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ABSTRACT

The process of dimensional reduction leads to substantial modifications in the physical
and electronic properties of a material. The dimensional reduction of inorganic sublattice of
double perovskites by using organic molecule is an important strategy for achieving layered
double perovskites (LDPs). LDPs significantly expand the compositional variety of halide
perovskites and broadens their accessible electronic platforms. The distinct photophysical
characteristics exhibited by two-dimensional (2D) double perovskites compared to their Pb-
based counterparts, serve as a driving force for further exploration of this unexploited category
of mixed-metal hybrids. Though LDPs are green alternatives of their Pb-based analogues, they
are non-fluorescent at ambient conditions, which hinders their use in optoelectronic
applications. Also, LDPs possess wide band gaps and most of them have their absorption in
the ultraviolet (UV) region that limits their ability to fully utilize photons within the visible
spectrum. The wide band gap of these LDPs hinders their further use in the field of
photovoltaics and in other optoelectronic applications. The vast chemical and structural
diversity of LDPs provides an unprecedented opportunity to modulate their structural, optical,
magnetic and electronic properties. The present thesis focuses on how to utilize the vast
chemical and structural diversity of LDPs to add new functionalities like optical emission, band
gap reduction can be achieved via alloying or doping with some suitable metal ion in their
inorganic sublattice or through intercalating certain molecules in the organic layer.

Chapter 1 and 2 are dedicated to the extensive literature survey of research work and the
structure of halide Pb based three dimensional (3D) perovskites, 2D perovskites, and double
perovskites and LDPs and a summary of different techniques used to analyse as-synthesized
materials. In Chapter 3, we have successfully showed the synthesis of Mn?** doped 2D
(BA)sAgBiBrs using a facile and cost-efficient method, which involves post synthetic cation

exchange using mechanochemical grinding followed by thermal annealing. The structural,
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optical, and magnetic studies confirm the successful incorporation of Mn?" ions into the
perovskite lattice. Interestingly, these Mn?* doped 2D LDPs exhibit dual emission peak at low
temperature, corresponding to host emission and the Mn?" emission. In Chapter 4, we have
shown that emission of (PEA)4NaInCls improved greatly at ambient conditions on doping it
with Mn?* cation. The shift in PXRD pattern, and XPS spectra of pure and doped materials
confirms the presence of Mn?" doped into both substitutional as well as interstitial sites of
(PEA)sNalInClg lattice. The excitation at 420 nm light radiation for higher dopant
concentrations, manifests the presence of magnetic interaction between Mn?" pairs at
interstitial sites, which is further confirmed by the merging of sextet into single broad peak
with increase in dopant amount in EPR spectra. In Chapter 5, we have studied the
incorporation of terbium into layered double perovskite (PEA)sNalnCls to enhance and control
its luminescent characteristics. The doping was done via two ways: direct substitutional doping
with Tb** ions and with Tb*" in the form of tetrakis B-diketonate complex Tb(hfa)s.P(Ph)a,
Tb(L). In case of (PEA)sNaInCls:Tb>", sensitization of Tb* is achieved through host to dopant
energy transfer process. However, the non-ideal arrangement of energy levels of host and
dopants, obstruct the complete energy transfer to Tb>", resulting in the non-radiative transitions
which results into the reduction of the PLQY (3%). On the other hand, by protecting Tb** using
hfa (hexafluoroacetylacetone) ligands to form Tb(L), we have optimized the energetic
landscape for Tb*" sensitization, resulting in the improvement in luminescence efficiency, with
PLQY enhanced to 62% in (PEA)sNaInCls:Tb(L). In Chapter 6, we report the synthesis of
transition metal alloyed Fe*" : (PEA)sNaInCls LDP using different concentrations of Fe**. From
the PXRD analysis, we observed the different trend of d-spacing of (0k0) planes than the other
planes. This abnormal observation was obtained due the combined effect of smaller size of Fe**
as compared to In** and due to the increase in M-CI-M’™" bond angle on alloying with Fe’*.

