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Abstract

The advent of organic-inorganic halide perovskites has been a major breakthrough in the
field of photovoltaic research. The prominent interest of the photovoltaic community in
this technology is accounted for its low cost and easy solution processable fabrication
technique along with its excellent optoelectronic properties. However, its mass
commercialization has not seen the light of day due to some inherent issues such as
structural and ambient instability in operating environment conditions and the presence of
toxic lead. In this thesis work, we have worked towards devising solutions for these hurdles
in the path of the commercialization of perovskite solar cells. Initially, we worked on the
MAPbIz-based perovskite, which is known to be highly unstable under operating
environmental conditions such as humidity, temperature, oxygen presence, and
illumination. On exposure to the ambient, the MAPbI3 perovskite is decomposed and left
with a remnant lead iodide (Pbl>) layer as a by-product. Owing to the toxicity of lead which
has health implications and the high expenses involved in the disposal of hazardous waste,
the disposal of this lead waste is a major concern, especially in developing countries.
Therefore, we realized that either we need to substitute the lead or we need to make sure
to reuse it, therefore the idea of recycling perovskite solar cells comes as a great relief. In
this thesis, we have shown that the final decomposed product of perovskite, the Pbl> film,
can successfully be recycled to perovskite extending the life span of the perovskite-based
material to multiple folds and hence reducing the payback period even further. This work
furnishes a comparative study among the three fabrication routes to prove the viability of
efficient recycling, which paves the path for selecting a better precursor composition. We
have carried out an extensive study on the recycling of degraded perovskite films which
are fabricated via three different routes (i.e. Sequential deposition, 3CH3NH31:Pb(Ac)2 and
3CH3NH;3I:PbCl2) and encountered that not all the films can be recycled efficiently. The
film deposited with precursor composition 3CH3NH;31:Pb(Ac), shows efficient recycling
pertaining to the optoelectronic properties comparable to the original perovskite but it is
not the case with the other two methods. We have also stated the reasons behind ineffective
recycling using the other two methods. We also underline the fact that if this highly
crystalline degraded Pbl film can be utilized back into MAPbI3 it may result in altogether

supreme optoelectronic properties.



The presence of volatile MA™ in MAPbI3, which is highly unstable under thermal stress
and humidity, prevents its mass commercialization. So, over the course of time, FAPbI3
and CsPbls perovskites have emerged as potential alternatives with better thermal stability
and suitable band gap. However, both of these suffer from notable phase instability,
rendering their application into photovoltaic devices quite challenging. In this thesis, we
have devised a method to stabilize the y-CsPbls photoactive phase by incorporation of
Mg?* in the lattice. Successful replacement of around 15% toxic Pb with Mg has been
achieved in the CsPbls lattice. Two photoactive phases were obtained in Mg containing
CsPbixMgxls films, one at a low temperature ranging from 80-140°C and the other above
320°C, whereas in the pristine CsPbls film, the photoactive phase is obtained only above
320°C. Polymorph reversal mechanisms have been studied for the pristine CsPbls films
and CsPbixMgxl3 films. The work reported herein illustrates a comprehensive
understanding of the structural and optoelectronic properties of the various phases obtained
in fresh CsPbixMgxl3 films at various temperatures and after the recuperation of the
photoactive phase post exposure to ambient. In addition, the role of Mg incorporation on
the film morphology has been extensively studied. These findings suggest that the Mg
incorporation not only drastically reduces the formation temperature for the photoactive
phase but also enhances the phase stability and thermal stability of the photoactive phase
of CsPbls. Interestingly, Mg incorporation has led to an enhancement in the optoelectronic

properties of the CsPbl; film and resulted in better film morphology.

