Abstract

The fast rise in carbon emissions from 9.4 million tons to 37 billion tons since the beginning of
the industrial revolution highlights urgent requirement of sustainable energy sources as the world
confronts climate change and endeavors to achieve sustainability. During daylight, the solar cells can
offer constant power supply for low power residential to high power industrial usages, however the
intermittent nature of solar radiation requires energy storage systems to store the solar energy into
electrochemical energy for usage in nighttime or at later stage. This conventional combination of
solar cell and battery reduces energy poverty, but is very bulky and expensive due to the use of
complex and multiple electronic components, duplication of electrodes as well as require use of
various materials for these two very different type of devices. In contrast, photo-batteries, also
known as photo-rechargeable batteries (PRBs), offer a compact energy solution by integrating solar
harvesting and energy storage functionalities in a single device. These PRBs are composed of either
single or dual active materials which can perform solar energy harvesting like a PV device and
concurrently stores it in the form of electrochemical energy like a battery. The overall performance
of these PRBs highly depends upon the optoelectronic and electrochemical properties of the active
materials. This thesis involves the investigation of advanced PRB systems by exploring the single
active material systems based on metal halide perovskite (MHPs). Bulk (3D) MHPs of type AMX;
(formula defined below) are solution processed semiconductors and offer an ideal material system
for low-cost PVs, however these materials suffer from stability issues due to degradation of their
structural and optical properties under atmospheric and illumination conditions. Therefore, due to
improved structural and optical properties of two-dimensional (2D) MHPs, compared to 3D MHPs,
this thesis work highlights the investigation of optoelectronic, electrochemical and photo-
electrochemical properties of 2D MHPs for PRB applications. Briefly, the Ruddlesden Popper (RP)
phase 2D MHPs (R")y(A)niMnXsni (N=1-4) are studied by exploring their structural, optical,
optoelectronic, electrochemical as well as photo-electrochemical properties. Here, R’ is the
monoammonium alkyl organic spacer cation, A is the smaller organic cation (MA=CH;NHs;,
FA=HC(NH,),, Cs etc.), M is the divalent metal (Sn**, Pb*, Ge** etc.), X is the halide (CI, Br, I) and n
denotes the number of inorganic layers between the organic spacer cations. In order to study these
properties, a wide range of samples and devices are fabricated ranging from photodetectors, Li-lon
batteries (LIBs) to PRBs. These 2D MHPs are found to be an interesting candidate for PRB
applications due to their flexible structural properties, improved stability in electrolyte medium,
tunable optical properties, compatibility with carbon additives and binders, matching energy levels
to the charge transport materials such as rGO, PCBM, MoS,, MXene etc. as compared to their bulk
counterpart.

A hybrid material using RP perovskite (BA):(MA)n1Pbnlsna (N=1-4) and a few layers of MoS;
nanoflakes is developed to investigate the optoelectronic and photo electrochemical properties. This
hybrid material has shown improved transient photocurrent response than pristine material. Such
improvement in the photocurrent leads to responsivity of ~ 97.7 JAW ™ and detectivity of ~ 6.93 x 10®
jones at 0.0 V bias under 1 sun illumination, which are ~16 and ~10 times higher respectively as
compared to pristine device. In continuation of prior work, this RP perovskite-MoS, hybrid material
based LIB exhibits an average discharge specific capacity of 129.17 mAhg™ for 50 cycles at 294 mAg"
current density. Whereas pristine RP perovskite LIB has shown a specific capacity of 25.60 mAhg”
under similar conditions. Furthermore, the hybrid material-based Li-PRB has shown an average dark
discharge specific capacity of 128.66 mAhg” at a current density of 64 mAg" which enhanced to
180.67 mAhg" (photo-enhancement: 40.42 %) under illumination. In addition, demonstrated hybrid Li-
PRB has shown photo conversion and storage efficiency of 0.52 % under standard 1 Sun illumination,
which outperforms other perovskite-based PRBs. An aromatic spacer cation-based RP perovskite of
type (CH),(MA);Pb,Br,;; and MXene nanoflakes based hybrid materials is fabricated and these RP
perovskite-Mxene hybrid photodetector (n=4 + 1.5 MM MXene) has shown responsivity of ~1.51 x 10?
AW at 2.0 V bias under laser illumination (Aex ~ 405 nm, Pi, ~ 0.62 mMWcm?) which is ~8.39 times



