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Abstract

Oxide perovskites such as SrTiO3 and CaTiOg are the potential candidates to be used as a pho-
tocatalyst due to their exceptional electronic structure, high chemical stability, non-toxicity,
and low cost. They exhibit suitable conduction and valence band-edge positions for reduction
and oxidation of water to produce hydrogen and oxygen. Therefore, they can be exploited to
generate hydrogen via water splitting, which is a clean, sustainable, and abundant source of en-
ergy. However, owing to their wide band gap, they absorb only UV irradiation (which consists
~4% of the solar spectrum). Hence, several works are dedicated to expand optical response
toward the visible region by reducing the band gap through doping with metals, nonmetals, or
the combination of different elements. Despite significant amount of research is done, both
experimentally and theoretically on these systems, it is still an open question concerning the
kind of dopants or codopants, that could reduce the band gap while retaining the photocatalytic
efficiency. In view of this, we systematically study the role of monodoping as well as codoping
of a metal and nonmetal in SrTiO3 in enhancing the photocatalytic efficiency for water split-
ting. Moreover, we investigate the effects of intrinsic defect (viz. O-vacancy) in CaTiO3 to

disentangle the role of O-vacancy for water splitting and N, fixation reaction.

On the other hand, lead halide perovskites have emerged as an efficient compound semi-
conductor alternative to conventional materials used in photovoltaics. This class of materials
has suitable optical band gap, long carrier diffusion length, high charge carrier mobility and
low manufacturing cost. However, the concerns regarding toxicity of lead and phase insta-
bility restricts their usage on large scale. In an attempt to deal with toxicity and instability,
lead-free halide double perovskites such as CsosM(HMII)Xg (M = metal, X = halogen) and
chalcogenide perovskites ABX3 (A, B = metals, X = chalcogen) have emerged. In this work,
we aim to design lead-free halide double perovskites with improved optoelectronic properties
since they have not shown the efficiency as that of lead halide perovskites. Furthermore, the

excitonic and polaronic effects are unraveled in the case of chalcogenide perovskites.
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We employ a robust methodological approach that integrates various levels of theories com-
bined into one multi-scale simulation to address the optical properties such as dielectric func-
tion, absorption spectra, exciton binding energy and polaronic effects in perovskites. In this
thesis work, the state-of-the-art methodologies that are used to obtain the desired objectives
are: (i) density functional theory (DFT) for ground-state properties, (ii) ab initio atomistic
thermodynamics to predict the stability, (ii1) many-body perturbation theory (GW, BSE and
model-BSE) for excited-state properties, (iv) Wannier-Mott approach to determine the exciton
binding energy and exciton lifetime, and (v) density functional perturbation theory (DFPT) for

including ionic contribution to dielectric function and to capture the electron-phonon coupling.
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3TRITSS WRIRXBISST ol b SrTi0; 3R CaTiO; ATHAH 3FIGaR & fSig 37! 3RATIROT
SAdEIep IIIAT, 3= I RERdT, IR-fasTerRidr 31k &0 ATTd & BRUT Bielbefae & B9
3TN fdsar ST AHhdT 81 I BIEZISH 3R 3{TaRISI BT 3dTeT B & el UMt &I 399 3R
3TRATERYOT 3 T T 3UYerd T 3IR TSt d5-Ust RRAfd yafeld avd 21 gafeig, urt & farer
& AT A gIEgIoid 30 B & Tl 3BT Qg faT ST TehdT 7, Si 3oll BT Udb W, fedhTss 31k
YR HId | gTelifeh, 39 AP d8 3iavTel &b BRUT, J bacl g {dfB0T (S AR TargH BT AT
4% BIdT 8) PI 37a2Nfud PXd 21 safeiy, urgsil, srngsil ar fafi= dci & FaIeH & H1 A
(SIUT) &b ATEIH J I 3TARTeT Pl BH PBIb 2 &3 bl 3R 3That Ulafshar BT faedR a3 & foig
FE BT JAMGA &1 S Yofcral IR Ui 3R Agifded Q! dig I foxgd AT § oy fosy ST &
qraSe, g 3t Ht Teb GetT U2 & o fobd o & 31uffigies (STdie) T Bierue 2, Sl hieldefaicd
CEIT Y ST T §Y S8 3HRTeT bl A B Hebd & $H B H 3&d §Y, 87 UM &b faqTeT o feig
BIIbefaicd G&rdl BT e X SrTiO; W AHISIUT P ATY-3T UTq 3R 37HTg & BISIUT o HfFehT
BT FIRRIT BY F 3T BT &1 5GP 3TATdT, 8H U & feqrer 31R N, FufRor ufafesar & fag
O-Rfert &1 AT BT JeTeT & T CaTiOs H 3ATARS A (3124fd O-RfdT) & gvmai &f Siia avd
H

A 31K, of8 BelT8s WiskbTged Yeb B2l AlMieh 3TefaTetes WicTdleed H Fged TRURD HAHITIT
& fdebed b BU H BN B | AT & g0 1 H 30 3TChdl I8 3aRTd, wiell aTgeh IR daTs, 3
3772l aTges Tfdeitetdr 3R r fafFaior @nTa 21 gTaifes, o b fawTarar 3iR TRoT 31RERAT & IR
H fIdT¢ 98 Y9 W 396 39ANT BT Jidaitd Bl ol fasTarddr iR 37fRaT F fue & uamg H,
e3fed 2ATES TEA WIRBIETH S Cs;M(DM(IIN) X (M = HTg, X = gattor) 3R Aehlorgs
RIXPBIETT ABX; (A, B =HTg, X = ATwhIo) ) IR B | S BT H, TART 76T I8 TIgaasi—a
0TI & AT S-Ied BATSS SAT URIGKPISSH P (SolT8H AT & F|Tch 381 018 2el1S8 IRIRBIEH
St g&fdT 781 femg 21 39db 3T, Aeehlogs Rickhed & HIH H YTl 3R Ydid
1T YA B |
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BH Qb Holgd PBRIVUITE! GISeehIvT bl IS &Rd & ST 3ol TN S fdb WRIEd B,
ITIRNYOUT TR, TRATSS STeIbRT FHoft 3R WRISEBTSSH H Ydid YHT bl Helftid P b g Teb
- 31THUT H T R gidl & fafi=1 TRl &bl Ueblgpd el 21 39 2MTH-Fe= &1 H, aifesd
32241 BT UTed & b ol 3TN T ST aTedt TATY A Tl &: (i) Te-Iee Uil & foig aed
Pprafdd bgid (SUwe), (ii) AT &t wiasgaroft e & foig 3fdd wHT] HT 1fdeht, (iii)
TaRTTEfee-Ree Uit % faw agfiet e Rigia (Shiseey, dvwd 3R wied-diewd), (iv) YaargerT
BT Hotl 3R YaTEe Sitadeptel [HufRa & & foig dfer-ATe gfesdi, 3R (v) o9a
Bt &M Rgid (ST WRIdEd e N 3T ANTEH BT 2MfHet B3 3R SAagA-|H
gTHA & 3T & feAg |
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