Editors
Dr. Ebey P. Koshy

Published by Dr. Joshy Varghese
St.Joseph’s College, Moolamatiom

Re-accredited with '\ grade in 2018 (CGPA-3.12, Il cycle) Mr. Jose James

Volume Il | March 2019




Josephine Researcher

Editors

Dr. Ebey P. Koshy
Dr. Joshy Varghese

Mr. Jose James

St. Joseph’s College, Moolamattom
Arakulam P.O., Idukki, Kerala, India

Volume: II, March 2019

ISBN : 978-93-87709-11-9




Editors

Josephine Researcher Dr. Ebey P. Koshy
Interdisciplinary Research Resource Book (Associate Professor in Chemistry and Senior Editor)
Published from

Dr. Joshy Varghese

St. Joseph’s College, Moolamattom, Arakulam P.O., (Associate Professor in Malayalam)

Idukki, Kerala, India Mr. Jose James

(Assistant Professor in Chemistry)

Patron

Rev. Fr. Sebastian Elanjikkal CMI Editorial Address

(Provincial, St. Joseph’s Province, Kottayam) The Editor, Josephine Researcher

St. Joseph’s College, Moolamattom,
Arakulam P.O.685591

Phone: 04862-252043, 7510312043,
Fax: 04862-252766

Chairman - Advisory Board

Rev. Dr. Jose Nedumpara CMI
(Prior, St. Joseph’s Monastery, Arakulam)

Managing Editor
Dr. George V. Thomas

E-mail: sjcmoolamattom @ gmail.com,
(Principal, St. Joseph’s College, Moolamattom)

Website: www. stjosephcollegemoolamattom.org

Executive Editor

Reyv. Fr. Libin Valiyaparambil CMI

Owned, Printed and Published by
(Bursar, St. Joseph’s College, Moolamattom )

Principal, St. Joseph’s College, Moolamattom,
Arakulam P.O., Idukki, Kerala, India




Advisory Board

~

Dr. Saju M.Sebastian (HOD, Chemistry)
Dr. Roy Sebastian K (HOD, Physics)
Rev. Dr. Thomas George (HOD, Physical Education)
Mr. Justine Joseph (HOD, Economics)
Dr. Sabukutty M. G. (HOD, Mathematics)
Dr. C. T. Francis (HOD, Management Studies)
Mr. Roby Mathew (HOD, English)

Mr. Mathew Kanamala (HOD, Social Work)
Mr. Jimmy George V. (HOD, Commerce)
Mr. Thomas Sebastian (Head Accountant)
gqm. Droupathi Devi C.G.( Librarian)

Editorial

The second volume of Josephine Researcher brings together
quality research material with keen blend of innovation, creative
insight, and presentation of unique knowledge documented with
precise and meticulous attention serving the institution’s ideal of
eminence and excellence in avenues of higher education.

This volume becomes a treasured collection of scholarly
research articles authored by the estimable Faculty of St. Joseph’s
college from diverse disciplines. The journal offers a trajectory of
guidance to the academic community including future researchers,
teachers and students making available rich potential of information
within affordable reach.It acts as a platform for an in-depth analysis
of issues, comments and concerns on different scientific, social,
ethical and literary discourses.

As the new volume is unveiled to the academic community,
the editorial team extends gratitude to the contributors and supporters
of this endeavour.

Without the sagacious vision and ardent leadership of Rev.
Fr. Sebastian Elanjickal CMI, Provincial , St. Joseph’s Province, the
second volume of Josephine Researcher would not have been a
reality. We are very much grateful to be the beneficiaries of the
magnificent charisma at the helm of our missions. We are very
fortunate to be inspired by the leadership of our College Local
Manager and Chairman of the Advisory Board Rev. Dr .Jose
Nedumpara CMI.. His ideals have greatly been helpful in bringing




out the journal with keen insistence on quality and profound depth.
We are thankful for the farsighted guidance and persistent motivation
of our College Principal Dr. George V. Thomas behind all the efforts
regarding the publication of this volume. The dynamic cooperation

and corrective interventions of our College Bursar Fr. Libin
Valiyaparambil CMI has been of great strength for us in the shaping
of the final volume.

~

The presentissue includes five research articles from science,
two from social science, one from commerce and four from literature.
We believe this volume will positively ignite new sojourns and
unfathomable quests towards the realms of true cognizance.

Dr. Ebey P. Koshy
Dr. Joshy Varghese

Mr. Jose James
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Supreme Court Judgement on Sabarimala :
Legal Implications

i

Dr. Fr. Jose Nedumpara

Article 25 of the constitution of India guarantees to every
citizen the right to freedom of religion. He has the right to profess,
practise and propagate the religion of his choice. The constitution
upholds the principal of “secular state” which means there shall not
be any ‘state religion’ or ‘state sponsored religion” in India.
India under the constitution is a secular state. Indiais a secular
state which observes an attitude of neutrality and impartiality towards
all religions. A secular state is founded on the principal that the state
is concerned with the relation between Man and Man and not with
the relation between man and god which is a matter of individual
conscience. The state shall treat all religions and religious groups
equally and with equal respect without interfering in any manner
with their individual right of religion, faith and worship.
The attitude of impartiality and neutrality towards all religions
is secured by the constitution by several provisions'
Firstly there shall be no “state religion” in India. The state
will not confer any special patronage upon any particular religion. It
postulates that
a) The state will not compel any citizen to pay any taxes for the
promotion or maintenance of any particular religion or religious
institution.?

b) No religious instruction shall be provided in any educational
institution wholly provided by state funds.

c) Religious instruction may be imparted in private educational
institutions recognized by or receiving aid from the state. But no
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person attending such institution shall be compelled to receive
that religious instruction without the consent of himself or of his /
her guardian in the case of pupil who is a minor.

Secondly, every person is guaranteed the freedom of
conscience and the freedom to profess, practise and propagate his
own religion subject to;

A)  Restrictions imposed by the state in the interests of public
order, morality and health.

B)  Regulations or restrictions made by the state relating to any
economic, financial, political or other secular activity which
may be associated with religious practice, but do not really
appertain to the freedom of conscience.

C)  Measures for social reform and for throwing open of Hindu
religious institutions of a public character to all classes and
sections of Hindus.

Thirdly, not only is there the freedom of the individual to
profess, practise and propagate his religion, there is also the right
guaranteed to every religions group or denomination.?

a)  To establish and maintain institutions for religious and
charitable purposes.

b)  Tomanage its own affairs in matters of religion.
¢)  Toownand acquire movable and immovable property and
d)  Toadminister such property in accordance with law

Itis to be noted that this gnarantee is available not only to
the citizens of India but to all persons including aliens.

The ambit of the freedom of religion guaranteed by articles
25-26 has been widened by the judicial interpretation that what is
guaranteed by article 25 and 26 is the right of the individual to practise
and propagate not only matters of faith or belief but also all those
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rituals and observances which are regarded as integral parts of a
religion by the followers of its doctrines.*

Each religious denomination or organization enjoys complete
autonomy in the matter of deciding as to what rites and ceremonies
are essential according to the tenets of the religion they hold.’
Regulation by state again cannot interfere with things which are
essentially religious.® But the court has the right to determine whether
aparticular rite or observance is regarded as essential by the tenets
of a particular religion and to interfere if a particular practice offends
against public health or morality or not being an essentially religious
practice, contravenes any law of social, economic or political
regulation.’

The supreme court in a land mark judgement, lifted the
centuries old prohibition on women to enter the famed sabarimala
temple in Kerala .The supreme court bench headed by Chief Justice
Deepak Mishra in a majority opinion of 4:1, said, the prohibition
reduced the freedom of religion to a ‘dead letter ‘and the ban was a
smear on the individual dignity of women.$

The prohibition in sabarimala on women was founded on
the notion that menstruating women are polluted and impure, that
women in the ‘procreative stage’, would be a deviation from the
vow of celibacy taken by the male devotees of Lord Ayyappa for
the pilgrimage. Besides the deity in sabarimala is himself ‘naishtika
brahmachari’ or an eternal celibate.

Chief Justice Deepak Misra held that the ban was actually a
product of hegemonic patriarchy religion. This ban exacts more purity
from women than men. The ban is discriminatory.® Justice D.Y
Chandrachud , in his separate but concurring opinion said, to suggest
that women cannot keep the ‘vratham’(vow of celibacy),is to
stigmatize them and stereotype them as being weak and lesser human

11




Josephine Researcher

beings. A constitutional court must refuse to recognize such claims.'

Justice Chandrachud termed the social exclusion of women,
based on menstrual status, a form of untouchability.! The judge
observed that notions of purity and pollution stigmatized individuals.
To exclude women was derogatory to an equal citizenship.

Itis assumed that the presence of women would deviate the
celibacy and austerity observed by the devotees. Such a ckaim cannot
be a constitutionally sustainable argument. Its effect is to impose the
burden of man’s celibacy on a woman and construct her as a cause
for deviation from celibacy.

This is then employed to deny access to spaces to which
women are equally entitled, justice Chandrachud rationalized."

A deity in a temple does not have constitutional rights.
Fundamental rights are meant for individuals, not for deities or idols,
Justice Chandrachud said, countering the argument that the right to
preserve the celibacy of the deity in the sabarimala temple is a
‘protected constitutional right’, which extends to excluding women
from the temple."

Indu malhora wrote a separate judgement, dissenting with
the majority to open up sabarimala temple for women that the judges
should not impose their personal views in respect of the form of
worship of a deity.' In a pluralistic society, the followers of various
seats have the freedom to practise their faith in accordance with the
tenets of their religion. Notions of rationality cannot be invoked in
matters of religion by courts, she said. Itis irrelevant whether the
practice is rational or logical. She held that the manifestation is in the
form of a ‘naishtik brahmachari’. The belief in a deity, and the form
in which he has manifested himself is a fundamental right protected
by article 25 (1) of the constitution of India."

Josephine Researcher

She said the prohibition in vogue for time immemorial
qualified to be an ‘essential practice’. A religion can lay down a
code of ethics, and also prescribe rituals, observances, ceremonies,
and modes of worship. Imposing the court’s morality on a religion
would negate the freedom to practice ones religion according to
one’s faith and beliefs. It would amount to rationalizing religion, faith
and beliefs, which is outside the ken of courts, justice Malhotra
observed.'® ,

Justice Indu Malhotra held that India is a country comprising
diverse religions, creeds and sects, each of which have their faiths,
beliefs and distinctive practices. Constitutional morality in a secular
polity would comprehend the freedom of every individual, group,
sect, or denomination to practise their religion in accordance with
their beliefs and practices."”

Justice Malhotra upheld the status of Ayyappa devotees as
a separate religious denomination. She banked on the notifications
issued by the Travancore Devasom Board in 1955 and 1956 which
refer to the devotees as ‘Ayyappans’.' She argued that the
worshippers of Lord Ayyappa together constitute a religious
denomination or sect thereof as the case may be, follow a common
faith and have common beliefs and practices. The worshippers
constitute a religious denomination or sect thereof, as the case may
be, following the *Ayyappan Dharma’. They are designated by a
distinctive name wherein all male devotees are called * Ayyappans’
, all female devotees below the age of 10 and above the age of 50
are called * Malikapurnams’. A pilgrim in his maiden trip is called
‘Kanni Ayyappan’. The devotees are referred to *Ayyappa swamis’.
A devotee has to observe “The vratham’(vow of celibacy) and follow
a code of conduct, before embarking upon the ‘Pathinettu
padikal’(18 steps) to enter the temple

12
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In 1951 the Bombay High Court in the state of Bombay
versus Narasu Appa Mali case had delivered the judgement that
personal law, religious customs, usages and beliefs are outside ambit
of fundamental rights of equality, life and dignity. ' The decision in
Narasu case declared that personal law is immune from constitutional
scrutiny. Personal law is not ‘law’ or ‘laws in force’ under Article
13. The 1951 judgement was never challenged in the m:@moao Court.

In the Sabarimala case the Supreme Court held that no body of
practices can claim supremacy over the constitution and its vision of
ensuring the sanctity of dignity, liberty and equality. Those activities
that are inherently connected with the civil status of individuals cannot
be granted constitutional immunity merely because they may have
some associational features which have a religious nature, Justice
Chandrachud held.

Adv.Mathews Nedumpara counsel for the petitioner,
Adv.Shylaja Vijayan, the secretary for All India Ayyappa Devotees
Association argues that devotees of Lord Ayyappa of Sabarimala,
women and men, believe and follow the faith that L.ord Ayyappa is
a Naishtika Brahmachari, who does not desire women of
menstruating age to enter the shrine. The abode of Lord Ayyappa
which is deep inside the forest in Sabarimala, amply proclaims that
he wants to keep away from the people. He wants to be an eternal
celibate (Naishtika Brahmachari). Hence he wants to keep himself
away from the young women, between the ages of 10—50. This is
the belief system which lakhs of devotees of Lord Ayyappa, both
Men and women want to uphold and preserve. A belief system is
beyond reason or rationality and hence should not be questioned in
a secular court of law.

The restriction in Sabarimala is not a gender discrimination
but a restriction on the basis of age. The women who are the age
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group of 10—50 usually do not go to Sabarimala to have ‘Darsan’
of Lord Ayyappa. It is a tradition followed by the women devotees
of Ayyappa. The women of Kerala haven’t complained against this
long established tradition. The devotees of lord Ayyappa and in
particular the women devotees of menstruating age, too consider
the aforesaid judgement of the Supreme Court which is in conflict
with command of Lord Ayyappa is a violation of their freedom of
conscience, belief, faith and worship guaranteed by the constitution.
The secular court need not interfere in the matters of faith which are
notreasonable or logical in relation to legal concepts. The people

have the freedom to hold a faith or belief which is not reasonable at
all.

The judgements of the Supreme court are laws of the land
and citizens are bound by them and the only means of correction
thereof is a review on a limited ground under Article 137 of the
constitution which is to be heard in champers and further corrections
thereof by way of curative petition.

