Contents

CERTIFICATE ..ottt bbb bbbttt et bbbt e sneene s %
DECLARATION BY THE CANDIDATE .....coititiecteeeese e vii
COPYRIGHT TRANSFER CERTIFICATE ...covoiiee ettt iX
ACKNOWIBAGMENTS ... ettt st et reesbeebeaneenneas Xi
(O0] 01 1] 1 £SO STUTU T PRURURPPRPIN Xiii
LIST OF FIGURES ...ttt XiX
LIST OF TABLES ...ttt bbbt s XXVil
LIST OF SYMBOLS AND ABBREVIATIONS ...t XXIX
PREFAQCE ...ttt st b e st e be e e be e sae e e beesnee s XXXiii
CHAPTER 1: Introduction and Literature SUIMVEY ...........ccocoiiiiininieeieese s 1
1.1 PreSent ENErgy SCENAMO. ... cc.ciuiiiiriiitiieeieieie ettt sttt e e e e ste bt sbesneeneas 1
11,1 Global ENEIGY CriSIS ....ciuiiiiiiiieieieiesie sttt sttt 2
1.1.2  Possible Solutions of ENErgy CriSiS:........cciviiiiiieiiieeiicce e 3
1.1.3  Solar Energy- An Alternative OPtioN..........ccccviieiierieiicie e 4
1.2 Working Principle of Solar Cell ... 8
1.3 Characteristics Of SOIar CellS ... 10
1.3.1  The current-voltage (I1-V) charaCteristiCS .........cccovvriieiiieiiiesie s 11
1.3.2  Open-Circuit VOIAgE (Vc) «oveeeeerierieieie et 12
1.3.3  ShOrt-CUrCUIt CUITENT (Lgc) e vveueereeierieitinie st sttt 12
1.3.4  Maximum POWEF OULPUL (Pyygu) «+ereeeerrerserrememmmeeieniesiestesiesiessesseeeessessessesneseessesnes 13

Page xiii



IR TR T 1 | I o (o (o OSSR 14

1.3.6  Power Conversion Efficiency (PCE) .....ccccoeiiiii i 14
1.4 Generations OF Solar Cell ... 15
1.4.1  First generation SOlar CellS...........ccooviiiiiiiiiiece e 16
1.4.2  Second generation solar CellS ... 16
1.4.3  Third generation SOlar CEIIS ..o s 18
1.5 Perovskite Crystal Structure, and Goldschmidt Tolerance Factor ...........cccocvveveieicienneen 19
1.6 Why PeroVskiteS SOIar CeIl 2........ccuiiiiiiiieiese st 20
1.7 Litrature Survey on the Perovskite halide solar cell ... 21
1.7.1  Methyl ammonium Lead lodide (MAPbI3) Solar Cells .........ccccceveviriiineiiiiee 22
1.7.2  Formamidinium Lead lodide (FAPDI3) based solar cells..........ccccccoviininininnnnnn. 24
1.7.3  Mixed perovskite NAlIdE ..........cooveiiiiiiii s 27
1.7.4  InOrganic SOIar CEIIS ........cviiviiiiie s 28
1.7.5  Lead free perovskite Solar Cell ... 30
1.8 Issues with the Perovskite Halides Solar Cell ... 31
1.8.1  Stability 1SsueS With PEroVSKItES........c.ccvieiieiiiciie e 31
1.8.1.1 Structural/IntrinSic Stability .........coooviiiiiiii 32

