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Atomic-Scale Imaging and Nano-Scale Mapping of Cubic α‑CsPbI3
Perovskite Nanocrystals for Inverted Perovskite Solar Cells
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ABSTRACT: Colloidal synthesized cubic α-CsPbI3 perovskite nanocrystals
having a smaller lattice constant (a = 6.2315 Å) compared to the standard
structure, and nanoscale mapping of their surfaces are reported to achieve
superior photovoltaic performance under 45−55% humidity conditions.
Atomic scale transmission electron microscopic images have been utilized to
probe the precise arrangement of Cs, Pb, and I atoms in a unit cell of α-CsPbI3
NCs, which is well supported by the VESTA structure. Theoretical calculation
using density functional theory of our experimental structure reveals the
realization of direct band to band transition with a lower band gap, a higher
absorption coefficient, and stronger covalent bonding between the Pb and I
atoms in the [PbI6]

4− octahedral, as compared to reported standard structure.
Nanoscale surface mapping using Kelvin probe force microscopy yielding
contact potential difference (CPD) and conductive atomic force microscopy
for current mapping have been employed on α-CsPbI3 NCs films deposited on different DMSO doped PEDOT:PSS layers. The
difference of CPD value under dark and light illumination suggests that the hole injection strongly depends on the interfaces with
PEDOT:PSS layer. The carrier transport through grain interiors and grain boundaries in α-CsPbI3 probed by the single-point c-AFM
measurements reveal the excellent photosensitivity under the light conditions. Finally, inverted perovskite solar cells, employing α-
CsPbI3 NCs film as an absorber layer and PEDOT:PSS layer as a hole transport layer, have been optimized to achieve the highest
power conversion efficiency of 10.6%, showing their potential for future earth abundant, low cost, and air stable inverted perovskite
photovoltaic devices.
KEYWORDS: cesium lead iodide, atomic resolution TEM, KPFM, c-AFM, inverted perovskite solar cells

1. INTRODUCTION

In 2020, the certified power conversion efficiency (PCE) of
organic−inorganic hybrid perovskite solar cells has reached
above 25%, revealing their potential to compete with silicon
photovoltaic technology.1,2 However, the stability of organic−
inorganic perovskites due to high volatility of hydrophilic
organic A-site cations (e.g., CH3NH3

+) still remains a critical
concern.3,4 To overcome this bottleneck, all-inorganic cesium
lead halide (CsPbX3:X = I, Br, and Cl) perovskite films and
nanostructures have been under intense investigation, due to
the remarkable improvement in their stability, for application
in high performance optoelectronic devices such as solar cells,
light emitting diodes, photodetectors, and two-dimensional/
three-dimensional (2D/3D) perovskite heterojunctions under
the ambient condition.5−8 Especially colloidal synthesized
cesium lead iodide (CsPbI3) nanocrystals (NCs) show a great
potential as a new class of stable photoactive perovskite
material for low-cost, high-performance, next-generation
photovoltaic devices.9−11 It has easier processability, higher
absorption in the visible spectrum, lower bandgap, and better
photostability in the ambient condition, as compared to other

halide perovskites.12,13 Among four existing phases (α-cubic, β-
tetragonal, γ-orthorhombic, and δ-orthorhombic) of CsPbI3
NCs,14,15 α-cubic phase is more stable due to its low surface-
to-volume ratio without any octahedral inclination or lattice
distortion in [PbI6]

4− octahedra as well as in the unit cell.16,17

However, the stability of α-CsPbI3 is still a concern due to its
phase transition from the radiative cubic (α-phase) to the
nonradiative orthorhombic (δ-phase) crystals structure, under
exposure to the light, humidity, and temperature.18 To date,
several groups have made enormous efforts to synthesize and
postsynthesis modifications to improve the stability of α-
CsPbI3 in ambient conditions. The choice of surface
passivation using different ligands by controlling their shape
and size is an alternative approach to stabilize perovskite
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a b s t r a c t 

Schiff bases prepared by condensation of 1-(3-aminopropyl)imidazole and three different naturally occur- 

ring aldehydes, namely salicylaldehyde, vanillin and cinnamaldehyde (ISSB, IVSB and ICSB, respectively) 

are tested as corrosion inhibitors for mild steel in 1 M HCl. Comparative effects of extended conjugation 

and + R effect bestowed by the electron donating group are explored towards the extent of corrosion pro- 

tection of mild steel. ICSB, having extended conjugation, stands out to be the most efficient one. At 1 mM 

concentration, it imparts nearly 99% inhibition efficiency at 40 °C after 48 h of exposure of mild steel in 