Those who opposed the entry of women argue that unless
the custom or religious right is so obnoxious the court cannot interfere
with such rights. The character of the deity as an incarnation of God
at the time of ‘prathishta’, is a Naishtik Brahmachari, and this
character cannot be changed. The deity will neither see women the
age of 1050, nor will women see the deity.”

The petitioners who seck Review Petition argue that the
judgement erroneously imported the concept of untouchability under
Article 17 of the constitution without understanding the historical
context. The exclusion is a general one and women are not excluded
on the basis of caste, gender or religion . The exclusion is merely on
the basis of age. The exclusion is within the class of women and that
is to protect the character of the deity.
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Adyv. Parasaran who represented Nair service society in
the Supreme Court argue that the constitutional morality is a
subjective test which should not be applied in matters of faith.
Religious beliefs cannot be tested on the basis of rationality. The
right to worship has to be exercised in consonance with the nature
of deity and essential practice of the temple.?!

Senior counsel Adv. V Giri appearing for the Sabarimala ‘tantri’
(chief priest) argue that the exclusion of women has nothing to do
with physiological character of women. There are thousands of
Ayyappa temples in India which do not have this system and this
practice is being followed only in Sabarimala temple. It is the duty
of the ‘tantri’, to preserve and protect the essential religious practices
in Sabarimala.?

Shekhar Naphade, advocate for parties seeking a review
of the Supreme Court judgement, holds that it is not the jurisdiction
of a Court to decide what essential part of a religion is and it has to
be decided by the community of believers.”

The pertinent question is whether the apex court should
interfere in the matters of faith which are not at all reasonable. There
are many critics who hold the opinion that so many cases which
affect the lives of the common people are pending in the court for
adjudication. Why should the court interfere in these kinds of
unnecessary issues and waste its precious time. Majority of the
women in Kerala and India do not consider the Sabarimala faith
issue a serious matter to be considered by the Supreme Court
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Abstract

A classic set of semi-interpenetrating polymer networks
(semi-IPNs) have been fabricated using the judicious selection of a
pair of thermoplastic and an elastomer with effective interpenetration
between them. Semi-IPN based on styrene butadiene rubber (SBR)
and poly [methyl methacrylate] (PMMA) has been fabricated by
sequential polymerization technique. The different mechanical
properties of semi-IPNs are investigated in detail. Tensile toughness
values of semi-IPNs are evaluated and their chemistry is explained.
Morphological analysis of semi-IPNs through SEM provides clear
insight of their component distribution in it. This protocol of
characterization in semi-IPN can definitely act as a platform for
designing of new toughened plastic with low cost and facile
fabricationprotocol.

Key Words: IPN, semi-IPN, Toughened plastic, Mechanical
properties
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INTRODUCTION

Multi component polymeric systems[ 1] have a specific role
in the broad canvas of Material science. Interpenetrating polymer
networks (IPNs) and semi-IPNs are special type of polymer
blends|2] with specific features and potential applications[3]. IPNs
are defined as networks where two components are cross-linked
but not to each other[4].If one component adopts linear fashion,
then itis called semi-IPN[5].The cross-linked phase of semi-IPN
usually exists as continuous phase[6]. IPN can show synergistic effect
of their component polymers and consequently avoid their limitations
to considerable extent. Normal mixing of two or more polymers/
co-polymers does not lead to the creation of an IPN.

Sequential polymerization, simultaneous polymerization and
latex blending methods are the common protocols[7] employed in
the manufacture of semi-IPNs. Nature of components with their
cross-link densities, blend ratio and tunable morphology are major
controlling factors in semi-IPN domain[8]. The two characteristic
features of IPNs that distinguishes itself from the other types of
multiphase polymer systems are as follows: (a) IPNs swell but do
not dissolve in solvents and (b) creep and flow are suppressed in
IPNs.Three dimensional interlocked network structure of semi-IPN
provide certain degree of compatibility between their components,
even though they are incompatible[9]and as a result, the final system
possess smaller domain size[10] than those of corresponding
mechanical blends.

Anumber of articles[11, 12] had been present in the literature
dealing with different preparation protocol[ 13] and characterization
strategies[14, 15]. Aji. P. Mathew[16] successfully explained the
Morphology, Mechanical Properties, and Failure-Topography of
Semi-Interpenetrating Polymer Networks based on Natural Rubber
and Polystyrene.
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In this article, a novel set of semi-IPN membranes have
been prepared from poly methyl methacrylate (PMMA) and styrene
butadiene rubber (SBR) by adopting sequential polymerization
protocol. By the judicious interpenetration of SBR and PMMA by
sequential polymerization technique, we have prepared a series of
low cost semi IPNs based membranes. Correlation between
mechanical and morphological features of semi-IPN is very relevant
and this is the novelty of our work.

2. Experimental
2.1. Materials

Styrene butadiene rubber (Synaprene 1502) with 25%
styrene content was used for this study was supplied by Indian
Synthetic Rubber Limited (ISRL). Dicumy! peroxide (DCP 99%)
and benzoyl peroxide (BPO) were purchased from Aldrich and used
as such. Methyl methacrylate (MMA, Aldrich) was freed from
inhibitor and used.

2.2. Preparation of semi-IPNs

’

SBR was masticated in a two-roll mixing mill at room
temperature. It was mixed with DCP (1/2/3phr) in a two-roll mixing
mill at room temperature as per ASTM standards. In the preparation
of semi-IPN using cross-linked PMMA phase, the following method
has been adopted. Vulcanized SBR sheets of definite weight and of
thickness (2mm) were immersed in ahomogeneous mixture of MMA
and BPO (the concentration of BPO was based on the MMA
content) for different time intervals. As a result, we get swollen
samples with different weight percentages of MMA. To get an
equilibrium distribution of MMA monomer in the matrix, swollen
samples were kept at 273 K for three hours.

These SBR sheet was kept in between two stainless steel
plates inside an oven at 353K for 16 hfor polymerization. Afterwards,
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the rubber sheet was vacuum dried to constant weight. The unreacted
MMA monomers were removed by treatment under reduced
pressure. By this technique, we could synthesize a series of flexible
semi-IPNsheets. SBR/PMMA semi-IPNS with PMMA content up
to 70% were prepared. Preparation of semi-IPN can be
schematically represented as follows.

& o ST
- Maulding F,
OO

Mixing

Semi-IPN

Fig.1: Scheme of Preparation semi-IPN.

The semi-IPNs can be represented as *SBP D (a indicates
weight of DCP per 100 gram of SBR rubber, S indicates SBR rubber,
B stands for BPO as the initiator for polymerization of PMMA, P
represents PMMA, c indicates weight percentage of PMMA, D
stands for Divinyl benzene [DVB], d corresponds to wt. % of DVB
content). ‘

The composition of different semi-IPNs employed for
Mechanical characterization can be summarized as follows.

Table 1:Composition of Semi-IPNs

Type of DCP (Phr) Weight % of PMMA and DVB
semi-IPN SBR in the IPN {(wt.% )
'SBP3Dy I 30:70 0
1SBPsD,y 1 50:50 0
SBP;oDg | 70:30 0

2.3 Mechanical Properties Tensile Properties

Tensile strength (TS) and elongation at break (EB %) were
measured using a tensile testing machine at a crosshead speed of 50
mm/min. The TS measurements were done using dump bell
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specimens, at room temperature, as per the ASTM D-412 test
method.

Hardness

The Shore A hardness was measured using a Durometer for the
semi-IPNs.

Density

The density of the samples was measured at room

temperature using the hydrostatic technique according to ASTM
D-792.

2.4. Microscopic analysis
The morphology of semi-IPNs was studied using JOEL-

JEM 2010 model scanning electron microscope. The samples were

cryogenically fractured, sputtered with gold and examined under
microscope.

3. Results and Discussions
3.1. MechanicalProperties

Mechanical analysis is one of the important tools in semi-
IPN characterization. The deformation Pattern of each semi-IPN
under an applied stress is clear from the Fig: 2.

40- _._,:a

w

& a0

[

S’

g 20

= 'SBPD,

= SBPD,
10. SBPy,D,

Hw:—c
c T T s, S s i
0 10 80 120 160
Strain(%)

Fig: 2 Stress—strain curves for semi-IPNs.
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The deformation tendency of SBR ('S ) is of typical elastomer
in nature. On the addition of PMMA, the deformation pattern
changes. The gradual change from the rubbery to the plastic nature
can be clearly visualized, as we moving from 30 to 70 wt % of
PMMA in the stress—strain curve. Semi-IPN with 70% PMMA
('SBP_ D, ) shows the typical plastic nature and the semi-IPN with
70%SBR ('SBP, D) shows a rubbery nature. For samples where
the PMMA content is greater than or equal to 50%, a yield point
was observed.

When the PMMA content goes above 50%, the stress—
strain curves show distinct elastic and inelastic regions. In the elastic
region, yielding was observed. On increasing the plastic content,
the rubbery nature decreases and a necking tendency characteristic
of plastics appears. The brittle type behavior was shown by Pure
PMMA (P, ). The effect of blend ratio on mechanical properties
of semi-IPN can be summarized in the following Table (II).

Table II Effect of Composition on Mechanical Properties

Composition Density TS EB (%) Young’s Hardness
(g/CC) (MPa) Modulus (Shore A)
+3
"Sto0 0.95 124+0.3 149.16+12 1.74 42
ISBP3D, 1.01 9.06+0.5 133.11x11 6.50 76
ISBP;D, 1.04 12.25+0.6 99.99+ 6 15.16 80
1SBP;Dy 1.09 13.85+0.7 73.90+4 22.34 83
P 1.19 39.6x1.3 3.58+£0.6 2166.12 .

The TS and elongation at break (EB %) of different semi-
IPNs with different SBR/PMMA compositions are given in Table
II. In all cases, the T'S values were found to increase on the addition
of PMMA to SBR. The following diagram represents SEM images
of semi-IPN (at higher magnification) with PMMA concentration
varies from30 to 70%.
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Fig. 3 Scanning Electron micrographs of (A) 'SBP, D, (B)
'SBP_ D, and (C) 'SBP, D

70770 ~

In the case of sequential semi-IPNs, cross-linking of the
first formed phase (here SBR) has an upper hand in controlling the
morphology[17]. This is clearly understood from the above SEM
images. Here cross linking of SBR matrix is kept constant ('S). As
the PMMA content in semi-IPN enhances from 30 to 70%, it
adoptsmuch smaller, ordered and compact PMMA phase and as a
result, we get more interconnected co-continuous pattern. Density
of given samples are represented in Table II. Density of semi-IPN
specimens increases with increase in PMMA content. It was found
that Shore A values (from Table IT) increased with increasing PMMA
content. '

Tensile toughness expresses the ability of a material to
absorb mechanical energy up to the point of failure[18]. Its value
can be measured as the area under the stress-strain curve. The
toughness value of semi-IPNs can be summarized in the following
table.

Table III Toughness values of Samples

Composition Toughness
(<107 M)
"S100 95
'SBP3D, 620
'SBP5D, 852
'SBP7Dy 447
[24]
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From the above table, it is clear that, as the PMMA content
in a given set of semi- IPN enhances, toughness value increases up
to composition with 50% PMMA. Afterwards, toughness of semi-
IPN decreases and is due to the enhancement of brittle plastic[19]
contentin it.

As we go through the Fig:2, it is clear that stress-strain curve
of 'SBP, D, narrates the behavior of a strong and tough polymer.
That is semi-IPN with 50:50 ratio of SBR and PMMA show
synergistic effect[20] of weak elastomer and strong brittle plastic.
'SBP, D, shows more similarity to elastomeric nature, while
'SBP, D, show more similarity to brittle character. I SBP, D, depicts
a condition of strong polymer, but it is less tough than 'SBP, D,
The tendency in toughness value for semi-IPNs can be depicted in
the following bar diagram.

Toughness x 10°7 JM-3

Wi % of PNMMA

Fig. 4 Tensile Toughness of semi-IPNs with varying PMMA
content.

Semi-IPN with 50:50 composition ratio ('SBP,D,) is a
potential candidate for toughened

plastic with reasonable values in tensile strength, elongation at break
and modulus value.

2. Conclusions

New classes of semi-IPN multi component polymeric
systems are developing from SBR and the Methyl Methacrylate

—{25]
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monomer by the sequential method via in sifu polymerization. These
specialized blends have a very ordered and compact arrangement
of the two phases. The peculiarity of the major component is ultimate
deciding factor in the specifications of resultant semi-IPNs. The
effective and low cost polymer blend formed from SBR and PMMA
by the interpenetration technique having a wide range of mechanical
properties starting from reinforced plastic to toughened elastomer.
Ttis found that in all cases as the PMMA content increases the TS,
density, modulus and hardness increase. The EB % values decrease
due to decrease in the elasticity of the material with a decreasing
SBR content. Itis also concluded that the system shows a continuous
morphology above 50% PMMA with enhancement of properties.
As the plastic content in network blend enhances, the distance
between two adjacent PMMA distribution decreases and resulted
in more homogenous, close packed morphology.

Among semi-IPNs, the maximum toughness value is shown
by system with intermediate blend ratio (50:50) of SBR and PMMA.
The effects of plastic incorporation in-SBR phase was analyzed by
morphological technique SEM and is correlated with mechanical
data. A low cost thermoplastic-elastomer semi-IPN with a caliber
to perform as a toughened plastic with reasonable mechanical
properties and co-continuous morphological pattern is fabricated
and characterized in thiswork.
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Abstract

A microwave assisted method for the oxidation of alcohols
employing 3% ethylene glycol dimethacrylate (EGDMA) crosslinked
polyvinylpyrrolidone - bromine complex (PVP-Br) in a solvent free
condition is reported. Primary and secondary alcohols are easily
converted into the corresponding carbonyl compounds using PVP-
Br complex under microwave condition. A thermal comparison for
each reaction was also carried out in order to get a clear
understanding about the influence of microwave irradiation on the
reaction yield. The effect of microwave power on the rate of oxidation
and the stability of PVP- Br reagent under microwave conditions
were also studied.

