three-dimensional structure only by hydrogen bonds. [3]
The new complex with discrete tetra-core anions - [CgHa(NH3)2]2[Bislig]ls- was formed in
presence of copper(l) iodide. All compounds, formed in the system Bils — C¢H4(NH2), - HI
demonstrated thermal stability in the air. For each of them band gap value was obtained. The
most interesting value for us was illustrated by [CsHa(NH3)2][Bils]2(l2) (Eg=1.45 eV)
Complexes with [Bils] chains were also obtained in the same conditions when we changed cation
to N,N-dimethylphenylendiammonium. A number of compounds with interesting structure such
as [CsHa(NH3)(NHMey)]5[Bils](I3), [CsHa(NH3)(NHMe,)](I3)1 were formed by varying synthesis
conditions.

PaGora BeimonHeHa mnpu ¢uHaHcoBoW momuepxkke PH® (mpoekt Nel9-73-30022).
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Recently our group has developed a new strategy of perovskite thin film fabrication using
novel reactant compounds, reactive polyiodide melts — the so-called RPM-process [1] that was
proved to be applicable to fabrication of high-performance large scale perovskite solar cells [2].
The RPMs can be easily obtained from solid I, and MAI, exhibit very low melting points and
high chemical activity. They are liquid at room temperature, readily react with lead-containing
compounds to form the hybrid perovskite CH3NH3Pbl; and do not require the use of any solvent.

We found that perovskite can chemically bind iodine to form RPM. Once being formed,
RPM acts as a liquid medium that facilitates the recrystallization of perovskite grains.
Furthermore, under proper conditions (iodine vapor pressure and time of exposure) this process
is reversible and, once excess of iodine is liberated from the system, the target perovskite
structure is formed again with no signs of Pbl, or other decomposition products. Using scanning
electron microscopy, x-ray diffraction, time-resolved luminescence spectroscopy we showed that
iodine treatment is beneficial for the overall quality of perovskite thin films that were fabricated
by means of classical solution-based approaches and result in the increase of the average grain
size, crystallinity, lifetime of charge carriers.

Research was financially supported by the Russian Science Foundation (Project Ne 18-73-
10224).
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Studies on photoelectronic properties of perovskite solar cells (PSC) made from non-Pbl,
precursors are seldom reported. In this study, a series of transient techniques are applied to
investigate the charge recombination and trap distribution in a highly efficient PSC fabricated
using a low-toxicity Pb(NO3),/water protocol. A device with identical conversion efficiency
fabricated using a conventional Pbl,/DMF protocol isalso studied for comparison. Transient
photovoltage and time-resolved photoluminescence analysis revealed that the Pb(NOj3),/water-
based device exhibits a long lifetime in both bimolecular and trap-assisted recombination.
However, differential capacitance and differential charging analysis indicate that there are more
charges storing in the Pb(NO3),/water-based perovskite layer, which stretches the energy tail
from band edge to mid-band and should provoke serious trap-assisted recombination. The
exceptional long electron lifetime of Pb(NOgs)./water-based is explained by a benign defect
inactivation which is originated from water and NO3" residues left from the aqueous precursor
solution. Consequently, despite the perovskite film made from Pb(NOj3),/water protocol
possesses high trap density, its photovoltaic device still exhibits long electron lifetime and
superior photovoltaic properties.
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Perovskite light-emitting diodes (PeLEDs) have recently attracted great research
luminescence at room temperature in interest for their narrow emissions and solution
processability. Remarkable progress has been achieved PeLEDs in recent years [1]. Here we
present the new configuration of ambipolar transparent perovskite light emitting device. The
combination of voltage induced p-i-n formation and ionically doped carbon electrodes and
allows electroluminescence in forward and reverse bias. For this experiment PeLEDs were
assembled using a glass substrate with ITO stripes as bottom electrode; spin-coated
CsPbBr3/13:PEO composite as emissive layer [2]; single wall carbon nanotubes (SWCNT)
deposited by a simple press transfer process at room temperature as top electrode, that were
produced by the aerosol (floating catalyst) chemical vapor deposition (CVD) method [3].
SWCNT has a sensitive response of electrical properties to doping, due to having only one
graphene layer. Any changes on the external graphene layer leads to sensitive response of
SWCNT properties. In direct mode on PeLED device (+ITO/pero/SWCNT-) positively charged
ions coat SWCNT. P-type doping leads to downshifting and change in the Fermi level, that helps
to holes injection from SWCNT instead of ITO. Changing the direction of the electrical field
coats the surface with oppositely charged ions. We demonstrate a concept of stacked multicolor
tandem pixel. Stack of transparent light emitting units might allow fine color tuning in parallel
tandem connection without segregation compared to mixed halide perovskites. This
configuration conforms pixel downsizing and make to fabrication of emissive multijunction
pixels in a stack. Stacked pixel designs have potential application in head-up displays and
augmented reality technologies, due to smaller pixel area compared to conventional display with
active matrix.
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Many halide perovskites are direct-gap semiconductors. This allows one to observe
excitons in them —quasiparticles, consisting from an electron and a hole. Free excitons have a
narrow optical resonance and high nonlinearity, which is important for various optoelectronic
applications. In halide perovskites, it is also possible to observe self-trapped excitons with
broadband emission, which makes them an attractive material for white light phosphors.
The optoelectronic properties of halide perovskites are determined ultimately by the metal-
halogen sublattice. The choice of the A-cation allows one to control the crystal structure,
including the synthesis of low-dimensional perovskites. Here we report various quasi-1D and 2D
halide perovskites obtained by the liquid-phase synthesis. Crystallography and optical properties
of APbX; halide perovskites with pyridine and substituted pyridine in A-position will be
discussed. It will be shown that the edge-sharing of PbXg octahedrons in quasi-1D (PyOH)PbBr;
and quasi-2D (PyCN)PbBr; favors formation of self-trapped excitons, whereas octahedrons face-
sharing motif in quasi-1D PyPbl; makes free excitons stable at temperatures below 70 K.
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Nowadays scientific community has shown the growth of interest in organic-inorganic
halide perovskites as an absorbing layer of photovoltaic devices. Moreover, recent studies
demonstrated that this type of perovskite is prospective material for the technology of photon
detection with high performance and cheaper fabrication process in comparison to silicon and
I11-V photodetectors. This class of semiconductors has unique optoelectronic and electrophysical
properties for application in the field of imaging, optical communication and medicine.
Perovskite single crystals are appropriate material for the future studies due to the high carrier
lifetimes (to 15 us) and diffusion length (to 175 um) as a sequence of lack of surface defects on
interface and grain boundaries. Also, a high absorption coefficient leads to high photosensitivity
and response speed. However, the growth process required high temperatures and lots of time
(about two weeks) and consequently, there were only a few investigations in this area. This
problem was solved in 2015 when Saidaminov et al. demonstrated retrograde solubility of
perovskites in organic solvents (DMF, DMSO, etc.). So, the growth process can be provided in
50-110°C and with time spent about 5-6 hours which is extremely cheaper than traditional
semiconductor materials technology. In this work, photodetector based on perovskite single
crystal was fabricated and studied. Perovskite single crystal was grown with inverse temperature
crystallization method and optimal parameters for this process were selected. Calculated from J-
V measurements photosensitivity was 0.023 A-W™. The mobility of photogenerated carriers was
measured using the time-to-flight technique. The measured value was 2 cm?V's™.
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Perovskite solar cells (PVs) are very promising due to their high efficiency and low
manufacturing cost, but their stability and toxicity remain key challenges. In particular, mixed
APbX; perovskite consisting of A cations (Cs, FA, MA) and B anions (I, Br) have attracted
much attention due to their higher efficiency and greater thermal stability compared with
MAPbDI3. However, the question regarding their stability to various environmental stresses such
as oxygen (O,) and humidity (H,O) at moderated temperature (T~60°C) under 1 sun continuous
illumination and under load (maximum power point) has not been fully addressed. Here, we shall
address these issues, discuss the mechanisms and suggest strategies for improving their
environmental stability.
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In the last 10 years rapid growth of the perovskite solar cells efficiency occurred (from
3.8 to 25.2%) [1], [2]. Main component of such solar cell are complex halides with perovskite
structure (CH3NH3Pbl; and other). These halides were also studied as a material for
photodetectors and light — emitting diodes [3]. At the same time their usage is limited because of
due to many factors [4]. For that reason study of the optical properties of other halide compounds
are carried out. These compounds should be more stable and have potentially acceptable optical
and conductive characteristics. Also investigation of the luminescent properties of that type of
materials and analysis of their perspectives as an inorganic luminophores. One of the promising
but weakly studied materials are cesium iodcuprates (Cs3Cuzls u CsCuals). In recent papers was
demonstrated the possibility of light — emitting diodes [5] and photodetectors [6] development.

