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Abstract

High optical absorption coefficient, high mobility and long diffusion length of electrons and
holes, optimal band gap (typically around 1.1 to 1.5 eV), tunable properties and stability under
harsh environmental conditions are some of the most desirable properties of a material to be
used in solar cells. Halide perovskites such as methylammonium lead iodide (MAPI) and
formamidinium lead iodide (FAPI) possess most of these properties, thereby making them
popular materials for use in and as an active layer material in solar cells. Likewise, there are
multiple variants of these hybrid perovskites that are being researched for different aspects of
the solar cell specifications. However, the persistent stability challenge has long hindered its
commercial viability, driving continuous efforts to overcome this limitation. The use of additive
engineering as a powerful way to enhance the efficiency and stability of solar cells has long
been a subject of research. Despite the high number of studies on MAPI and FAPI, the complete
understanding of the photocarrier dynamics and the related mechanisms in these hybrid
materials is still evolving. Hence, the investigation carried out in this thesis endeavours to
unravel the photophysics of these additive-engineered hybrid perovskites, specifically MAPI

and FAPI, to enhance the understanding of the research community.

Three fluorinated cations with different alkyl chain lengths (2,3,4,5,6-pentafluorophenyl)
methylammonium iodide (FMAI), 2-(2,3.,4,5,6-pentafluorophenyl) ethylammonium iodide
(FEAI), and 3-(2,3.4,5,6-pentafluorophenyl) propylammonium iodide (FPAI), when
incorporated in the perovskite precursor solution at small concentrations, have led to enhanced
performance and stability of the solar cell devices. A combination of optical, electrical and
spectroscopic techniques was used to study the control film and observe the changes in the
presence of the additives. The absorption and emission characteristics of the control and
modified films have been enhanced in the presence of additives. The results of temperature-
dependent photoluminescence (measured down to 77 K) demonstrated that the exciton binding
energy of the modified MAPI films remained unchanged. Femtosecond Transient Absorption
Spectroscopy (TAS) revealed the dependence of the charge recombination process on the alkyl
chain length of the additives. Femtosecond Transient Reflection Spectroscopy (TRS) provided
deeper insight into the surface recombination mechanisms, and a comparison of the results with

those obtained for the bulk was done. While the TRS data for MAPI at the low fluence showed



a longer lifetime in the presence of FMALI for the first few tens of picoseconds, the bulk
measurement data at high fluence demonstrated that the longer chain cations FEAI and FPAI

were effective in suppressing the contribution from the Auger recombination process.

Incorporation of additives in the precursor solution of FAPI affected the crystallization process
of the films. With an increase in the concentration of the additive, the annealing time of the
films was increased to complete the crystallization process and obtain the photoactive black
phase of the FAPI films. The dependence of film crystallization on the additives was not
observed in MAPI, highlighting that additives can affect the film quality of materials based on
their molecular interaction. The average performance and stability of the FAPI devices were
highest for those containing the additive FPAI (propyl chain). The peak performance obtained
for the devices with ethyl and propyl linking chain additives was 14.4% compared to 13.1%
for the control FAPI-based devices. Also, the devices with Ceo as the electron transport layer
(ETL) exhibited higher stability as compared to the devices with phenyl-C61-butyric acid
methyl ester (PCBM) as the ETL. The behaviour of additives and their impact on the
photovoltaic properties was found to be dependent on the perovskite material. While for MAPI,
the highest performance of 16.3% was obtained for FMAI at a concentration of 0.2 mol%, the
outcome was a little different in FAPI, with the longest chain additive, FPAI, achieving the
highest performance of 14.4% at 0.2 mol%.

The photophysical investigation of FAPI demonstrated that the effect of additives was similar
on both the bulk and surface dynamics. The lifetime of charge carriers present in bulk increased
with chain length, with the largest change in FEAI followed by the longest chain length additive
FPAI. A similar impact was observed on the surface dynamics, too, where FEAI led to an
increase in the lifetime of carriers, closely followed by FPAI. The carrier dynamics also
revealed the contrasting effect of additives on the surface and bulk properties of MAPI and
FAPI. FMALI led to the longer recombination lifetime as revealed by the surface measurement
of MAPI. Whereas FEAI aided in achieving the longest recombination lifetime in FAPI. The
work in this thesis has distinguished the surface dynamics from those of the bulk and
demonstrated the influence of fluorinated additives on the photophysical properties of the

perovskite materials through TAS and TRS.
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Abstract in Hindi

IR I H IUANT fpu o AT fpaft oft Il ) o qad i ot g1t §: 3= fffpwd
SIARITNUT 0TI, S RN, SAail 3R gied Bt dall fawRul daTs, ST o8 9 (AR
W 1.1 ¥ 1.5 eV & &), 3Hag uigH, iR HIR uaiaruiy uRfufadt & fRRdr gags
WRIHIZCY, oI AYRASHTH IS 3TASIES (MAPI) 3R BIATHSIHTH A SMISIES (FAPI),
TN A § I &) UefRid HRd 8, o 3 IR ¥ & Ifopy Rd 9reht & w9 § Iua &
fore Te Sif¥e URig &1 S aTel Wl §9 71U § | 330 TR, 31 YR RITHIZCH & g TIXHUl
faftrm IR e fafc=n & ugqait & e S & sfavid € | gTdifds, R &t TR a6
ITet A A S AT § 3P 0o IUTNT B JHTaTST B aiferd fban B, 3R 39 i !
IR 3 & fore AR vama o) § 1 ¥fsfea Soiifafie o1 STt IR 9d &t gaidl 3R RRA Iem
& foTT T JuTet RIS O1H1 71 & 3R I8 dd 999 9§ SFHU &1 fawd 367 81 T=If MAPI 3R
FAPI TR 3d 3{&ra fhU 7T &, iR ft 9 Jax il & Wil eR SH-HRT SR dafid
A ot quf ey enft +ft fawfa 8 W& 81 o, 39 XMy vey H fasan mar sregge 39 Ufsfea
NS YR IRIcwhTzed, faR U I MAPI 3R FAPI 1 BIcIthioad B WF B BT TN
HRT 8, FoTT 2Ny T &1 90 &1 3R 31f TeRTs fird Ios |