higher than pristine RP Perovskite photodetector. Furthermore, the effect of smaller organic cation
(A = MA and FA) on the optoelectronic properties of aromatic spacer cation-based RP perovskite of
type (CH),(A)Pb.l; is studied. Where perovskite with FA as a smaller cation has shown stable
transient photocurrent response due to its high molecular weight which has resulted in responsivity
of ~2.6 AW and detectivity of ~3.6 x 10" jones at 2.0 V bias under CW-laser illumination (Aex ~ 405 nm,
Pin ~ 5.87 mW/cm?). This thesis provides a novel approach to improve the optoelectronic,
electrochemical as well as photo-electrochemical properties of 2D metal halide perovskites.
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under ultraviolet photon illumination. (b) Schematic diagram showing the working
mechanism of UPS [“https://testbook.com/chemistry/photoelectron-spectroscopy,” n.d.].
(a) Schematic representation showing working principle of UV-Vis spectrometer [Rocha et
al., 2018]. (b) Camera image for UV-Vis spectrometer (Varian Carry 4000 spectrometer).
(a) Schematic representation showing the working principle of PL spectrometer. (b)
Camera image for PL as well TRPL spectrometer integrated together (Edinburgh
Instruments, Model: FLS1000).

Jablonski Diagram showing Absorption, Emission (Fluorescence and Phosphorescence)
[“https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/photchem.htm,” n.d.].
Absorption and Emission Rate Comparison in Photoluminescence
[“https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/photchem.htm,” n.d.].
Schematic diagram showing the working mechanism of TRPL.

(a) Schematic representation showing photodetection measurement setup used to
measure photocurrent. (b) Camera image for Biologic VMP3 work station (c) Camera image
for photodetector coupled through Biologic via micropositioner. 405 nm CW Laser is used
for illumination and ND Filter is used to tune the incident illumination power.
Electrochemical workstation setup (Left) Battery cycler and (Right) Biologic VMP3.

EIS plot for LIB showing Rs and Rct.
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Camera image for Glove box from Vacuum Techniques Pvt Ltd.

Different components of LIBs.

(a) Schematic diagram for Li-PRB. (b) Camera image for Li-PRB powering LED. Camera
image showing Li-PRB connected with Biologic with (c) 1 Sun illumination and (d) Warm
LED light (12 mW/cm?) is illuminations on the Li-PRB. Complete setup is enclosed in the light
enclosure.

() Schematic illustration of the crystal structure of (BA)2(MA)n-+Pbnlsn+ (n = 1- 4) and (b)
the corresponding digital camera image of thin films. (c) shows the digital camera image of
MosS:; dispersion prepared by LPET in NMP.

Schematic illustration of (BA).Pbl, perovskite crystals assembled on MoS; to form
heterostructure.

XRD patterns of pristine (BA):(MA)n-1Pbnlsn+ (N = 1-4) spin coated thin films and
(BA):(MA)n-1Pbnlsns1 (n=2 and 4)+MoS: (12.8 mM) hybrid spin coated thin films. All the films
are fabricated on the glass substrate.

X-ray diffraction pattern of drop coated films of exfoliated MoS, nanoflakes (top) and bulk
MoS: (bottom).

Top view (a) FESEM image and (b) atomic force microscope (AFM) plot of exfoliated MoS,,
and corresponding (c) line profile to estimate the number of atomic layers.

Top view SEM images for the spin coated thin films of (a) RP perovskite (BA).(MA):Pbslo,
n=3 and (b) RP perovskite (BA).(MA);Pbsl:3, n=4 (c) RP perovskite (BA).(MA),Pbslio+MoS;
hybrid. (d) RP perovskite (BA).(MA);Pbalis+MoS, hybrid.