Again on alloying with Fe¥, their optical band gap reduces from 4.46 eV in pure
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(PEA)sNalInCls to 2.30 eV in (PEA)4NaFeClsg. This reduction in band gap is due to increase in
orbital overlap in M'-CI-M’"' because of increase in bond angle on alloying. Further, our
magnetic susceptibility data show that these Fe** alloyed LDPs have AFM interactions and we
found no transition temperature for In/Fe alloyed samples in the measured limit of the
temperature. Magnetic parameters like Curie-Weiss temperature, Curie constant, saturation
magnetization are readily tuneable with concentration of Fe** within the LDP lattice. Chapter
7 provides a comprehensive overview of the thesis, with a particular focus on employing
diverse chemical substitution techniques such as doping, intercalation and alloying for adding
new functionalities to the halide layered double perovskites and provides a glimpse into the

future prospects and potential implications of the work presented in this study.
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Tegur

3t &t @t ufchan § foreht el & Hifde SR Saiae e 1ol & gaied S=ieH gl g
HEAD U] HT ST FRb ST RIBICT & AHPE-H qaaiey BHI AT FHH
XIRd el RIowbTEed (TESIU) T B o oy Teb Heayui UMIT 81 Tersid! senss
RSBy B! TINTT AfIUdT BT Agayyl U F fIR & § 3R 395 Jau

VN

AP WeHMH! Pl fIR FRd &1 SHd Pb-UTRT TH®meN Bt a1 § fg-mardt
(231) ST WRIckpT3cd gRT YarRid ARy wieithioamd faRivde, fAfdd-urg Tl &t 39
3vgad ARt B ST B WIS P T T Wb AR & T4 H B8 B! &1 Jafy Tagit
3P Pb-3MUTRT T & &R fabey &, 3 yRash uRfRfadl # RweiR¥e &, S
TEdaee SUAN & 3 ITART H ST ST § | 3P SfATaT, Taa Ul s 88
SIARTA BId § SR ITH U SMTABIRT BT AR WIS (i) & H gl & off e WagH
& HiaR Wiel &1 I dRE A UGN R D1 3! &HdT B JIfAd HRal g | 39 Tea T ol
forqd s MU wiciaifera’t 3R 3 3P cideid SIIHEIT & &= § Sds 31T o TN
H F1UT STAdT 81 TaeUt &1 fauna IR iR IRaATas fafdydr S SR,
P Hd, aDHIT 3R SAI-H TUI &I TN B BT T YT TR & Bl
g1 gda R 39 910 R Higd 8 fF iifPera Sae St 13 sriemarshi & shed &
o Tt ot fawme IR 3R TRaTES fafdyar o1 IuanT &3 fear 9, §€ i

T HH B P HEAD Jaaed H $S ST oTd a9 & A1y Hyerd a1 Sifthn &
T QT HD SAU[3H &) 09 T SSa UK a1 o Tl g | 31 1 3R 2 Y &1
& UG Aled TA&Ul 3R gA8S Pb MUTRG o AT 33)) Wickwrzcy, 281
IRISHIECH MR S0 WIHRed 3R Tdel P AT R IR il &
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farReroT 37 & forg Uit &5t o areft fafts deient & aRiw & fore wmftfa €1 srem
30 g Ud gAUSHS SR ANd-$d fafd &1 IWINT Fb Mn2* 8IS 2D
(BA)sAgBIBrs 3 TRIYUT BT HheTATYdD [G@TA &, ForaH i e U & a1G YHd
TR &1 IuI e Ridfesd Hiea Tages WA g1 WReed, Hipda 3R
YIDIT LT IISEhTZE STelt H Mn2* AT & Thd JHIGY B I od ¢ | feaay
91 I8 & [ T Mn2"S1eS 28] TASIH HH dIIHM TR GlgR Scoi RIER DI TaiRid bed
g O ASEH I 3R Mn2*38ol & 3EY B 3 4 ¥, g9 fewmmar ®
(PEA)sNalInCls BT Mn2* 4= o F1Y fie R uRa=ita fRufadl # 38 Icgei H ST
JYR B3 81 PXRD Ued & sqamg, 3R g 3R S Imial & vaqdiny W,
(PEA)aNaINnCls STeTt & HRINTA TR SIeRTed I Arsel # S1Y T M Mn2+ &1 JufRfd
&1 Y A 8 | I SIUT Tisdl & fIT 420 nm TeT=T fafaor R IaoT, SfavTela Rl
R Mn2* SIS & o9 91T Yud ) IufRUfT Y Udhe il g, oY EPR WaeT H Sitie
e H 9fg & 1Y Uhd mud RRR § R & faag I gfY &t St g1 31 5 7 g9
2@ gi-ac ORmars @ SeM SR EfHd &1 & o aus S9d WRiokhlse
(PEA)sNalnCls H SIS (Tb) & THIART BT 3feaa b g1 It &l adiept § &1 718