In our previous researchwe studied structural, optical and luminescent properties of
cesium iodcuprates powders. Crystal lattice parameters were refined. Also melting point was
determined and thermal stability was studied as well as width of band gap and
photoluminescence peaks positions.

We obtained thin transparent films of CsCuzl; by spin — coating. Their width was
determined by step — profilometry and was about several hundreds of nanometers. Phase
composition was refined by XRD which did not show impurities in the film. Also directed
growth along [020] was found with the help of the XRD. Investigation of the luminescent
properties revealed the difference between spectra obtained on the films and on the powders.
This difference is related to directed growth of the films.

The work was supported by the Russian Foundation for Basic Research grant No. 19-03-
00849.
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Halide perovskite photovoltaics is promising thin-film technology that demonstrated
unprecedented progress in the growth of power conversation efficiency during the last decade
with a current record of 25.2 % for small area devices (<1 cm?). Typically spin coating method
of deposition is used as the main route for the fabrication of lab-scale perovskite solar cells
(PSCs). However, spin-coated PSCs are limited in small-size by the spatially inhomogeneous
nucleation due to the radial gradient of oversaturation by dropping anti-solvents in the centre of
film during coating. Slot-die printing is known as one of the most promising printing methods
for industrial manufacture of PSCs. In this work, we present the application of the slot-die
coating technology on the fabrication of hole transporting (HTL) and absorbing layers (AL) with
vacuum-assisted solution process (VASP) without using toxic anti-solvents. Developed
deposition routes were used for the fabrication of planar p-i-n perovskite solar cells including
ITO/NiO/MAPbI;/PCBM/BCP/AI. The NiO HTL was printed on ITO glass from the water
solution of tris(ethylenediamine) nickel acetate with replacing of ethylene glycol as a solvent of
the spin coating route to stabilize meniscus during head motion over the substrate and obtain
continuous thin film. For the vacuum-assisted perovskite deposition, we found an optimal
mixture of solvents with DMF:NMP (vol. ratio: 4:1) that gives excellent reproducibility and long
operation window in the ambient conditions. The AL was slot-die printed on NiO-coated ITO
glass with coating speed of 30mm/s. Then the wet printed films were kept in vacuum chamber
for a few minutes before being annealed at 100°C in 10 min to completely remove all remaining
solvents. PCBM and BCP layers were deposited by spin coating, and finally, a 100nm-thick Ag
electrode was thermally evaporated. For the comparison, we fabricated fully spin-coated devices
as reference (AL was done with solvent engineering methods) and configurations with printed
HTL/spin-coated AL (p-s devices); printed HTL/printed AL (p-p devices). To estimate the
output performance of the fabricated devices we measured JV curves at standard conditions 1.5
AM G light spectrum with calibrated 100 mW/cm? intensity. The p-s devices had an efficiency
around 15%, 1.01-1.05 V of V. and highest Js; 19.67 mA/cm?, all output parameters were
obtained at the same level as for reference device. The efficiency of p-p devices was about 7%
with 1.00V of V¢ and 15mA/cm? of J. The reduced performance of the p-p devices was
affected from high leakage current caused by not uniform coverage and film morphology of the
perovskite layer and can be improved with special additives of chlorines and thiocyanates of
organic cations for stabilization of crystallization rates during VASP treatment. PSCs with slot-
die printed HTL and AL were successfully fabricated. The obtained results clarified that the slot-
die printing and VASP methods can be effectively used for the upscaling of the devices with p-i-
n planar structure including ITO/NiO/MAPbIs/PCBM/BCP/Ag.
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Nowadays resonant semiconductor nanoparticles (NPs) are promising tool for light
trapping and scattering improvement and were recently proposed for a number of applications
[1,2], therefore, they can be employed for perovskite based solar cells (PSCs) efficiency
enhancement [3]. In particular, Mie resonant silicon nanoparticles are able to refine not only the
optical optimization of solar cells, but also, being doped by elements of 111/ groups, influence
on the carrier management of devices.

Here we show for the first time theoretically and experimentally, that the doped and
resonant silicon nanoparticles can boost the efficiency of n-i-p based PSCs being in hole
transporting layer [4]. We choose the well-studied material MAPDI3 based perovskite to avoid
any influence of material’s composition. We achieved the PSC enhancement of efficiency up to
18.7% by incorporation of Al-doped resonant silicon nanoparticles into hole transporting layer of
the devices. The efficiency boost of PSCs with p-Si NPs is caused by photocurrent and fill factor
enhancement.

