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ABSTRACT: In the present study, the intermolecular interactions
between a water-insoluble phospholipid (DOPC) and water-
soluble protein (myoglobin) and the interaction among themselves
were investigated at the air−water interface using the Langmuir and
Langmuir−Blodgett techniques. The effects of changes in
physicochemical factors, like pH and temperature, on these
interactions were also examined. Surface pressure−molecular area
(π−A) isotherms of the DOPC monolayer at the air−water
interface, with and without myoglobin (Myo) revealed the
evolution of various physical properties, such as elastic,
thermodynamic, and hysteric properties, in response to changes
in subphase pH and temperature. With the increment of subphase
pH from 5 to 7 at a fixed temperature (20 °C), the DOPC isotherm expanded, and the in-plane elasticity (CS

−1) decreased, but no
significant presence of hysteresis was encountered in either of the pH values. On the other hand, a diminution of temperature (from
20 to 5 °C) leads to an expansion of monolayers yielding low elasticity and significant hysteresis. The incorporation of Myo
molecules within the DOPC monolayer decreased the CS

−1 value of the DOPC monolayer. Such a decrement in CS
−1 was also

encountered while increasing the pH and decreasing the temperature (T) of the subphase in the absence of Myo. Systematic
expansion of DOPC isotherm and increased hysteric area with the increase in Myo proportion were observed and the atomic force
microscopy (AFM) observations suggested a strong conjugation between Myo and DOPC in the mixed monolayer. The
denaturation effect of Myo molecules was studied using AFM at different temperatures. Furthermore, the Myo molecules were found
to be most surface active at pH = 7, which is very close to its isoelectric point. These observations come up with the interaction
mechanism between biomolecules under dynamically varied conditions.

1. INTRODUCTION
The lipid monolayer that forms at the air−water interface can
be viewed as a valuable model membrane for studying the
interactions of biomolecules, such as DNA, proteins, cellulose,
and others, with cell membranes.1−7 This is because the model
membrane mimics the physical and chemical properties of the
cell membrane, providing a simplified but representative
system for investigating these interactions. Studies of this
model membrane have led to a deeper understanding of how
biomolecules interact with cell membranes, which is crucial for
understanding how cells function and communicate with each
other. Additionally, studies of the model membrane have
provided insights into biomolecules’ fundamental properties
and behavior in solution and at interfaces. A particular focus of
these studies has been on the role of phospholipids in
biological membranes. Due to their unique amphiphilic
properties, phospholipids, which are major components of
biological membranes,8 are currently being studied in the fields
of biochemistry, chemistry, and polymer science.9 These
studies aim to better understand the structure of phospholipids

and how it relates to the biophysical characteristics of
biological membranes, as well as the specific molecular
interactions of medicinal drugs with biological membranes.10

Moreover, it is particularly intriguing to observe how
phospholipid monolayers spread and develop at the air−
water interface because it resembles the physiological function
of lung surfactant.4 Lung surfactant, a crucial component in
breathing, comprises phospholipids and determined amounts
of surface-active proteins. It works by spreading across the
aqueous alveolar−air interface and significantly reducing
surface tension, which lessens the effort required for breathing
and plays a vital role in controlling pulmonary immunity and
other related physiological functions within the lungs.4 This
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Abstract:The study thoroughly analyzes the time-average excitation rate of impurity-doped 

GaAsquantum dots under the supervision of Gaussian white noise. The excitation of the ground state 

population has been initiated by a time-dependent impurity potential strength. Gaussian whitenoise 

links with the system by additive and multiplicative modes. The study unveils the outcomeof some 

parameters' concerted impact, which ultimately designs the characteristics of the timeaverageexcitation 

rate plots. These parameters include a variation of several physical quantities andtheir magnitude, the 

presence of Gaussian white noise in a given mode, and the time-dependent fluctuation of impurity 

potential strength (periodic/random). As a result, the time-average excitation rate diagramsconsist of 

monotonic growth, monotonic drop, maximization (importantgiventhe production of large nonlinear 

optical properties), and minimization and saturation (relevant to dynamic freezing). The observations 

highlight the means of exploiting time-dependent impuritypotential strength to regulate the time-

average excitation rate among the doped GaAs quantumdot eigenstates. 

Keywords: quantum dot; Gaussian white noise; time-average excitation rate; time-dependent 

impuritypotential strength. 
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1. Introduction 

Quantum dots (QDs) are a special class of low-dimensional nanostructures 

characterized by the completely restricted motion of the carriers (electrons and holes) in space. 