Top view SEM images for the drop casted films of (a) RP perovskite (BA)(MA).Pbsli, n=3
and (b) RP perovskite (BA)(MA):Pbslio+MoS: hybrid.

(a,b) SEM images for the RP perovskite (BA),(MA).Pbslie (n=3)+MoS: (12.8 mM) hybrid drop
casted film taken at different locations on the film to get the energy dispersive analysis
(EDAX) data corresponding to the scanned area shown by pink color square box. (c) and
(d) shows the corresponding EDAX spectra of hybrid films obtained for the scanned area
shown in figure (a) and (b) respectively. (e) and (f) shows the corresponding
weight/atomic percentage of hybrid films obtained from the EDAX spectra shown in figure
(c) and (d) respectively.

Room-temperature optical absorption spectrum of (a) (BA):(MA)a-1Pbnlsnst (n = 1-4) and (b)
(BA)2(MA)n-1Pbnlsns (N=1-4)+MoS, (12.8 mM) thin films. Bandgap calculations using Tauc’s
Plot of pristine (c) (BA)2(MA)n-1Pbnlsn:1(n=1-4) and (d) exfoliated MoS: thin films. (e) Room-
temperature optical absorption spectrum of (BA):(MA)n-1Pbnlsn:1 (n = 1-4) and respective
MoS:; hybrid thin films to compare the absorbance. (f) Variation of FWHM as a function of
n-value for (BA)z(MA)n—1an|3n+1 (n = 1-4) and (BA)z(MA)n—1an|3n+1 (n=1-4)+M052 (12.8 mM)
thin films.

(a) PL spectrum of (BA)(MA)n-1Pbnlsns1 (n = 1-4) thin films (Aex = 405nm laser, 10 um beam
spot size), (b) PL images of BA),(MA)n-1Pbnlsni (nN=1-4) and (BA):(MA)n-+Pbnlzni (N = 1- 4) +
MoS: (12.8 mM) thin film under UV excitation ( Aex ~300 nm LED) without using any long
pass filter. PL decay lifetimes obtained for (c) pristine (BA)2(MA)n-1Pbnlsns1 (n = 1-4) and (d)
(BA)2(MA)n-1Pbnlsns (N = 2-4) + M0S; (12.8 mM) hybrid thin films using time-resolved PL
spectroscopy. (e) Variation of PL decay life times as a function of n-value for
(BA)z(MA)n—1an|3n+1 (n = 1—4) and (BA)z(MA)n—1an|3n+1 (n = 2—4)+MOSz (12.8 mM) hybrld thin
films. (f) Shows the corresponding PL decay lifetimes obtained after double exponential
curve fitting.

(a) Schematic illustration of vertical two electrode based photodetector for the hybrid of
(BA)2(MA)n1Pbnlsnst (n=1-4)+MoS: hybrids under the exposure of Xenon lamp along with the
digital camera image of actual device (right side). (b) Schematic illustration of energy
bands showing the charge transport mechanism occurring in (BA)2(MA)n-1Pbnlsn+
(n=4)+MoS; hybrid photodetector.

(a-d) J-V curves measurement in light and dark under the excitation of Xenon lamp for

(BA)z(MA)n—1an|3n+1 (n=1-4) and (BA)z(MA)n—1an|3n+1 (n=1-4)+M052 (12.8 mM) hybrlds

ranging from -1to +1.

(a) Transient photocurrent measurements under 1 Sun (Xe-lamp) illumination at zero bias

condition for (BA)(MA)Pb.l; and (BA)(MA)Pb.l;+MoS: (4.2-8.5 mM) hybrids. (b-c) Rise

(Trise) and decay (Tdecay) time for (BA)2(MA)n-1Pbnlsns (N=2) pristine and n=2+MoS: (8.5 mM)
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hybrid.

