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Abstract

Flow in an atherosclerotic vessel is a much-researched topic for over
half a century, however very little is known while passing through a re-
alistic vessel. A Mathematical model of blood flow through IVUS-VH
(Intravascular ultrasound-virtual histology) derived patient-specific
artery under stenotic condition has been developed. The flowing
blood in this patient-specific arterial lumen is considered as the Gen-
eralised Newtonian fluid. The non-linear coupled governing equa-
tions of motion accompanied by appropriate choice of the initial and
boundary conditions are solved numerically by MAC (Marker and
Cell) method satisfying suitable stability conditions. Simulated re-
sults exhibited through their graphical representations predict the
dimensionless pressure drop is less for Newtonian model than its non-
Newtonian counterpart and the severity of the roughness contributes
much to the number and length of the flow separation regions in an
atherosclerotic vessel.

©2023 L&H Scientific Publishing, LLC. All rights reserved.

1 Introduction

Atherosclerosis is a kind of disease leading to the malfunction of the cardiovascular system which
involves the hardening of arteries due to blood-borne agonists like low-density lipoprotein (LDL),
pearly substances etc. [1]. Such abnormal deposition in the arterial wall usually occurs in large and
medium-sized arteries [2] that affects the flow which eventually results in cardiac arrest or stroke for
human. A lot of attention is focused in recent years to study atherosclerotic flow by leveraging numerical
techniques to obtain useful information on early detection, prevention and diagnosis of various arterial
diseases. In most cases, consideration of the Newtonian model in diseased conditions or in smaller
vessels with low shear rates may be an underestimation, a non-Newtonian fluid model perhaps suits
well. A number of studies in atherosclerotic vessels have been carried out by considering the flowing
blood as a non-Newtonian fluid [3–9].

†Corresponding author.
Email address: suind1213@gmail.com
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REPRESENTING THE MARGINALISED IN GRAPHIC NOVEL BHIMAYANA: 
EXPERIENCES OF UNTOUCHABILITY: INCIDENTS IN THE LIFE OF BHIMRAO RAMJI 

AMBEDKAR 
 

Dr. Tuhin Majumdar 
Assistant Professor, Department of English, Khatra Adibasi Mahavidyalaya, Bankura,  

West Bengal, India : tuhinmajumdar87@gmail.com 
 

An ideal society must be homogenous in scope, opportunities and treatment. Caste system in 
India has ruptured the homogeneity by unfairly privileging a certain caste over the other merely on 
basis of their birth. Regressive concepts like ‗untouchable‘ and ‗outcastes‘ have rotten the social 

fabric of this country. Politics of dehumanisation has been concomitant with caste discrimination. 
The outcastes are labelled as sub-human and pushed to the peripheries. Belonging to the lowest strata 
of Hindu caste system, the outcastes have been condemned to become shit-cleaners and scavengers. 
Series of deaths of lower-caste workers engaged in cleaning sewers are reported from all corners of 
the country. 

Literatures across time has been voicing the gross human rights violation of the marginalised. 
The present study involving a graphic novel intertwines the inscriptive and the images to 
acknowledge the prime role of Bhimrao Ramji Ambedkar in educating the margins and emboldening 
them to agitate for their rights. The graphic novel in question is Bhimayana: Experiences of 
Untouchability: Incidents in the life of Bhimrao Ramji Ambedkar, published in 2011 by Navayana 
publications. It is illustrated by Gond artists Durgabai Vyam and Subhash Vyam and written by 
Srividya Natarajan and S. Anand. The narrative chronicles the experiences of caste-discriminations 
faced by Bhimrao from his childhood to his becoming of a revolutionary agitating for the rights of 
the marginalised. 

It is pertinent to mention that I have not reproduced in this study any images for reference. 
The inscriptions are quoted for reference. However, to experience the multi-modality of meaning- 
producing, one must go through the interaction between the images and inscriptions shown in the 
graphic novel Bhimayana. The basis of this study is a critical commentary on how the graphic novel 
Bhimayana denounces the malicious practice of caste prejudice, and register protest against it. 

The graphic novel Bhimayana comprises of a main narrative on Ambedkar‘s experience and 

confrontation with caste discrimination. This main narrative is supported by a frame narrative 
dealing with a conversation between a man and a lady. The graphic novel begins with the frame 
narrative debating on the burning issue of reservation quotas in jobs. A man from the privileged caste 
fumes at the reservation policy. In his opinion, ―damn job quotas for Backward and Scheduled 

Castes‖ (Bhimayana 11) have dashed his job scope to the grounds. The other conversant, a lady, 
makes him aware of the reality that ―caste never seems to go away‖ (Bhimayana 11) though people 
claims that caste is a ―non-issue‖ and ―not real‖ (Bhimayana 12). To corroborate her point she refers 
to the brutal killings of Khairlanji where ―Surekha, Priyanka, Roshan and Sudhir & members of the 