By virtue of their extremely small size, they become able to exhibit a number of quantum 

phenomena. QDs manifest remarkable size-dependent electronic, electrical, optical, magnetic, 

and thermodynamic properties. These properties are often found to be quite tunable and lead 

to widespread usage of QDs in various technologically advanced devices. 

Doping of impurity to QD affects its effective confinement potential (ECP) and altersits 

energy spectrum and eigenstates. The above alteration makes external regulation ofthe physical 

properties of QDs quite achievable, giving rise to the enormous scope of fabricatingadvanced 

quantum devices. As a result, we find lots of research works examining the impurity effects in 

QD and other low-dimensional semiconductor systems (LDSS) [1-10]. 
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External Field-induced Transitions in Quantum Dot: Role of
Noise-anharmonicity Interplay
Swarnab Datta,[a] Sk. Md. Arif,[b] Debi Roy,[c] and Manas Ghosh*[b]

This work scrutinizes the time-average excitation rate (TAER)
among the GaAs quantum dot (QD) eigenstates under the aegis
of Gaussian white noise (GWN) and the parity of the anharmonic
potential (odd/even). GWN connects with the system by additive
or multiplicative mode. The said excitation of the ground state
population has been triggered by an external field which may
be a polychromatic radiation field (PRF), or pulsed field (PF) or
chirped pulsed field (CPF). The study reveals the subtle nuances
of the interplay between noise (additive or multiplicative),

anharmonicity (odd or even) and the external field (PRF, PF or
CPF) that finally govern the attributes of the TAER diagrams.
The TAER profiles exhibit persistent growth, persistent decline,
maximization (important in view of production of prominent
nonlinear optical properties), minimization and saturation
(relevant to the dynamic freezing). The findings appear useful
for regulating the TAER among the GaAs QD eigenstates which
have substantial technological relevance.

Introduction

Quantum dots (QDs) are special kind of low-dimensional nano-
structures with totally arrested movement of the carriers
(electrons and holes) in space. Exploiting their extremely small
size they often manifest quantum behavior consisting of
noticeable size-dependent electronic, electrical, optical, mag-
netic and thermodynamic properties. More often than not,
these properties appear to be quite adjustable and make QD
an ubiquitous component of various technologically sophisti-
cated devices. In consequence, we find a rich amount of studies
devoted to the low-dimensional nanostructures[1–11] with special
emphasis on their nonlinear optical (NLO) properties.[12–39] In this
context, a few works that reside in the research frontier of QD
systems merit mention.[40–42]

Harnessing the effective confinement potential (ECP) of QD is
a key issue as it modulates its energy spectrum and the
eigenstates. Such modulation makes external control of the
physical properties of QDs quite viable and opens up new
avenues of manufacturing advanced quantum devices. Exis-
tence of anharmonic potential in QD noticeably affects the ECP
which is reflected through substantial change in its various
properties. Thus, the performance of the devices consisting of
QDs is also modified. This fact makes anharmonicity achieve
significant technological relevance, and, indeed, anharmonicity
assumes unquestionable prominence in the field of micro-
electronics and optoelectronics. Furthermore, the symmetry

(odd/even) of the anharmonicity also puts recognizable signa-
ture on modulation of several properties of low-dimensional
systems. For example, if we envisage QDs composed of circular
or parabolic confinement and consisting of single carrier, the
symmetry of the system makes first NLO response completely
disappear. Interestingly, inclusion of a parity breaking (symme-
try removing) anharmonicity in the ECP produces noticeable
non-vanishing quadratic hyperpolarizability. Added to this, a
regular variation in the anharmonicity strength can also affect
the properties of the low-dimensional nanostructures.[43]

Gaussian white noise (GWN) can also be introduced to the
QD system and becomes another member of the ECP. Presence
of noise invariably alters the performance of QD-based devices
and thereby deems substantial relevance. GWN, in general, is
endowed with two special physical attributes like zero-average
and spatial delta-correlation. The extent to which GWN affects
the ECP depends on how it links with the QD, i. e., in other
words, how it is applied to the QD. Specifically, GWN is termed
as additive white noise (ADWN) and multiplicative white noise
(MLWN) depending on its way of being applied to the QD. As
ADWN and MLWN interact differently with QD, the properties
of the system are also modified differently with respect to the
situation completely devoid of noise.