Th3* 3T & TTY Yde TRINTA SIFUTT 3R Th3* & TTY CCIhd p-SIZdhee HIAIR]

Th(hfa)s.P(Ph)s, Th(L) & =T H| (PEA)sNalnCle:Th?* & HIFHA H, Th** BT Hd b0l HaT
T SIUT Hll gIAIcRUl UfohaT & H1egH J UTed o el 81 gTailich, Hofa 3R Sie &
Soll WRI & IR-3MeR FaRAT, Th* & Yol ol geiaRul P S HRal &, o
URUTRaR=Y TR-fafroia Jehaur gdT1 & foRIs uRuma=1 PLQY (3%) & FHHT 3MTdt B
G iR, Th(L) T & U TIUHT ERITFIRITRICRAREH) frffs &1 ST axd
Th3* B &/ HRb, B Th>* TAIHRUI & U Sl uikewa &1 sr@ferd f&ar g,
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g TRUMRaET GAEY &l # GUR 31T ], PLQY BT (PEA)NaInClsTh(L) T 62%
% 9SG T 5| 18T 6 H, §H Fe3* & fafia Tigdl &1 SUANT dxds WshavT oTg A
Fe3*: (PEA)sNalnCls LDP & TRANUT BT RUIE PRl &1 PXRD fa=aiwor ¥, g9 3= faw=1
DI o1 T (0k0) faar T o d-TRHT 1 ST Ughi Sl | T8 SRITHRY Sdclidh In3* &
AT H Fe3* & BIC MHR P gad THTT 3R Fe* & 1 AT TR M'-CI-M!! §e= HIoT
o g & HROT U g3 UTI fOhR T Fed* & W1y fAIgeTd §9H W, 3T 3iifPdd 88 7Y

IS (PEA)NaInCls T 4.46 eV ¥ ITHR (PEA)NaFeCls T 2.30 eV 8 ST 5| §8 U H T8

HH iy 4T R a8 0 H I & BRI M'-CI-M" & Fefig sfiaray # gfg & HRU B

SP SAATAT, TAR JaD 1T Yde-=NedT ST § UdT IadT & fob 39 Fe3+ iy urg vasidt &
AFM 3eXaRM € 3R g8 arad &t A1dt 12 e H in/Fe s a1q F9A1 & forg 1 eprur
TAST STt & iR Fe3* T Wil & Iy UM o fhT off Wehd! € | 3rearg 7 R
&1 IS 3facid YaH Hdl 8, o gargs WRd sad WRicksTzed H 78 drigmarsi
DI e & o SIft, Sexdmae SR Iy urg SRt fafay IR ufoims de-ie!

1 ST R TR IRy e o 7 § SIR widsy &t FTareft SR dfad Mfgarf

B! T IAP USH B 7T 2
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Figure Caption

Schematic diagram of crystal structure of (a) ternary perovskite
ABX;, (b) double perovskite A,BB' Xy, (c) layered or 2D perovskites
A,BX, and, (d) layered or 2D double perovskites AyBB'Xg.