() Transient photocurrent measurements under 1 Sun (Xe-lamp) illumination at zero bias
condition for (BA):(MA);Pbgli; and (BA)(MA)sPbglis +MoS: (4.2-12.8 mM) hybrids. Rise
(trise) and decay (Tdecay) time for (b-c) (BA)2(MA)n-1Pbnlsni (N=4) pristine and n=4+MoS: (12.5
mM) hybrid thin films. (d) Transient photocurrent measurements under 1 Sun (Xe-lamp)
illumination at zero bias condition for (BA):(MA);Pb4ls +MoS; (17.0-25.6 mM) hybrids. (e)
Variation of responsivity (left axis-red color), NEP (left axis-green color) and detectivity
(right axis) with MoS. doping concentration (mM) for (BA)(MA);Pbsli; + MoS. hybrid based
photodetector operated at 0.0 V bias under 1 Sun (Xe-lamp) illumination in ambient air
conditions.

(a) J-V curves measured under light (Xenon lamp) and dark conditions for MoS (12.8 mM).
Inset shows digital camera image of actual device. (b) Transient photocurrent
measurements (under the excitation of Xenon lamp) at zero bias condition for MoS. (25.6
mM).

Transient photocurrent measurements performed under DPSS laser (Aex ~ 405 nm, ~ 630
mW/cm?) illumination at zero bias condition for un-encapsulated (BA).(MA);Pb,lis and
(BA)(MA);Pbylis +MoS: (12.8 mM) hybrid based photodetectors measured in ambient air
condition for (a) 50 cycles and (b) 200 cycles.

(a) Schematic illustration of crystal structure for the RP perovskite (n=4) and MoS: hybrid
((BA)(MA);Pb4lis + M0S:) showing the formed heterostructures. Gaussian fitting of the
diffraction peak at 26=28.5° for (b) pristine (n=4) RP perovskite and (c) RP perovskite
(n=4)+MoS..

Top view of SEM image of (a) n=4 and (b) n=4 + MoS. dropcasted film. Inset image shows
the close-up view.

Cross-section FESEM images for (a) n=4 and (b) n=4 + MoS: dropcasted films.

Top view of SEM image of dropcasted hybrid electrode without PVDF. The inset shows the
close view.

CV profiles of hybrid and pristine LIBs for (a) o™ cycle, and (b) 1- to 4-Cycle recorded at scan
rate of 0.5 mVs™.

(a) Galvanostatic discharge profiles of hybrid and pristine LIBs measured at a current
density of 117 mAg™'for o™ cycle. Galvanostatic charge-discharge profiles of hybrid and
pristine LIBs measured at a current density of 117 mAg~'for (b-c) 1 to 10-cycles. (d) 50t
cycle.

() Rate cyclability performances for hybrid and pristine LIBs measured at different current
rates. (b) GCD cycle performances of hybrid and pristine LIBs at a current density of 294
mAg™" for 1000 cycles. Last 500 GCD profiles (751" - 1250 cycles) of (c) hybrid LIB and (d)
pristine LIB recorded at current density of 294 mAg™ after rate cyclability test.

EIS spectra of hybrid and pristine LIBs

Schematic diagram for hybrid Li-PRBs. (b) Digital camera image for hybrid Li-PRBs.

UPS spectra showing the secondary electron cut-off (onset) region for (a) pristine RP
perovskite (n=4) and (b) MoS. nanoflakes. Valence band (VB) spectra for (c) pristine RP
perovskite (n=4) and (d) MoS. nanoflakes. (e) Energy scheme for pristine RP perovskite
(n=4) and MoS; nanoflakes with respect to the Fermi energy (Erermi). Evac, ¢, Evand Ec are
representing the energy levels corresponding to the vacuum level, work function, valence
band maxima and conduction band minima respectively.

Energy band diagram showing the transport of photo generated electrons and holes in the
demonstrated Li-PRB device.

(a) CV profiles for hybrid Li-PRB at 0.5 mVs™5and 0.1 mVs™'respectively under dark
condition ranging from 0.02-2.00 V. (b) CV profiles of Li-PRB at 0.3 mVs™ under dark
condition ranging from 0.02-1.6 V. (c) CV profile of hybrid Li-PRB under dark and
illumination conditions at a scan rate of 0.3 mV s™. CV profile of Li-PRB recorded at 0.1 mV s’
'is added to show the clear redox peaks as observed in Figure (c).