Page xiv



1.9 Current —Voltage(J-V) HYSIEIESIS .....ccuviiiiiieiesie st 33

110 MOTIVALION ...t b ettt 35
1.11The Objective Of CUIrent RESEAICN .........ccuoiiiiiiiiiiiesieeee e 35
1.12 Plan of the PresSent TRESIS ........ccviiiiieiiiieie e 36
CHAPTER 2: Materials, Method, and Characterization Techniques.............c..ccccuven...e. 39
2.1 OVEIVIBW ..ottt bbb bbbtk b e b e b b ettt ne et 39
2.2 Description Of the MaterialS .........c.cciiiiiiiii s 39
2.3 SYNheSiS OF MALErIAlS .......cciiiiiiieicee e 40
2.3.1  Cold Sintering Method using the Solid State Reaction Method (SSR).................... 41
2.4 Characterization TECHNIQUES .......c.ciiiieieierterte st 44
2.4.1  Thermogravimetric ANalysiS (TGA) .....ocoi it 44
2.4.2  Differential Scanning Calorimetry (DSC)......ccccocviiiiiiiiiiie e 47
2.4.3  X-Ray Diffraction (XRD) .......ccoiiiiiiiiiiiii e 49
2.4.4  Scanning Electron MicroSCope (SEM)........cccoveiiiiiiiiie e 53
245  RAMAN SPECIIOSCOPY ..uvvieiirieiirieiieeesiteeesieeesteeesseeessseeesteeesbeeesseeesseeesnbeeessaeessseeas 57
2.4.6  Ultra-Violet Visible (UV-ViS) SPECIIOSCOPY .....vevvrrrrieriiriiiiiniisiesieiesie e 61
2.4.7  Atomic Force Microscopy/ Piezoforce Microscopy (AFM /PEM).......cccccoveiveennnns 66
2.4.8 DO POIING ..ottt bbbttt 70




2.4.9  PYroelectriC EffECh......ccoi i 72

2.5 EIECHICAl PIrOPEITIES ...vouviieiiitieieeiieee ettt bbbttt bbb 74
2.5.1  CUIrent-Voltage (1-V) ..eeceoeeiieeeee ettt 74
2.6 Impedance SpectroSCOPIC TECANIGUE ......ccvevveiveriiiiiieiie et e 76
2.7 ANAIYSIS TECANIGUES ...c.veviiiitieieeiieieeie ettt bbbttt bbb b enes 80
2.7.1  Rietveld Refinement TECANIQUE........cc.oiviiiiiiiiieieeee e 80
2.7.2  Process of Analyzing the Obtained Data.............cccceeveieiiieieese e 84
2.8 ConduCtioN MECNANISIMS .......cviiiiiiiiiteieist et 84
2.8.1  POOIE-FIENKEN ... 85
CHAPTER 3: Study of Hysteresis in Centrosymmetric Copper Lead lodide................ 87
3.1 INEFOAUCTION ...ttt bbbttt bbb 87
3.2 EXPerimental DEtailS ..........ccoiiiiiiiieie e e 87
3.3 RESUIES ANd DISCUSSION........iiiiiiieiiiieieite sttt bbbttt eneas 88
3.3.1  X-ray Diffraction and microstructural StUdIES ...........cccceeviiiieriiiieceere e 88
3.3.2  CUrrent-Voltage StUAIES. .......ccvviiieeie it ra e 94
3.3.3  IMPEUANCE STUIES. .. .eouieiieiiiiete ettt bbb 100
3.3.4  Hopping (space charge) polarization............c.ccccveiieiieeiiie i 103
3.3.5  ConducCtion MECNANISIM .......oviiriiiiiii e 110

Page xvi



B CONCIUSTON. ..ottt e e e e e e ettt e e e e e e e e et e e e e e e e ae e eeeeens 111

CHAPTER 4: Study of Phase Transition & its Effects on Current Voltage Hysteresis in

novel Copper TIN(H) 10Ide.........cooov i 115

T I 11 oo L1 T [ o RSP PRPR 115
4.2 EXPerimental DELAIIS ........coiiiiiiiiiieieie e 116
4.3 RESUILS @NA DISCUSSION........eviiiiitiiiisiieiieieie ettt bbbttt bbb b enes 117
4.3.1  Structural Prediction, Phase Transition and HYSteresis ..........ccccoovrenenenennnnnnn 117
4.3.2  lonic Conduction behaviour at phase transition...........c.ccccceveiieeii s 121
4.3.3  Vibrational mode behaviour at phase transition.............ccccceveviievieeiesiese e 122
O O] o o 1] [ o SRS 125