dH TaRFes  wAmd, SAH e darsdl dlell Uekigd A 8
(2,3,4,5,6-UcTHRIRITBTS ) AYRANHIATH IR (FMAI),
2-(2,3.,4,5,6-UcTHIRI TGS o) TURASMEITH IAERS (FEAI),
MR 3-(2,3.4,5,6-UcTIRIpZE)  UURA3MIRgH  3MISsS (FPA)  —
DI e WIBIsc NHR faae= & Aet ae & wiiferd foar o, O S99 IR 99 fSagaw &
TR & 3R FRRAT H STeiRa=1 GUR a1 T | 8107 fed (control film) T 31600 B 1R
ufsfeon ot Iufufa & g ard gRad=i &I ¢@- & oY e, 3afdcdd 3R WagRaITudb
ddb-i] &1 Ao IuarT # arn | Yfsfesy ot Iufufa # fFrmor ok w=nfera feedt &
SARIYUT 3R Ioi 0N H YR T 7T | ATHH-3ETRA Bleegfi-ad (Sl 77 K ddb AT T4T)
& UNRUTHT ¥ I8 W gorl foh I=NfId MAPI et & TauTse SRfeT Teh siafdd X8|
RS S Tiiie Tl WaeRBIUT (TAS) T Tg UdT =l fob aTof Repirrze ufshar Ufsfesy
oI Ufepra yaa & dars R R B 81 Brekids ciforie RudaR s WaeRe gl (TRS) BT
IUINT g WR gA arat Rep == ufshanstt &1 Tevrs ¥ T U &+ 3R 3¢ deb § U
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UfRomt § e S & forg fosar | STgf MAPI & oW TRS SeT A %W WU™ WR FMAI &t
IufUf A Ugd $3 NHRHS & SR el AISHeRH s, 98! 3 el R b {19 §
T fob Seft 9 erdd, S FEAT IR FPAL 3R Rep = UfshaT & UHTd &1 HH $H- J T
o1

FAPI & ok faeras  Ufsfesy &) wnfie & 1 fhet ot fareechiaor ufthar wvifad g3 1 919-
S fsfea ot Aigdr geTs T3, fhediiaur ufshar o) guf @3 3R FAPI fiFedl & Wiefaed siw
TS DI YT $HA & ford fohet ot aror=iia (efHfer) eafy oft g 121 graiifep, T8 fiRar MAPI
H TeY ¢t TS, e 7 Wy g & o U feoq o1 wTa el &t Aiferaer SeveR W sl
BT 8 3R 3 fhed B! TUIaT P UHTTAd R Tohd & | FAPI fSargasl |, FPAI (U1 $R9a) gad
Ufsfea & Ty oid UeR SR FRRAT Tad 3iftrs urE 121 wyrgd iR iurga feifds o= aral
ufsfesy & a1y ura o ues 14.4% U, Safes a7 rapl feaga (fem fsfea) & forw a8
13.1% oT| 1 BT, o fSargaet & ¢, 1 SaiaeH giue ok (ETL) & =0 § IUANT faar T,
3IGI PCBM (BfAd-C61-sfe R TRIS AUZd Te) SR fSargas &t gaqn o siftre R
fearg | Yfsfesy 1 oagR 3R 3T Bicdlee’® ol R THE Wikdbge It wR AR arn
AT ST8T MAPI & fiTlT FMAI (0.2 mol%) TR 16.3% &1 S=aH U= U g3, d&l FAPI & HIHd
o T delt o9 UfSfed, FPAL 7 0.2 mol% Tigdl IR Ia% 3= UeRH Herid fam|

FAPI & BIeIthidhd T J I8 WY g3l [ Ufefesy &1 uHd acwh 3R Tdg aiFl SIFTHey
R JHM 47| Seib H IURYT TSl HRIY P ATshelsH Uehd o I dars & 91y g — Sorad
I 81 URadd FEAI & 1Y 3R 3P §1¢ o el I a1 FPAI & T1Y 9T 77| T8
SR TR Wt 3t YR BT UHTT AT 7T, 8T FEAL 3 SRIY ) Aghersy & S¢r, 3R
JYP §1G FPAT &1 THTG T | ATSf HIRAR SEATHE = T8 Hf ISR far fs MAPI $iR FAPI Bt
T8 3R Toob faRwdrelt R USfesq &1 guIa fausid o1l MAPI &1 ¥dg A9 & FMAI A el
NPT AgWelsH UGH P, SIaid FAPI H FEAL 7 98Y dd] RBIT-RM Ashergd U -
T TR B | 39 MY Yy H fHT T SR A Tob IR Tag SN & o WY 3R Rd
foaT & SR TAS SR TRS TH-1D! & HeAH ¥ T8 ST & [ Hd TRFcs Ufsfesy IRisprse
U & WIS d OT B YT $HRd g
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