Our theoretical analysis includes a comprehensive multiphysics modeling of interacting
optical and electrical effects produced by Si NPs. This approach gives us a physical insight into
the phenomena under consideration. We revealed a resonance behavior of silicon inclusions that
contributes to enhanced generation rate. Also, we investigated charge carrier transport properties
of our solar cell for different architectures. Our results are of high importance for further
optimization of perovskite-based devices containing nanophotonic elements.
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In the present study, we suggest a novel effective approach on computational
investigation of thermodynamic properties of the CH3NH3Pb(IxBri.x); solid solution using the
semi-empirical method combining with an effective configurational space study of disordered
halide sublattice [1]. We developed a new model of interatomic potentials for CH3NH3Pb(IxBr1.
x)3 solid solution. The calculated Gibbs free energy values were found to be in a perfect
agreement with experimental data and deviation from the starting geometry of cells is no more
than 1%, which confirms the transferability of our computational scheme between the phases
with different composition. In our approach we used disordered halide sublattice (I" and Br’). For
the first time the representative disordered configurations within supercells, imitating infinite
crystal, was determined by analyzing a set of random configurations for the deviation from the
ideal statistical histogram of the frequency of occurrence of dissimilar second neighbors for each
composition.

The developed model predicts tetragonal to cubic phase transition at Br content of ~0.2
and a large immiscibility gap at R.T. and lower temperatures. We performed a corresponding
experiment with single crystals of mixed halide perovskites and observed phase segregation at
room temperature, therefore proving the prediction of the model. Using our approach we clearly
demonstrate a positive deviation from the Vegard’s law for the CH3NH3Pb(1xBr;x)s disordered
solid solution which is consistent with experimental data and can be explained by the local
structure of the solid solution.

The proposed semi-empirical approach predicts with high accuracy the thermodynamic
properties and phase stability hybrid perovskites with mixed halide composition. Therefore our
transferable model of potentials provides the way to further theoretical study of hybrid halide
perovskites of more complex composition and predicting their physical properties.

This work was financially supported by Russian Foundation for Basic Research (RFBR), project
number: 19-33-70077.
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Rapid progress in efficiency of photovoltaic elements, based on hybrid organic-inorganic
perovskites (PPE), attracts a tremendous experimental as well as theoretical attention. In
particular, it was reported recently on the power conversion efficiency (PCE) around 22% [1].
We show that PCE of PPE can be further improved not only by purification of photoelement
crystal structure or some light-trapping technique but also by contacts tailoring. We make use of
the effect that photovoltage can be generated in illuminated p-i-n heterostructure with zero built-
in voltage.

The PCE of PPE is proportional to the open-circuit voltage that is the maximum voltage
obtained under sunlight. On the other hand, open circuit voltage in p-i-n or in p-n photodiode is
the increasing function with the total recombination rate R decrease. R can be defined as
R=Nmn-La/t (1).Where Nmn - is the mean (over absorber thickness) injected carrier
concentration under forward bias, tau — is the carrier recombination lifetime and La — is the
absorber thickness. So the decrease of the absorber thickness must cause the increase of open
circuit voltage and at the same time the decrease of the short circuit current. Since we can keep
shirt circuit current nearly constant with some kind of the light-trapping technique we can expect
from (1) the efficiency increase with a) absorber purification — increase of the carriers life time
tau, b) absorber thinning — decrease of the La, ¢) contact barriers tailoring — decrease of the
carrier concentration injected into the absorber Nmn.

The influence of rau and La on the power conversion efficiency of the perovskite
photovoltaic element have been shown in previous works [2,3] and in this contribution we shall
deal with contact tailoring.

The increase of contact barriers height not only decrease injected carrier concentration
under forward bias and hence open circuit voltage and PCE but also increase crystal field on the
perovskite boundaries and make it possible to create a photovoltaic cell with zero built-in
voltage.
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Organometal halide perovskites (OHP) have emerged 10 years ago as a family of
materials prospective for optoelectronics and photovoltaics. From this point, OHP attracted
tremendous attention from scientific community since new material demonstrate many
interesting properties like high absorption, high exciton energy at room temperature, lasing and
many more. The record efficiency of perovskite solar cells (PSC) reached more than 23%.
Simultaneously with the development of PSC, scientists revealed hysteresis phenomena of the J-
V characteristics, which are associated with the phenomenon of ion migration in perovskite.

Memristor is a nonlinear, bipolar, passive circuit element capable to change its resistance
depending on the charge flowing through it. After power off, the memristor remembers its last
state, that can be used as a non-volatile memory cell. Usually, memristors consists of two layers
e.g. with high and low oxygen concentration. The resistance changes under applied external
voltage due to ion migration inside these two layers. And the resistance change can be controlled
by value and sign of the applied voltage.

The presence of ion migration opens the way for the implementation of perovskite-based
memristors. However, to implement such a device, it is necessary to resolve a number of
problems, one of which is the backward ion migration in the absence of a restraining voltage. We
added a small amount of polyethylene oxide (PEO) into the perovskite layer. PEO is an ion
conducting polymer. It fills the space between the perovskite grains in the film and restrain ions
as they move between grains, slowing down the migration.

The solar cells devices had the structure: ITO / PEDOT: PSS / MAPbBr,I:PEO / C60 /
LiF / Ag. The J-V characteristics of the devices were obtained by the AM1.5G irradiation (100
mW/cm?). Before hysteresis measuring the J-V characteristics, the devices were biased at small
forward voltage. Immediately, after the voltage soaking at high voltage device has p-i-n
structure, and low resistance. With decreasing the voltage, we observe state switching, that is
probably associated with backward ion migration in the film. With increasing voltage, ions
become able to migrate through PEO to boundaries, that forms p-i-n structure and switches
device to on state. This hysteresis dependence forms a hysteresis loop that is very similar to J-V
of a memristor.
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At the moment, stability of hybrid perovskites (HPs) is the most critical problem in the field of
perovskite solar cells (PSCs). A huge amount of research is dedicated to the study of HPs degradation
mechanisms from various factors — humidity, oxygen, elevated temperatures, light irradiation. The latter is
one of the most inevitable factors in photovoltaics, therefore, overcoming of light instability will pave the
way to commercialization of PSCs. Hybrid perovskites undergo reversible and irreversible changes in
morphology, phase composition, optical properties, etc. under exposure to light. While light-induced
variations of optical properties have been widely studied, corresponding morphological changes were
usually ignored. Especially, scarce information about light-induced changes in HPs with various cation
composition is published.