Key words: microwave assisted, polyvinylpyrrolidone, oxidizing
reagent, polymer- supported, functionalized polymer

1. Introduction

Application of polymer-supported reagents in organic
synthesis has grown over the years due to its convenient handling
and easy work up procedures. But the main drawback of polymer-
supported reagents is that the reaction kinetics is generally slow
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compared to solution-phase chemistry. This is due to the necessity
for the reactant to diffuse through the polymeric network in order to
come in contact with the reagent, only at which point can the reaction
take place. This limitation can be overcome to a certain extent by
doing polymer-supported reactions under microwave irradiation [1].
Chemists are increasingly looking for a strategy that would combine
the advantages of microwave and polymer assisted organic synthesis.

Microwave assisted and polymer-supported organic
syntheses have emerged independently as a versatile tool for rapid
generation of organic molecules. A massive number of research
publications have appeared over the last decades in the application
of microwave techniques in organic synthesis such as pericyclic [2],
cyclization [3], aromatic and nucleophilic substitution [4], oxidation
[5], alkylation [6], decarboxylation [7], condensation [8], peptide
synthesis [9], acylation [10], cycloaddition [11], deprotection and
protection [12], and heterocycles [13]. Some of the major
advantages include spectacular decrease in reaction time, improved
conversions, clean product formation and wide scope for the
development of new reaction conditions. Besides these advantages,
the uses of solvent free microwave irradiated procedures for organic
synthesis have attracted considerable interest in recent years due to
their efficient and environmentally benign conditions [ 14].

Here we report a facile method for oxidation of alcohols to
carbonyl compounds using EGDMA-crosslinked polyvinyl
pyrrolidone-bromine (PVP-Br) complex, under solvent free
condition via process that is accelerated by microwave irradiation
and compared it with reactions carried out under conventional method
of heating.

E




Josephine Researcher

2. Experimental
2.1. Materials

N-Vinylpyrrolidone was purchased from Merck, Federal
Republic of Germany. Ethylene glycol dimethacrylate (EGDMA)
was purchased from Aldrich U.K. Other organic compounds were
commercially available samples and were purified by distillation or
recrystallization unless otherwise stated. IR spectra were recorded
on a Shimadzu FTIR-8400S spectrophotometer. UV spectra were
recorded using Shimadzu UV-2450 spectrophotometer. GC-MS
analysis were carried out on a Shimadzu GC 17 A equipped with
QP5050 mass spectrophotometer having EI detection. All
microwave experiments were performed using an Onida Powersolo
20 microwave oven.

2.2. Preparation of 3% EGDMA -crosslinked poly (N-
vinylpyrrolidone)

To a solution of 0.46 g of 10% aqueous solution of sodium
dibasic phosphate and 40g of sodium sulphate in 240 ml of water
heated to 50-65°C, a solution of N-vinylpyrrolidone (10.84 g),
EGDMA (0.6 g) and AIBN (0.12 g) were added. The mixture was
heated with stirring to 70 - 80° C for 5 h. The product polymer
obtained was filtered, washed with water, methanol and acetone
and dried at 60°C. It was further purified by Soxhlet extraction with
methanol and acetone and dried at 60°C. Yield: 9.1 g
2.3. Preparation of polyvinylpyrrolidone-bromine (PVP-Br)
complex

To a suspension of EGDMA-crosslinked PVP (5 g) in CCl L
(20 ml), bromine (5 ml) was added and stirred on a magnetic stirrer
atroom temperature for 4 h. The product polymer obtained was
filtered and washed with CCl, until the filtrate was completely free
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Yield: 7.1 g.
2.4. Stability of PVP-Br under microwave irradiat.
The stability of 3% EGDMA-cros. .d
polyvinylpyrrolidone-bromine complex towards microwave
irradiation was investigated by subjecting the complex (1g) to
microwaves for different time periods (2, 4, 6, 8 and 10 minutes) at
amicrowave power level of 320 W. After each time period, a definite
amount of the polymeric reagent was taken out and its bromine
capacity was estimated iodometrically [15].

2.5. Effect of microwave power level on the rate of oxidation
using PYP-Br complex

In order to study the effect of microwave power level on
the rate of oxidation reaction, the oxidation of benzoin to benzil was
taken as the model reaction. 1 mmol of benzoin was dissolved in
dichloromethane and mixed with 5 mmol (based on bromine
capacity) of the polymeric reagent at room temperature in a 50 ml
borosil beaker. After removing the solvent by applying vacuum, the
polymeric reagent along with adsorbed substrate was subjected to
microwave exposure at a power level of 80W for 10 minutes. The
impregnation of the polymeric reagent with benzoin in
dichloromethane and removal of the solvent was repeated after every
two minutes of irradiation. The reaction was carried out in cycles of
2 minutes of irradiation. After 10 minutes of irradiation the reaction
mixture was cooled and a calculated volume of cyclohexane (10 ml)
was added. 0.5 ml of reaction mixture was pipetted out into a 5 ml
standard flask and made up to the mark. The absorbamce of this
solution was measured spectrophotometrically at 387nm. From the
absorbance the percentage of benzil formed was calculated. The
same reaction was repeated by using other microwave power levels
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also, ranging from 160 to 800 W.

2.6. Effect of impregnation of the polymeric reagent with
substrate on the rate of oxidation

In order to study the effect of impregnation of the polymeric
reagent with substrate on the rate of oxidation, a fivefold molar excess
of the reagent was impregnated with a solution of benzoin in
dichloromethane in a 50 ml borosil beaker. After removing the solvent,
the polymeric reagent along with absorbed substrate (benzoin) was
irradiated with microwaves at a power level of 320W. The impregnation
of the polymeric reagent with benzoin in dichloromethane followed by
removal of the solvent was repeated after every two minutes of
irradiation. The same oxidation reaction was also carried out by
impregnating the polymeric reagent after every 3, 4 and 6 minutes of
irradiation. After 12 minutes of irradiation, the reaction mixture was
cooled and a calculated volume of cyclohexane (10 ml) was added.
0.5 ml of reaction mixture was pipetted out into a 5 ml standard flask
and made up to the mark. The absorbance of the solution was measured
spectrophotometrically at 387 nm. From the absorbance the percentage
of benzil formed was calculated.

2.7, Owammcz of alcohols under microwave condition
General Procedure

A five-fold molar excess of PVP-Bromine complex is mixed
with organic substrate (100mg) dissolved in dichloromethane in a
50 ml borosil beaker. The solvent is then removed by applying
vacuum and the polymeric reagent along with adsorbed low
molecular weight substrate was subjected to microwave irradiation
for 10 minutes at a microwave power of 320 W. Impregnation of
the polymeric reagent with substrate solution and removal of the
solvent was repeated after every two minutes of microwave
irradiation. The progress of the reaction was followed by TLC and
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after 10 minutes of irradiation, the reaction mixture was cooled, the
product was extracted with dichloromethane (3 x 15 ml) and isolated
by filtration. Evaporation of the solvent afforded the corresponding
oxidized organic compound. The products were identified and
characterized by comparison of IR, GC-MS, boiling point (b.p.)
and melting point (m.p.) with authentic samples.

2.8. Oxidation reactions using PVP-Br complex under
conventional heating conditions: General procedure

Synthetic reactions under conventional heating methods were
carried out by refluxing polyvinylpyrrolidone-bromine complex with
substrate molecules dissolved in cyclohexane in the molar ratio of
5:1 for 5 h. The reaction was followed by thin layer chromatography.
After heating for 5 h, the insoluble crosslinked polymeric reagent
was filtered off and washed with more cyclohexane. The combined
filtrate and washings on evaporation of the solvent followed by
purification afforded the product. The products were identified and
characterized by comparison of IR, GC-MS, boiling point (b.p.)
and melting point (m.p.) with authentic samples.

3. Results and Discussion
3.1. Preparation of 3% EGDMA-crosslinked
polyvinylpyrrolidone

The EGDMA-crosslinked polyvinylpyrrolidone was
prepared by suspension polymerization of the monomers N-
vinylpyrrolidone and EGDMA, using AIBN as initiator (Scheme
1.

The polymer was characterized by FTIR spectroscopy. A
peak at 1665 cm!' shows the amide carbonyl of the pyrrolidone
unit. The peak at 1292 cm™ is the C-N stretching of the
vinylpyrrolidone.
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Scheme 1. Preparation of EGDMA-crosslinked
polyvinylpyrrolidone

3.2. Preparation of crosslinked PVP-Br complex

The PVP-bromine complex is obtained by a simple one
step procedure which involves the complexation of bromine with
crosslinked polyvinylpyrrolidone which can release in situ bromine
species in to the reaction media. Bromine was added slowly into a
suspension of polyvinylpyrrolidone in carbon tetrachloride with stirring
atroom temperature. The resultant orange red reagent on filtration
and washing with carbon tetrachloride yielded a stable non-
hygroscopic product. The bromine capacity of the reagent was
determined by iodometric titration and found to be in the range of
2.9 3.1 mmol of bromine per gram of the polymeric reagent. The
IR spectrum showed a shift in the absorption of carbonyl group
from 1665 cm™ to 1645 cm showing the involvement of carbonyl
group in bromine complexation[16].

3.3. Stability of PVP-Br under microwave irradiation
One of the undeniable drawbacks of the use of polymer-

supported reagents is that the reaction kinetics is generally slower
compared to traditional solution-phase chemistry. This drawback
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can be minimized to a large extent by performing polymer supported
reactions under microwave conditions. But one of the major concerns
when using microwave heating in solid phase synthesis is the stability
of polymer-bound linkers and reagents to these conditions. In order
to study the stability of 3% EGDMA-crosslinked PVP-Br to
microwave irradiation, a definite amount of the reagent was taken
in a 50 ml borosil beaker and subjected to irradiation for different
time periods (2, 4, 6, 8, and 10 minutes) at a microwave power of
320W. After each time period, a definite amount of the reagent was
taken out and its bromine capacity was determined iodometrically.
The bromine capacity was found to be 3.07, 3.06, 3.05, 3.03, 3.02
and 3.01mmol per gram of the reagent after 0, 2, 4, 6, 8 and 10
minutes of microwave irradiation. The results showed that there is
not much loss in bromine capacity even after 10 minutes of microwave
exposure and the reagent is suitable for performing synthetic reactions
under microwave condition.

3.4. Effect of microwave power on oxidation reaction

To study the effect of microwave power on oxidation
reactions using PVP-Br, the oxidation of benzoin to benzil was taken
as the model reaction. For this, a fivefold molar excess of the
polymeric reagent was impregnated with benzoin dissolved in
dichloromethane. The solvent was removed by applying vacuum
and the polymeric reagent with adsorbed substrate molecules was
then subjected to microwave irradiation for 10 minutes. The different
microwave power levels used ranges from 80- 800W. Impregnation
of the polymeric reagent with substrate molecules by adding
dichloromethane and removal of the solvent was repeated after every
two minutes of irradiation for proper accessibility of the reactive
function present in the polymeric regent to the low molecular weight
substrate molecule. The percentage of benzil formed in each case

was determined spectrophotometrically. The different microwave
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power levels used were 80, 160, 240, 320, 400, 480, 560, 640,
720 and 800 W and the percentage of benzil formed were 8.3,
21.2,35.5,60,34.2,16.1,8.3,5.5,5.1and 4.8 respectively. The
results showed that oxidizing efficiency of the reagent increased upto
amicrowave power of 320 W and then decreases. The decrease in
the percentage of benzil at a microwave power level of 400 W and
above may be due to the sudden release of bromine from the
polymeric reagent due to the high temperature attained at these power
levels

3.5 Effect of impregnation of the polymeric reagent with
substrate molecules

In solid state reactions mixing of the polymeric reagent with
low molecular weight substrates dissolved in an appropriate solvent
is very essential for the effective accessibility of the reactive function
present in the polymeric reagent to the low molecular weight substrate
molecules. The effect of impregnation of the polymeric reagent with.
substrate molecule was studied by using the oxidation of benzoin to
benzil as the model reaction. A fivefold molar excess of the polymeric
reagent taken in a 50 ml borosil beaker was impregnated with a
solution of benzoin in dichloromethane followed by removal of the
solvent. The polymeric reagent along with adsorbed benzoin was
subjected to microwave irradiation at a microwave power of 320
W. The impregnation of the polymeric reagent with benzoin solution
in dichloromethane and removal of the solvent was repeated after
every two minutes of irradiation. After 12 minutes of irradiation, the
percentage of benzil formed was calculated spectrophotometrically.
Similar reactions were also done by impregating the polymeric
reagent with benzoin solution after 3, 4 and 6 minutes of irradiation.
The number of dead time (no irradiation) given in these cases were
3 (after every 3 minutes), 2 (after every 4 minutes) and 1 (after 6

minutes of irradiation) respectively. The results showed that the
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amount of benzil formed when no dead time was given (only initial
impregnation with benzoin solution) was 20 %. But when
impregnation was done afterevery 2, 3, 4 and 6 minutes of irradiation
the percentage of benzil formed were 70, 52,41 and 25 respectively.
From these studies it is very clear that before microwave irradiation,
effective mixing of the polymeric reagent with substrate molecules
dissolved in a suitable low boiling solvent is very essential for proper
accessibility of the bromine function present in PVP-Br, as the
reactions were carried out in solid state.

3.6. Oxidation of alcohols

Crosslinked polyvinylpyrrolidone-bromine complex can be
used for the preparative level oxidation of primary and secondary
alcohols to the corresponding aldehydes and ketones respectively
(Scheme 2). The synthetic reactions using PVP-Br were carried
out under microwave condition and also under conventional thermal
heating condition. In microwave condition, the reactions take place
in the solid phase, and the products are then extracted from the
reaction mixture using an appropriate solvent. In solvent free or ‘dry
media’ synthesis, solid support capable of absorbing microwave
radiation is first impregnated with a solution of substrate in a volatile
solvent. After removing the solvent, the solid support with adsorbed
substrate is irradiated by microwaves. The exposure of polymeric
reagent along with adsorbed substrate to microwave irradiation can
result in fast and high yielding reactions because of the selective
absorption of microwave energy by polar molecules. Moreover it
will save reaction time significantly and diminish the risk of damage
to the resins caused for example by magnetic stirring. In each case a
thermal comparison for each reaction was also carried out by
performing reactions under conventional heating conditions. This
allows the influence of the microwave irradiation on the reaction
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yield to be better understood. In conventional thermal heating, the
reactions were carried out by refluxing a solution of low molecular
weight substrate in cyclohexane with five-fold molar excess of the
reagent for Sh.