GCD profiles of Li-PRB measured under dark and illumination conditions at current densities
of (a) 58 mA g™, (b) 64 mA g™" (inset shows the camera image of Li-PRB), (¢) 70 mA g™" and
(d) 76 mA g™'. White LED (12.0 mWcm?) is used as illumination source.

() Rate cyclability performance of hybrid Li-PRB recorded under dark and illumination

condition at different current densities and (b) shows the corresponding enhancement in

the average discharge specific capacities due to OCV charging. (c) Long cycling for hybrid

Li-PRB under dark and illumination conditions at a current density of 100 mAg™. White LED
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(12.0 mWcm?) is used as illumination source.

(a) o™ cycle discharge profile of Li-PRB under dark condition at a current density of 58 mAg"
'. (b) Temperature dependent OCV- profiles of hybrid Li-PRB. OCV profile under 1 Sun
illumination is added for comparison.

(a) OCV charging monitoring of Li-PRB under illumination (without external current, yellow
curve), in-situ galvanostatic light discharge (magenta curve) and dark discharge (black
curve) at current density of 40 mAg™. Inset plot shows the saturation of OCV under dark
condition. (b-c) OCV charging of Li-PRB under 1 Sun illumination (Xe-lamp, 100 mWcm?)
from 0.05 V to 1.35 V after OCV stabilization followed by galvanostatic dark discharge at
current density of 17.6 mAg™. (d) OCV charging of Li-PRB under white LED illumination for
11.14 hours followed by discharge at specific currents of 17.6 mAg™ under dark condition
(black curve). The red curves in figure (a-d) show the OCV stabilization after self-charging.
Normalized spectral intensity distribution for Xe-Lamp (Standard 1 Sun) and white LED.

(a) Initial galvanostatic discharge-charge curve of Li-PRB as a function of state of charge
and (b) shows the ex-situ reflection spectrums of hybrid photoelectrode measured at
corresponding different state of charge.

(a) Demonstration showing hybrid Li-PRB powering scientific calculator. (b) Schematic
diagram of the fabricated photo-battery module comprising of three Li-PRB cells
connected in series. () GCD under dark and illumination for photo-battery module with
three cells connected in series (left vs bottom axis). Normalized dark discharge specific
capacity of photo-battery module (right vs top axis). Inset shows camera image of the
module. White LED (12.0 mWcm™?) is used as illumination source.

FESEM image for (a) TisAlC; bulk MAX phase powder, (b) etched Ti;C.Tx MAX Phase
powder, (c) dropcasted Ti;C.Tx MXene nanosheets, and (d) dropcasted Ti;C.Tx MXene
nanoflakes. Camera images for MXene nanoflakes suspension taken (e) immediately after
magnetic stirring and (f) after keeping on rest for 7 days. The suspension has 4 mg/ml or 7.5
mM concentration in 4 ml DMF.

SEM images and corresponding EDAX spectrums for (a-b) Ti;AlC; MAX phase powder and
(c-d) etched MAX phase powders. Insets in figure (b) and (d) shows corresponding
weight/atomic percentage of different elements under the scanned area shown by pink
square box in figure (b) and (d) respectively.

(a) Low magnification TEM image, (g) HR-TEM image and (h) Selected area electron
diffraction pattern for MXene nanoflakes.

FESEM images for (@) pristine RP perovskite (n=4) and (b-d) hybrid (n=4 + MXene: 0.75 mM,
1.5 mM) perovskites. (e) Variation in the area of pin holes + cracks as well as average grain
size over the film with MXene concentration. These parameters are estimated from FESEM
images using Image-J software.

Schematic representation showing the nucleation process during annealing of pristine and
hybrid perovskite during spin coating.