In the current study we try to fill this gap and investigate the features of morphological changes in
perovskite thin films with different cation composition: MAPDbI3, FAqg5Cs.15Pbls and MA 1sFAq gsPbls
(MA = CH3NHs", FA = CH(NH,),") under light irradiation (white and blue LEDs) with power density <
400 mW/cm?. All thin film samples were spin-coated from the mixtures of DMFA/DMSO solvents in the
inert glove box. Thin films were exposed to light in heptane environment. This substance selectively
dissolves the iodine — one of perovskite degradation products, heptane is inert to hybrid perovskite (unlike
toluene, isopropyl alcohol, etc.), and it also enforces the heat dissipation from HPs films. Morphology was
studied by scanning electron microscopy (SEM) including electron probe microanalysis (EPMA) method.
Crystal structure and its modifications were studied by X-ray diffraction (XRD), while optical properties
were analyzed by UV-vis absorption spectroscopy.

We have shown that perovskite films with different composition demonstrate different stability
under the same light irradiation: MAPDI; first undergoes irreversible degradation, while FAqg5CSp.15Pbl3
perovskite stays stable at the same exposure time. MAg15FAqgsPbl; shows an intermediate stability
comparing to above samples. MAPbI; perovskite completely degrade under white light irradiation with the
formation of Pbl, crystallites which was supported by EPMA, XRD, and UV-vis spectroscopy data.
Another behavior demonstrates FAqgsCso.15Pbls, thin films of which save grain structure even at longer
irradiation times, but a large number of pores (10-15 nm in diameter) are observed on the film surface.
Optical absorption of this perovskite gradually decreases in time without formation of Pbl, absorption
edge. MAg.15sFA0gsPbls in its turn undergoes both — pore appearance and grain destruction. Therefore,
considering the equal amount of the more stable FA™ cation in MAg 15FAggsPblz and FAggsCso.15Pbls, we
can assume the presence of MA" cation reduces HPs stability. In all samples EPMA reveals gradual
decrease of I:Pb ratio with increase of irradiation duration.

Summing up, hybrid perovskite composition plays an important role not only in material stability,
but also in the morphological changes during light-induced degradation. We discovered pore formation
over all FA( g5Cso.15Pbl3 thin film surface which wasn’t reported earlier.

The reported study was funded by RFBR according to the research project Ne 19-53-53028.
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During the last decades, intensive research in photovoltaics has led to appearance and
substantial development of novel solar cell families. The power conversion efficiency (PCE) of a
solar cell is the main driver of the field; therefore, an accurate and proper estimation of PCE is
crucial for scientific and technological progress in the field. Furthermore, an accuracy estimation
IS necessary to compare various cells measured in various laboratories. However, there are rising
concerns about correctness of PCE values presented in literature [1-3]. To tackle this issue,
Nature group released a checklist for PV publications [4].

In the review part of the talk, we discuss the main pitfalls in laboratory characterization
of the various type of emerging solar cells. The main difficultly is correct determination of the
solar cell current. We analyze how masking of the solar cell active area and the transient
behavior (because of an intrinsic slow process or/and degradation) impact the measured solar cell
current and its hysteretic behavior. Meanwhile, the most complicated issue leading to
under/overestimation of the solar cell current is a practically unavoidable mismatch between the
solar spectrum and the solar simulator spectrum. Usually, this mismatch is taken into account
with the use of a reference solar cell, whose normalized spectral response, ideally, should be
equal to that of the solar cell under test. A reference cell-based PCE measurement method is
widespread across the community: in this approach, the solar simulator intensity is adjusted to
the current of the reference cell. This technique has been adopted from the silicon photovoltaics
and implies a good spectral correspondence between the photocurrents of the reference and test
cells. Unfortunately, this correspondence is not easy to achieve for novel materials (organic,
hybrid, perovskites), whose absorption spectra strongly differ from that of the test sell (usually a
silicon cell with an appropriate color filter).

In the original part of the talk, we present a laboratory measurement technique for PCE
evaluation — the spectral technique — and demonstrate its applicability for advanced solar cells
[5]. In contrast to commonly used methods, the spectral technique provides estimation of
accuracy in PCE. Using as examples, organic and perovskite solar cells, we show that the
reference cell-based technique either over- or underestimates PCE. Nevertheless, the spectral
technique delivers the PCE values with a guaranteed accuracy (4% in our realization),
independent from the type and spectral properties of the test cell. The spectral technique allows
reliable evaluation of PCE and its measurement inaccuracy, which are independent from the
spectral properties of a studied cell type or a solar simulator used. We anticipate that the spectral
technique will facilitate easier comparison of the results across the community and between
various solar cell technologies contributing to credibility of photovoltaic research and
development.
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Solution processing is the most common method to produce films of perovskite as a
cheap and simple deposition approach. So far, dimethylformamide (DMF), dimethyl sulfoxide
(DMSO) and vy-butyrolactone (GBL) are found to be almost unique solvents used for hybrid
perovskites processing. The chemical origin of solvents strongly influences the process of
perovskite crystallization because of the formation of intermediate adducts with different
structures and morphology.

A variety of adduct phases of MAPbI; and DMF or DMSO has been recently reported

[1,2]. In contrast, there is a common belief that the perovskite does not form adducts with GBL
and there is a lack of understanding about crystallization pathways of perovskite from it.
In this study we for the first time showed that GBL in fact does form adducts [3]. Three types of
adducts were obtained upon crystallization of perovskite solution from GBL: (MA),(GBL).Pbslg
and two cluster adducts with ordered and semi-ordered (MA)s(GBL)x[Pbl1glis] structure. The
structure of the first adduct is analogous to the adducts (MA)(DMSO),Pbslg and
(MA)2(DMF),Pbslg, while the cluster adducts are made of unique superoctahedral building
blocks.

Raman spectroscopy studies of perovskite solutions in DMF, DMSO and GBL showed
that this variety of adducts reflect the form of iodoplumbates in the solutions. At high
concentration of iodide ions [Pbls]" prevail in the solution, while at low concentration
coordination strength of a solvent start to play a crucial role. DMF and DMSO strongly
coordinate Pb?* and form only coordination complexes, whereas GBL leads to formation of
clusters in the solution.

Based on these results, we concluded that undesired adduct formation can be avoided
during perovskite thin films fabrication from either hot or iodide-excessive GBL solutions
containing lead predominantly in the form of small coordination complexes such as Pbls". The
obtained perovskite films are presented in Fig 1.