\\.\WEJ,_.I}(,/
/ Wma L
w...f. L] «r./,
“CHON . AP —E Cm=O
\.\ // P ﬂ\\ ~
o
ff.r.}..n..{-\\.\

e

rclbus ag emgosorc

Scheme 2. Oxidation of alcohols into carbonyl compounds

In a typical microwave assisted reaction, a five-fold molar
excess of the polymeric reagent, taken in a 50 ml borosil beaker
was impregnated with a solution of the organic substrate in
dichloromethane. The solvent was then removed by applying vacuum
and the polymeric reagent along with adsorbed substrate was
subjected to microwave irradiation for 10 minutes. Impregnation of
the polymeric reagent with substrate solution by adding
dichloromethane and removal of the solvent was repeated after every
two minutes of microwave irradiation for effective accessibility of
the reactive function present in the polymeric regent to the low
molecular weight substrate molecule. The synthetic reactions were
carried out at a microwave power level of 320 W. All the synthetic
reactions under microwave condition were carried out in cycles of
2 minute of irradiation. The extent of conversion of substrate to
product was followed at different time interval by thin layer
chromatography. After 10 minutes of irradiation, the reaction mixture
was cooled and extracted with dichloromethane, filtered, and washed
with dichloromethane. The combined filtrate and washings on
evaporation of the solvent afforded the product. The various alcohols
oxidized by the reagent, the products formed, the yields and
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conditions of oxidation are given in Table 1. In the case of primary
alcohols no over-oxidation to carboxylic acids was observed. The
products were characterized by comparison of the physical and
spectral characteristics with authentic specimens.

The results revealed that reactions conducted under
microwave condition dramatically enhances the reaction rates and
achieves high conversion within minutes compared to reactions
conducted under conventional thermal conditions in the presence of
cyclohexane solvent. This might be because microwaves couples
directly with the molecules of the entire reaction mixture, leading to
arapid rise in temperature. However conventional heating is a slow
and inefficient method of transforming heat energy into the reacting
system because the heat driven into the substance first passes through
the wall of the vessel before reaching the solvent and reactants

The spent reagent obtained after different oxidation reactions
can be recycled and reused by washing with dichloromethane
followed by treatment with bromine in CCl, as explained in the original
procedure for the preparation of the polymeric reagent.

Table 1. Oxidation of alcohols using PVP-Br complex under

microwave activation (MW) and classical heating

Entry Subsliale Product Yield *
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4. Conclusion

PVP-Brcomplex is a stable and recyclable oxidizing reagent.

Under microwave conditions, the reagent efficiently oxidizes primary

and secondary alcohols to the corresponding carbonyl compounds

within short times, resulting in good yield and clean products.

Moreover, it is a convenient and environmentally benign oxidative

protocol when compared to the conventional solution phase or

heterogeneous reactions.
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Abstract

The uses of metal nanoparticles as therapeutical agents have
been known from ancient times. Recently, noble metal nanoparticles
have demonstrated their potential biomedical applications towards
anticancer and antimicrobial fields. This review discusses the toxicity
of selected cancerous and microbial cells the metal nanoparticles.
The challenges in the targeted drug delivery are also briefly analyzed
here.

Introduction

Cancer is the immoderate proliferation of abnormal cells.
World Health Organization (WHO) stated cancer as the second
top detrimental disease suffered by humanity. The uncontrolled cell
division results in two types of mass of cells; benign and malignant
tumours. The first type usually developed in alocalized manner and
the second type spread towards adjacent tissues by a process known
25 metastasis and was harmful to life. The causes of this mutagenic
disease were genetic factors, chemical carcinogens, exposure (0
radiations, and tumour viruses. The modern food habits and lifestyle
patterns lead to an increase in the number of cancer patients all over
the world.
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Chemotherapy, radiotherapy, and surgery are three classical
treatment procedures for cancer. The various cytotoxic drugs
functioned by suppressing the tumour genes, inhibiting the activity of
cancer-promoting proteins selectively, killing the affected cells,
inhibiting the formation of new blood vessels, etc. The surgical
removal of cancerous cells was attempted during the initial stages of
tumor development. In radiation therapy, a precise radiation dose is
used to kill cancer cells. The ionizing radiation breaks the chemical
bonds in the biological components of the cell proteins and nucleic
acids and it lacks specificity. The treatment destroys both normal
and cancerous cells.

. Nanoparticle drug delivery systems emerged with new hope
in cancer treatment. Gold nanoparticles were able to illuminate and
destroy the cancerous tissues selectively by mechanism known as
hyperthermia [6]. Dielectric properties possessed by nanogold
proposed a better means for the fabrication of cancer detection
devices [9]. Biocompatible fluorescent gold nanoparticles
synthesized using egg-white can be used to track cancerous cells in
the in-vitro and in-vivo imaging process [1]. Gold nanoparticles
prepared using the seaweeds can be used in the drug delivery systems
and they can destroy the deadly cancer cells without affecting cell
proliferation of healthy cells [2]. The mutagenic modifications like
the hydroxylation of bases adenine and guanine resulted from the
oxidative attack on the DNA [3].

Cytotoxicity of silver and gold nanoparticles against various
cancerous cells offer a remedy for this mutagenic diseases [4], [5].
Silver nanoparticles synthesized under sunlight in the presence of
wall-less green microalgae Dunaliella salina showed anticancer
potential comparable to that of the well known anticancer drug
cisplatin [7]. Recent review admired the usefulness of gold
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nanoparticles in the diagnosis and photothermal destruction of various
malignant cancerous cells [6]. Azadirachta indica reduced silver
and gold nanoparticles proved its cytotoxic effect against MDA-
MB-231 cells and offer a novel drug for the human breast carcinoma
[5]. The anticancer activity of silver and gold nanoparticles
synthesized using aqueous leaf extract of Spinacia oleracea Linn
against mouse myoblast cancer cells (C2C12) has been proved by
MTT assay [7]. The microwave-assisted gold :m:m@mamo_mm which
were prepared using the coconut water as reducing agents proved
its cytotoxicity against human cervical cancer (HeLa) and human
breast cancer (MCF-7) cell lines [8]. Dracocephalum kotschyi
leaf extract reduced gold nanoparticles showed a n_Omm-am@@:.aoE
cytotoxicity K562 and HelLa cell lines [9]. Various cancerous cells
can be destructed by gold nanoparticles prepared from the very
common fruit Psidium guajava (guava) and the spices Syzygium
aromaticum (clove). It is found that the flavonoid content was
responsible for their anticancer properties [10].

A549 is the human lung adenocarcinoma cells used for the
in-vitro anticancer studies using the nanoparticles. The green-
synthesized silver nanoparticles using leaf extract of the industrial
crop Gossypium hirsutum (cotton) showed significant and selective
cytotoxicity towards the human lung carcinoma A549 and exhibited
no toxicity towards the normal cells HBL100 [11]. Stable silver
nanoparticles formed from Albizia adianthifolia leaf extract proved
their toxic effects on the human lung cancer cells A549 and were
non-toxic on the human peripheral lymphocytes (PLs) [12].
Biosynthesized gold nanoparticles using star anise (Hilicium verum)
because of its high phenolic content, found toxic towards the human
epithelial lung cells (A549) [13]. Skin cancers are the growth in the
outer layer of the skin. The common types are melanoma, basal cell
cancer and the squamous cell cancer. The malignant melanoma
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involves rapid proliferation of cells. The flavonoid Licochalcone D
present in the root of Glycyrrhiza inflata have proved cytotoxic
activities towards the human skin cancer cell A375 [14]. Silver
nanoparticles were precipitated from AgNO, solution by adding the
crude ethanolic extracts of certain medicinal plants that were used
in homeopathic medicine as mother tinctures. The silver nanoparticles
offered an easy entry into skin cancer cells A375 and induce the cell
death by apoptosis as cleared from the flow cytometric analysis
[15]. PEGylated amino pyrimidines coated with gold and silver
nanoparticles were evaluated for anticancer activity against human
bone osteosarcoma epithelial Cells [16].

Antimicrobial activity

Antimicrobials are drugs that counteract infectious diseases.
Plant-derived medicines are safer than the synthetic ones. Crude
extracts of medicinal plants have bioactive compounds and they
have the ability to fight against disease-causing microbes. The growth
of pathogenic microorganisms was efficiently inhibited by the
biosynthesized noble metal nanoparticles [17]. The large surface-
to-volume ratio of inorganic metal nanoparticles offers new hopes
in the development of antimicrobial drugs. Resistances of
microorganisms towards conventional antibiotics have been
increasing day-by-day and have challenged the scientific fraternity
to develop new drugs with superior antibacterial properties.
Antibacterial coats of silver nanoparticles were implemented clinically
as wound dressing materials, bandages, catheters etc [18]. The
spherical silver nanoparticles which were prepared in a single step
reaction using the fruit extract of Tribulus terrestris and showed
antimicrobial activity against clinically isolated multi-drug resistant
pathogens [19]. Silver nanoparticles joined with commercial
antibiotics enhanced their antimicrobial activity [20]. Silver
nanoparticles are proved their antibacterial and antifungal power
[47]
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agamnst various human disease-causing pathogens [21].
Mechanism of microbial action

The action of silver and gold nanoparticles towards gram-
positive and gram-negative bacteria were different due to the
difference in their cell membrane structure. The gram-positive
bacterial membrane has more peptidoglycan layer than gram-
negative bacteria (50 %). This factor contributed to the lesser zone
of inhibition created by gram-positive microorganisms [22]. The
mechanism of the antibacterial activity of green silver nanoparticles
and the anticancer activity of green synthesized gold nanoparticles
are explained in the recent review [23]. The key steps in the
antimicrobial action are the reduction of the membrane potential
along with the reduced energy of the cell as the amount of Adenosine
triphosphate (ATP) synthase has depleted. The activities of the cell,
especially the metabolic processes become retarded. Again the
binding of the ribosome with tRNA has been affected adversely and
the number of healthy cells has gone decreased. The high surface
area of silver and gold nanoparticles owing to their small particle
size has also contributed to their increased reactivity. The small particle
size provided the better surface contact between the nanoparticles
and the microbial cells. The cell wall of bacteria has undergone
rupturing and the proteins in the cytoplasm stopped their proper
functioning which ultimately leads to cell death. The phosphorus and
sulfur containing moieties in the cell (Proteins, DNA) were easily
bonded with the silver and gold nanoparticles via soft-soft interactions
defined by the Pearson’s HSAB concept of preferential bonding.
Bonding with sulfur groups of the enzyme NADH created oxidative
stress to the respiratory chains. This also damaged the cell structure
and inhibited its proper functioning [24]. The growth inhibition of
pathogenic organisms with silver nanoparticles is affected by its
effective disturbance in the polymer subunits which subsequently
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block the protein synthesis [25].

The antifungal activity of silver and gold nanoparticles were
found significantly less than the antibacterial activity in potato agar
dextrose media. Respiration of bacterial cells happened through the
cell membranes. By adsorbing at the cell surface, the silver and gold
nanoparticles obstruct the dehydrogenation action. Whereas for
fungi, the respiration is through the mitochondrial membrane. It is
hard for nanoparticles to penetrate through the mitochondrial
membrane and block the respiration of cells. The outcome is the
low value for the fungal activity. Silver nanoparticles can effectively
break up the fungal growth. The cell wall of fungal stains is made up
of the high molecular weight polymer of fatty acids and proteins.
The cell membrane of fungal stains undergoes tremendous chan ges
when itis treated with nanoparticles.

Water disinfection utilizing the antibacterial properties of
silver nanoparticles offer a solution to perennial issues regardin g water
contamination [26]. Silver nanoparticles synthesized using Acalypha
indica leaf effectively inhibit water-borne microorganisms [27]. The
growth of harmful pathogenic fish bacteria and mosquito larvae are
effectively controlled by silver nanoparticles that have herbal ori gin
[28]. Antimicrobial properties shown by green metal nanoparticles
can be used to control the disease mastitis [29]. An ointment prepared
using the microwave synthesized and Naringi crenulata leaf extract
reduced silver nanoparticles showed good wound healing capacity
in Wistar albino rats [30]. Silver nanoparticles are used as coating in
medical devices and textile fabrics [31]. The cefaclor reduced gold
nanoparticles coated on poly(ethyleneimine) modified glass surfaces
were used as antimicrobial coatings [32].

Drug delivery protocols

Revolutionary achievements of nanotechnology include the
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delivery of drugs that are partially soluble in water, the cell or tissue
targeted delivery of the drugs, delivery of macromolecular drugs,
combined delivery of two or more drug molecules, imaging of sites
of drug am_?ma\, and monitoring the in-vivo action of the drugs etc
[33]. Cancer treatment involves the cell targeting systems, drug-
delivery vehicles, selective labelling of the cancerous cells and proteins,
treatment of the affected cells by hyperthermal sensing, and the
targeted delivery of the drugs to the treatment area. Fluorescent
labelling by gold nanoparticles is the key step in the imaging process
[34]. Nanoparticles served as biomarkers in medical sciences and
the silver nanoparticles developed from aqueous algal biomass extract
of Dunaliella salina proved its anticancer effect comparable to the
drug cisplatin [35]. Gold and silver nanoparticles are used for the
targeting, encapsulation, carrying and controlled release of drugs
[36]. Citrate-reduced silver nanoparticles functionalized with thiol-
terminated DNA oligonucleotides acted as photoactivated drug
delivery vectors [37]. Normally the drug payloads are biopolymers
or small drug molecules itself. Timely release of the drugs are inevitable
in the targeted therapy and this is achieved by internal or external
stimuli. Gold nanoparticles are functioned as a scaffold for the delivery
of biomolecules like proteins, peptides and nucleic acids. They
become good candidates for gene delivery providing high surface-
to-volume ratio and thus creating high payload/carrier ratio [38].
Polydispersed and poly-shaped (spherical, triangular and hexagonal)
gold nanoparticles from Bauhinia variegata leaf broth has been
used in the delivery of drugs and in the sensing of molecules. Synthesis
and stability were attributed to carbohydrates and saponins fractions
of the plant Bauhinia variegata [39)].

