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1. CuHTE3, CTPYKTYpa Ta BJIACTUBOCTI IIJIIBKOBAX MaTEpiasiB HA OCHOBI OPraHO-HEOPTaHiYHOTO [IEPOBCHKUTY
CH3NH3PbI3

2. Synthesis, structure and properties of film materials based on organic-inorganic perovskite CH3NH3PbI3.

Pedepar:

1. InceprauiiiHa po60Ta NpUCBSYEHA CUHTE3Y IIiBOK OpraHo-HeopraHiunux cnoiayk CH3NH3PbI3 3i cTpykrypoio
MIEPOBCBHKUTY, JOCJIIPKEHHIO iX BJIACTUBOCTEN 3aJI€KHO Bifl, CIIiBBiJHOIIEHHS BUXiJHUX PEAreHTiB Ta PO3YNHHUKA,
IIOIIYKY IIJISIXiB MiABUILEHHS CTIMKOCTI IIJIIBOK OPraHO-HEOPraHiYHUX I1€POBCHKUTIB, SIKi MOXKYTb OyTH
BMKOPHMCTAaHHI IIPM CTBOPEHHI €JIEMEHTIB IEPETBOPEHHS COHSIYHOI €Heprii B efieKTpru4Hy. B nuceprauii 6ys1o
CHHTE30BaHO opraHo-HeopraniyHi neposcbkut CH3NH3PDbI3 onHOCTaniiiHuM ocampKeHHsIM i3 pO34MHIB Ta
OTPMMAHO IJIiIBKM METOIOM Spin-coating. [l CMHTE3y IJIIBOK OpraHO-HEOPraHiYHUX IIEPOBCHKUTIB
BMKOPHMCTOBYBAJIY Pi3Hi CHiBBiIHOMmMEHHS BUXigHUX peareHTis PbI2 Ta CH3NH3I (11, 1:2, 1:3) Ta pO3YMHHUKA
numertunpopmamin (DMF) ta numeruncynbpokeng (DMSO). BuBdeHO 0COOGIMBOCTI yTBOPEHHSI CTPYKTYPU
IIEPOBCHKUTY 3aJI€XKHO Bifj CIiBBifHOIEHHS BUXinHux peareHtiB PbI2:CH3NH3I ta pozunnHuka DMF, DMSO.



BcraHoBIEHO, O IPU BUKOPUCTaHHi po3unHHUKa DMF Ta pisHoro cniBBinHomenHs PbI2:CH3NH3I, oprano-
HeopraHiyHuil nepoBcbkuT CH3NH3PbI3 nouynHae yrBoproBatucs npu o6po6ii miiBku npu remmneparypi 20-25 °C.
INpu BukopucranHi DMSO neposcbkut CH3NH3PbI3 nounHae yrBoproBaTucs npu T=60 °C g cniBeigHomeHHs 111,
1:2 Ta npu T=70 °C pn4 cniBBigHomenH4 1:3. [lpu crniBBigHOMmEHH] BUXigHuUX peareHTiB 1:1 y po3unHHuKy DMSO He
BZAJIOCS] OTPUMATU OAHO(]A3HY IIiBKY IEPOBCBKUTY, 3aBKAY IIPUCYTHI CI1in AOMIIIKOBOI dasu
(CH3NH3)2(DMF)2Pb3I8. V Bcix iHmux Bunangkax (pozunHHukU DMF i DMSO) yTBopioeThcst ofHOPa3Ha CTPYKTypa
OpraHO-HEOPraHiYHOro IEPOBCHKUTY OJHOIO XiMIUHOrO CKJazy, aje 3 pisHoio MopdoJiorieto. Temiieparypa
YTBOPEHHSI OJJHO(A3HOI [JIiIBKA OPraHO-HEOPTaHiYHOTrO IIEPOBCHKUTY 3AJIEKUTS Bif, ciBBigHOmEHHS PbI2:CH3NH3I
Ta PO3YMHHMKA. BcTaHOBIIEHO, 10 0fHO(Aa3HI IJTiBKU IEPOBCHKUTY yTBOPIooThCs npu 115 °C, 170 °C, 175 °C nnis
CIIiBBiIHOLIEHHS BUXiTHUX peareHTiB 1:1, 1:2, 1:3 y po3unHHuky DMF. [Ipu BUKOopucTaHHi po34ynHHUKa DMSO
onHo¢a3Hi 1iBKY yTBOpIoI0ThCs 11pu 190 °C, 205 °C npu crniBBigHomeHHi 1:2, 1:3, BinnosigHo. 3an1e>XXHO Bif,
CHiBBiHOLIEHHS BUXiJHUX peareHTiB, po3unHeHux y DMF Ta TemnepaTypu 06pO0KHU IJ1iBOK, yTBOPEHHS OPraHO-
HEOPraHiYHOTro NIePOBCHKUTY BiflOYBA€THCS Yepe3 YTBOPEeHHs 3 MpoMiKHUX crioyk (1:1), yepes yTBopeHHs 4
IIpOMiXHUX crlosyK (1:2) Ta yepe3 yrBopeHHs 2 npoMibkHUX cnoJyk (1:3). Kpim neposcskuty CH3NH3PDbI3 y niiBkax
MO>XYTb OYTU HasiBHI iHmi npomixHi crionyku: (CH3NH3)2(DMF)xPbl4, (CH3NH3)3(DMF)PbI5,
(CH3NH3)2(DMF)2Pb216 Ta (CH3NH3)2(DMF)2Pb318. 3anesxHo Bif criBBigHOmeHHs PbI2 Ta CH3NH3I, po3dnHeHux
y DMSO Ta Temneparypu Tepmoo6podky, yrBopeHHs nepoBcbkuty CH3NH3PDI3 BinoyBaeTbcs yepes yTBOpeHHs 4
npomixHux cnonyku (CH3NH3)2(DMSO)xPbl4, (CH3NH3)2(DMSO)2Pb3I8, PbI2e2DMSO, PbI2eDMSO. BusznaueHo
CTPYKTYPHI IapaMeTpy OPraHO-HEOPraHiuHMX IIEPOBCLKUTIB (IapaMeTPU €JIeMEHTApHOI KOMipKU, 06’eéM KOMipKH).
BcraHoBI€HO, 110 3i 36iIbII€HHSIM CIIiBBiIHOIIEHHS BUXIIHUX PeareHTiB Bi0yBaeThCsl 30ibIIeHHS 00'eMY KOMipKU
17151 TIJTiIBOK IIEPOBCBKUTY, 1O [IOB'S3aHO i3 301/IbLIEHHSM KiJIbKOCTi pO3UMHHUKA, 110 BXOJUTb B CTPYKTYPY
nepoBcbKUTy. O6'eM Komipku st niBok CH3NH3PDbI3, orpuManux y po3ynHHUKY DMSO € MeHIuM, HiX npu
BukopuctanHi DMF. KpucTtaniyHiCTh NJ1iBOK 3a/1I€XXUTh Bifl CiBBiHOLIEHHS BUXiIHUX PEAreHTiB, PO3UMHHUKA Ta
TeMIIepaTypu 0OpoOKU IJIiBKY. Ha 3a/1e5KHOCTI KpUCTaliYHOCTI Bifi TeMIIepaTypyu 0OpOOKHU IJIiBKY CIIOCTEPiraloThCs
IBa MAKCUMYMU: IEPIIUI — 3yMOBJIEHNI BHECKOM KPUCTAIYHMX ITPOMIDKHHUX CIIOJIYK Ta IEPOBCHKUTY, IPYTUil —