The research was financially supported by the Russian Science Foundation (Project No.
18-73-10224). Synchrotron radiation measurements were performed at the unique scientific
facility Kurchatov Synchrotron Radiation Source.
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Organic semiconductors are very important type of functional materials, which find their
application in various devices of organic and hybrid electronics, including organic photovoltaics
(OPV), dye-sensitized solar cells (Graetzel cells) and perovskite solar cells. They are small
molecules, oligomers and polymers, which consists of n-conjugated aromatic and/or
heteroaromatic fragments, with efficient light absorption in the visible and/or IR spectral range.
In this lecture historical overview of the development of several generations of organic
semiconductors used in different photovoltaic devices will be considered. Recent advances in
organic and hybrid photovoltaics accelerated by the appearance of novel highly efficient organic
semiconducting materials will be highlighted. Examples of novel donor-acceptor organic
semiconductors developed in ISPM RAS, as well as their application in OPV [1-4] and
perovskite optoelectronic devices will be discussed [5].

This work was made in the framework of Leading Science School NSh-5698.2018.3 and
supported by Russian Science Foundation (grant 19-73-30028).
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Hybrid halide perovskites with a general formula ABXz (A=CH3NH;", CH(NH,),",
X=Cl, Br, 1) are consider to be highly promising materials for the light-absorbing layers of next-
generation solar cells. The main synthesis approaches are based on the use of toxic lead salts
dissolved in polar aprotic solvents such as DMF, DMSO and GBL that makes them unsuitable
for industrially scalable perovskite solar cells production. Thus, new techniques to form
perovskite layers with high uniformity are required. It is important also that such new methods
should be applicable to form the perovskite layers at a large scale. Earlier the opportunity of one-
step conversion of metallic lead into perovskite with reactive polyiodide melts (RPM) Aln (n=3-
4) was demonstrated. In theory, such approach allows to obtain large-scale perovskite films.
However, there are number of technological difficulties in uniform RPM distribution and control
of reaction stoichiometry.

The main purpose of the work is to develop the technique of hybrid halide perovskite
films obtained with improved morphology and optoelectronic properties by the conversion of
metallic lead with reactive polyiodide melts for scalable perovskite solar cells production. To
achieve the goal we need to find conditions for perovskite films synthesis, investigate their
microstructural, optical and optoelectronic properties and to fabricate solar cells to prove their
power conversion efficiency.

Here, we use spin coating of RPM solution in isopropyl alcohol for uniform deposition of

reactive polyiodide melt onto metallic lead surface. The perovskite films are investigated by
XRD, SEM, EDX, TRPL, luminescence spectroscopy. Solar cells based on obtained films are
fabricated, their 1\VV-characteristics, power conversion efficiency and stability are determined.
We have studied phase formation during the conversion of metallic lead into perovskite with
different composition of RPM solution. According to the XRD data, the use of stoichiometric
composition MAI; does not lead to single-phase perovskite formation without residue of MAI
and metallic lead, whereas the use of enriched by 12 (MAI,) and iodine deficient (MAIX, x<3)
composition, with subsequent post-treatment under particular temperature and gaseous
environment, allows to obtain single-phase compact films with a thickness of ~500 nm and
perovskite crystallites 200-500 nm in size. According to time-resolved photoluminescence data,
estimated lifetimes of charge carriers are 45-50 ns. The opportunity of the MALFA1x13xBry films
formation has been demonstrated. Moreover we have fabricated solar cells based on obtained
films and measured their IV-characteristics.

Thus, the technique of hybrid halide perovskite films of different composition obtained
by the conversion of metallic lead with reactive polyiodide melts has been developed. The solar
cells with power conversion efficiency more than 15% have been demonstrated.

The work was supported by Russian Science Foundation (project RSF-19-73-30022).
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Bowl-shaped polycyclic aromatic hydrocarbons (PAH) or buckybowls are pyramidalized
polyenes composed of fused hexagons and pentagons, which can be considered as substructures
of fullerenes. Buckybowls demonstrates superior acceptor properties as compared to planar PAH
consisted of fused hexagons [1]. Recently reported efficient strategy for the direct synthesis of
functional buckybowls [2] significantly broaden scope of synthetically available buckybowls
with desired carbon frameworks and side chains [3] which opens a highway to the broad
spectrum of derivatives with fine-tuned physicochemical properties with preserved electron
accepting properties (due to low disturbance of n-conjugated system), which are essential for
fabrication of efficient buckybowls-based organoelectronic devices.

Here we report the features of molecular and electronic structures of
indaceno[3,2,1,8,7,6-pgrstuv]picene, indeno[4,3,2,1-cdef:4',3",2',1'-Imno]chrysene, extended
indacenopicene and tetraindeno[1,2,3-cd:1',2',3'-fg:1",2",3"-jk:1™,2™,3"-mn]pyren frameworks
prepared via fluorine promoted Aryl-Aryl coupling [2,3] as well as related polyaromatic
compounds. The derivatives were spectroscopically characterized; their electrochemical
behavior, the reduction and oxidation potentials were measured by means of cyclic voltammetry.

The work was supported by Russian Science Foundation (project RSF-18-13-00337).

Key Words: Polyenes, Electrochemistry, Spectroscopy, Electronic Properties
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Organic—inorganic halide perovskites are a wide class of photoactive materials, which
attract the thorough attention of the research community due to their unique characteristics useful
for manufacturing optoelectronic, photonic and photovoltaic devices. Recently there has been an
increase in the number of works aimed at obtaining low-dimensional perovskite materials, in
particular, perovskites with a one-dimensional (1D) structure. Due to the quantum-size effect, 1D
perovskites demonstrate specific properties of their excited states: large exciton binding energy,
large oscillator strength and the related non-linear optical effects. For this reason, 1D perovskites
are interesting from both applied and fundamental viewpoints.

The structure of 1D perovskites is composed of inorganic anionic chains of the octahedra
[PbXs]* surrounded and isolated from each other by organic cations. There are a number of
works devoted to synthesis of 1D perovskites using as organic cation - protonated molecules of
cyclic amines of the saturated and unsaturated nature. The n-system of an unsaturated organic
cation can interact with the electronic structure of the inorganic component and contribute to the
band structure of perovskite. Therefore, the use of unsaturated compounds for the synthesis of
perovskite structures is especially interesting. Our earlier study on 1D pyridinium lead trihalides
[1] has shown an existence of energy levels formed from unoccupied w*-orbitals of aromatic
pyridinium cation in the thise compounds’ bandgaps.

In this work, a number of lead halide low-dimensional perovskites were synthesized
using cyclic amines: piperidine, pyridine and 3-hydroxypyridine. Their spatial structure, spectral-
luminescent properties and effect of the nature of selected amine on these properties have been
studied.