CHAPTER 5: Study of Isomorphic Phase Transition in non-Perovskites Green CsSnls

and 1tS IMPACT ON HYSTEIESIS .....c.viiiiiiiierie st 127

5.1 INEFOUUCTION ..ottt bttt b bbbt 127
5.2 EXperimental DetailS ..o 127
5.3 RESUILS AN0 DISCUSSION......uiviuiiiiitiieieie ittt sttt sb e ane e 128
5.3.1  SHIUCTUIAL STUAY ...oviiiiieiieieeee e bbb 128
5.3.2 12V SHUAY ..ottt 135
5.3.3  AFRM SHUAY ....coiiiiiiiee e bbbt e e ae s 138
5.4 CONCIUSION.....cuiiiiiieitete ettt bbbttt b ettt b et be e 147

Page xvii



CHAPTER 6: Conclusions and FULUIE SCOPES .....c.vcvueiierieiieiieseeie e e e sree e esee e 149

6.1 Conclusion of the Present INVESIGatioN............cccceiiiiiiiiieir e 149
6.2 OULIOOK FOF FULUIE WOTK. ...t aee s 153
R B EINICES . ..ttt nnnnnnnn 155
LiIST OF PUBTICATIONS ...t e ettt e e e e e e e e e eeens 171

Page xviii



LIST OF FIGURES

Figure 1.1 Energy production from 2010 to 2050 using various energy sources [2]. .....ccccceevvevververnnene 1
Figure 1.2 Energy consumption and electricity generation over the previous year [3]......c.cccceevevveenene. 2
Figure 1.3 ReasoNS Of BNEIGY CIiSIS......curirererieieieiieiteiestesiest ettt ettt sbe e s e ese s b e nes 3
Figure 1.4 Different renewable NErgy SOUICES......cc.iiieieiiieeerieieeie st este et e st et be e eraesbesae s 4
Figure 1.5 Illustrates the spectrum of solar radiation [23]. ........ccceeuerieieiinirineneneeeeeee e 5
Figure 1.6 The sun's angle determines solar irradiation ............cccceeeeveeeeneceeie e 6
Figure 1.7 Angles describing the sun's position in the sky [20]. ......cccoceoiririnenineneeeeeeeeeeen 7
Figure 1.8 Determination of the Air Mass INdeX [27]. ...ccveeuieeeviiiececeeeee e 8

Figure 1.9 (a) shows the fundamental components of a solar cell[21] (b) symbolises architect of

perovskite solar cell (c) The operational mechanism of a perovskite solar cell [32]. .........c..c....... 9

Figure 1.10 Equivalent circuit model of the solar Cell[38]........ccceoerieiririinirereeeeeeeene 10

Figure 1.11 Schematic representation of the I-V characteristics of a solar cell in both dark and light

CONAILIONS[A0]. ..ottt ettt et et steere et e steess e beeasesbesbaenbesteessanbesssentessaeneas 11
Figure 1.12 Generations of the Solar CEH[AT]. ..o 15
Figure 1.13 Arrangement of atoms in the perovskite substance [55]. .....ccoovvevererienenienereeeeeeeee, 20
Figure 1.14 Different technology power conversion efficiency trends from 1975 to 2024[59]........... 21

Page Xix



Figure 1.15 Current-Voltage hysteresis in PSC [170]. ....ccceveeeeviieeeeceeeseeeere et 34

Figure 2.1 Flow chart of the cold sintering process for synthesizing perovskite samples................... 43

Figure 2.2 Yellow precipitate of lead iodide (PDI2). ....ocveoveieeeeeeeeeeeee e 44

Figure 2.3 A thermogram curve showing the change of mass of a substance at different temperature

[LB2]. +orvvveveeeseeeseeeeeee e 2222222222222t e et e et e e e e e 46

Figure 2.4 (a) Depicting the schematic diagram of TGA[183] (b) Experimental setup of TGA at Central

instrument facility HT(BHU). ..c..oouiiiiiieeeceeeceeeese ettt sttt 46

Figure 2.5 (a) Schematic diagram of DSC[185] (b) the experimental setup of DSC at CIF IIT (BHU).