External electromagnetic field induces excitation of ground
state electronic population of the low-dimensional systems to
the higher eigenstates.[44–49] Such excitation bears tremendous
importance in view of exploring new pathways of electronic
transport, fabrication of advanced opto-electronic and light-
emitting devices[46] and quantum computation.[44,50,51] Further-
more, such transitions also become responsible for the
production of significant linear and NLO responses. The extent
of such transition, on the whole, is governed by the ECP which
comprises of the inherent QD confinement potential, presence
of noise and the features of the anharmonic potential.

Polychromatic radiation field (PRF) is an example of external
field which can promote transitions among QD eigenstates. A
continuous wave laser can produce PRF. A PRF usually contains
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Population Transfer Among the Quantum Dot Eigenstates
Driven by Time-dependent Anharmonic Potential: Role of
Noise
Swarnab Datta,[a] Sk. Md. Arif,[b] Debi Roy,[c] and Manas Ghosh*[b]

The study meticulously inspects the time-average excitation rate
(TAER)of lowest energy state electronic probability of GaAs
quantum dot (QD)to the higher energy states. The excitation
occurs as the anharmonic potential(a part of QD confinement)
starts varying with time either periodicallyor randomly. The
anharmonic potential is characterized by either evenor odd-
parity. Gaussian white noise (GWN)has also been introduced to
the QD either via additiveor multiplicativemode. The study
announces that the coupled impact of the given physical

quantity, the symmetry of the anharmonicity, presence/
absence of noise, the route of entrance of noise, and the nature
of time progress of anharmonicity constant, ultimately regu-
lates and fine-tunes the attributes of the TAER diagrams. The
TAER diagrams comprise of regular rise, regular fall, max-
imization (pertinent to production of high value of nonlinear
optical (NLO) properties), minimization and saturation (pertinent
to dynamic freezing). The outcomes of the study seem to be
recognizable in various applications of devices containing QD.

Introduction

Quantum dots (QDs)are renowned low-dimensional nanostruc-
tures characterized by total spatial restriction of the movement
of the carriers (electrons and holes). By virtue of their extremely
small size they often exhibit quantum behavior revealed
through the size dependent electronic, electrical, optical,
magnetic and thermodynamic properties. These properties
generally emerge out to be quite controllable there by making
QD a widespread component of several technologically
advanced devices. In consequence, we find lots of works that
deal with the various aspects of the low-dimensional
nanostructures[1–9] with special thrust on their nonlinear optical
(NLO) responses.[10–31] Modulation of the effective confinement
potential (ECP)of QD is a central issue as it affects its energy
spectrum and the eigenstates. Such modulation makes it
possible to regulate the properties of QDs and plays crucial role
in manufacturing improved quantum devices. Presence of
anharmonicityin QD modifies the ECP and hence its various
properties, which, in turn, influences the output of QD-based
devices. The anharmonic potential is not any external potential
but a part of inherent confinement potential of QD. Luban
et al. in theirwork have showed that certain features of energy
spectrum of QD nanostructures cannot be explained from
purely parabolic confinement. In order to explain these features

consideration of anharmonic confinement becomes necessary
leading to considerable modifications to parabolicity. The
anharmonicity arises due to irregularities in the charge
distribution. Consideration of anharmonicity offers new insights
and opportunities in device microfabrication and operation.[32]

Thus, anharmonicity assumes a lot of importance reflected
through its unquestionable technological relevance in the field
of microelectronics and optoelectronics. It needs to be
mentioned that the symmetry (odd/even)of the anharmonicity
plays vital role in influencing the properties of the low-
dimensional systems. For example, the first NLO response of
single carrier QDs with circular or parabolic confinement
completely subsides owing to the symmetry of the system.
However, the incorporation of a parity breaking (symmetry
disrupting) anharmonicity in the ECP generates significant non-
vanishing quadratic hyperpolarizability. Obviously, a gradual
change in the anharmonicity strength influences the properties
of the low-dimensional nanostructures.[33] Introduction of
Gaussian white noise (GWN)to QD is an alternative way of
perturbing its ECP. Noise enjoys utmost importance thanks to
its well-known capacity of changingthe performance of devices
comprising of low-dimensional systems. GWN is defined by two
essential physical criteria of zero-averageand spatial delta-
correlation. It is the mode of attachment of GWN to QD which
determines how it affects the ECP. To be precise, GWN is called
additive white noise (ADWN)and multiplicative white noise
(MLWN)depending on the aforesaid mode. Since ADWN and
MLWN couple differently with QD, its physical properties are
also changed in diverse ways in comparison with the noise-free
environment. Excitation of ground state electronic probability
to the higher states in QDs is extremely important for electronic
transport, production of large nonlinear optical (NLO)responses,
designing of novel opto-electronic and light-emitting devices
and quantum computation.[34–36] Most often, above transitions
take place by the interaction of low-dimensional systems with
the impinging electromagnetic radiation.[36–41] The size (extent/
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Significance of binary chemical reaction with activation energy in 
magneto-bioconvection flow of a Powell Eyring nanofluid past an inclined 
stretching sheet by considering temperature-dependent viscosity and thermal 
conductivity
Surya Kanta Mondala and Dulal Palb*
aDepartment of Mathematics, Abhedananda Mahavidyalaya, West Bengal, India; bDepartment of Mathematics, Visva-Bharati University, West 
Bengal, India