This work was financially supported by RFBR, project Nr. 19-03-00836.
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Widely spread crystal lattices of the perovskite type represent a natural flexible platform
for chemical design of various advanced functional materials with unique features. An interplay
between chemical bonding, defects and crystallochemical peculiarities make the perovskite
structure a lego designer utilising natural chemical features of chemical elements of the renown
Mendeleev's Periodic Table (PTE) celebrating 150 year anniversary this year. In this minireview
crystal chemistry and bonding features physical and functional properties preparation methods
and tuning the properties with periodicity "tools" of the PTE will be exemplified for legendary
families of high temperature superconductive cuprates colossal magnetoresistive manganites and
hybrid lead halides of a new generation of solar cells.
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Nowadays, solar cells based on hybrid organic-inorganic perovskites attract increasing
attention due to their high efficiency (current record PCE exceeds 25%) and potentially low
production costs comparing to other solar cells with equatable efficiency. Perovskite solar cells
consist of several functional layers and one of the most important ones is electron transporting
layer (ETL). Until recently one of the most frequently used electron transporting layers were
TiO, films. But alternative materials as ETLs are required due to photoactivity of TiO,,
impossibility of production of flexible modules based on TiO2 which require high temperature
synthesis that leads to degradation of most of flexible substrates. Currently one of the most
perspective alternatives to TiO, are SnO; films which possesses a number of suitable for ETLs
properties: high light transmittance owing to wide bandgap ( >4 eV) and small reflective index,
high electron mobility (up to 240 cm®*(V*s)™"), chemical stability, low temperature synthesis
that is required for flexible modules production.

In this work several scalable methods for SnO, thin films synthesis were investigated and
tested, including chemical bath deposition (CBD) from diluted solution of SnCl,*2H,0 in
presence of mercaptoacetic and hydrochloric acids; spray pyrolysis (SPR) of the SnCI2*2H20
solution in ethanol or methanol at 400°C. Also Sh:SnO; films (1,2,3,4,10 mol% ratio) were
synthesized (minimum of resistivity is achieved at 2% Sh — 9,48*10-2 Q*cm, while sheet
thickness reaches 67 nm). Spin-coating (SC) of SnCl,*2H,0 ethanol solution with subsequent
post annealing was used as a reference method. Homogenous films without pinholes were
obtained.

Solar cells with glass/FTO/ETL/CsgosMAg 2FAg 7sPbls/Spiro-MeOTAD/Au architecture
were assembled. following ETLs were used: FTO, SPR_SnO,;, TiO,, TiO,+SC_SnO,,
TiO,+CBD_Sn0O,, SC_Sn0,,SC(twice)_SnO,, CBD_SnO,, SC+CBD_Sn0O,. We achieved a
maximum efficiency of 16,5 +/-0,6% with “SC(twice) SnO,” as ETL. Solar cells with ETL
synthesized by scalable method gained comparable PCE (achieving up to 16,24+0,8% for
“CBD_SnQy”).
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Elaborating descriptors for fast and reliable prediction of electronic structure in
semiconducting materials is of primary importance for their efficient screening for practical
applications. A number of electronic properties, for non-degenerate states, has a one-to-one
correspondence with the electron density, which is a function of chemical composition and
crystal structure. Topological analysis of electron density within Quantum Theory of Atoms-in-
Molecules (QTAIM) allows to quantify electron density features and provides descriptors, which
can be further used for evaluation of electronic structure parameters. In the current work, we
demonstrate that band gaps in perovskite compounds are correlated with the electron density at
the bond critical points. This allows to use PBE-based descriptors for fast evaluation of
quantities obtainable with more resource-demanding methods, such as hybrid functionals or GW.
Moreover, observed correlations enable a direct prediction of experimental band gaps for yet
unsynthesized perovskites using topological descriptors [1].
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Despite a substantial progress in perovskite research for photovoltaics, there still remain
phenomena, for which experimental physicochemical methods cannot provide a sufficiently full
understanding, and this prevents an adequate qualification of some studied phenomena.
Therefore for the successful development and expansion of perovskite research, computational
modelling on supercomputers is used, that in its turn creates a need for theoretical models,
adequate to experimental data. This challenge brings to the forefront the necessity of on-line
collaboration between experimentalists, computational chemists and theoreticians. Such an
interaction is intended to ensure a fruitful background for the research on a qualitatively new
level. In this talk, some examples of this kind of interaction between experimentalists,
computational chemists and theoreticians, involved in hybrid perovskite research, will be
presented and some preliminary conclusions on the research potential of such interactions will be
made.

43



mailto:olga.syzgantseva@epfl.ch

MAPPIC-2019

Room-temperature melts based perovskite processing: polyiodide-based
approach as a mirror strategy to amine-based methods
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Perovskite solar cells are one of the fastest growing classes of photovoltaic devices
overcoming record efficiencies for silicon solar cells and reaching power conversion efficiencies
of 24.2%. Methylamine-based approaches such as perovskite crystallization from MA-MAPDI;
melt [1] or perovskite crystallization from a methylamine-saturated solution in acetonitrile [2]
demonstrate high potential towards scalable processing of hybrid perovskites. These approaches
are based on the formation of room temperature perovskite melts through a subsequent
evaporation of amine resulting in formation of a pure perovskite film.

While the amine-based approaches stem from the use of perovskite (MAPbI3) cation
derivative, namely, methylamine (MA), the recently developed polyiodide approach take
advantage of the anionic constituent derivative which is iodine (I,). The reactive polyiodide
melts (RPM) are liquid polyiodides which can be readily prepared by mixing powders of 1, with
organic iodides such as MAI and FAI or a mixture thereof. The reaction proceeds instantly at
room temperature and results in a highly-viscous liquid [3].

Based on the interaction of RPMs with metallic lead, high-quality perovskite films with
various compositions were obtained according to the following reaction: AX3 + Pb — APbX3 (A
= MA, FA, Cs; X =1, Br). Thus, RPM opened up a new formation strategy of hybrid lead halide
perovskites using the polyiodide-based method. Due to its unique composition the RPM acts
simultaneously as a liquid medium and a highly reactive precursor that swiftly converts metallic
lead into perovskite. Using this novel approach we fabricated high-quality polycrystalline
perovskite films with micron-size grains with power conversion efficiency (PCE) of over 17%.
The modules with 2.45 cm? active area showed PCE exceeding 14.2% with great uniformity of
the perovskite layer over the large area. In addition, we demonstrated applicability of this method
for the fabrication of highly uniform perovskite films with micron-size grains over large
substrates of 10x10 cm? and 20x30 cm?, including flexible supports [4].

Moreover, the RPMs have been recently found to be also a highly corrosive
decomposition product which forms under sunlight and cause degradation of perovskite solar
cells components, including spiro-MeOTAD and gold electrode [5].

In the present study, we thoroughly investigated chemical and physical properties as well
as phase equilibriums in the polyiodide systems and revealed the outstanding potential of the
polyiodide melts for the improvement of the processing of hybrid perovskites.