Conclusion

The cellular and gene toxicity of noble metal nanoparticles

warrants further in-vivo studies. The metal type, morphology, size,
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and the concentration of the nanoparticles are to be concerned in
toxicity studies. The human and environmental toxicity parameters
are to be taken in to account while providing the silver and gold
nanoparticles as health remedies.
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Micro-finance and Micro credit for
sustainable Business

Rev. Dr. Thomas George V, CMI

Need for managing financial risks has given birth to a number
of micro credits, micro insurance products and many other financial
services that are micro in nature. Over the years, micro finance as a
financial service innovation is fast emerging as an important method
of bettering the lot of the poor and the downtrodden. Micro finance
is finance provided to benefit the low income women and men. It
can be defined as provision of thrift, credit and other financial services
and products of very small amount to the poor in rural, semi-urban
or urban areas for enabling them to raise their income levels and
improve living standards.

Micro credit is based on the premise that the poor have
skills which remain unutilized or underutilized. In its latest report on
the state of the micro finance industry, the Microcredit Summit
Campaign says: if we want to provide financial services in a way
that helps people to move out of poverty, then we need to provide
things that cannot be stolen. In the last decade microfinance has
penetrated major part of rural and sub urban India empowering
particularly women. These women have taken up many professions
including self employed sectors like cottage industries, tailoring, and
handicrafts among other. This in turn has assisted in the overall
development of the rural economy. This paper attempts to make a
study on the contribution of micro finance and micro credit in
sustainable business.

Key words: Micro Finance, Micro credit, Loss and Sustainability

The author can be reached at:
thomasmltmvg @ gmail.com,vengaluvakkel @ yahoo.com
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Introduction

Micro finance is fast emerging as an important method of
bettering the lot of the poor and the women. The subsidy driven
schemes were given importance to make the poor self-reliant, in
particular, and eradicate poverty in general. There has been more
emphasis on empowering the powerless rural women. Micro finance
programme offers the surest ways by which to make best use of the
scarce development funds to achieve the objective of poverty
alleviation. Rather it aims at improving the lot of the women by
effectively organizing women to work for women. For this, their
active and committed participation is needed.

The various models of micro financial services attempt to
explain the role of micro finance, in the realm of development and
growth of poor and the rural people. The two apex level financial
institutions which are promoting, supporting and financing such
development programmes in the country are NABARD and SIDBL
Besides these two, there are many other Micro Finance Institutions
(MFIs). Microfinance is seen as an,important tool for poverty
alleviation and over the years, microfinance institutions (MFIs) have
placed themselves as fulfilling this developmental goal. The basic
philosophy of the ‘linkage model’ promoted by NABARD is to
establish synergy between the banks, who have the financial strength
and the NGOs, who have the ability to mobilize the poor and build
up their capacity to avail loans from the banks. This is expected to
facilitate the poor to graduate to a level, from where they can access
larger amounts of loan directly from the banks without the intervention
of NGOs. In addition to providing refinance to banks, NABARD
has been supporting various partner agencies for capacity building
through grants and Revolving Fund assistance (RFA) for micro credit
innovations.
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Objectives of the study

To study how micro finance and micro credit as tools help to
sustain business.

To create awareness about the provisions of credit and funds
available in the Indian Financial System.

Literature review

Micro finance is expected to play a significant role in poverty
alleviation and development. Micro finance is an attempt to break
this deadlock, by providing the poor with the financial means to
engage in new forms of economic activity, and so improve their
lives. Equitable gains from development on a sustainable basis and
ensuring viability of financial services are key elements in a strategy
of poverty reduction by means of credit support to the poor as
micro finance is seen to be an approach addressing these concerns
effectively, it has assumed significance in all the developing countries
as an effective tool in fighting poverty. In India, as the formal banking
system already has a vast branch network in rural areas, it was
perhaps wise to find ways and means to improve the access of rural
poor to the existing banking network. The micro finance scene in
India is dominated by Self Help Groups (SHGs)-Bank linkage
programme for over a decade now. The group members use
collective wisdom and peer pressure to ensure proper end-use of
credit and timely repayment thereof. Further, the SHGs have also
undertaken effective social mobilization functions contributing to an
overall empowerment process. The banks have externalized what
would otherwise have been high transaction costs for mobilizing
savings of the poor, appraisal and sanction of loans and improved
loan recovery through the financial intermediate role played by SHGs.

The need for micro financial services

The need for micro financial services arises on account of

the following reasons:
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1. Poverty alleviation: In a country like ours, there is an urgent
need to alleviate poverty and one of the means to accomplish
this is through the promotion of sustainable livelihood by
providing easy and affordable access to credit and other
complementary services. Micro finance is considered as a
potential instrument for combating poverty in a sustainable
manner.

2. Women empowerment: Women play major roles as farmers
and business people; however, many lack financial capability.
Micro financial services are essential for the empowerment and
upliftment of women. It serves as a tool, by mobilizing women,
organizing them into groups, building their capacity for self-
management at the grass roots and enabling them to access wide
range of financial services. Thus micro finance helps in bringing

out the hidden and untapped potential of the poor and the
women.

3. Harnessing talents: Micro financial services facilitate enterprise
development and provide for employment generation in rural
areas. Micro financial services are needed to help harness the
talent leadership and entrepreneurial abilities of the poor.

4. Credit delivery: Micro financial services are needed to ensure
effective credit delivery system. The system seeks to ensure
rational allocation of resources in the form of subsidized credit
especially in rural areas.

Micro credit

Itis definitely not the lack of skills that make the poor people
poor but lack of proper distribution of available funds and its
management. Micro credit is based on the premise that the poor
have skills which remain unutilized or underutilized. Observations
and experience show that women are a small credit risk, repaying
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their loans and tend more often to benefit the whole family. In another
aspectit’s also seen as a method giving the women more status in a
socio-economic way and changing the current conservative
relationship between gender and class when women are able to
provide income to the household. There are many reasons why
women have become the primary target of micro finance services.
Giving women access to micro credit loans therefore generates a
multiple effect that increases the impact of micro finance institution’s
activities.

In common meaning Micro credit is “Loan of very small
amount”. Micro Credit is provided to those individuals that lack
collateral, steady employment and a verifiable credit history and
therefore cannot meet even the most minimal qualifications to gain
access to traditional credit. This group of individuals includes artisans,
tiny and small industries, grocers, vegetable vendors, rickshaw pullers,
roadside retailers and the like. Other activities include farming,
poultry, cattle rearing, piggery, fishery etc.

Micro finance, especially micro credit, has been an effective
tool to fight against social iniquity. Improved access to micro finance
can enable the poor to manage their risk better, gradually build their
asset base, develop their micro enterprises, enhance their income
earning capacity, and enjoy an improved quality of life. It is amazing
to know how many people are desperately looking forward to getting
money to kick-start their lives. It is also unfortunate to know that
larger banks are not yet willing to lend money. As a result the credit
demands in India, remains unfulfilled. Microcredit must reach the
poor, building their capacity to absorb higher credit, and also ensure
greater availability of credit for small enterprises.

Loss and chance of loss

Loss means being without something previously possessed.
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Income shocks, or sudden and unexpected decreases in household
income, can negatively affect the financial stability and well-being of
households that experience them—and they are not uncommon. An
essential part of poverty reduction programme should be to help the
poor manage their risk, and should complement effort to increase
the household income. Crime and domestic violence, illness and
injury, crop failure, old age, natural disaster, fluctuations in food price
and demand for labour constitute such risks. People in the rural
area respond to their risk exposure through various means like
diversification of assets/sources of income and various types of self-
insurance and informal insurance. Whenever and wherever these
pre-emptive mechanisms prove inadequate, the households cope
with the shock by increasing or diversifying labour supply through
various means like child labour, selling assets or reducing
consumption etc. Shocks will not affect all members of the rural
household equally. Women and children are the worst sufferers.

When poor people have access to financial services, they
can earn more, build their assets, and cushion themselves against
external shocks. Poor households use microfinance to move from
everyday survival to planning for the future: they invest in better
nutrition, housing, health, and education. Many studies show that
poor people are very keen in following the rules, trustable with higher
repayment rates than conventional borrowers. Flexibility is important
for the poor because it helps them to manage money. Micro credit
is based on the premise that the poor have skills which remain
unutilized or underutilized.

There are many reasons why women have become the
primary target of micro finance services. Giving women access to
micro credit loans therefore generates a multiple effect that increases
the impact of micro finance institution’s activities. Microcredit must
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reach the poor, building their capacity to absorb higher credit, and
also ensure greater availability of credit for small enterprises. This
group of individuals includes artisans, tiny and small industries,
grocers, vegetable vendors, rickshaw pullers, roadside retailers and
the like. Other activities include farming, poultry, cattle rearing,
piggery, fishery etc. It is amazing to know how many people are
desperaiely looking forward to getting money to kick-start their lives.
It is also unfortunate to know that larger banks are not yet willing to
lend money. As aresult the credit demands in India remain unfulfilled.
There are some restrictions regarding what the money is used for.
Usually micro credits cant be used for the purposes like:

§ Payments of other loans or other debits;

§ Production of tobacco and liquor;

Establishing trading points;

Forming turnover capital of trade and intermediary business;

W wn un

Organization or purchasing products for gambling;

won

Purchase of property that’s not used for business etc.

Microfinance has become an important instrument in
reaching credit to the poor and to tiny enterprises. These must reach
the poor in far greater numbers and build their capacities to absorb
higher amounts of credit. The key to the empowerment of all people
is education and the assurance of gainful employment. Our challenge
is to ensure that the benefits of economic growth and development
translate into productive employment for all, including women.”

Many studies show that poor people are trustable, with
higher repayment rates than conventional borrowers. When poor
people have access to financial services, they can earn more, build
their assets, and cushion themselves against external shocks. Poor
households use microfinance to move from everyday survival to
planning for the future: they invest in better nutrition, housing, health,
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and education. Most poor people cannot get good financial services
that meet their needs because there are not enough strong institutions
that provide such services. Strong institutions need to charge enough
to cover their costs. Cost recovery is not an end in itself. Rather, it is
the only way to reach scale and impact beyond the limited levels
that donors can fund.

Conclusion

Micro finance revolution provides abundant stimulus for
taking the process of poverty reduction forward. A financially
sustainable institution can continue and expand its services over the
long term. Achieving sustainability means lowerin g transaction costs,
offering services that are more useful to the clients, and findin gnew
ways to provide banking services to the poor. At the end it should
be mentioned that Poor people with no income or means of
repayment need other kinds of support before they can make good
use of loans. In many cases, other tools will alleviate poverty better—
for instance, small grants, employment and trainin g programs, or
infrastructure improvements where possible. Such services should
be coupled with building savings. It shows that access and efficient
provision of microcredit can enable the poor to smooth their
consumption, better manage their risks better, gradually build their
assets, develop their micro enterprises, enhance their income earning
capacity and enjoy an improved quality of life. Microfinance services
can also contribute to the improvement of resource allocation,
promotion of markets, and adoption of better technology; thus, micro
finance helps to promote economic growth and development
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Abstract

The Kyoto Protocol, 1977 made the countries to work out
action plans to address the issues on climate change and the reduction
of green house gas emissions. Even though it was a great march
towards green earth, the issue of striking a balance between the
industrial and economic development on one side and green initiative
on the other side is a mammoth problem need to be faced by the
world. This situation opened a platform for discussion upon the issue
among the developed and developing countries.

Carbon trading initiatives in the world turned around mainly
upon the carbon-capping and carbon offsetting which opens an
opportunity to trade the unused credits as well to green technology
for offsetting carbon emissions. Under carbon-cap trading
programme, the countries with less emission can trade the credits
among the countries with excess limits. In carbon offsetting,
environment friendly technologies are developed or imported as well
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alternative carbon controlled forms of energy are tapped by the
countries to mark their commitment.

Since the inception of the concept in 2005, several initiatives
were already undertaken to implement the idea with synergy. To hit
target 2020 world around, especially in Europe, the countries need
to proceed with high pace. All such initiatives will substantially
improve the quality of life of the people. It will be a good source of
revenue for developing countries and acts as an impetus for
alternative sources of energy which will reduce the green house gas
emission. But it will provide the developed countries a supreme
position over the developing countries to engage in industrial or
development activities without any control results in any remarkable
change in the overall carbon crisis.

Even though there is lot of controversy regarding the strategic
role played by developed countries over developing countries, green
efforts are inevitable to ensure the survival of human beings and
development of alternative sources and advanced technology.