ABSTRACT
In this paper, an unsteady magneto-bioconvection flow of Powell Eyring nanofluid over an inclined 
stretching sheet in the presence of variable viscosity and thermal conductivity with multiple slip 
effects has been investigated numerically. The binary chemical reaction with activation energy, 
viscous dissipation and nonlinear thermal radiation effects are included in this study. The fluid 
viscosity and the thermal conductivity are assumed to be a linear function of temperature. The 
basic governing equations are solved numerically by the Runge-Kutta Felhberg method after using 
similarity transformation. The impact of bioconvection and important physical parameters on 
profiles of velocity and temperature of nanofluid and nanoparticles concentration, the density of 
motile microorganisms are analyzed graphically. Findings reveal that the velocity profile decreased 
by increasing the Powell Eyring fluid parameter values, whereas the temperature distribution 
depicts the opposite trend. The temperature profile increased with an increment of thermal 
conductivity parameter, whereas the opposite trends are found for Eckert number. The trend of 
the graph of temperature profile and nanoparticle concentration profile declined with an incre
ment of the temperature slip parameter. Also, the nanoparticle concentration profile and density of 
microorganism profile decreased with an increment of activation energy parameter and chemical 
reaction parameter. The scope of the present investigation can be related to the advanced 
nanomechanical bioconvection energy conversion devices and bio-nanocoolant systems, among 
other relevant things.
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KEYWORDS 
Powell Eyring nanofluid; 
bioconvection; temperature 
dependent viscosity and 
thermal conductivity; 
activation energy and binary 
chemical reaction; inclined 
stretching sheet

1. Introduction

Most fluids used in industries are non-Newtonian (i.e. 
the relationship between shear stress and strain is non- 
linear) because Newtonian fluids have some limitations 
in giving accurate predictions of flow formations and 
heat transfer. Some examples of non-Newtonian fluids 
are mud, ketchup, blood, toothpaste, lubricant, etc. 
Researchers are dedicated to investigating various pat
terns of non-Newtonian fluids. Several models have 
been proposed to understand and analyze this type of 
fluids (non-Newtonian fluids), such as the power-law 
model, the Casson fluid model, Maxwell fluid model, 
Jeffrey fluid model, Eyring-Powell fluid model, and so 
on. The Eyring-Powell fluid model has been employed 
for the present investigation. This model is proposed by 
Eyring and Powell [1]. Powell-Eyring fluid model is 
advantageous over the other non-Newtonian models 
because the Powell-Eyring fluid pattern is distinguished 

by following the same behavior as Newtonian fluid for 
low and high shear rates. Also, it was deduced from the 
kinetic theory of liquids rather than the experimental 
relationships in the case of the Power-law model (Malik 
et al. [2]). Several research articles have been devoted to 
comprehending this type of fluid and its applications in 
industries. Hayat et al. [3] explored Powell-Eyring fluid 
mixed convection unsteady flow under chemical reac
tion, thermal radiation, and non-uniform heat source/ 
sink over an inclined stretching sheet. Reddy et al. [4] 
examined unsteady Powell-Eyring fluid heat and mass 
transfer over an inclined stretching sheet with a non- 
uniform heat source/sink, thermal radiation, and first- 
order chemical reaction effects.

Nanoparticles are tiny sized ðdiameter< 100nmÞ solid 
particles. These particles are mixed with base fluids such as 
water, kerosene, engine oil, ethylene glycol, and biofluid to 
enhance the heat transfer properties of the fluid. The 
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