Although the incorporation of Mg led to enhanced phase stability and optoelectronic
properties it still lacked behind in terms of long term ambient stability. Therefore in the
subsequent study, we have devised a method for long term stabilization of the y-CsPbl3
photoactive phase by incorporation of Mg?* and Tris(2-aminoethyl)amine (TAEA) in the
lattice. Interestingly, our finding suggests that the presence of both Mg and TAEA is
crucial for the long-term ambient stability of the photoactive phase. The CsPbi.xMgxl3 film
containing TAEA crystallizes to the y-phase at two temperatures, one at a low temperature
ranging from 120-150°C and the other above 320°C, whereas the TAEA containing CsPbl3
film crystallizes to a black phase only above 320°C. The CsPbixMgxIs films containing
TAEA formed at low temperatures are found to be the most stable among all the films. The
optimized CsPbo.gsMgo.15[3 containing TAEA is found to showcase drastically enhanced
thermal stability of more than 7 months when continuously exposed to 85°C in an N>

atmosphere and ambient phase stability of more than 20 days when stored in an ambient
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environment with RH~60-70%. Along with the enhanced stability CsPbo.ssMgo.1sl3
containing TAEA has also shown superior optoelectronic properties than the CsPbls; and

CsPbo.ssMgo.1s15 films.

Owing to the notable phase instability of FA-based perovskites, FA|.xCsx perovskite
composition is a widely accepted alternative for better phase and thermal stability. In this
thesis, we have presented a detailed comparative study of the TAEA containing films with
the pristine FA0.83Cs0.17Pb(lo.90Bro.10)3 films. Interestingly, our findings demonstrate that
the presence of TAEA leads to a drastic enhancement in optoelectronic properties of the
FA0.83Cs0.17Pb(Io.90Bro.10)3 films also. This improvement in optoelectronic properties is
accounted for by the improved structural and morphological properties and defect
passivation in TAEA containing film. TAEA addition leads to a reduction in the metallic
PbP content in the target films. The FAo.83Cs0.17Pb(l0.90Bro.10)3 films containing TAEA also
exhibit drastically enhanced thermal stability of more than 7 days under continuous
exposure to extreme conditions of high humidity, illumination, and thermal stress at 85°C.
Additionally, these TAEA containing films also showcase extremely high ambient stability
of more than 180 days in illumination and highly humid conditions with RH~60-70%.

In the subsequent study, we analyzed the effect of the incorporation of In*" on the phase
stability of y-CsPbl; using the addition of Inl; and InCl3 in different quantities in the CsPbls
precursor. Based on the results, we found that the incorporation of both salts resulted in
enhanced phase stability and absorption properties. It is noticed that the addition of InCl;
to an optimum concentration leads to enhanced optoelectronic properties and improved
surface morphologies. However, the Inlz containing films show diminished

photoluminescence properties.

All the above results pave the path toward the realization of the devised perovskite
compositions for a cost-efficient, recyclable, comparatively less toxic, and long-term stable

perovskite technology with enhanced optoelectronic properties.
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AR