Key words: Carbon trading, carbon-cap, carbon offsetting,
unused credits, green technology

Introduction

United Nations Framework Convention on Climate Change
(UNFCCC), 1992 is an international treaty to deal with the
greenhouse gases and the efforts to control the issues of climate
change. The Kyoto Protocol, 1997 is an international treaty, which
is an extension of the UNFCCC treaty that commits the participating
countries to reduce greenhouse gases emissions on the grounds of
global warming and man-made green house gas emission issues.
Kyoto Protocol was introduced in 11 December, 1997 in Kyoto,
Japan and was enforced fully in 16 December, 2005. As on June
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2013, 192 countries signed this Protocol to su pport the initiatives to
check drastic environment chan ges. The Protocol initially sets the
target of reducing emissions by an average of 5.2 percent below
1990 greenhouse gas levels by the year 2012,
Objectives of the Kyoto Protocol

The main objectives of the Protocol are:

*  Tostabilize the reconstruction of greenhouse gases in the

atmosphere and thereby to address the issues of climate
change

*  Tocreale awareness on global warming and binds legally its
members to fight it

*  The commitment to reduce green house gases

*  Theuse of mechanisms such as increasing the absorption of
gases

*  Making policies to reduce global warmin g
*  Establishment of adaptation fund for minimizin g impacts of
global warming on people

*  Constitution of Enforcement Compliance Committee to monitor
and guide the initiatives

The Protocol is based on the principle of common but
differentiated responsibilities, creatin g the obligation to reduce
current emissions on developed countries on the ground that they
are basically responsible for the current levels of greenhouse gases
in the atmosphere. The first commitment period of Protocol was
started in 2008 and ended in 2012. The second commitment period
was started in 2012, known as the Doha Amendment to the protocol,
for a period ranging from 2012 to 2020.

Developed countries and carbon emission
Itis considered that the largest share of carbon emission
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came from the developed countries. The major reason for this is
that the industrialization brought immense development in the
developed countries along with its side effects of global warming.
However, the per capita emission of carbon in developed countries
is brought to a lower level through the various measures taken by
them like the tax levied on the emission of the green house gases,
massive awareness about the global warming, introduction of
Carbon Capture Method and utilization of alternative energy
resources. As per the statistics in 2010, even though India stands in
the fourth position in carbon emission, the rates were far behind the
leading carbon emission countries like America, China, etc.

Carbon credit trading

Under the Kyoto Protocol, the member countries agreed
to control their greenhouse gas emissions below their country-specific
target within a pre-defined timeframe. These countries were then
given a specific number of emissions permits. The volume of this
permit is equivalent to their 1990 levels of emissions adjusted to the
reduction commitment or undertaking. These permits are measured
in units of carbon dioxide, one of the main greenhouse gases. One
ton of carbon dioxide equals one permit. The credits are licenses to
pollute up to the limits set by the commitment to reach the average
reduction of 5.2 percent in total agreed in Kyoto. The countries
then allocate the permits to the most polluting countries, for the
amount negotiated. Thus, a carbon credit is a certificate or a license
which represents the right to emit one ton of green house gases
which can be traded for money. This credit so acquired can be
used in several ways by the countries. They are:

¢ Ifone country does not use its entire emissions permits, it
can either save the remaining permits for the next time period
and bank it, or sell them to another country in the market.
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* [f one country uses up its allowance in the allotted time
period, but emits more green house gases, it must buy
permits from another country that has not used up its full
permits.

® One country can invest in green house gas reduction projects
in other countries or regions to earn extra credits that can
be sold, banked, or used to make up the deficit later.

But certain countries like USA, India, China, etc., which are
responsible for a large proportion of global emissions have avoided
mandatory caps, the business in capped countries may perceived
themselves to be working at a competitive disadvantage against those
in uncapped countries as they are paying for their carbon costs
directly or adopted alternative means of reducing carbon emission.

Move to Green planet

The following initiatives may be taken by the member
countries, especially India, to effectively manage and benefit out of
the carbon credit trading:

Green certification with credit points to industries

The competent body constituted by the appropriate
Government may issue Green Certification with credit points to those
industries structural wide for their approved green initiatives.

Announcing green initiatives as part of Corporate Social
Responsibility

The Government should assign and announce some green
initiatives compulsorily taken up by the corporate world,
proportionate to the extent of carbon emission, like aforestation,
installation of solar panels in the local areas, sponsoring carbon clean
initiatives of local bodies, etc.
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Facilitate inter-institutional carbon trading within the
country

A proper inter-industry arrangement may be developed to
support the carbon credit settlements between industries in the
country on a competitive basis.

Develop alternatives for carbon emission gases

Green technology may be subsidized by the Government
and assign more carbon credit weights to the efforts of the industries
to replace carbon emission gases and assistance may be planned
for creative R&D.

Effective industrial waste disposal mechanism

All those sources of carbon emission may be scientifically
structured to avoid or to minimize the incidents of open emission or
radiation. The industrial waste disposal system may be given due
weightage in arriving at carbon credits.

Augmenting Carbon Capture Mechanisms in the country

Itis the mechanism of capturing waste carbon dioxide and other
green house gases from large emission sources, such as fossil fuel
power plants, transporting it to a storage site, and disposing it
where it will not enter the atmosphere, normally in an
underground geological area.

Constitution of a machinery for Carbon Credit Trading

A statutory body may be constituted under the initiative of
the Central Government to facilitate, regulate and control the trading
in Carbon Credit.

Solid criteria for certification

The Carbon Credit Certificates, Voluntary Emission
Reductions (VERs), Certified Emission Reductions (CERs) for green
projects that generate carbon credits should be certified by the
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competent authority on a solid ground.
International Accounting Standard for Carbon Credit

Internationally accepted accounting standards should be
developed to facilitate uniformity in the criteria followed in
determining the carbon credits and related calculations.
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Abstract i

The culture of Kerala is inseparably entwined with the cultural
development of hotels and cuisines. From the thatched teashops to
the budding street food stalls stand as witnes to the cultural changes
that revolutionize the taste of the foodies in Kerala. The cultural
intermediaries which are catalytic to the alteration in the food
consumption of the Keralite people vary from social causes to
economic rationale. Along with the modification of the ambiance of
hotels and street side food vending shops, the names too underwent
transformations. The nostalgic names which anchor the consumer
to a certain period in the history of Kerala magnify the prosperity
and pristine ambiance in the then time. This overcharging of the
irrecoverable nostalgic past has an economic gain pervading
underneath. This paper titled ‘The Nostalgic Nomenclature of
Eateries: A Cultural Reading of the Names of Street Food Stalls in
Kerala’ attempts to analyze the change in the names of hotels and
street side food vending shops in Kerala in this decade. This study
1s backed by the application of Cultural Studies, the emerging
theoretical area in the 21% millennium. The names of eateries in Kerala
with the accompaniment of the typographies which take us to the
past is a tool in the hands of late capitalism which opt for an
aristocratic past which the modern society tries to recreate in such a
manner that the consumers are wooed to move to them to experience
the taste of the past.

Josephine Researcher

Key words: Nomenclature, Eateries, Typography, Cultural
intermediary

The socio-cultural variations in the much acclaimed
conservative society in Kerala during the last decade resulted in the
drastic perceptible revolutions in all the spheres which constitute the
culture of Kerala like food habit, dress code, architecture,
typographical variations and the like. Various cultural intermediaries
in the guise of political decisions and economic policies in Kerala
and in other parts of the world were instrumental in bringing out
these discernible transformations in the state. Of the various realms
in which the changes were observable, the transition in hotel industry
was highly noticeable in the last decade. The food culture in Kerala
underwent far-reaching transition and it culminated in catapulting
the number of roadside food vending stalls throughout the
thoroughfares of Kerala. These readymade eateries bear names
which hook the consumers in such a depth that they induce the
customers to approach them to taste the ‘past’.

The tourism industry in Kerala promotes Kerala food to
such an extent that the itinerary of the tourists from outside Kerala
and India is inclusive of a dine out in a street food stall. The liquor
ban in Kerala is one of the cultural intermediaries which necessitated
the mushroom growth of street food stalls in Kerala. The country
tea shops which were a catalytic arena in the cultural development
of Kerala, which even occupied envious positions in Malayalam
cinemas died out eventually with the economic changes that took
place in the 1980s and1990s. With the closing of a sizeable number
of bar hotels in Kerala in 2014, the employees who were the part
and parcel of such bar hotels had to find a means for themselves. At
this juncture, many an employee resorted to establishing an eatery
of their own and this trend catapulted the number of street side food
vending shops.
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The differentiating factor of the street food stalls to the well
established hotels is the mind boggling names that they are adorned
with. An Ernakulam based journalist remarked on the Hindu that:

The cityscape is dotted with eateries with naadan
names. The script is often Malayalam, too. At first look,
to an eye used to reading English name boards, these
evoke curiosity. Owners say such names strike a chord,
itis the comfort of familiarity. People mnstantly relate to
itand know what to expect food-wise. (Anand 1)

Cultural studies observes that culture is not natural but it is
produced. It creates a phony notion that it can be recreated as and
when one wishes. Of the various factors which define the culture of
aregion involves the food habit of the people of that region. The
application of Cultural Studies in the life of human beings is
interconnected in such a manner that it oversees the mundane
activities which define the culture of a domain. Pramod K. Nayar
remarks of the role of Cultural Studies as :

Cultural Studies” interest in everyday life proceeds from
what Reymond Williams called ‘lived cultures’, where
culture is produced through everyday living: the food
people eat, the fashions they adopt, the entertainment
they prefer or the festivals they celebrate. Cultural
Studies thus believes that people leading their everyday
lives produce culture. Culture is not some distant realm
produced elsewhere to be consumed by the people. It
is the consequence of the responses.(Nayar 29)

When faced with Globalization and such liberal policies the
culture of Kerala too got mixed up with the global culture. In such
a juncture, the food culture in vogue today in Kerala comprises of
Chinese, Arabian and European cuisine which is ubiquitous. This
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meticulously produced food culture is the result of the factors that
revolutionized the marketability of food culture regionally and globally.
Papai ice-cream with the caption ‘Feel the taste of Europe’ brought
us the taste of Europe virtually. It is in the way of representation
comes the concept of nomenclature of eateries. Attributing names
to eateries required meticulous strategies. Of the importance of
attributing suggestive names to eateries, Shilpa Nair Anand remarks,

Some names suggest specific genres of cuisine.
‘Mappilakada’ for instance. “We specialize in the
cuisine from North Kerala, Mappila cuisine and I
wanted a name suggestive of that,” says Joju
Ravindranath of * Mappilakada’. The name was the
result of intense brainstorming. Many options were
considered before hitting upon this one. ‘Mappila
kitchen’s’ connect wasn’t good enough, “The attraction
of ‘Mappilakada’ was that it is the kind of name that
would attract people.”(2)

The names like ‘Aadaminte Chayakkada’ ¢ Erivum
Puliyum’, ‘Uppum Mulakum’, ‘Poonkunnam Thattukada’, * Oru
Kizhakkan Thattukada’, * Kumilikarans’ Thattukada’, ‘ Aliyante
Chayakada’, ‘ Gafoorka’s Thattukada’, * Aalibhai’s Thattukada’,’
Malabarinte Chayakkada’, * Ammacheede Adukala’,” Thakkaram’,
‘ Oppolinte Chayakkada’ etc. arouse various vibes in the consumer.
One might wonder the significance of such names. In the peripheral
sense names merely suggest an idea or a concept.

Itis all the more arbitrary in the structuralist paradigm where
the word does not literally have any denotation for the reality. About
the working of language Peter Barry quotes Ferdinand de Saussure
as,”

He emphasized that the meanings we give to words are
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purely arbitrary, and that these meanings are maintained
by convention only. Words, that is to say, are
‘unmotivated signs’, meaning that there is no inherent
connection between a word and what it designates.
Saussure emphasized that the meanings of words are
relational. That is to say, no word can be defined in
isolation from other words. (Barry 40)

William Shakespeare underrated the relation between name
and object which he exposed in Romeo and Juliet as “What is in a
name? that which we call arose/ By any other word would smell as
sweet’ ( Shakespeare Romeo and Juliet. 2.2.47-48). But a
meticulous analysis suggests that a name invokes more suggestions.

Amname is a marker which points one’s status, community,
locality and the age in which one was born and brought up and
one’s religious lineage. Thus a name involves a number of attributes
and cultural underpinnings. A name is a landmark when it is applied
to a building, apartment or a hotel. Names may carry definitions and
meanings. Names have regional denotations and that they carry with
them the regional distinctiveness. They also belo ng to birth and breed,
title and tradition. Thus to cap it all, names are the markers which
transcend time and space. As names are identifying factors which
differentiate one human being from the other, names of organizations
and such entities also differentiate them and make them unique.

The aftermath of the alarming pace in the momentum of
cultural transition which took place in the world has infused in the
Malayalees a cultural consciousness which has related the people
to the past. The mind of the Keralite people has always cherished
fora time which is long ago and far away like the Romantic locale.
The ambiance of street food vending shops brings us to the far away
and long ago time in the social milieu where we had a pristine
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unadulterated cultural framework. Certain old names stick to our
mind and along with them certain relations too. For instance
‘Oppolinte Chayakkada’ invokes a relational bond with an older
sister. In the similar fashion ‘Ammacheede Adukala’ conjures up a
number of attributes like motherliness, purity in the preparation of
food and the affection in serving.