...................................................................................................................................................... 48
Figure 2.6 Illustration of Bragg's law X-ray diffraCtOmeter. .........cccoevvevieieinineninenereseeeeeee 51
Figure 2.7 Schematic representation of 820 diffraction in Bragg-Brentano geometry [189].............. 52

Figure 2.8 X-ray diffractometer (Rigaku-Miniflex Il DESKTOP), Deapartment of Physics IT (BHU).

Figure 2.9 The interaction of the electron beam with the sample [193]. ....ccooveceiircieeie e, 54

Figure 2.10 (a) Working Principal of SEM [195] (b) Experimental setup of SEM measurement (CIF-

HIT (BHU)). oo eeeeeeeeeees oo seeseeeeeesessesseeeseessesesesssssesseeeseessesssesseesesseeeesesesseeeeseseeeeees 56

Figure 2.11 (a) Components of raman spectrograph[197] (b) representation of the principle of Raman

SPECIIOSCOPYL98]. . eveveeeeetieieeiertt ettt sttt e te et te et et et e s teebestesseenbesreessaseeseessesseensessenseansens 59
Figure 2.12 Experimental setup of LabRAM HR Evol Raman SpectroSCOPE. ........cceeververeeeeenereenenne 60
Figure 2.13 Experimental setup of JASCO V-770 UV-Vis SPECLIOMELEN ......ceecverrereeeierieeeeireeeneenn 61




Figure 2.14 Tauc plot generated by TauC €QUALION. ........c.ccueeverieieeeceeese e 63

Figure 2.15 Graphical representation of the valence and conduction bands and band tail (urbach energy)

[20L]. +ovvoeeeeeeeeeeeeeeeeeeeeeeeee e e e e oA e e e e e eeee e e e e e e e e 64

Figure 2.16 Estimation of Urbach energy ..ot 65

Figure 2.17 Basic concept of PFM, (a) downward polarization and (b) upward polarization of

ferroelectric dOMAaINS[204]. ......coviiiirireeeet ettt 69

Figure 2.18 (a) Block diagram [205] (b) experimental set up of AFM/PFM at CIF(IITBHU)............ 69

Figure 2.19 Random alignment of dipoles before poling(left) and single order alignment of dipole after

POING(FIGNL) [206]. .o.veceeeieeeeeeee ettt st e st e e be et e sbeesa e beeasessesbeensesteennans 70
Figure 2.20 (a) Schematic of dc poling unit [207] (b) experimental setup of dc poling unit............. 71
Figure 2.21 An illustration of a pyroelectric generator concept[210]. ....c.coveveviereeceneeieceeeeecreenee, 73
Figure 2.22 Pyroelectric measurement system (Keithely 6517B electrometer) .........cccceeevveveriereenen. 73
Figure 2.23 An experimental setup of a solar simulator with a Keithley source meter....................... 74
Figure 2.24 The frequency response of the equivalent circuit and its complex impedance plot........... 78

Figure 2.25 Represents the experimental Solartron 1260 A impedance analyzer with sample holder and

FUINACE .ttt ettt ettt et e e e e e e e e ettt eessesaa s aaeeeeeessasassseaaeeeesesesansaaeeeeesesasanrerereeesssanan 79

Figure 3.1 (a) XRD pattern of sample sintered at 5, 30, 100, 150 and 200 °C (abbreviated as T1, T2,
T3, T4 and T5 respectively), (b) Le-bail fit of XRD of T3 sample with R3m symmetry (major

peaks indexed), (c) 21R prototype of the R3H layered hexagonal crystal structure, (d) Variation of

Page xxi



lattice parameters a, b and ¢ with the sintering temperature and (e) Variation of grain size with the

SINEEIING TEIMPEIALUIE. ......etieeeeeeeiieie ettt sttt ettt et b e bttt e e aeeneenis 89