Research was financially supported by the Russian Science Foundation (Project Ne 18-73-
10224).
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Electrodeposited TiO, electron transport layer for perovskite solar module
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There has been significant progress in organometallic halide perovskite solar cell (PSC)
in decade, boosting the record certified power conversion efficiency (PCE) up to 25.2%.
However, the high PCEs of PSCs are almost realized on the small area device, typically around
0.1cm? The PCEs of large area PSCs, such as 1 cm? and modules, still lag behind those of small
area devices considerably. The quality requirement of the films in large area PSC is more severe
than that in small area device. For example, a pinhole-less and uniform electron transport layer
(ETL) is regarded as one of the key factors to improve the PCE of large area PSC.

We previously developed a bottom-up deposition method to prepare TiO, ETL based on
electrodeposition technology. This method provides controllability for the morphology and
thickness of resultant TiO, films by simply manipulating deposition parameters. In this work, we
take above-mentioned advantage of electrodeposted TiO, technology in preparing ETL for
perovskite solar module and compare with common spin-coated TiO, ETL. The thickness and
conditions of electrodeposited TiO, were comprehensively studied. Our approach is compatible
with up-scalable deposition techniques and paves the way for large-scale fabrication of highly
efficient large area PSC.
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perovskite resonant nanostructures
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Recent studies demonstrated high interest in halide perovskite materials for different
applications including solar cells, light emitting diodes and many others. Therefore, making
photoluminescence quantum vyield is one of the most important characteristics. However, the
external quantum efficiency from a perovskite film is much lower than the internal one, because
emitted light does not escape from the film with respect to the normal of the surface owing to
strong reflection and re-absorption. One of the straightforward strategies for external quantum
efficiency improvement is the enhancement of light scattering increasing probability of emission
outcoupling. On the other hand, radiation recombination can be relatively enhanced via
acceleration of spontaneous emission in a resonator as compared with that in homogeneous
medium due to the Purcell effect. Also, it was experimentally shown that nanoparticles made of
organic-inorganic (hybrid) MAPb(1,Br); perovskite materials can support Mie-resonances in the
visible range, thus enhancing the photoluminescence emission from the nanoantennas. In this
work, influence of Purcell effect on photoluminescence quantum vyield of perovskite
nanostructures is studied. We theoretically demonstrate enhancement of photoluminescence
quantum efficiency for a single spherical MAPbI3; nanoparticle. Such nanostructures can be used
as effective optical nanosources and promising platform for optical cooling.
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The emerging perovskite solar cells demonstrated impressive power conversion
efficiencies exceeding 24%, while their practical application is restricted mainly by poor
operation stability. We have reported recently that hybrid MAPbX; perovskites undergo facile
thermal and photochemical degradation even under anoxic conditions without exposure to
oxygen and moisture, while their all-inorganic counterparts CsPbX3 proved to be significantly
more stable.

Here we will discuss our the most recent results coming from a systematic study of the
intrinsic stability of a broad range of materials represented by various lead-based perovskites and
compare them with some lead-free complex halides of tin, germanium, bismuth and antimony.
The revealed pathways of thermal, photochemical and electrochemical degradation processes
will be presented and a conclusion on the potential of different groups of materials for practical
application in PV technology will be drawn.

We will particularly focus on analyzing the interface degradation effects occurring
between the electrodes, charge transport layer materials and the photoactive layer induced by
electric field, elevated temperatures, solar light or a combination of these stress factors. Finally,
it will be shown that reaching any commercially interesting operation lifetimes for perovskite
solar cells requires a considerable shift from the currently used device design paradigms as well
as a comprehensive multiparametric optimization of all used materials and functional
components.
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Solar cells based on Pb-based hybrid halide perovskites demonstrated unprecedented
progress of photoconversion efficiency during the past decade. This is one of the first and
prominent examples when a hybrid organic-inorganic material demonstrated significantly better
combination of electronic and optoelectronic properties in comparison to conventional inorganic
PV materials. In my presentation | will highlight R&D activities in Japan related to the
development of scalable perovskite PV technologies. In addition, I will present a perspective on
application of other classes of hybrid materials in photovoltaics, photocatalysis and sensing. For
a long time, hybrid materials were not considered as promising candidates for the fabrication of
electronic devices. However, modern electronics requires multi-functional materials, in which
certain combination of properties must be fulfilled simultaneously (for example flexibility,
conductivity and transparency in flexible transparent conductive electrodes). In many cases
hybrid materials may possess unique combinations of properties derived from complex
interaction between inorganic and organic components. In particular, there is a tremendous
progress in the development of hybrid non-halide perovskites that show a wide range of
interesting electronic and magnetic properties. Furthermore, recent developments in
electronically conductive metal organic frameworks (MOFs) open new horizons in the
application of hybrid materials in electronic devices.
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Perovskite solar cells (PSCs) have been a hot topic in the field of photovoltaics during
last decade. PSCs are based on hybrid perovskites (HPs) ABXz (A=CH3NH3;", CH(NH,),",Cs";
B=Pb%" Sn?*; X=I',Br), acting as light harvesters in the visible spectrum (absorbance edge varies
from 539 to 950 nm). This class of materials demonstrate excellent optical and charge transport
properties leading to high power conversion efficiencies (>25%). However, instability of light-
absorber material prevents fast implementation of perovskite solar cells to the manufacturing
process. PSCs suffer from instability to moisture and oxygen but can be successfully overcome
via encapsulation methods. Visible light also causes degradation of hybrid perovskite materials,
however, no 100% effective approach to diminish this perovskite decomposition path has been
reported so far. Moreover, in the literature there is a lack of information about standard protocols
for the investigation and testing of hybrid perovskite photostability. Predominantly, light-driven
processes inside HPs materials are studied by photoluminescence which is a powerful approach,
but usually implemented locally. Hybrid perovskites, in turn, demonstrate heterogeneity of
optical properties even from one grain to another, greatly complicating the process of obtaining
reliable data by local methods.

We introduce a simple approach based on in-situ tracking of molecular iodine — one of
the main hybrid perovskite photolysis product, during irradiation of perovskite material by light
with controlled parameters. lodine release from irradiated film is provided into nonpolar
aliphatic solvent (C;His — CioH22) in a sealed quartz cuvette. lodine solutions in non-polar
solvents effectively absorb light in a green part of the visible range (absorption line maximum at
514 nm) which enables iodine concentration tracking by a photometry with green LED and
photodetector. We used 450 nm laser as a light source for perovskite photolysis with a power
density in 100-500 mW/cm? range. MAPbI; was used as the first material for this research. Time
dependence of heptane absorption (proportional to I, concentration) shows sharp monotonic
decrease with ultimate saturation at the final decomposition stage.

