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Abstract

This study presents a comprehensive analysis of the synthesis and applications of phase-pure
iron pyrite nanocrystals (FeS, NCs), focusing on defect states and their impact on
optoelectronic properties. Two cost-effective chemical methods, hot injection and
hydrothermal procedures, were used to synthesize FeS> NCs, revealing differences in crystallite
size, optical band gap, and Urbach energy. The research examines charge carrier lifetimes and
densities, influenced by surface defects or sulfur vacancies, and their effect on photovoltaic
performance. Devices with FeS; NCs synthesized via the hydrothermal method showed ~50%

lower power conversion efficiency compared to those using the hot-injection method.

Additionally, the study explores defects' effects on the optical properties of pristine, ionic
liquid-treated, and Co-alloyed FeSz nanomaterials. Co-alloying shifts conductivity from p-type
to n-type, enhancing electrical properties and nonlinear absorption coefficients, suggesting

potential for advanced optoelectronic devices.

The investigation extends to FeS, NCs' role in improving the efficiency of hybrid bulk-
heterojunction solar cells with a P3HT: PC7;1BM blend. Optimal doping concentration
improves short-circuit current density and overall cell efficiency, with defect states aiding
carrier generation and dissociation. Transient photocurrent and photovoltage studies reveal
faster carrier extraction and longer recombination times, highlighting defect states' efficacy in

performance enhancement.

The study also examines FeS; NCs' impact on organic photovoltaic cells (OPVs), focusing on
trap states' energy distribution and their role in improving photovoltaic properties and

mitigating trap-assisted recombination.

Further, FeS, NCs as hole transport material (HTM) in perovskite solar cells (PeSCs) based on

MAPDI3 show enhanced short-circuit current density and stability, suggesting FeS, NCs as a
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cost-effective HTM alternative for air-processed PeSCs. Additionally, copper(I) halides (Cul
and CuBr) are investigated for passivating defect states in MAPbIz-based PeSCs, improving
hole transport and reducing recombination. Optimized inverted PeSCs using Cul as a

passivation agent achieved significant efficiency, reaching 14.1%.

In conclusion, this study offers significant insights into defect engineering in FeS, NCs and the
use of p-type copper(I) halides in MAPbI;3 perovskite solar cells, contributing to advancements
in sustainable energy research by enhancing the efficiency and durability of optoelectronic

devices.
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qrist

g TG TWOUL-YSH I UISAISC aeilisheced (FeS: NCs) & Helwor 3R
AT FT O fARRATOT FEId AT &, FEA QW sEeunid AR 3as
HeeIgolarciicieh U W THIG I & shiged T a1dT &1 FeSy NCs & HRAAWOT &
T o fFwrdr Taafas [T, gic a9 3R gssrea afshansit &1 g
forar I, ISa fheease 3R, Aifteshd &85 39 3R RET FAT F I FqTHA
AT Ig MY AT PRI &F SHaeThled IR Gelca I ST HdT g, ST Idg ey AT
o RfFaar & ganfad gia €, 3R 37 wicialfecsd 9e2ied WX 9T 1 faversor
AT &1 sEerddd Afr & A d FeS, NCs arel 390l &t 9raX shedolel gaTdT,
glc-Soleelel fafr & oo UM &l Jolell H ST 50% o AT

SHG 37ATdT, eI HAifes, 3afas AfFas-3gaRa 3R Fidree-tads  FeS,
AAHARTH & 3HTeeher IUN G QST & GeTT T fARATUT FIAT B HlToe-Taltdar
& SROT Alelehell p-<lT A n-TBT H TARCARA gl &, fo s faega o 3R Ik-
U@ IEAYOT JUIH A FUR BT 8, ST ool HcIsalaciiaes Iqaoll & foe

