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ABSTRACT

Lead-free halide double perovskites (HDPs) have recently emerged as promising candidates
for optoelectronic applications, such as photovoltaics and light-emitting devices, owing to their
tunable bandgaps, enhanced stability, and environmentally benign, non-toxic compositions.
Despite these advantages, their practical deployment in light-based applications is hindered by
the challenge of low photoluminescence quantum yields (PLQY's). To address this limitation,
this thesis focuses on developing strategies to enhance the optical properties of lead-free HDPs.
This thesis explores techniques aimed at improving the optical performance of these materials
and investigates the ultrafast carrier dynamics through an integrated approach combining
advanced experiments and characterization methods. The study places particular emphasis on
elucidating the photophysical mechanisms underpinning exciton generation, recombination,
and transport. By providing a detailed understanding of these processes, the thesis seeks to
establish pathways for optimizing PLQY and advancing the potential of lead-free HDPs in

next-generation optoelectronic devices.

The thesis is organized into seven chapters, where in Chapter 1 we have provided a thorough
overview of lead-free HDPs, outlining both their benefits and drawbacks. Here, we also
concentrated on outlining the issue that this thesis aims to address. Chapter 2 extends the
discussion by elaborating on the analytical techniques employed to characterize the synthesized
materials. This chapter provides a detailed exploration of the underlying principles, theoretical
frameworks, and operational methodologies of these techniques, offering a comprehensive
understanding of their application and relevance in material characterization. In chapter 3 we
used precise incorporation of AI** ions into the Cs>xAgInCls lattice structure which facilitated a
controlled modulation of the bandgap, resulting in a red shift in excitation energy. This

adjustment not only optimized the material’s optical properties but also significantly enhanced
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self-trapped exciton (STE) emission, highlighting the effectiveness of Al doping in improving
luminescent performance. The introduction of AI** contributed to a pronounced increase in
electron-phonon coupling, as well as a higher density of STE states. Detailed cryogenic
photoluminescence measurements shed light on the inhomogeneous nature of STE emission,
revealing the presence of defect states that contribute to the variability in emission properties.
Femtosecond transient absorption (fs-TA) spectroscopy provided a comprehensive
understanding of the dynamics of charge carrier trapping. PLQY of Cs»AgInCleis increased up
to ~8%. In chapter 4 we used Bi** as the dopant instead of AI** in Cs;AgInCls. We synthesized
different doped amount of Cs,Agln(1-xBixCls. We find the effect of this doping on the structural
and optical properties of host lattice. We tried to unveil the factors responsible for the changes
we observed using different techniques. It was observed that Bi provide symmetry breakdown
to the electronic structure of Cs2AgInCles and increases the absorbance. Bandgap changes reveal
the Bi convert the direct bandgap to indirect. Extent of electron phonon coupling is determined
to understand the reason of increase in PLQY up to ~ 40%. In chapter 5, After establishing the
role of Bi*" we incorporated Sm** to introduce the sharp and narrow emission in the visible
region originating from the f-f transition. Bi-doped Cs2AgInCls NCs were found to be better
host for sensitized f-f transitions and resulted in the enhanced PLQY. In chapter 6, we
developed a new synthesis strategy to realize the CsxAgBiCls@Cs2NalnClg core@shell nano
heterostructures with enhanced PLQY. The epitaxial growth of Cs2NalnCls over Cs2AgBiClg is
monitored by comparing the structural and optical changes. The detailed morphology
characterization was employed to successfully prove the presence of two component is one
nano crystallite. Pl intensity is found to be increased by 10-fold in the heterostructure. The
carrier dynamics was also studied using ultrafast lifetime characterisation. Chapter 6 describes
the summary of complete thesis and provide some innovative ideas which can be looked upon

for future studies in the field of these lead-free HDPs.
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Pb-IP! BTIES ST0 WIRPTECH (TISI) §10 & 7 Sffigciagiey Srgmart & forg
STRITSHS IHIGARI & FU H I 8, o [ Bicldifcead 3R UHTRT Isics SUBRUI,
HRU 36 & B TFY S, T g3 RURAT 3R maiarofig U § I, IR faurad
T g1 31 GGl & SIavie, USRI-SATUIRG ST & 36! AGeING dHkil &H
B HEY SicH (PLQY) UaIaR & gHId) J S1fid 8 | 39 W1 1 Faiftrd o & frg,
ag R po Ied TSt & oiffdwma o &Y g & fou Yorifaal & fawsRid v
Hied 71 I8 AR 39 Wil & SHPHd UeRM § YR a1 & Ie=d 9 db-d! B
USard ol & 3R I9d TN 3R efur gui fafdat & Taie & Areaw 9§ U Udhighd
DDV & AT F SHTTHRE A8 TNl b ofid Bl & | AL H exciton TG,

gTiaSH 3R uRagd & Y@ifrd A a1 Blelfthfored dF ! WP &1 W I SR
foar man 81 37 ufshanstt &1 fagd Iue Ue R, MRAT PLQY & SIS eId dv 3R
3ATH Hie! & SiiTgdac -d SN & Pb (gd TIS YT &1 &HAT HI 3 T o o AN
Q1T BT A8l 5

I 1 A1 Sfeamal H SqafRd b 141 7, e 37eAmd 1 § §HA Pb ed TASIUT b e
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1 Gifepd R TR Hi e hiad fobar fob 5 iR 1 IS 2g HalfiId =11 ¢ | 3T 2
RN T Bl Feifd B & e Faford fa=avueres de-ie! UR fawdR 8 == &
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