Corresponding evolution of film morphology was studied by scanning electron
microscopy. Photolysis of MAPDI; thin film starts on grain boundaries which is clearly visible in
SEM micrographs and can be explained by the high concentration of defects on them.
Photochemical formation of I, in inert atmosphere under visible light can be described by the
following quasi-chemical equations: O = h'+e’ ; 21" + 2h" = 21"+ 2V, = |, ; Pbpp* + 2¢’ —
Pb® This process was found to be reversible in the case of heptane solution above the thin film,
which can be also used for recovery of hybrid perovskite layer without illumination. Minimizing
the area of grain boundaries is one of the potential ways to increase the overall HPs stability.
lodine-tracking approach allows to estimate contribution of such modifications into the material
stability.

Thus, we suggested potentially standard protocol for the hybrid perovskite photostability
testing, which includes ability to qualitatively and quantitatively characterize perovskite material
depending on different parameters.

The reported study was funded by RFBR according to the research project Ne 19-53-53028.
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Laser irradiation is widely used in materials science and photovoltaics as both a non-
destructive diagnostic and destructive patterning light source. The latter is a basis for the widely
known laser scribing technology applied in photovoltaics for solar panels assembly. Perovskite
solar modules are also processed by using this technology; however, only scarce information is
known about photochemistry of hybrid perovskite interaction with intensive laser irradiation.
One of the potential methods for in situ study of laser-driven processes in hybrid perovskites is
Raman spectroscopy. A number of articles about perovskite degradation caused by Raman
spectroscopy has already been published but the reported data are controversial.

In the current work, we provide a detailed study of structural changes in hybrid perovskite
powders and thin films with various composition under laser irradiation in a visible range by
Raman spectroscopy. We also discuss the influence of atmosphere and confined space on the
degradation products, dynamics of decomposition, and morphological features of the laser

scribing.
According to Raman spectroscopy results, all hybrid perovskites (MAPDI3,
MAo 15FA0 8sPbls, FAPDI3, MA 25FA0.75Pbl2.25Bro 75, FA0.85CS0.15Pbl3,

Csp.0sMAg.15FAq sPbl, 5Brgs) undergo laser-induced degradation followed by formation of Pbl,,
polyiodides and solvating iodine species. In the case of ambient atmosphere, additional
formation of lead oxide (PbOy) is observed. Partial iodine substitution with bromine slightly
increases perovskite stability, but doesn’t prevent material from degradation under laser beam.
We consider I, and PbOy as ultimate decomposition products, vibration intensity of which in
Raman spectra may reflect the depth of perovskite degradation. An analysis of the I,/I3" vibration
intensities ratio revealed a monotonic increase of this value in the following sequence: MAPbI; <
MA.15FAq gsPbl3 < FAPDI3 < MAg 25FAq 75Pbl5 25Brg 75 < FAq85Cso.15Pbl3 <
Csp.0sMAg.15FA8Pbl sBros, which agrees well with stability issues known with respect of
hybrid perovskites of different composition. We also investigated the dynamics of Raman
spectra from MAPbI; thin films under three different conditions: open air, sealed with a glass
slide, under an argon flow. The former demonstrates a strong increase of PbOy vibration
intensity in the irradiated area, the second condition leads to the accumulation of all the products
(I, polyiodide, Pbl,, PbOy), while an addition of argon flow allows to prevent perovskite
oxidation and increase the efficiency of overall sublimation/ablation under the laser beam.
Scanning electron microscopy study combined with electron-probe microanalysis revealed a
tendency of a “crater” size reduction in the order: under glass > open air > Ar flow. A
comparison of “craters” made with laser irradiation in MAPDI3, MAg 25FAq.75Pbl225Brg 75, and
FA,85Cs0.15Pbl3 demonstrated a visible difference in the “dead area” size (area surrounding the
crater with visible film destruction) with the smallest one for FA( ssCso.15Pbl3 and the largest for
MAPDI;. I:Pb elemental ratios correlate strongly with the above mentioned morphological
changes.

In summary, this work elucidates the chemical aspects of laser-driven hybrid perovskites
degradation, including the study of the effects of perovskite composition and surrounding
atmosphere on the ongoing degradation processes and the size of the formed laser-induces
craters.

The reported study was funded by RFBR according to the research project Ne 19-53-53028.
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Organo-halide perovskites have developed very fast over the last ten years and achieved
power conversion efficiencies of well-established technologies as silicon heterojunctions. Also,
perovskite light emitting diodes now have efficiencies about 20%. High performance of
perovskite based devices, low-cost manufacturing and their simple processing make them one of
the most perspective material for developing solar cells and light emitting diodes.
Despite all the attractive properties of perovskites, they demonstrate one unwanted property,
which is ionic migration. Usually, ion migration leads to performance losses in perovskite based
devices, halide segregation in mixed halide perovskites and hysteresis in current-voltage
characteristics. Halide segregation manifest in separation of mixed halide perovskite into two
mono halide phases with different band gap. Hysteresis in current-voltage characteristic lead to
dependence of device photovoltaic parameters on scan direction. This causes over- or under-
estimation of device parameters.

Nevertheless, ionic migration can demonstrate some positive effect for example in
dualfunctional devices — light emitting solar cells. Usually, high-efficient solar cell is a non-
effective light emitting diode since it is design specifically optimized for one purpose. And in the
reciprocal working regime there will be a high potential barrier for charge injection between
transport layers and perovskite layer. For realization of light emitting solar cell, there is a need
for reversible adjustment of band diagram for specific working regime: light emitting diode or
solar cell. In this case, ionic migration can aid to solve this problem due to forming of pin
structure under applied voltage. Devices based on mixed halide perovskites with PEDOT:PSS
and C60 transport layers capable of demonstrating low threshold voltage around 1.7 V in case of
MAPDBr2l perovskite layer. Whereas threshold voltage around 2.7 V in the case of FAPbBr2l
perovskite layer. It seems that in mixed halide perovskite there are cation and anion migration.
Difference in threshold voltage justifies by dipole momentum of organic cations
methylammonium (MA) and formamidinium (FA), 2.29 Debye for MA and 0.21 Debye for FA.
Under applied voltage organic cations move to the electron transport layer (ETL) and form a
dipole layer at the perovskite/ETL interface. This dipole layer allows to adjust device band
structure for light emitting diode working regime. Since ionic migration is a reversible process,
removal of external voltage leads to backward ionic migration. Which leads to device band
structure adjustment to solar cell working regime. Therefore mixed halide perovskite allow
developing dualfunctional devices with simple perovskite solar cell architecture based on mixed
halide perovskite without using special types of transport layers.
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