Culture is produced in a society in connection with the
changing economical and social powers. A structured observation
proves that culture is dynamic in the parlance that it undergoes drastic
changes from time to time. A synchronic and diachronic study of
culture reiterates that culture, including food culture in Kerala is bein g
modified by various factors including the economic factors which
transformed the lifestyle thereafter. Even in such a context, it is
perceptible that a linking with the past is apparent in the mind of the
consumers. As they have reached to such an extent that a reversal
to the past tradition and relationship has become nostalgic. Hence a
longing for the past is noticeable. The tourism industry in Kerala is
centered on foregrounding the exotic relics of the past to market
them. Though the consumer is linked to the past, the factor of novelty
is an inevitable factor which allures the consumer to a product.
Regarding novelty in the cultural context, Pramod K. Nayar remarks:

A regular consumer of coffee has to be persuaded that
the new brand is an improved, a novel version of what
she consumes every day. The new brand cannot not
taste like coffee- it cannot be so novel- but should have
an additional feature that makes it novel, but remains
coffee. Consumer culture is based on a cult of novelty.
The cult of novelty generates a two-pronged rhetoric:
arhetoric of pluses and a rhetoric of the ‘new-now’.
Novelty occurs not only when the object is radically
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new but also when there has been some delay between
the moment consumption and the past experience.
(Nayar 142)

The concept of novelty is entwined with the repetition of the
old cultural concepts and artifacts. Novelty is a way of dislocating
the previous set of experiences. In such a juncture, it is discernable
that the culture of a period becomes novel after a break from the
tradition. This break has restored the culture which existed in Kerala
in the sphere of food consumption in the current decade in the guise
of names and ambiance. The term ‘past’ points to ‘a time which
existed in the past’ and hence it is an irretrievable entity and whatever
existed in the past cannot be brought to the present. The effort to
bring the past to the present is a futile task and it cannot survive in
the present. The attempts to reproduce the old customs and traditional
beliefs are perceptible in religious beliefs and the related festivals. In
the context of Kerala the festival of ‘Onam’ generates a set of cultural
codes and conventions regarding dress and food. But with the
passage of time, the festival of Onam has been commercialized to
such an extent that the purity ascribed to the rituals and cultural
codes has been dropped. The factor of novelty has been mixed
with festivals in such an extent that the festivity is misplaced. This
commercialization in festivals is made popular by the capitalist market
where novelty thrives linking with the past. An artificial reproduction
is seen in the market. For instance synthetic banana leaf is replaced
with the natural one. But the banana leaf is made inevitable while
serving food. How Louis Althussar defined the term ‘interpellation’
is what the food industries do in Kerala. We are made feel to choose
from alternatives, but ultimately there exists no choice at all. Peter
Barry rightly illustrates it as, “The ‘trick” whereby we are made to
feel that we are choosing when really we have no choice is called by
Althusser interpellation. Capitalism, says Althusser thrives on this
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trick: it makes us feel like free agents while actually imposing things
uponus” (158)

In the purview of intertextuality the relation of the names of
the eateries with the tradition is irrevocable. The allusive names with
the graphemes hook the memory of the customer. This text
immediately connects the consumer to the desired period or
relationships in a certain period of time as it existed in the region.
R.L'Trask summarizes intertextuality as:

But Kristeva’s intention is much broader applicability:
she sees every text as constructing an intertext in a
succession of texts already written or yet to be written.
A version of this idea has recently begun to be
incorporated into the linguistic analysis of texts. The
general idea is that a text does not exist in isolation and
cannot be fully appreciated in isolation; instead, a full
understanding of its origins purposes and form may
depend in important ways on the knowledge of other
texts. (Trask 132)

The intertextuality with regards to the text of the appellation
of the eateries suggests the association of the names to a historical
period and the structure prevalent in the region. Typographical
features of the words clearly embody a period in the history of a
region when they were dominant in different spheres of life. The
typography very often specify the regional and many a time the
communal variants. For instance, ‘Aalibhai’s Thattukada’ in the
script of Arabic typography speaks a volume of factors that of the
dishes available there plus the communal factors inherent in it. So
also is ‘Aadaminte Chayakada’ which articulates suggestions like
the Biblical forefather and the Islamic food variants offered there.
What Shakespeare thought about in the seventeenth century of the
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efficacy of names was found superficial in the nomenclature of
eateries in Kerala with the accompaniment of variant typographies.

The advent of English language to Kerala crippled the learning
and currency of Malayalam language. The excessive use of English
was in vogue in all the spheres of life. Hence the change of names
from anglicized names to vernacular ones was eye catching. This
shift also incorporated the system of transliterated names with the
regionalist undertones. This transition itself suggests a break away
from the overemphasized anglicized names to the nostalgic native
names. In the place of English words like ‘hotel ‘or ‘restaurant’, the
vernacular varients like ‘thattukada’, ‘chayakkada’and the like have
made their presence felt in the transition from the present to the
past. Evan the regional variation of the Malayalam word is employed
to bring in novelty as seen in the name * Thakkaram’ which is Malabar
regional variation of ‘Salkaram’ —meaning welcome.

Regarding the taste of food Ms. Athira Sukumar, a customer
once remarked in her online comment about ‘Alibhai’s Thattukada’
as, “Sink your teeth into any of these and feel the waves of nostalgia
coming through”(2). The sense of nostalgia is aggravated with the
replacement of the ambiance of the past architecture patterns. The
people at the helm in serving food in the guise of orthodox Christian
grandmothers and Muslim ‘Beevis’ add charm to the sense of
nostalgia which is a gimmick in the capitalist system of marketing.
Past is an irrecoverable ‘period” which can be recreated without
any ingenuity. The value system in the current scenario has reached
a position that it longs for a return to the past. At this juncture a
veritable return incorporating the life style, the architecture and the
dress code is unachievable. This sense of longing for aresort in the
past is very well exploited by the names, ambiance and the costume
which can arouse a virtual sense of belonging to the past. This make

belief structure in which the food which is claimed to be ‘naadan’
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infuses in the consumer a sense of simulated satisfaction which is the
result of being 'naadan’.

To cap it all, the capitalistic effort to recreate a regional
corner in the fast developing global culture resulted in the simulation
of a culture which lost its root from the prevailing cultural context.
Every effort to recreate this elite regional culture became cultural
artifacts in the market. A longing for the past culture and relational
bond instilled in the capitalist community to resort to the practice of
vernacular nomenclature as a way to hook the consumers to the
nostalgic past. The vernacular names that are placed before the
consumers locate the consumers in a slot where they have distinct
experiences of the past.
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Abstract

Alcohol dependency is a chronic disease characterized by
uncontrolled drinking and preoccupation with alcohol. Stressful
events such as bereavement or losing a job can also trigger heavy
drinking. This can then lead to alcohol dependence and other
complications. Major objectives of the study is to examine the
anxiety, depression and stress of individuals with alcohol dependence
and the influence of demographic variables such as age, marital
status, income and place of residence upon anxiety , depression
and stress. Samples (N=35) were selected through random sampling
method from were person attending alcohol anonymous group. The
result shows that there is no significant difference between marital
status of the respondence on depression, anxiety and stress. Anxiety,
depression and stress did not vary among individuals belonging in
the urban and rural area. Further, it showed that age is not related
with anxiety depression and stress.

Key words: Alcohol dependence, Anxiety, Stress, Depression.
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Introduction

Alcohol dependence is a substance related disorder in which
anindividual is addicted to alcohol either physically or mentally, and
continues to use alcohol despite significant areas of dysfunction,
evidence of physical dependence, and/or related hardship.
According to the DSM-IV criteria for alcohol dependence, at least
three out of seven of the following criteria must be manifest during a
12-month period:

e Tolerance

¢ Withdrawal symptoms or clinically defined alcohol withdrawal
syndrome

* Use in larger amounts or for longer periods than intended

e Persistent desire or unsuccessful efforts to cut down on alcohol
use

e Time is spent obtaining alcohol or recovering from effects

e Social, occupational, recreational pursuits are given up or
reduced because of alcohol use

* Use is continued despite knowledge of alcohol-related harm
(physical or psychological)

The development of alcohol dependence is a complex and
dynamic process. Many neurobiological and environmental factors
influence motivation to drink (Grant, 1995; Samson & Hod ge, 1996;
Vengeliene, 2008; Weiss, 2005). At any given time, an individual’s
propensity to imbibe is thought to reflect a balance between alcohol’s
positive reinforcing (i.e., rewarding) effects, such as euphoria and
reduction of anxiety (i.e., anxiolysis), and the drug’s aversive effects,
which typically are associated with negative consequences of alcohol
consumption (e.g., hangover or withdrawal symptoms).

Memories associated with these rewarding and aversive

— {106}

Josephine Researcher

qualities of alcohol, as well as learned associations between these
internal states and related environmental stimuli or contexts; influence
both the initiation and regulation of intake. These experiential factors,
together with biological and environmental influences and social
forces, are central to the formation of expectations about the
consequences of alcohol use. These expectations, in turn, shape an
individual’s decision about engaging in drinking behavior.

The nature and extent to which these factors are operable in
influencing decisions about drinking not only vary from one individual
to another but also depend on the stage of addiction—that is, whether
the drinker is at the stage of initial experience with alcohol, early
problem drinking, or later excessive consumption associated with
dependence. Although many people abuse alcohol without meeting
the criteria for alcohol dependence, one continued excessive alcohol
consumption can lead to the development of dependence.
Neuroadaptive changes that result from continued alcohol use and
abuse (which manifest as tolerance and physiological dependence)
are thought to be crucial in the transition from controlled alcohol use
to more frequent and excessive, uncontrollable drinking (Koob &
Le Moal 2008). Indeed, for some dependent individuals, the fear
that withdrawal symptoms might emerge if they attempt to stop or
significantly curtail drinking may prominently contribute to the
perpetuation of alcohol use and abuse.

Depression and Alcohol Dependence

When glancing at the symptoms of depression and alcoholism,
the connection is not immediately apparent. They certainly seem
like two different conditions, and they are. Someone who is
depressed might turn to alcohol to feel better. And someone struggling
with a dependence on alcohol could clearly become depressed as a
result. Research conducted in recent years has confirmed that the
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two illnesses are indeed related. Both major depression and alcohol
dependence carry a significant risk for the development of the other.
Severity in one disorder is associated with severity in the other
(Kessler, 1997; Regier, Farmer, Rae et al. 1990; Gilman & Abraham
200; Grant & Harford 1995). Moreover, alcohol dependence
prolongs the course of depression, and persistent depression during
abstinence from alcohol is a risk factor for relapse to heavy drinking
(Hasin, rﬁmﬁ, Endicottet al., 1996). )

Anxiety and Alcohol Dependence

Ipser (2015) found that anxiety disorders (AnxDs) are often
combined with alcohol-use disorders (AUDs), worsening the
symptoms, and making treatment more difficult. Comorbid AnxDs
and AUDs are associated with poorer treatment results and increased
difficulties in treatment with standard psychosocial interventions

About 20 percent of people with social anxiety disorder also
suffer from alcohol abuse or dependence, and a recent study found
that the two disorders have a stronger connection among womer.
Although alcohol can temporarily reduce symptoms of social anxiety
—which is the reason many turn to it - Stein and Walker note that
alcohol can also increase anxiety, irritability, or depression a few
hours later or the next day. Even moderate amounts of alcohol can
affect one’s mood and anxiety Ievel.

Stress and Alcohol Dependence

The term “stress” often is used to describe the subjective
feeling of pressure or tension. However, when scientists refer to
stress, they mean the many objective physiological processes that
are initiated in response to a stressor. Because both drinking behavior
and an individual’s response to stress are determined by multiple
genetic and environmental factors studying the link between alcohol
consumption and stress may further our understanding of drinking
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behavior. Despite the complex interaction between stress and alcohol
consumption, it generally is acknowledged that stressful life events
prominently influence alcohol drinking and, in particular, relapse
(Brady & Sonne 1999; Sinha 2001, 2008)

Stress may be linked to social drinking, and the physiological
response to stress is different in actively drinking alcoholics compared
with non-alcoholics. Researchers have found that animals preferring
alcohol over water have a different physiological response to stress
than animals that do not prefer alcohol Nonetheless, a clear
association between stress, drinking behavior, and the development
of alcoholism in humans has yet to be established.

There may, however, in the already established alcoholic, be
a clearer connection between stress and relapse: Among abstinent
alcoholics, personally threatening, severe, and chronic life stressors
may lead to alcohol relapse .Brown and colleagues studied a group
of men who completed inpatient alcoholism treatment and later
experienced. (Ramesh, Jeffrey & Robert, 2010)
Methodology

Descriptive research design was used by the research for
this study. Samples selected from alcohol anonymous group (AA)
organized by various rehabilitation centers at Idukki district and data
collected through questionnaire method. Demographics data sheet
prepared by the researcher and ADSS developed by were
administrated individually
Objectives
1) Tofind out any differences in anxiety, depression and stress on
the basis of different age group

2)  To find out any difference in anxiety, depression, stress on the
basis of income, marital status and place of residence of
respondence
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3) To find out any relationship between age, anxiety, depression
and stress among alcohol dependent individuals.

Hypothesis

1) Thereis asignificant difference between anxiety, depression
and stress of respondents categorized on the basis of age.

2) Thereis a significant difference between anxiety, depression
and stress of respondents categorised on the basis of monthly
income.

3) Thereis asignificant difference between anxiety, depression
and stress of respondents categorized on the basis of marital
status.

4)  Thereis a significant difference between anxiety, depression
and stress of respondents categorized on the basis of place of
residence.

5) There is arelationship between age, marital status, monthly
income, place of residence.

Results and Discussion

Itis found that there is no significant difference between
anxiety, depression and stress of despondence categorized on the
basis of their age. So the hypothesis rejected and found age is nota
factor for developing anxiety, depression and stress. Depression,
stress and anxiety are, like many health problems, an equal-
opportunity disease. It can afflict anyone, at any age, from childhood
to late in life.

E
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Table 1

Mean, standard deviation and corresponding ‘t’values

obtained by different age groups

Variables  Meanof sD Mean of sD t" Values
Age below Age o
4O N=9) 40 (N =26)
Arraaty 5.3333 357 176 524 1.287
Depression 4.11 261 519 454 672
Stress 412 164 592 401 1773

The result indicated that there is no significant difference in
anxiety, depression and stress of respondents categorized on the
basis of different age groups.

Table 2

Mean, standard deviation and corresponding‘t’ values
obtained by married and unmarried persons with alcohol

dependence

Variablas Mean of $D Mean of sD ‘t' Values

Marriad single (N =

N=29) 6)
Armdety 724 523 6.66 350 256
Depression  4.89 446 500 2 035
Stress 5.58 395 500 109 357

Table 3

Mean, standard deviation and corresponding ‘t’ values
obtained by respondents belonging in urban and rural area.