Figure 3.2 Raman spectra of powder CuPblI3 synthesized at RT with wavelength Aexc = 532 nm ...... 90

Figure 3.3 Rietveld refined spectrum of X-ray diffractograms of CuPbls synthesized at 100 °C with

RBM SYIMIMEBIIY ...ttt sttt s bt e sbe e e s be e sabaeessteessbaeessbeesnbaeessseesnsaeessseenns 91

Figure 3.4 SEM micrographs and grain size histograms for the estimation of grain size.................... 94

Figure 3.5 Time scale: AM 1.5G sun light applied to samples, the arabic numerical (1-8) represent the
sequential point on time scale at which IV measurement has been taken. IV curves for sample
sintered at 5, 30, 100, 150 and 200 °C (abbreviated as T1, T2, T3, T4 and T5 respectively) (b) in

dark (point 1 on time scale) and (c) In light (point 8 on time Scale), .......cceccvvvreecerveeerirreeene 95

Figure 3.6 (a) The I-V curves for dark and just illuminated (b) AHys with voltage for the studied
samples (c) second order derivative with voltage (d) variation of extracted parameters ‘n’ (lines

are to guide only) from fitting J = kE™ for both dark and light (e) variation of AAnys With the grain

size (f) variation of activation energy with the sintering temperature. ..........cccceceveveecierieecvennnns 96
Figure 3.7 Fitting of I-V characteristics in dark and light with the relation I = KV™...........ccccoeuee. 98
Figure 3.8 Arrhenius plots for estimation of activation energy using Gibbs’ free energy................... 98
Figure 3.9 Band gap estimation using UV-visible SPeCtroSCOPY. .....ccevvirieviiieecieiesteee e 99

Figure 3.10 (a) Impedance spectra (for ac voltage amplitude 1 V) before and after light with the grain
size showing disintegration of grain—boundary, (b) Bode plot of imaginary part of permittivity

with the oscillation amplitude for T2 and T3 sample, (c) Gaussian fitting of T2 and T3 sample at

Page xxii



small oscillation amplitude 0.25 V before and after light and (d) relaxation time for T2 and T3

sample before and after light in grain and grain—boundary regime..........c.cccceeevereinrnenenennes 101

Figure 3.11 : Fitting of Imaginary part of Impedance using Gaussian function with oscillation amplitude

FOr T2 SAMPIE TN AAIK. ...ttt e 102

Figure 3.12 Frequency dispersion (relative) permittivity curves for the T2 and T3 samples in pristine

and after light fall CONAITIONS. .........c.oiiriiiieeee e 104

Figure 3.13 : Fractal exponent in BCP using relation |Z| = f~“ for (a) grain and (b) grain boundary
of pristine and after light sample, where &« = 0 for pure resistive, « = 1 for pure capacitive and
a = 0.5 corresponds to diffusion limited bound transport in a layer. However, « = 0.35
describes the conduction with the hindrances of the host matrix and increase in the value of a from

0.5 to 0.8 suggest increased surface accumulation of charge carriers as illustrated by (c) scheme

for the T2 and T3 samples in Dark and AM 1.5 G sun light ........ccccoeveiiniciiiieeeee e, 107
Figure 3.14 Plot of loglzl vs log f with oscillation amplitude for T2 sample in dark ...........ccc........ 107
Figure 3.15 Plot of loglzl vs log f with oscillation amplitude for T2 sample in light........................ 108
Figure 3.16 Plot of loglzl vs log f with oscillation amplitude for T3 sample in dark. ...........cccueneeee. 109
Figure 3.17 Plot of loglzl vs log f with oscillation amplitude for T3 sample in light. ..........c........... 109