HATEATT ST B

3€IIA P3HT: PC/BM fASOT arel g8l Soh-geoiaeld Aok Ted HI gafdr &
FUR H FeSy NCs I AT &l 81 ST &l g1 3fefepel SHUT Higel @ ATC-Hiche
FC Uelcd 3R HAT AT GaTdl # FUR glar g, [FHH Qv et HRIT Jenee
AR I EeT # TERIAT HIAT 81 gifoiie dlelaiee 3R Hleldleds 3eaTsl do
SR fashdor 3R SET GAEAST AT Yhe A g, oEd Ted guR # QY
aEA13ft dr gHrafedr ¥ose g gl

3ETYA FeS: NCs & AR ®Icialfeesd Aed (OPVs) I YHIT T 8 ST T &,
fSEat S sraeunt & 3ol fAaRor 3R wiekfees i & gurR 3R TT-aerd
UTCT YeAGdTotel &l &hH Flel H 3oTehl AP T AT shigd T aram g

3k 3TelTal, MAPDI; TR WRIcEHhBe Aok TAed (PeSCs) H gral grauie HeRae
(HTM) & &9 & FeS; NCs T 3UZNT AE-Ahe e Uelca 3R FERar # UR fe@rar
¢, od gar & T@if&d PeSCs & foIT FeS, NCs &t Ush fhracdt HTM fased & &9
# GHART a7 g1 S Hellal, MAPDL; TR PeSCs 7 IV a3t &l Sy

vi|Page



A & foIw () §emssd (Cul 3R CuBr) & 39T &7 S/ Hr Sy g, Faw g
gae # GUR 3R gl A $aAT 3 g1 Cul Bt AN AfSpg woie & &0 &
39T A AR IHfAd 3¢ PeSCs A Acaqol G&fdl FuUR e o, i
14.1% T dgr

3d H, Tg ICIIA FeSy NCs 7 a¥ SofifaaRer 31k MAPbL; Rickhse Aok ded@ &
p-gT89 HIR(]) gSSH F ITANRT W HAZcdqOT SFASRT FeTed HdT g, S ddd Fal
I # FITfd # ANET 4d gU HIgeisclieleh Ul T et AR e
FI delel H TEIS gl
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A Acceptor

a-Si Amorphous Silicon

AFM Atomic Force Microscopy
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Al Aluminium

AM Air Mass

BTU British Thermal Units

CdTe Cadmium Telluride

CdS Cadmium Sulphide

CIGS Copper Indium Gallium Selenide
CNT Carbon Nanotube

D Donor

DC Direct Current

DI De-ionized

DSSC Dye Sensitized Solar cell
ETL Electron Transport Layer

FF Fill Factor

GaAs Gallium Arsenide

GWp Giga Watt peak

HOMO Highest Occupied Molecular Orbit
HTM Hole Transport Material
IEA International Energy Agency
IPA Iso-Propyl Alcohol
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LiF

MTJ

MPP

NREL

OPVs

OSC

P3HT

PC71BM

PCE

PHJ
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PSC

PV

r.m.s.

SEM

SCLC

Si

TCO

TWh

XRD

Intergovernmental Panel on Climate Change
kilo watt-hours

Lowest Unoccupied Molecular Orbital
Lithium Floride

Metric Tonne Joule

Maximum Power Point

National Renewable Energy Laboratory
Organic Photovoltaic

Organic Solar cell
Poly(3-hexylthiophene)
[6,6]-Phenyl-C71-butyric acid methyl ester
Power Conversion Efficiency

Planar heterojunction
Photoluminescence

Perovskite solar cell

Photovoltaic

Root-mean-square

Scanning Electron Microscopy

Space Charge Limited Current

Silicon

Transparent Conducting Oxide

Tera Watt-hour

X-Ray Diffraction

Charge of electron

Capacitance
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ks Boltzmann constant

€0 Free space permittivity

€ Relative dielectric constant
u Mobility

n Efficiency

eV Electron volt

ml Millilitre

um Micro-meter

mA Milliampere

nm Nano-meter

mg Milligram

R Resistance

Vi Built-in-voltage

Jinax Current density at MPP
Vinax Voltage at MPP

Jse Short circuit current density
Voc Open circuit voltage

z’ Real impedance (resistance)
7z Imaginary impedance (reactance)
n Ideality factor

T Time constant

Q Ohm
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