SEM image and corresponding EDAX spectrum for (a-b) pristine (n=4) and (c-d) hybrid (n=4
+1.5 MM MXene) hybrid thin films. Insets of figure (b) and (d) shows corresponding
weight/atomic percentage of different elements under the scanned area shown by pink
square box in figure (a) and (c) respectively. (e) Elemental mapping for Pb, Br and Ti.

XRD diffraction patterns for MAX phase and etched MAX phase powders.

(a) Schematic diagram showing the crystal structure of RP perovskite (CH)2(MA);Pb4Br3,
(n=4). (b) XRD patterns for pristine (n=4) and hybrid (n=4 + MXene: 0.75 mM, 1.5 mM, 2.25
mM) perovskites. (c) Variation in FWHM (left axis) for all XRD peaks and variation in
intensity for (110) XRD peak (right axis) with the MXene concentration. (d) FWHM for all
peaks obtained after Gaussian fitting for pristine (n=4) and hybrid (n=4 + MXene: 0.75 mM,
1.5 mM, 2.25 mM) thin films.

(a) XPS survey spectra, (b) High-resolution XPS spectra of Pb 4f, and (c) High-resolution
XPS spectra of Br 3d orbital peak for pristine and hybrid (n=4 + 1.5 mM) perovskites.

UPS for pristine (n=4) perovskite and MXene nanoflakes drop-casted on Indium tin oxide
(ITO) showing (b) secondary electron cut-off, and (c) valence band region.

() UV-Visible spectra for pristine and hybrid (n=4 + MXene: 0.75 mM, 1.5 mM) perovskites.
(b) Tauc’s plot for pristine RP perovskite.

(a) PL spectra and (b) TRPL spectra for pristine and hybrid (n=4 + MXene: 0.75 mM, 1.5 mM)
perovskites.

EIS spectroscopy for pristine (n=4) and hybrid (n=4 + MXene: 1.5 mM, 2.25 mM)
photodetector under (a) dark and (b) LED illumination. To perform this measurement,
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pristine and hybrid solutions are dropcasted on FTO and bare FTO substrate is placed on
the film keeping effective device areaas 1 x 1cm2

(a) Schematic representation showing photodetection measurement setup with lateral
photodetector. Inset shows the FESEM image of the photodetector electrode (b) FESEM
image for photodetector electrode. (c) Schematic representation showing the electronic
band diagram and charge transport mechanism under illumination for hybrid (n=4 +
MXene) perovskite. The position of VBM and CBM for perovskite and the work function for
MXene nano flakes are determined using UPS.

(2) Linear I-V characteristics under dark and illumination condition. The inset shows I-V
characteristics in log scale. (b) Transient photocurrent response for pristine and hybrid
(n=4 + MXene: 1.5 mM, 2.25 mM) photodetectors under the applied bias of 2.0 V. Laser
light: Aex ~ 405 nm, Pin ~ 0.62 mMW/cm? is used for illuminations.

Photodetector performance parameters with MXene Concentration: (a) responsivity, (b)
EQE (%), (c) detectivity (left axis) and NEP (right axis) and (d) On-Off ratio under the
applied bias of 2.0 V. Laser light: Aex ~ 405 nm, Pin ~ 0.62 mW/cm? is used for illuminations.
50 cycle transient photocurrent response for pristine (n=4, right axis) and hybrid (n=4 +
MXene 1.5 mM, left axis) photodetector at 2.0 V bias.

(2) Linear I-V characteristics for hybrid (n=4 + 1.5 mM MXene) photodetector under dark
and different illumination power. (b) The transient photocurrent response at 2.0 V bias
under different illumination power. All the incident illumination powers are shown in their
respective figures.

Power dependent photodetector performance parameters for hybrid material: (a)
responsivity, (b) EQE (%), (c) detectivity (left axis) and NEP (right axis) and (d) On-Off ratio
under the applied bias of 2.0 V. Laser light: Aex ~ 405 nm, Pin ~ 0.62 mW/cm? is used for
illuminations.

