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Uplatnenie vysledkov projektu

Priprava perovskitovych solarnych ¢lankov (PSC), vratane pouzitia nanoStrukturovanych
materialov typu 0D a 2D, je rozhodujucim faktorom pre buduci vyvoj novych typov solarnych
¢lankov so zlepSenymi viastnostami, maximalnou u€innost'ou pri minimalnej hmotnosti a
rozmeroch. Dosiahnuté vysledky projektu otvaraju moznosti pre nové kreativne rieSenia pre
zvySovanie efektivnosti konverzie solarnej energie na elektrickli energiu novych typov
solarnych ¢lankov na baze perovskitov a MXénovych nanomaterialov.

Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Projekt rieSil aktualne problémy v oblasti vyskumu aplikacie 2D materialov, MXénov,
perovskitovych kvantovych bodiek a ich zabudovania v inovativnych perovskitovych
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fotovoltickych a optoelektronickych Strukturach. MXény nie su komercne dostupné v
potrebnej kvalite, preto sa pripravili vo forme delaminovanych monovrstievz MAX faz. Na
zaciatku projektu sa pripravil MXén typu M3X2 - Ti3C2 Tx, v neskorSich Stadiach vyskumu
to bol typ MAC3 - VAC3.

Perovskitové kvantové bodky (PQDs) typ CsPbX3 (X = halogenid) boli pripravené v prvej
faze ako CsPDbI3, a neskdr ako CsPbBr3 a stabilizované réznymiligandami. V dalSom Stadiu
sa pripravili jednotlivé kompaktné a usporiadané monovrstvy MXénovych Castic a PQDs na
rozhrani voda/vzduch modifikovanou Langmuir-Schaefer metédou.

Skumal sa vplyv modifikacie Ti3C2Tx MXénu na transportnu vrstvu elektrénov SnO2 (ETL)
pre koncentracny rozsah 0-7,4 hm. % MXénu. Zo ziskanych udajov vyplyva, Ze pridany
MXén zlepSuje transport elektrénov, ¢o priamo suvisi s jeho takmer kovovym spravanim.
Viysledky ER-EIS naznacuju, Ze pridavok do 1 hm. % MXénu v SnO2 ETL je eSte
akceptovatelny, aby si ETL zachovala povahu blokovania dier, zatial ¢o pri vy$Sej
koncentrécii sa tato vlastnost straca. Uginok MXénu na $truktiru a morfologiu ETL
perovskitovej vrstvy sa pozoroval pomocou SEM a in situ GIWAXS. Potvrdila sa zvySena
velkost perovskitovych zfn na SnO2 ETL modifikovanej MXénom v porovnani s Cistou SnO2
ETL. Pocas Zihania bol pomocou in situ GIWAXS pozorovany rastuci poCet zfn. Tieto
vysledky su interpretované pomocou modelu nukleacie a rastu. ZvySena uéinnost konverzie
energie zo 17,4 % na 18,3 % metylamonium-olovo-jodidového perovskitového solarneho
¢lanku po modifikacii SnO2 ETL s 0,1 hm.% MXénu je vysledkom dvoch prispevkov (i)
zvySenej elektrickej vodivosti modifikovanej ETL a (ii) zlepSenej kryStalinity a vacsej velkosti
perovskitovych zfn v porovnani s perovskitovou vrstvou rastenou na Cistej SnO2 ETL, ¢o
znizuje celkovu hraniénu plochu a rekombinaciu naboja na defektnych stavoch (pasciach),
ktoré sa typicky tvoria na hraniciach zfn.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The project solved current problems in the field of research on the application of 2D
materials, MXenes, perovskite quantum dots and their incorporation into innovative
perovskite photovoltaic and optoelectronic structures. MXenes are not commercially
available in the required quality, therefore they were prepared in the form of delaminated
monolayers from MAX phases. At the beginning of the project, MXene type M3X2 - Ti3C2Tx
was prepared,in the later stages of the research it was the type MAC3 - VAC3.

Perovskite quantum dots (PQDs) type CsPbX3 (X = halide) were prepared in the first stage
as CsPbl3, and later as CsPbBr3, and stabilized by different ligands. In the next project
phase, individual compact and ordered monolayers of MXene particles and PQDs were
prepared at the water/air interface by the modified Langmuir-Schaefer method.

The influence of the Ti3C2Tx MXene modification on the SnO2 electron transport layer
(ETL) was investigated in the concentration range 0—7.4 wt.% of MXene. The obtained data
showed that added MXene improves electron transport, which is directly related to its almost
metallic behavior. The ER-EIS results indicate that the addition of up to 1 wt. % of MXene in
SnO2 ETL is still acceptable for the ETL to retain the hole-blocking nature, while at higher
concentration this property is lost. The effect of MXene on the structure and morphology of
the ETL perovskite layer was observed by SEM and in situ GIWAXS.

An increased size of perovskite grains on MXene modified SnO2 ETL compared to pure
SnO2 ETL was confirmed. During annealing, an increasing number of grains was observed
by in situ GIWAXS. These results are interpreted using a nucleation and growth model. The
increased power conversion efficiency from 17.4 % to 18.3 % of the methylammonium-lead-
iodide perovskite solar cell after modification of the SnO2 ETL with 0.1 wt% MXene is the
result of two contributions (i) the increased electrical conductivity of the modified ETL and (i)
the improved crystallinity and larger perovskite grain size compared to a perovskite layer
grown on pure SnO2 ETL, which reduces the total interfacial area and charge recombination
on defect states (traps) that typically form at grain boundaries.
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