History of some major progresses in halide perovskites

(a) Low-temperature PL spectra and absorption spectra of
(BA),AgBiBrg 7 K. Inset showing dependence of the emission
intensity on the excitation power (mW/cm?), (b) band structures
corresponding (BA),AgBiBrg. In the band structures the Ag (left)
and Bi (right) states that constitute the bands are represented by
coloured points. The minimum-energy transitions are shown by the
red arrows.

(a) The PXRD patterns of (PEA),NalnClg (blue) compared to the
simulated XRD patterns from single crystal data (grey), (b)
Absorption spectra and PL spectra of (PEA),NaInClg (In), 2n
(ex=260 nm) and 3D Cs:NalnCls (Aex=320 nmy).

(a) Configuration coordinate diagram (CCD), (b) Calculated band
structures and transition dipole moment of (PEA),NaInClg.

(a) Density of states of Sb®* doped (PEA),NalnClg, (b) CCD and
(c) absorption and PL spectra of Sb®* doped (PEA),NalnClg.

Diagrammatic representation showing Bragg's Law.

Simplified depiction of signal generation/detection when a high-
energy electron beam focused on the sample.

Diagram presenting the configuration of a double-beam UV-Vis-NIR
absorption spectrophotometer.

Jablonski diagram illustration of the electronic energy levels,
highlighting the various transition steps involved in the absorption
and emission processes. Here, S and T represent the singlet and
triplet levels respectively, while ISC and IC represent the intersystem
crossing and internal conversion respectively, nr and r in subscript
denote the non-radiative and radiative transition, respectively.

Diagram illustrating the schematic representation of a
photoluminescence spectrometer.

Diagram demonstrating the schematic illustration of the dependence
of energy difference between spin states on a magnetic field.
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4.1

(a) Crystal structure of (BA)4AgBiBrs shows the corner-sharing
alternate octahedra of AgBrs~ and BiBrs arranged in a regular
fashion with butyl ammonium cations separating the adjacent layers
of octahedra; (b) PXRD pattern of host (BA)4AgBiBrs sample (black)
and Mn*" doped (BA)4AgBiBrs samples (15% and 30% Mn’" doped
annealed at 25°C (blue and cyan respectively), 15% and 30% Mn’*
doped annealed at 130°C (red and olive respectively)) while orange
pattern showing the simulated pattern for pure (BA)4AgBiBrs taken
from the referenc 149 and; (c) magnified view of peak corresponding
to the (200) planes.

(a) PXRD pattern of undoped 2D (BA)4+AgBiBrs perovskite annealed
at room temperature (at 25 °C, olive) and at 130 °C (orange); (b)
enlarged view of peak corresponding to the (200) planes, showing no
shift observed in peak position on annealing only.

FESEM images (a) host (BA)4AgBiBrs; (b) Mn’* doped
(BA)4AgBiBrs and elemental mapping from energy dispersive X-
ray spectroscopy (EDS) of Mn’* doped (BA)sAgBiBrs showing
spatial distribution of Ag, Bi, Mn and Br corresponding to image (b).

(a) The absorption spectra of (BA)4AgBiBrs (black), and 15% and
30% Mn’":(BA);AgBiBrs (red and magenta, respectively).
Absorption spectra are obtained by Kubelka—Munk transformation
from the measured diffused reflectance spectra (DRS) samples,
where a is the absorption coefficient and S is the scattering
coefficient; (b) The photoluminescence emission (PL) and excitation
(PLE) of 15% Mn*":(BA)4AgBiBrs (top) and undoped (BA)4AgBiBrs
(bottom) measured at temperature 80K for defect state emission and
Mn’* emission. (* represent the peaks due to scattering in PL
spectra); (c) Variation of photoluminescence (PL) intensity with
temperature for defect state emission (black) of undoped
(BA)4AgBiBrs, defect state (red) as well as Mn®" emission (blue) of
15% Mn**- doped, and Mn’* emission (magenta) of 30% Mn**-doped
(BA)4AgBiBrs ; (d) scheme showing simplified view of relaxation
pathways of excitons in Mn’*: (BA)+AgBiBrs.