FHHAH-MBTED §ARS WRIRDBISCH BT 3 Bleldiiced FIUHE & &3 § Th Fal
THadT et 81 39 et § wickifeed Tar & TE B 39d! &8 ArTd 3R S
I vfshar arg Fofor -t & IY-T1Y 396 IPY APRAT-d 0T & SR g |
BTaiTep, TR araraRur ot fRufaat & Tamreres iR ufvaeia sifRar sk fawread ¥ @
IufUfY O $o iafifRd gl & HRUI TS T8 THM R AT B G BT Ib1<r el
3T T 5| 39 R P #, g WiokpTse IR SISl & sAraariieRu & Arf # 37
FIYT3f & T THTYH GOR B & G0 H S foar g1 URY H, 89 MAPbL:-3etRd
RGBT TR HH BT, o ST, A9aH, Sifaiior &1 Jufufa 3R J=e okt alarad
yofaruflg ofkfRufedt & srafies SRR AT STar 31 URkaw & ¥udh § F |, MAPbI;
WRIckpTge faafed 8 JIdT § 3R IU-3IdIE & T H a9 IS AAISES (Pbly) IRd & I1Y
B fear Srar g 1 9 &) fasTaddr & HRUT ST WA IR UHTT TSl § 3R WaRATh HaR
F FueH # M a1d 3= T & BRI, 39 WY & B BT U T gt foar o1 f[aug g,
TR famraeia S o | 9o, g0 Hegy far i ar at gd I & ufawnfig &= o
3MMaLyehdl & I1 8H SUPT U STANT R B P A ¢, SHIY IRiskbrge TR
BT BT Glchd P BT IR T Tg1 A6 & FU H 31 5 | 39 R 7, gv faman
? fr Wiswwrze & sifqw fqufea Iadre, PoL, fFed & Thadgds Riskhge H Y<ihd
fopar S gohdr 7, o WRiswrTge-3nutid Ireft &1 Siae &1d &8 TH1 §¢ ol § iR 39
THR U9 3afd 3R 1t 1 81 Skl § 1 T8 P ST TAHHUl BT FAgRIT Wiad IRA P
fore  fmfor At & s T g S1eaH URgd R §, S Ue 9gaR gadd! SReHT &
TE HI AR U HAT gl U4 dF SISHI-SE AN @ SIhWe wIE,
3CH;NH;I:Pb(Ac), 3R 3CH:NH;1:PbCly) & A1ed § fAftfa sramifaa SRiseerge el &
QFEIhUI IR Ueh AU 3Heqd (a1 8 IR ur § b avit fibewl 1 prietargde qeishd a1
foran ST werar g1 gdad TR 3CHNH31:Pb(Ac), & 1Y AT &1 T3 fhed Hd IRIskhT3e
I go H SHigigeiacie ol J Heiftd e Jarsioi few@rd § afd o & Tl &
S W T 6T §1 §H 3T & Aieh! T SUANT dhrab STt Ssfaen & Uie & Pruit
o1 1 SaT ] | 89 39 a &l oY Y@ifohd v § o6 A 39 srafiies fhvediia srashfid Pol,
e & MAPbI; B a0 IUTNT fbadm o TavdT § oY 39 URUTRGEY T ok § gar=
3iogetag e 101 UIa 81 Hebd €|

1X



MAPbI; H SRR MA* &1 JUfRUfA, ST 4T a9 3R 31l & dgd s SRR §, SHH
S THM IR ATTIRIIHRU B Abdt & | ITIE, THY & 1Y, FAPbI; 31R CsPbl; TRIskpIse
Yok yHd fRRAT 3R Iuged oS 71U & 1y JHIAd fded & =0 & IR 1 gTaiiep, T gHl
IEHIT RO RRAT T TR €, TR Wicklfecsd IUBR0N H 3T AT HIh!
gl g o B 1 39 R A, g9 STl § Mg2* &) qMAd HRab y-CsPbl; BieEfaed aRul
®! FRR B &1 U fAfY TIR B ]| CsPbl; SITelt & TIHT 15% favd Pb &1 Mg & Iy T d
UfRITO UTed a1 T 81 CsPby. Mgl Tt ara Mg ® &Y Wieiufded TRl Ui §U, Th
80-140°C & HH ATTHM TR 3R GIRT 320°C F FHIWR, Sdfdh U CsPbl; fved &, wiefaed
TR Had 320°C J FUR YT 8idT g1 U CsPbl; et 3R CsPb Mg, s fret & faw
Ui Radfd df o1 Sieqa foar a1 8 | gt sram a1 B fafis aigHET O T CsPb.
Me,I; et & ure fafisr =Ruil & Gemies 3R SfPgdacie Uil @1 e I9 o
ERIiaT & 3R URAY F Wud & 3 F a1 BieIufded TR B GRIGR & o1 gidl 3| 39P
3frrar, fhe S fag WR il e &t YfiesT o1 9 O™ TR 3iega forar T g1 39
el § dT et B & wrelt e 7 fad wiefaed @Rur & T 6+ aaHH &) B!
HH PR a1 § Sfeh CsPbl; b Blelufaed TRUT o1 TR0 RRGT 3R yHd RRd1 &) o sgrar
2 fiarery 91d g § fos wosh A ¥ CsPbl; e & sffgigaaei-ab 101 8 9fg s © 3R
T URUTARGEY S5 fOher ST U g3 2