(a-b) Schematic diagram showing the crystal structure for (CH)>(MA)Pbal; (n=2) and
(CH):(FA)Pb.l; (n=2). (c-d) Camera images for the powder form of CH-MA and CH-FA RP
perovskites respectively.

Thin film (a) XRD patterns for CH-MA and CH-FA RP perovskites and (b) corresponding XRD
patternsin Log scale.

Field emission scanning electron microscopy images for (a) CH-MA and (b) CH-FA RP
perovskites.

(a-b) UV-Vis spectra and Tauc’s plot for CH-MA and CH-FA perovskites. (c)
Photoluminescence spectra for CH-MA and CH-FA perovskites. (d) Digital camera images
under (Top Side) white light and (Bottom Side) excitation of 405 nm CW-Laser for CH-MA
and CH-FA perovskites. Long Pass filter is used to record the images of bottom side.

(a) Schematic representation of lateral photodetector measurement setup. (b) Schematic
representation showing the electronic band diagram and charge transport mechanism
under illumination for CH-FA RP perovskite.

(a) Long cycling transient photocurrent measurements for RP perovskites CH-MA and CH-
FA under LED illumination (Aex ~ 470 nm, Pin ~3 mW/cm?) at 5.0 V bias.

Day wise transient photocurrent response for (a) CH-MA and (b) CH-FA RP perovskites
under LED illumination (Aex ~ 470 nm, Pin ~ 3 mW/cm?) at 5.0 V bias. One cycle transient
photocurrent response for Day-1 of (¢) CH-MA and (d) CH-FA RP perovskites. These
enlarged transient profiles are obtained from figure 7.7a-b respectively.

(a) Logarithmic I-V characteristics. (b) Transient photocurrent response for CH-FA RP
perovskite under CW-Laser illumination (Aex ~ 405 nm, Pin ~ 5.87-45.27 mW/cm?) at 2.0 V
bias.

(a) Peak photocurrent (left axis; red curve) and responsivity (right axis; yellow axis) for CH-
FA RP perovskite under CW-Laser illumination (Aex ~ 405 nm, Pin ~ 5.87-45.27 mW/cm?) at 2.0
V bias. (b) Detectivity (left axis; red curve) and NEP (right axis; yellow axis) for CH-FA RP
perovskite under CW-Laser illumination (Aex ~ 405 nm, Pin ~ 5.87-45.27 mW/cm?) at 2.0 V
bias.
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EDAX
MQWs
M-S-M
PC-SE

meV
ps
ps
wt%
mM
mg

A /sec
Ohms/sq
mA/W
A/W
mA/g
mAh/g
V/m

kv

MHz

Scanning probe microscopy

X-ray Photoelectron Spectroscopy
Ultraviolet Photoelectron Spectroscopy
Ultraviolet-Visible
Photoluminescence Spectroscopy
Intersystem crossing

Time resolved Photoluminescence
Time-correlated single photon counting
Electrochemical impedance spectroscopy
Cyclic voltammetry
Reduction-oxidation

Current collector active material interface
Highest occupied molecular orbital
Lowest unoccupied molecular orbital
Revolutions per minute

Anhydrous

Dimethylformamide

Dimethyl sulfoxide
N-Methyl-2-pyrrolidone

Deionized

Isopropyl Alcohol
Phenyl-C61-butyric-acid methyl ester
Polyvinylidene difluoride
Photovoltaic

Reduced graphene oxide

Bulk heterojunction

Energy dispersive X-ray

Multiple quantum wells
Metal-semiconductor-metal

Photo conversion and storage efficiency
Electron

Hole

Degree centigrade

Angstrom

Micrometer

Nanometer

Electron volt

Milli electron volt

Microsecond

Picosecond

Weight percentage

Milli molar

Milli gram

Milli meter

Angstrom per second

Ohm per square

Milliampere per watt

Ampere per watt

Milli ampere per gram

Milli ampere hour per gram

Volt per meter

Kilo volt

Mega hertz
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nA/cm? Nanoampere per centimeter square
PA/cm? Microampere per centimeter square
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