1 M HCl. DFTB + study reveals the active centers of inhibitor molecules responsible for bi-directional elec- 

tron transfer with metal surface. Irreversibility test with ICSB layer formed after exposure in 1 M HCl for 

24 h having 1 mM ICSB, provides 78% inhibition efficiency to mild steel when exposed to the uninhibited 

1 M HCl for 3 h. From detailed temperature dependence study, thermodynamics and kinetic parameters 

are obtained, which are instrumental to ascertain the nature of adsorption of the studied inhibitors. 

© 2022 Elsevier B.V. All rights reserved. 

1. Introduction 

A variety of Schiff bases have been investigated for their po- 

tential anti-corrosive activities both for ferrous and non-ferrous 

metals and alloys in recent past [1–14] . Schiff bases possess sev- 

eral characteristics conducive for corrosion mitigation. However, in 

many cases the reported inhibition efficiencies are not very high. 

In some instances, the inhibitory effect does not last long, partic- 

ularly at elevated temperature. These shortcomings are associated 

with the insolubility of Schiff bases, as well as instability of the 

inhibitor layer in highly acidic medium under prolonged exposure 

or at higher temperature. In addition, report on the irreversibility 

test for corrosion inhibitors, i.e ., how long the inhibitor layer can 

sustain in the aggressive uninhibited acid solution, is really scarce 

[15] . This is an important aspect in regard to applicability of in- 

hibitors in real situation. Most of the works involving Schiff bases 

as corrosion inhibitors focus on the effect of multiple imine bonds, 

∗ Corresponding author. 

E-mail address: dipankar.sukul@ch.nitdgp.ac.in (D. Sukul) . 

presence of electron donating/withdrawing groups, aromatic moi- 

eties, heteroatoms, aliphatic chain length etc. [1–14] . Some stud- 

ies have pointed out better performance of the Schiff bases having 

extended conjugation, which results into higher electron density 

on the imine group [ 3 , 16–18 ]. In the present work, we intend to 

present a comparative study between the effect of extended con- 

jugation and that of electron donating substituents. For this, we 

have used structurally comparable inhibitor molecules and took 

mild steel as the test material and 1 M aqueous HCl as the corro- 

sive medium. Mild steel is one of the most widely used structural 

materials because of its strength, malleability, ductility, weldabil- 

ity, machinability, and most-importantly cost effectiveness [19] As 

it is very prone towards corrosion, protecting mild steel, particu- 

larly from mineral acid environment like HCl is still a challenge 

[19] . There are diversified uses of mineral acids like HCl. These in- 

clude chemical processing, pickling, acid de-scaling, oil-well acidi- 

fying processes and many others [20] . During these processes, as 

well as during transportation and storage of acid, application of 

suitable corrosion retardant is a pre-requisite. 

https://doi.org/10.1016/j.molstruc.2022.133684 

0022-2860/© 2022 Elsevier B.V. All rights reserved. 
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ABSTRACT: Rapid and accurate identification of a pathogen is crucial for
disease control and prevention of the epidemic of emerging infectious like
SARS-CoV-2. However, no foolproof gold standard assay exists to date. Nucleic
acid-based molecular diagnostic tests have been established for identifying
COVID-19. However, viral RNAs are highly unstable in handling with poor
laboratory procedures, leading to a false negative that accelerates the spread of
the disease. Detection of the spike protein (S1) of the SARS-CoV-2 virus
through a proper receptor, commonly used in antigen-based rapid testing kits,
also suffers from false-negative predictions due to decreasing viral titers in
clinical specimens. Organic field-effect transistor (OFET)-based sensors can be
highly sensitive upon properly integrating receptors in the conducting channel.
This work demonstrates how angiotensin-converting enzyme 2 (ACE2)
molecules can be used as receptor molecules of the SARS-CoV-2 virus in the
OFET platform. Integration of ACE2 molecules into pentacene grain
boundaries has been studied through the statistical analysis of rough surfaces in terms of lateral correlation length and interface
width. The uniform coating of ACE2 molecules has been confirmed through growth studies to achieve better ingress of the receptors
into the conducting channel at the semiconductor/dielectric interface of OFETs. We have observed less than a minute detection
time with 94% sensitivity, which is the highest reported value. The sensor works with a saliva sample, requiring no sample
preparation or virus transfer medium. A prototype module developed for remote monitoring confirms the suitability for point-of-care
(POC) application at large-scale testing in more crowded areas like airports, railway stations, shopping malls, etc.
KEYWORDS: COVID-19, SARS-CoV-2, field-effect transistor, angiotensin-converting enzyme 2 (ACE2), biosensor