Temperature dependent steady-state photoluminescence spectra of
(a) undoped (BA)1+AgBiBrs, (b) 15% Mn**- doped and (c) 30% Mn**-

doped (BA)+AgBiBrs. (* represent the peak due to scattering in PL
spectra).

Room-temperature X-band EPR spectra of Mn*" doped
(BA)4AgBiBrs, because of high concentration of Mn (I=5/2) ions, the
signal collapses into the single broad spectra due to boosted
exchange interaction between Mn’" pairs.

(a) Schematic showing synthesis methodology (left) for Mn** doped
(PEA)4NalnCls along with its schematic crystal structure (right); (b)
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4.7
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4.9

PXRD patterns of Mn’*-doped (PEA)«NaInCls with different
Mn/(Na+1In) nominal ratios, (c) the right panel is a magnified view
of (060) diffraction peak.

XPS core level spectra of (a-c) Na Is, In 3d and CI 2p peaks of pure
(PEA)4NalnCls, (d-g and h-k) Na 1s, In 3d, CI 2p and Mn 2p peaks
of sample with nominal doping Mn/(Na+In) = 0.07, and 0.20,
respectively (l) Field emission scanning electron microscopy
(FESEM) image of (PEA) 4NalnCls with nominal doping Mn/(Na+In)
= 0.07 showing layered morphology and elemental mapping showing
distribution of Na, In, and Mn corresponding to this image.

(a) FESEM image of pure (PEA)+«NalnCls showing layered
morphology (upper panel); (b) elemental mapping showing
distribution of Na, In, and CI corresponding to this image (lower
panel).

Optical measurements of pure and Mn’* doped (PEA)sNalnCls (a)
UV-visible pseudo-absorption spectra. The absorption spectra are
converted from the measured diffused reflectance spectra by using
Kubelka—Munk transformation, where a.and S denotes the absorption
coefficient and scattering coefficient respectively." Inset in (a) shows
magnified view of UV-visible absorption spectra showing weak
absorption feature at ~ 420 nm for Mn’>* doped (PEA)NalnCls; (b)
steady-state photoluminescence (PL) spectra using 250 nm light
radiation; (c) PL intensity ratio for dopant to host emission for Mn**
doped (PEA)sNalnCls; (d) PL excitation spectra using emission
wavelength 562 nm for pure (PEA)sNalnCls and 600 nm for Mn’*
doped (PEA)4NalnCls, (e) steady-state PL spectra using 420 nm light
radiation.

Tauc plot analysis of direct band gap in (PEA)+NalnCls LDP.

(a-g) Gaussian fitted PL spectra of Mn’" doped (PEA)+NalnCls using
250 nm light radiation for excitation.

(a) Room-temperature X-band EPR spectra of Mn’* doped
(PEA)4NalnCls, with various Mn/(Na+In) ratio; (b) scheme showing
simplified view of relaxation pathways of excitons in Mn’* doped
(PEA)sNalnCls.

(a) Optimized crystal structure; (b) band structure; and (c) partial
Density of States (pDOS) of 2D (PEA) sNalnCls.

(a) Optimized crystal structure of unit cell; (b) band structure; (c)
partial Density of States (pDOS) of single Mn®* substitutionally
doped at Na or In-site of 2D RP (PEA):NalnCls; (d) optimized
crystal structure of unit cell; (e) band structure; and (f) pDOS of
Single Mn?" interstitially doped 2D RP (PEA)NalnCls.
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5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

6.1

(a) Crystals of (PEA)sNalnCls ; Structural representation of (b)
crystal structure of (PEA)sNalnCls ; (c) terbium complex
Th(hfa)4P(Ph)s; (d) scheme showing the synthesis of Th*" doped
(PEA)4NalnCls.