3YMOBJIEHUI1 BHECKOM KPUCTAJIiYHOI (pa3u epOBCHKUTY.

2. The dissertation is dedicated to the synthesis of films of organic-inorganic compounds CH3NH3PbI3 with the
structure of perovskite, the study of their properties depending on the ratio of starting reagents, and solvent,
searching ways to increase the stability of organic-inorganic perovskites films, which can be used in the creation
of elements for the conversion of solar energy into electricity. In the dissertation, organic-inorganic perovskites
films CH3NH3PbI3 were synthesized by one-step deposition from solutions and films were obtained by spin-
coating method. Different ratios of starting reagents PbI2 and CH3NH3I (1:1, 1:2, 1:3) and solvents
dimethylformamide (DMF) and dimethyl sulfoxide (DMSO) were used for the synthesis of organo-inorganic
perovskite films. The peculiarities of the formation of the perovskite structure depending on the ratio of the
starting reagents PbI2 and CH3NH3I and the solvent DMF, DMSO has been studied. It was found that when using
DMTF solvent and different ratio of PbI2:CH3NH3I, organic-inorganic perovskite CH3NH3PbI3 begins to form when
processing the film at a temperature of 20-25 °C. When using DMSO perovskite CH3NH3PbI3 begins to form at T =
60 °C for a ratio of 1:1, 1:2 and at T = 70 °C for a ratio of 1:3. Single-phase perovskite film is not formed at a ratio of
starting reagents 1:1, the impurity compound is always present in the film. In all other cases (solvents DMF and
DMSO) a single-phase structure of organic-inorganic perovskite of the same chemical composition, but with
different morphology, is formed. The temperatures of formation of a single-phase film of organic-inorganic
perovskite depend on the ratio of PbI2: CH3NH3I and solvent. It was found that single-phase perovskite films are
formed at 115 °C, 170 °C, 175 °C for the ratio of starting reagents 1:1, 1:2, 1:3 in DMF solvent. When using the solvent
DMSO single-phase films are formed at 190 °C, 205 °C at a ratio of 1:2, 1:3, respectively. Depending on the ratio of
the starting reagents dissolved in DMF and the heat treatment temperature of the films, the formation of organic-
inorganic perovskite occurs through the formation of 3 intermediate compounds (1:1), through the formation of 4
intermediate compounds (1:2), and through the formation of 2 intermediate compounds (1:3). In addition to
CH3NH3PbI3 perovskite, other intermediate compounds may be present in the films: (CH3NH3)2(DMF)xPbl4,



(CH3NH3)3(DMF)PbI5, (CH3NH3)2(DMF)2Pb216 Ta (CH3NH3)2(DMF)2Pb3I8. Depending on the ratio of PbI2 and
CH3NHa3I dissolved in DMSO and the heat treatment temperature, the formation of perovskite CH3NH3PbI3
occurs through the formation of 4 intermediate compounds (CH3NH3)2(DMSO)xPbl4, (CH3NH3)2(DMSO)2Pb3I8,
PbI2¢2DMSO, PbI2¢DMSO. The structural parameters of organic-inorganic perovskites (unit cell parameters, unit
cell volume) are determined. It has been found that as the ratio of starting reagents increases, the unit cell volume
for perovskite films increases, which is due to an increase in the amount of solvent included in the structure of
perovskite. The unit cell volume for perovskite CH3NH3PbI3 films obtained in the DMSO solvent is smaller than
when using DMF. The crystallinity of the films depends on the ratio of the starting reagents, the solvent, and the
processing temperature of the film. There are two maxima of crystallinity on the temperature dependence of the
crystallinity of the film: the first - due to the contribution of crystalline intermediate compounds and perovskite,
the second - due to the contribution of the crystalline phase of perovskite.
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