The massive impact of coronavirus (COVID-19) infection
on human health has continued through new mutants

since its outbreak in 2019.1,2 Although the mortality rate has
subsided in the recent mutants, the disease predominantly
affects the respiratory system, leading to many pulmonary
dysfunction-related diseases.3,4 Quick detection of the
COVID-19 virus (SARS-CoV-2) has become crucial for the
termination of the SARS-CoV-2 infection chain. Several
potential and practical detection techniques have been
developed, such as reverse transcription-polymerase chain
reaction (RT-PCR),5,6 clustered regularly interspaced short
palindromic repeats (CRISPR),7 loop-mediated isothermal
amplification (LAMP),8,9 computed tomography (CT),10 and
Fourier-transform infrared spectroscopy (FTIR).11 However,
in most cases, these detection methods require a more
sophisticated primer and probe design, multistep reactions,
many reagents, trained technicians to run the machines, bulky
instruments involving time-consuming procedures, etc.12 The
typical sensitivity of these techniques is also limited to about
81%.13 Nevertheless, these techniques are not adequate to

detect at a large scale, which is of utmost necessity to stop the
spread. Therefore, developing a rapid, cheap, easy-to-use, high-
accuracy, and point-of-care (POC) testing method is urgently
needed. Several antigen-based test kits are being used.14−16

Among the many antigen-based COVID-19 diagnosis
methods, the field-effect transistor (FET)-based biosensors
have many advantages, such as high sensitivity, ultrafast
response, high selectivity, and the requirement of a small
volume of analytes for the test.17−20 FET also offers
biodegradability, potential flexibility, and biocompatibility
and involves low-cost fabrication.21,22 These devices are, in
most cases, fabricated on 1D or 2D structures as conducting
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Fabrication of gold nanoparticles
tethered in heat-cooled calf
thymus-deoxyribonucleic acid
Langmuir-Blodgett film as
effective surface-enhanced
Raman scattering sensing
platform

Rajdeep Sinha1†, Sumit Kumar Das2†, Manash Ghosh3 and
Joydeep Chowdhury1*
1Department of Physics, Jadavpur University, Kolkata, India, 2Department of Physics, Government
General Degree College, Tehatta, India, 3Department of Spectroscopy, Indian Association for the
Cultivation of Science, Kolkata, India

SERS active substrate fabricated through self-assembly of Gold nanoparticles

on the disjointed networks of Heat-cooled Calf Thymus DNA (HC-Ct DNA)

Langmuir-Blodgett (LB) film has been reported. Adsorption kinetics of HC-Ct

DNA molecules at the air-water interface has been studied explicitly. The UV-

Vis electronic absorption spectra in conjunction with the FESEM images

collectively suggest the presence of H- type aggregated domains most likely

owing to plane-to-plane self-association of the HC-Ct DNA molecules aligned

vertically on the surface of the LB film. Elemental composition and the

morphological features of the as-prepared substrate (APS) are explored from

XPS analysis and the FESEM, AFM images respectively. The SERS efficacy of the

APS has been tested with trace concentrations of 4-Mercaptopyridine

molecule. Finally, this SERS active substrate has also been used for the

detection of malathion at ultrasensitive concentrations.

KEYWORDS

calf thymus DNA, Langmuir-Blodgett film, gold nanoparticles, SERS, malathion
detection

1 Introduction

Surface-enhanced Raman scattering (SERS) spectroscopy has now emerged as a

fascinating analytical tool for the detection of molecules at trace concentrations in the

limit of single molecule regime (Nordlander et al., 2004; Kneipp et al., 2008;

Hernandez-Sanchez et al., 2018; Tian et al., 2022). The reason behind the colossal

enhancements of Raman bands is now been attributed to the collective response from

the electromagnetic (EM) and charge transfer (CT) mechanisms, of which the former
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Self-assembled gold nanoparticles on the serpentine networks of Calf 
Thymus-DNA Langmuir-Blodgett films as efficient SERS sensing platform: 
Fabrication and its application in thiram detection 

Rajdeep Sinha a,1, Sumit Kumar Das b,1, Manash Ghosh c, Joydeep Chowdhury a,* 

a Department of Physics, Jadavpur University, Kolkata, 700032, India 
b Department of Physics, Government General Degree College, Tehatta, Nadia, 741160, India 
c Department of Spectroscopy, Indian Association for the Cultivation of Science, Jadavpur, Kolkata, 700032, India   

H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Fabrication of SERS active substrate 
from the Langmuir-Blodgett film of CT- 
DNA. 