Bhotmange family were bludgeoned to death in full view of people of the village‖ (Bhimayana 12) 
as ―Bhotmanges were poor dalits, their education and assertion of their right to a life of dignity was 

enough to ‗provoke‘ violence‖ (Bhimayana 12). 
The next page incorporates a collage of reportages as newspaper-cuttings on violence 

perpetrated on dalits. One newspaper article reports the incident of Rae Bareli in Uttar Pradesh where 
two dalit teenagers were ―tied with ropes and then dragged for several meters‖ (Bhimayana 13) for 
allegedly stealing mobile phones. Another newspaper article reports the incident of honour killing in 
Delhi where the girl and boy were ―electrocuted to death‖ (Bhimayana 13) by the girl‘s family as the 

boy was a dalit. A ridiculous news of compensation is displayed in another report which narrates an 
incident in Morena, Madhya Pradesh where a ―a dalit woman has been ordered to pay compensation 

to the high-caste owners of a dog she fed. The woman says the village council wants her to pay a fine 
of 15,000 rupees‖ (Bhimayana 13). The news of Khairlanji is further displayed in a report depicting 

mailto:tuhinmajumdar87@gmail.com
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Plasmon-Enhanced Electrochemical Biosensing of Hydrogen
Peroxide from Cancer Cells by Gold Nanorods
Swarup Kumar Maji*

Department of Chemistry, Khatra Adibasi Mahavidyalaya, Khatra 722140, West Bengal, India

*S Supporting Information

ABSTRACT: The direct exploitation of generated hot charge carriers originating by
localized surface plasmon resonance (LSPR) from a plasmonic metal nanostructure has been
an important topic for enhancing the electrocatalytic activity; however, the influence of
direct plasmon-accelerated electrocatalytic activity on biosensor device fabrication has not
yet been well explored. In this work, cetyltrimethylammonium bromide-capped gold
nanorods (AuNRs) were immobilized on a glassy carbon (GC) electrode to fabricate a
biosensor device (AuNRs/GC) for the electrocatalytic detection of hydrogen peroxide
(H2O2) under LSPR excitation (808 nm, 2 W cm−2). The sensor device exhibited dramatic
improvement in the biosensing properties (∼2−4-fold) with a wide linear range from 5.0 μM
to 5.0 mM, a lower detection limit of 1.8 μM, and sensitivity of 1.6 μA mM−1cm−2. The hot
charge carriers were produced during plasmon decay and are one of the main reasons for the
superior electrocatalytic activity, which directly related to the light wavelength, intensity, and
solution pH, along with the attentive photothermal effect for enhanced electrocatalysis. The
AuNRs/GC device was finally employed for cancer cell detection by detecting trace amounts of H2O2 released from cervical
cancer cells (HeLa). The finding and concept reveals enhanced electrocatalytic performances by gold nanostructures under
LSPR excitation and therefore assures it as a decent candidate for electrochemical energy conversion and electrochemical
devices.

KEYWORDS: localized surface plasmon resonance, hot charge carriers, hydrogen peroxide, cancer cells, biosensor device

■ INTRODUCTION

The localized surface plasmon resonance (LSPR) is the most
fascinating and unique property of plasmonic metal nanostruc-
tures (gold, silver, copper, etc.) and may be defined by the
combined oscillation of electrons in the conduction band,
recognized when the frequency of irradiated light is resonant
with the normal oscillation frequency of free electrons in metal
nanostructures.1−3 The LSPR in metal nanostructures can
either be inhibited by radiative decay through reemission of
photons or nonradiative relaxation by the generation of hot
carriers (hot electrons and holes) at the nanostructure surface,
while the contribution ratio among the two decay mechanisms
could be estimated by plasmon mode radiance.4 The generated
hot charge carriers are able either to directly contribute to
chemical transformations or to produce local heat. In addition,
the higher electric fields with strong electromagnetic fields are
also produced at the same time at the surfaces of the
nanostructures.5 Because of this LSPR property, the gold
nanostructures can act as probes to convert light energy into
localized electric fields or to direct light to a preferred location
with nanometer accuracy. Moreover, the incident light can be
efficiently operated with extraordinary accuracy through proper
control of the nanostructures by means of their size and
shape.6 Thus, the combination of a tremendously localized
field with plasmonic hot charge carriers has bring about many
potential applications in widely dispersed fields, such as
surface-enhanced Raman spectroscopy,7 biomolecular sens-

ing,8 single molecular spectroscopy,9 solar cells,10 photo-
catalysis,11 enzyme-like studies,12 biomedical engineering,13

and many others.14 It has been found that, with LSPR
excitation, the photocatalysis process shows a different mode of
operation compared to that of normal phonon-driven thermal
process and thus offers an unusual family of photochemical
conversion. In recent years, several studies have been
performed by the LSPR excitation of gold nanoparticles
(AuNPs) for photocatalytic degradation,15 oxidation,16 dis-
sociation of hydrogen,17 water splitting,18 etc. An enhanced
catalytic property was achieved because of the strong
electromagnetic field generation and greater composition of
hot charge carriers due to the absence of any Schottky barriers
compared to a semiconductor photocatalyst. The mechanism
was investigated using dark-field scattering spectroscopy19 and
surface-enhanced Raman spectroscopy20 for the LSPR-assisted
chemical reactions. It was believed that a larger number of
energetic charge carriers are produced by the LSPR excitation
on the surface of the nanostructures and would be transferred
to the proper orbitals of the adsorbed molecules along with the
associated photothermal effect caused via the LSPR excitation
and thus resulting enhanced photocatalytic activity.21
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Accepted: October 22, 2019
Published: October 22, 2019
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