Figure 3.18 Frenkel poole curves and (b) variation of relative dielectric constant for the T2 and T3

samples indark and AM 1.5 G SUN TIgNt ......ccueoveiieeeeeeeee e 110

Figure 4.1 a) XRD b) crystal structure, ¢) band gap estimation from Tauc plots (inset) UV absorbance

curve with wavelength, d) DSC CUINVES .......ocuieiereceeeseeeee ettt sttt 118

Page xxiii



Figure 4.2 a) 1-V Curve for Pristine and Poled sample in dark and light (AM 1.5 G) condition at 300 K
(inset) suggest in Poled sample hysteresis area (Anys) reduced in light while in case of Pristine
sample, Anys is greater as compare to dark. b) I-V Curve for Pristine and Poled sample in dark and

light at 298 K, 313 K, 333 K and 353 K c) variation of Anys with temperature in dark and light

(070] T 11 T 1SR 119
Figure 4.3 Temperature dependent conductivity measurements at different frequencies................. 120
Figure 4.4 J-P law fitting in Pristing CUSNIa. .c..ooviiieiiieieieereseseteeeeeese e 122

Figure 4.5 The variation of parameters a) dc conductivity(ag4.), b) hopping frequency (®n) and c)

frequency exponent (S) With tEMPEIALUIE...........ccvieeeriiiieeceetee ettt 123

Figure 4.6 High temperature Raman spectra of CUSNI3........ccccveiiivieiiiieececee e 124

Figure 4.7 Variation of a) normalised intensity with wave number for A and E modes at different

temperatures b) mode corresponding tp Raman shift 1 and o, with temperature.................... 125

Figure 5.1 (a) XRD of green CsSnls along with the reported JCPDS of orthorhombic-CsSnl; for Black
(B-y) and Yellow(Y-y) polymorph, (b) Raman spectra with 633 nm and 785 nm laser, (inset)
colour patterns representing the colour polymorphs of CsSnls; on phase symmetry axis, suggesting
the G-CsSnl; possess high symmetry than B-y and Y-y polymorphs (¢) Variation of absorbance

and Tauc plot showing the band gap of 1.24 eV cold-sintered green CsSnls .......cccecvevverevenenee. 129

Figure 5.2 (a) Rietveld refinement of G-CsSnl; with cubic Pa3 symmetry (b) electron density

(Patterson) maps (c) Crystal Structure showing Z = 8 (d) Bond angle with bond length. ......... 131

Figure 5.3 : (a) Temperature dependent (i) second derivative of heat (from DSC) and (ii) dielectric
study in the range of (250-460 K) with comparative of phase transition in existing B- and Y-

CsSnl; (two panels yellow and black at top) with possible transitions in G-CsSnls (bottom panel).

Page xxiv



(Symbol & Abbreviations: x(Red)-room temperature (here temperature at which characterization
is performed), w-weak, vw-very weak) (b) inverse group (G)-subgroup (H) relation tree for the
minimal supergroup of Pa3 the possible sequence of successive isomorphic phase transitions
(Pm3m—Pm3—Ia3—Pa3 ) with decrease in temperature is shown by dashed line (inset: green

(O8] 0 N 0101 [T ) TSRS 134

Figure 5.4 a) The I -V curves for dark and just illuminated, at 298 K, 313 K, 333 K and 353 K (b) Anys

plot (c) Pyroelectric current Vs TeMPErature PlOt.........coceecvevieeeveseerece e e 136

Figure 5.5 a) voltage-time curve, b) normalised charge-time over a complete cycle............c....c...... 137

Figure 5.6. a) PFM and a resistive switching imaged by C-AFM. A change in PFM contrast correlates
with the transition from low current (dark contrast) to high current (bright contrast) at 298 K but
no alteration in PFM amplitude and phase is appearing suggesting absence of ferroelectric phase

(b) Amplitude and (c) Phase variation With VOItage..........ccecceverierinierineceesecee e 139

Figure 5.7 Impedance bode plots in the pristine sample, after light (AL) treatment and after poling (AP)

I-V MEBASUIEIMENT. .., 140

Figure 5.8 a) Fractal exponent variation with temperature for pristine, after light and freezed samples,
(b) Variation of relaxation time with temperature for the studied samples (c) Ghosh scaling for the

freezed charge Carrier SAMPIE ......oveoeeeeeeeeeee ettt e be b eaesreenaens 141

Figure 5.9 Havriliak—-Negami (HN) fitted permittivity bode plots for pristine sample, after light (AL)

treatment (IV measurement) and after poling (AP). .....cooue oo 142

Figure 5.10 Ghosh scaling for pristine sample, and after light (AL) I-V measurement..................... 143

Page xxv



Figure 5.11 Raman spectrum with the variation of temperature for CsSnI3We have observed (B*»)s, tr,
E*,, F*, A" and F* marked at positions ®1, 2, ®3, ®s and ws, respectively correspond to Sn-I.