• Relaxation kinetics of CT-DNA mole
cules at the air-water interface studied. 

• FESEM images of CT-DNA film exhibit 
complex pattern of serpentine networks. 

• SERS active substrate used for thiram 
detection at ultrasensitive 
concentration.  

A R T I C L E  I N F O   

Keywords: 
Langmuir-Blodgett film 
SERS 
Calf thymus-DNA 
Thiram detection 

A B S T R A C T   

Fabrication of efficient SERS active substrates from the Langmuir-Blodgett (LB) films of Calf Thymus-DNA (CT- 
DNA) molecule after incubation into gold nanocolloid for 24 h has been presented. Relaxation kinetics of CT- 
DNA molecules at the air-water interface has been explicitly studied. The experimental observations from 
UV–Vis electronic absorption spectra together with the FESEM and AFM images of CT-DNA molecule organized 
in LB film collectively suggest the presence of H-type aggregated domains due to plane-to-plane self-association 
of the CT-DNA molecules on the surface of the LB film. XPS spectrum of the as prepared substrate has been 
unveiled to identify its chemical compositions while their morphological features are explored from the FESEM 
and AFM images. The SERS efficacy of the substrate has been tested with the 4-Mercaptopyridine (4-MPy) 
molecule at trace concentration. SERS enhancement factors ranging from 106–107 orders of magnitude have been 
evaluated for the characteristic bands of the 4-MPy molecule. The substrate not only exhibits appreciable spectral 
reproducibility, but it also confirms its stability and uniformity. The as prepared SERS active substrate has also 
been used for thiram detection at ultrasensitive concentration.   
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A two-temperature generalized piezo-thermoelastic problem
with Eringen’s non-local effect andmemory-dependent
derivatives under three-phase-lag heat transfer

Nasiruddin Mondal, Md Abul Kashim Molla and Sadek Hossain Mallik

Department of Mathematics & Statistics, Aliah University, Kolkata, India

ABSTRACT
This article deals with piezo-thermoelastic interactions in a homo-
geneous, isotropic generalized thermoelastic semi-infinite medium
whose boundary is assumed to be traction free and subjected to
a thermal loading. This study has been carried out in the con-
text of two-temperature three-phase-lag generalized theory of ther-
moelasticity considering Eringen’s non-local theory and memory-
dependent derivatives. The governing equations of the problem
are solved in Laplace transform domain by applying state space
approach. The inversion of Laplace transform of the solutions has
been done numerically. Numerical solutions obtained for different
thermophysical quantities are represented in graphs to study the
effects of different relevant parameters.
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1. Introduction

Generalized thermoelasticity, a new milestone in the theories of thermoelasticity, prevails
over the vital imperfections of classical theories of thermoelasticity. Lord and Shulman [1]
are the two pioneers who contributed first heavily to the coupled thermoelasticity by intro-
ducing generalized theory of thermoelasticity through alteration of the parabolic nature of
the heat conduction equation to hyperbolic nature. They did this revolutionary change in
the nature of the heat conduction equation by incorporating a relaxation timeparameter in
the Fourier’s lawof heat conduction and in doing so, the unrealistic phenomenonof infinite
speed of thermalwave propagationwas replaced by practical observation of finite speed of
propagation of thermal waves. Later on a bunch of generalized thermoelastic theories viz.,
Green–Lindsay (G-L) theory [2], Green–Naghdi (G-N) theories [3–5], dual-phase-lag theory
[6] and three-phase-lag theory [7] were introduced. To know in detail, one can go through
the works of Ignaczak [8] and Chandrasekharaiah [9,10]. It is to mention that generalized
thermoelastic theories aremore acceptable in compared to the classical thermoelastic the-
ories to tackle real-life oriented problems with high heat fluxes and very short interval of
time, which generally occur in nuclear reactors, energy channels , LASER beams, etc.
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