PXRD pattern of undoped and doped (PEA)sNalnCls, inset shows
the magnified view of (020) peak.

(a-c) FESEM images showing the layered architecture of
(PEA)4NalnCls, (PEA)s;NaInCls:Th’*, and (PEA)sNalnCls:Th(L),
respectively; elemental mapping showing the homogenous
distribution of (d) Na, In and Cl in (PEA)4NalnCls; (e) Na, In, Cl and
Th in (PEA)sNaInCls:Tb’*; (f) Na, In, Cl, Th and P in
(PEA)4NalnCls:Th(L).

(a-d) Absorption (blue) and PL (red) spectra of pure (PEA)+NalnCls,
(PEA)NaInCls:Th?*, (PEA)4NalnCls:Th(L), and pure Th(L)
respectively. inset show Corresponding photographs under day light
and UV light of wavelength 365 nm. For PL measurements,
excitation wavelength of 280 nm was used. The absorption spectra
were obtained from the measured diffused reflectance spectra using
Kubelka—Munk transformation.

Fourier-transform infrared (FTIR) spectra of the (PEA)4NalnCls and
(PEA)sNalnCls:Th(L) perovskites and terbium complex Tbh(L).
Comparison of the IR absorption in the window (a) between 400-
1000 cm™, (b) between 1000-1700 cm™. Along with similar features,
(PEA)sNalnCls:Th(L) shows additional bands to those of the
perovskite, which indicate the inclusion of the Th(L) characterized by
strong IR absorption bands.

Photoexcitation map of  (a) (PEA)4NalnCls:Th>*;(b)
(PEA)sNalnCls:Th(L). The blue and red lines represent the
absorption spectra of the corresponding doped LDP and pure Tb(L)
complex, respectively.

Scheme showing the major relaxation pathways of doped
(PEA)4NalnCls. The emission due to the perovskite trap state is
omitted for clarity. The energy levels of hfa ligand are taken from the
reference 36. S = singlet state, T = triplet state, ISC = intersystem
crossing.

Time resolved PL showing Phosphorescence spectra of (a)
(PEA)4NalnCls:Th>*  Iuminescence; (b) (PEA)s;NalnCls:Th(L)
luminescence; and (c) pure Tb(L) luminescence. Fitting of TRPL data
were done using biexponential function for (PEA)NalnCls:Th*" and
monoexponential function for PEA)4NalnCls:Tb(L) and pure Th(L).

(a) Schematic showing the synthesis method (left) of (PEA)sNaln-
xFexClg along with their crystal structure (right); (b) PXRD patterns
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6.2

6.3
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6.6

6.7

6.8

6.9

6.10

6.11

of (PEA)sNaln-xFexClg, where x =0, 0.01, 0.05, 0.1, 0.4, and 1; (c)
enlarged view of diffraction peak corresponding to the (020) planes.

PXRD pattern of (a) pure (PEA)sNalnClg (black) and pure
(PEA)sNaFeClg (red); (b-e) magnified view of some peaks; and (f)
Schematic crystal structure of (PEA)sNalnClg or (PEA)sNaFeClg
showing the view of lattice planes corresponding to the (b-e).

Change in d-spacing of (a) (020) planes; (b) (241) planes with
amount of Fe®** in the (PEA)sNalnu-xFexCls lattice; local bond
angles of (c) (PEA)sNaInClg; (d) (PEA)sNaFeClg, highlighting the
Na-Cl-In and Na-Cl-Fe bond angles.

XPS core level spectra of (a—c) Na s, In 3d, and Cl 2p peaks of pure
(PEA)sNaInCls, (d—g and h—k) Na 1s, In 3d, CI 2p, and Fe 2p peaks
(PEA)sNalnosFeo 4Clg and (PEA)sNaFeCls, respectively.

Field emission scanning electron microscopy (FESEM) image
showing a layered morphology of (a) (PEA)sNalnClg; (b)
(PEA)sNalno eFeo4Clg; and (c) (PEA)sNaFeCle.