BT THoN & THIART ¥ RN fRRAT $R siigigdaci=e ol § 3fS g8, dfed ideias
gRkaer fRRar & A | g8 ot +ft e 81 39 o1g & sreme #, g9 el § Mgt 3R
fog (2-uftFisys) 3MTET (TAEA) &I XMW 93 y-CsPbl; BleNaed TRl & Sdiferes
R & fore ve fafty R & g | faeravy o1 T8 § o g0t @it ¥ Ul gad ¢ f whsht
3R A 3! ot IufRUfA wietfded @RuT &t Sdfariors alasr fRRdT & fore Heayu |
TAEA & CsPby Mgl fed & aroaMl iR y-=R0 § fbeeelipd gidl 8, U 120-150°C &
HY TOHH TR 3R GO 320°C ¥ FHWR, T CsPbls fhed gad TAEA $dd SR TH HIA
WO § fhwediigpd B 81 320°C HH TUH W &1 TAEA gad CsPbrMgils e @it
el & Taw 3ifd% RR U1 TR | TAEA Jad 3IH0d CsPbossMgo sl H N, drd@Ror #
AR 85°C & TS T g4 W 7 A ¥ 1% 31 yra RRAT 3R RH & Ty uRazig
TR | GUEI 81 WR 20 A1 & iR &) ufkawr =Ror fRRar ueRRia g1t 81 ~60-70%
91 g3 FRRAT & Y- TAEA & CsPbossMgo sl F CsPbls 3R CsPbossMg isl; e
&1 o H SgeR SHUgaige e 07 i e €




THU-SMYTRA WIRDISC Bl I AR HRRAT & HRUI, THU1-TFHHTIIR
TRIDHIIC WRET 95aR TRUT 3R YHd FRRAT & oY Th AMU® ¥4 ¥ Wipd [ddhed ¢l 39
IR |, §H UM FAg83Cs0.17Pb(lo90Bro10)s Thel & HIY TAEA gad flhed] o1 Uab faxga
JeTE® 31eag U foba g1 foaey s1d U8 § f g9R ey gwia § f dugu o
JURITT ' FAos:Cs017Pb(losoBroso)s e & HTPigdaer=e o & ot yift gfg St B
TgATTE IO & I8 YUR ST gad fhed & 98k WRTFIHS 3R SIS 07 3R
3y fAfSpadr & @Rl g1 Ausy & sifafvead dea fbet o enfae Poo wrh & it sidht 81
TAEA & FA0s3Cs017Pb(IosoBro10)s fh@ 85°C TR 3= 3T, AT SR yHd d-rd b
=R FRufadl & FRaR udh & 7 371§ 31fies g ad H1w! o) g8 yvia fRRar ueRid el
8139 srfafvad, ¥ At gadt fredt A= 180 e T o1fdes ot srcafiies = ufkar fRRan
3R SRTF ~ 60-70% &b A1y i 311k fRufaal o) 1f vafid st €1

q1E & T H, A CsPbls I H S-SR AT H Inls 3R InCls B Sg & ITART
PP y-CsPbl; P IRUN FRRAT TR In®* & FHIART &b YHTT 1 [a=eiwor fsar | afkomdl & SR
WR, g T fb ST @au & U1 ¥ =RU1 fRRGT SR S/a=iwor un # gfg g3 1 I8 S|
T & [ S8 Wigdl # InCl; & I ¥ PR ciagi=ee 10N H gfg 8 & SR 9dg HPIRD!
H gUR BT g1 §TaPp, Inl; Jad fhed ®H Wi 101 feandt €1

IWigd Gt gRomT ArTa-$R@, THHUl ARG, qale ©U ¥ HH favd ok Iud
3iPEdac e ol & |1y ddemiicis RR RIskpEe ddbHie b 7Y R tRiskpige TSl
1 UTfeT &1 AN U=Rd & gl
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