Further, Eq modes corresponding to Cs-I bond are marked at @4 and 7. ......ccceceverereneeinnenne. 144

Figure 5.12 Raman shift with variation Temperature

Figure 5.13 FWHM Raman peaks with variation of Temperature

Page xxvi



LIST OF TABLES

Table 1.1 15t generation photoVOItaiC CEIIS...........coiviviviiiiiciececce e 16
Table 1.2 2" generation PhOtOVOIAIC CEIIS...........c..vevveieeeieeeeeece e 17
Table 1.3 3™ generation photOVOIAIC CEIIS. ..........o.iveveriieeiceecee e 18
Table 2.1 Specifications of the raw materialS..........cccccvooeiieiiiieiie e 40
Table 3.1 Parameters used to obtain fitting but failed ...............cccoooeiiiiii e, 92
Table 3.2 Parameters used to obtain fitting. .........ccooveieiiiini i 93
Table 3.3 Relaxation parameters for pristine sSample..........cccoooiiiiiniiiein e 105
Table 3.4 Relaxation parameters for sample after light fall..............c.cocoooiiii 105
Table 5.1 Wyckoff positions, atomic positions for G-CSSNI3 .........ccccovevevvrieenivniesieseenn 132
Table 5.2 Anisotropic Thermal Parameters (A2) ........ccoocoiveiieceeeeeeeeeeeeeeee e, 132

Table 6.1 Distribution of relaxtion time in defferent samples after poling and after light fall

Page xxvii



Page xxviii



LIST OF SYMBOLS AND ABBREVIATIONS

PH Perovskite Halide

PV Photovoltaics

VB Valence Band

CB Conduction band

Isc Short Circuit Current

Jsc Current Density

Voc Open Circuit Voltage

P Power

Pmax Maximum Power Output
Pin Power Incident

FF Fill Factor

PCE (m) Power Conversion Efficiency
Rs Series Resistance

Rsh Shunt Resistance

-V Current — Voltage

lo Reverse Saturation Current
I Photo-generated Current
Im Maximum Current

Vm Maximum Voltage

AM Air Mass

DSSC Dye-Sensitized Solar Cell
PSC Perovskite Solar Cell

MA Methyl ammonium

FA Formamidinium

ETL Electron Transport Layer



EDAI
TFEA
AVAI
MDMC
HTL
HTM
SCLC
EDX

hv
Eu
eV
meV

FWHM

M.P.
JCPDS
LED
AG

AS

AH

RT

mg

cm

Ethylenediammonium lodide
Trifluoroethylamine

Aminovaleric acid lodide

Mixed Dimensional and mixed Compositional
Hole Transport Layer

Hole Transport Material

Space Charge Limited Current
Energy Dispersive X-Ray Analysis
Band Gap

Photon Energy

Urbach Energy

Electron volt

Mili electron Volt

Full width at half maximum

Gram

Kelvin

Melting Point

Joint Committee on Powder Diffraction Standards
Light Emitting Diode

Gibbs Free Energy

Entropy

Enthalpy

Room Temperature

Angstrom

milligram

Avogadro’s number

Centimeter

Page xxx



pm Micro-meter

W/m? Watt per meter square

mV mill volt

nm nanometer

SSR Solid State Reaction

SEM Scanning Electron microscope
UV-Vis Ultraviolet-Visible

DSC Differential Scanning Calorimetric
XRD X-ray Diffraction

DMF Dimethylformamide

DI Deionized

Page xxxi



Page xxxii