Elemental mapping showing the distribution of Na, In, Fe and CI
corresponding to the FESEM image of (a) (PEA)sNalnCls; (b)
(PEA)sNalnosFeo.sClg, and (c) (PEA)sNaFeCls.

(a) Absorption spectra of (PEA)sNalnuxFexCls (x = 0, 0.01, 0.05,
0.1, 0.4, and 1); (b) change in band gap of (PEA)sNalng-xFexCls with
concentration of Fe3* ions within the lattice; (c) photographs of the
samples with various amount of Fe**, showing the change in colour
from colorless (x = 0) to orange (x=1).

(a-f) Tauc plot of (PEA)sNalngxFexCls, showing their
corresponding band gap value.

(a,d,g,J) Magnetic susceptibility vs temperature; (b,e,h,k) Isothermal
magnetization at various temperature; (c,fi,l) temperature
dependence of dy/dT (dy/dT-T curves) for (PEA)sNalno.goFeo.01Cls,
(PEA)4N&|I’]0,9F€0,1C|8, (PEA)4Na|no,6F80,4C|3, (PEA)4NaFeCI8,
respectively. Inset in (j) shows the magnified view from 1.8 to 15K,
displaying the antiferromagnetic transition temperature (Tn) at
3.70K.

Schematic  representation of different magnetic coupling
interactions: (a), (b) short-range superexchange resulting in
antiferromagnetic and ferromagnetic interactions, respectively; (c)
long-range superexchange interaction in layered double perovskite.
The band structures (a-c) and partial Density of States (pDOS) (d-f)
of (PEA)sNalnCls, (PEA)sNalnosFeysCls and (PEA)sNaFeCls,
respectively.
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GLOSSARY OF SYMBOLS AND ABBREVIATIONS

MHPs metal-halide perovskites
LHPs lead halide perovskites
PV photovoltaic
PLQY photoluminescence quantum yield
LEDs light-emitting diodes
MA methyl amine
FA formamidium
3D three dimensional
t Goldschmidt tolerance factor
T new tolerance factor
il octahedral factor
r ionic radii
2D two-dimensional
RP Ruddlesden-popper
DJ Dion-Jacobson
BA n-butyl amine
PA n-propyl amine
HA n-hexyl amine
PEA Phenylethyl amine
LDPs layered double perovskites
Pb Lead
E, band gap
E, binding energy
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EQE
PCE
MQW
VBM
CBM
MMCT
PXRD
CCD
GS
ES
uv

PL

FESEM
TRPL
FTIR

XPS
ICP-OES
EPR

FWHM
EDX

ps

ns

external quantum efficiency
power conversion efficiency
multiple-quantum-well
valence-band maxima
conduction-band minima
metal to metal charge transfer
powder X-ray diffraction
configuration coordination diagram
ground state
excited state
ultraviolet
photoluminescence
Curie-Weiss temperature
Curie constant
saturation magnetization
field emission scanning electron microscopy
time resolved photoluminescence
Fourier transform infrared
X-ray photoelectron spectroscopy
inductively coupled plasma optical emission spectroscopy
electron paramagnetic resonance
full width at half maximum
Energy dispersive X-ray
picosecond

nanoseconds
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s microseconds

ms millisecond
IC internal conversion
ISC intersystem crossing
VSM Vibrating sample magnetometer
X magnetic susceptibility
FC Field cooled
ZFC Zero field cooled
PPMS Physical property measurement system
DRS diffuse reflectance spectra
PLE photoluminescence excitation
DFT density functional theory
STEs self-trapped excitons
PAW projected augmented wave
VASP Vienna ab initio Simulation Package
GGA generalized gradient approximation
PBE Perdew—Burke—Ernzerhof
CG conjugate gradient
hfa hexafluoroacetylacetonate
SSL solid state lighting
AFM antiferromagnetic
pm picometer
A angstrom
Tn Neel temperature
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