Vartables  Maan of SD Mean of 5D t' Valyes

Urban (N= Ruml (N=

7 23)
Amaaty 742 411 707 519 169
Depression  5.28 377 482 426 263
Stress 5.28 221 553 382 161

171711
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Table 4 - ANOVA Table 5 - Correlations
Anova of persons with m_coro_. dependence with respect to Correlation of depression, anxiety, and stress with age
monthly income
g anxiety Spresion strem
Sum of Mazn
Squares & Squee  [F Age ke W 1 015 -066 003
AT N”H% 7513 3 2504|094 Sig (Ltailad) o3 707 506
N 5 5
Within Groups 022773 |31 26341 - » r ®
Anxisty  Pearson o .
: i o5 |1 3R 867
Tota! 830286 |34 RHIER
‘ Sig (Qtailed) | 032 000 000
Deprasmion Betwezn 11 06 . _ .
Groups - 2 o 0 N 3 |3 35 35
Within Groups [557.716 31 o) Depresion Pearzon ] -
pe(s5 17801 o 06 |88 1 807
Tonal 57BT43 [ sig (Mziled) | 707|000 00
Stress Batuesn _— . ) N 3 35 35 35
Groupe 237 3 91 6
Strass ?ﬁﬂm. 0% s g0 1
Within Groups |42 366 (31 14270 Carrsiztion
Sig (Ltailad) | 506|000 000
Tont 444743 |}
N 35 3 35 3
It proved that their alcoholism is a trigger factor for their
behaviour and no other factor associated with this. Kelly (2018) References
found that depression is not something that is explicitly addressed http://www.alcoholcostcalculator.org/business/about/dsm.html
through AA; however, the program’s social fellowship was designed . Brady KT, Sonne SC. The role of stress in alcohol use,
with support of their participants’ sense of wellbeing in mind. Just alcoholism treatment, and relapse. Alcohol Research &

Health. 1999;23:263-271
o Gilman SE, Abraham HD. A longitudinal study of the order of
onset of alcohol dependence and major depression. Drug
Also proved that there is no significant a relationship between Alcohol Depend. 2001;63:277-286.
age, marital status, monthly income, place of residence of the ° Grant BF, Harford TC. Comorbidity between DSM-IV alcohol

. «s se disorders and major depression: results of a national survey.
respondence. It shows that the positive effect of AA group in . ; J p Y

. ) - Drug Alcohol Depend. 1995;39:197-206.
psychological wellbeing of the alcoholics. ° Hasin DS, Tsai WY, Endicott J, et al. Five-year course of major

depression: effects of comorbid alcoholism. J Affect Disord.
1996;41:63-70.

simply abstaining from drinking could improve your mood after
several weeks, but attending A A accelerates the progress.

:
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o Ipser JC, Wilson D, Akindipe TO, Sager C, Stein DJ.

Pharmacotherapy for anxiety and comorbid alcohol use
disorders. Cochrane Database Syst Rev (2015)
20(1):CD007505.10.1002/14651858.CD007505.pub2

. John F. Kelly (2018) The Landing of Newport

Beach,Massachusetts,UK

° Kessler RC, Crum RM, Warner LA, et al. Lifetime co-

occurrence of DSM-III-R alcohol abuse and dependence with
other psychiatric disorders in the Nationa] Comorbidity
Survey. Arch Gen Psychiatry. 1997;54:313-321.

o Regier DA, Farmer ME, Rae DS, et al. Comorbidity of mental

disorders with alcohol and other drug abuse. Results from
the Epidemiologic Catchment Area (ECA) Study.
JAMA. 1990;264:2511-2518.

® Sinha R, Fox HC, Hong K1, et al. Effects of adrenal sensitivity,

stress- and cue-induced craving, and anxiety on subsequent
alcohol relapse and treatment outcomes. Archives of General
Psychiatry. 2011;68:942-952

° Sinha R. How does stress increase risk of drug abuse and

relapse? Psychopharmacology (Berlin) 2001;158:343-359
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Abstract

Guanidinium Carbonate (GC), an organic third order NLO
single crystal has been successfully grown in water solution by slow
evaporation technique. The crystalline purity of the crystal was
measured by powder X-ray diffraction technique. The third order
nonlinear optical character of the GC crystal was confirmed through
the typical pulsed laser beam  Z-scan technique. The optical
limiting behavior of the sample leads to the nonlinear refraction.

Keywords: Crystal Growth, PXRD, Z-scan, NLO

1. Introduction

Amino acids are given attention in the field of potential
applications including laser technology, telecommunications, optical
computing, optical data storage [1, 2]. The crystal structures with
non-centrosymmetric space groups have been of interest as materials
for optical second harmonic generation (SHG) and third order
nonlinear optical properties [3]. The present study deals with crystal
growth and third order nonlinear optical properties of guanidinium
carbonate crystals.
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2. Material and methods
2.1 Crystal growth

The Guanidinium Carbonate salt (98% Merck) was
dissolved in double distilled water and stirred well for 8 hours using
magnetic stirrer to obtain saturated solution. The saturated solution
was filtered using Whatman filterpaper and kept into a beaker and
was gently covered with an aluminium foil with a few tiny holes in it
for controlled-solvent evaporation. The synthesized salts were
purified by repeated recrystallization and finally good transparent
colourless single crystals were harvested after 50 days and are shown
in Figure. 1.

m e . g
S b e M W BG  S

Figure.1: Grown crystals of GC.

3. Results and Discussion
3.1 Powder X-ray Diffraction technique

The reflection planes obtained by the PXRD pattern are
indexed using the Powder X software. For visual comparison, the
experimental PXRD pattern and the simulated pattern From CIF
file [4] are shown in figure.2. The experimental data were found to
be close to the simulated data with reasonable accuracy. The well-
defined high intensity sharp peaks in the PXRD pattern confirmed
that the grown sample is in good crystalline nature.

=
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Figure.2: Experimental PXRD pattern of GC crystal and simulated
PXRD pattern from SXRD data [4] of GC generated by Mercury
3.0 program.

2.3 Open-Aperture Z-Scan Study

The nonlinear absorption of GC in water solution is measured
with the open-aperture Z-scan method using 532 nm excitation
wavelength with laser pulses of 5 ns pulse duration obtained from a
Q-switched Nd: YAG laser source [5]. The peak irradiance of the
input pulsed laser was 100 iJ and the linear transmittance of the
sample was 85% at the excitation wavelength. The open aperture
Z-scan experimental traces of the sample in ethanol solution are
shown in figure.3 (a). The circles in the plots represent the measured
data and their theoretically fitted Z-scan curves are the solid curves.
The non-linear absorption coefficient 4 can be calculated from the
best fit to the normalized open-aperture transmittance T _ ofthe
two-photon absorption process [6]. The minimum transmittance
drops to the lower value at the focus during the nonlinear transmission
was 58%. The magnitude of the nonlinear absorption coefficient of
GC is numerically estimated to be 1x10"" m/W. Because the
excitation wavelength was the twice the linear absorption maximum
the nonlinear absorption in GC is certainly be attributed to the two-
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photon absorption mechanism. The two-photon assisted excited
state absorption directing the material to exhibit the reverse saturable
absorption property which is responsible for the optical limiting
behaviour of the sample under study. The optical limiting curve of
GCis shown in Figure.3 (b).

1.0+ -
£ 3
- ¢ |
0.94 .
Jma
(a) (b)
0.8 ; -
20x10' 00 200101 MO0’ 10° am 4x10°

Z (microns) Input Fluence (J/m”)

Figure.3: (a) Open-aperture Z-scan curve of GC. (b) Optical
limiting curve of GC.

2.4 Conclusion

Good optical quality GC was grown by slow solvent
evaporation technique. Powder X-ray diffraction studies confirm
the crystal structure and crystallinity of the grown crystals. The open-
aperture Z-scan study shows that the 2PA mechanism was
responsible for the third-order non-linear absorption characteristics
and the samples can be used as optical limiters in ns pulse duration
excitation regimes.

2.5 Acknowledgments
The author (JG) is indebted to Dr. D. Narayana Rao,
Professor, School of Physics, Hyderabad Central University for

—{118}—

Josephine Researcher

providing the Z-scan measurement facility and Dr. Sree Kanth, Post
Doctoral Researcher, Tampere University of Technology, Finland
for Z-scan data fitting.

References

. V. G Dmitriev, G. G. Gurzadyan and D. N. Nicogosyan,
Handbook of Nonlinear Optical Crystals, Springer-Verlag,
New York, 1999.

2. E.Ishow, C. Bellaiche, L. Bouteiller, K. Nakatani and J. A.
Delaire, J. Am. Chem. Soc., 2003, 125, 15744,

3. M.N. Bhat, S.M. Dharma prakash, J. Cryst. Growth 235
(2002) 511

4. J.M. Adams, R.W.H. Small, The crystal structure of
guanidinium carbonate, Acta Crystallogr. B30 (1974)2191.

5. Sheik-Bahae, M., Said, A. A., Wei, T. H., Hagan, D. J., Van
Stryland, E. W. (1990). Sensitive measurement of optical
nonlinearities using a single beam. IEEE journal of quantum
electronics, 26(4), 760-769.

6. Sutherland, Richard L. Handbook of nonlinear optics. CRC
press, 2003.




Josephine Researcher

Synthesis and application of Nanoparticles -
A Biological Approach

Anjana V N', Beena Mathew? and Ebey P Koshy?

'Department of Chemistry, Sree Sankara Vidyapeedom

College, Valayanchirangara, 683 556

2School of Chemical Science, Mahatma Gandhi University,
Kottayam, 686 560

‘Department of Chemistry, St. Joseph’s College, Moolamattom,
Arakulam P.O., Idukki, 685 591

Nanotechnology is a branch of science which deals with
materials at nanoscale with the size of the particles concerned ranges
less than 100 nm. *““Nanotechnology” concept was introduced by
Richard P. Feynman, a Nobel laureate in his famous 1959 lecture
“There’s Plenty of Room at the Bottom” (Feynman, 1960). This
field of science has been experiencing an unprecedented growth
since then and contributed immensely in the advancement of science
(Laurent et al. 2008). These materials can be of various dimensions
ranging from 1D, 2D or 3D (Tiwari et al., 2012) owing to their
overall shape. Nano particles are structurally made of three layers
L.e., asurface layer which can be modified with various functional
groups such as surfactants and metal ions etc, a middle shell layer
consists of materials which are chemically different from the core
and the innermost core region (Shin et al. 2016).

Different types of nanoparticles

Nanoparticles are broadly classified based on the physical
and chemical characteristics into (1) Carbon-based Nanoparticles
(2) Metal Nanoparticles (3) Ceramics Nanoparticles (4)

Josephine Researcher

Semiconductor Nanoparticles (5) Polymeric N anoparticles and (6)
Lipid-based Nanoparticles etc.

Carbon-based nanoparticles are of mainly two types
Fullerenes and carbon nanotubes (CNTs) in which Fullerenes are
made of globular hollow cage such as allotropic forms of carbon
(Astefanei ef al. 2015) while Carbon nanotubes are elongated tubular
structure with a diameter of 1-2 nm (Gupta et al. 2018). Metal
NPs are composed of metal precursors and possess unique
optoelectrical properties owing to their localized surface plasmon
resonance (LSPR) characteristics. These nanoparticles are made
of alkali and noble metals i.e. Cu, Ag and Au and posses a broad
absorption band in the visible region of the electromagnetic solar
spectrum. They are found to have immense application in research
areas owing to their advanced optical properties (Dreaden et al.
2012). Ceramics nanoparticles constitute a group of inorganic
nonmetallic solids synthesized by successive heating and cooling and
found to have tremendous application in the fields of catalysis,
photocatalysis, photodegradation of dyes, and imaging applications
(Thomas et al. 2015). Semiconductor nanomaterials forms a group
which exhibit properties between metals and non-metals and possess
wide band gaps by band gap tuning properties which can be
significantly altered and are versatile in applications such as
photocatalysis and photo optics (Sun et al. 2000) and water splitting
(Hisatomi et al. 2014). Polymeric nanoparticles are organic in nature
and exist as spheres which are matrix particles whose overall mass
is generally solid and are adsorbed at the outer boundary of the
spherical surface. In the latter case the solid mass is encapsulated
within the particle completely (Hickey et al. 2015). Lipid based
nano particles are spherical with diameter ranging from 10 to 1000 nm
possess a solid core made of lipid and a matrix contains soluble
lipophilic molecules external core is stabilized by surfactants or
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emulsifiers (Rawat e al. 2011) and has got various applications in
drug delivery (Puri et al. 2009) and release of nucleic acid such as
RNA in cancer therapy (Gujrati er al. 2014).

Synthesis of nanoparticles

Nano particles are mainly synthesized by two methods (1)
Bottom-up approach and (2) Top-down approach (Makarov et
al. 2014). In Top-down synthesis a destructive appraach is employed
in which a larger molecule is decomposed into smaller units and
nanoparticles are made from these units. This decomposition is
achieved by various methods such as grinding/milling, CVD and
physical vapour deposition (PVD) (Korbekandi er al. 2015).
Bottom-up synthesis, also called building up approach is a method
in which nano particles are formed from relatively small substances
employing the processes such as sol gel, green synthesis, spinning,
and biochemical synthesis (Mogilevsky et al. 2014). There is arecent
report on the method developed to synthesize LDL NPs employing
bottom approach followed by up approach and has been widely
using in the drug delivery applications (Needham et al. 2016).

Recent advances in nanotechnology led to the development
of newer approaches for the synthesis of metal nanoparticles
employing “green chemistry”, a clean and environmentally friendly
protocol which inspired many researchers to think seriously about
the possibility of using biological processes (Narayanan and Sakthivel
2010) instead of the conventional physical and chemical methods
which are expensive and hazardous to the environment (Gan et al.
2012). These methods of nanosynthesis employing green chemistry
has proved to be an alternative which is cost effective, environment
friendly and safe (Raveendran er al. 2003). It is known that a wide
variety of biological entities belongs to various groups such as plants
and algae (Raveendran et al. 2003) diatoms (Scarano and Morelli
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2002), bacteria (Lengke et al. 2007), yeast (Lengke et al. 2007),
fungi (Rautaray et al. 2003) and human cells (Anshup et al. 2005)
have the potential to transform inorganic metal ions into metal
nanoparticles employing the reducing power of the proteins and
metabolites present in these organisms.

Microbes as bioreactors for nanosynthesis

Nanosynthesis employing living organisms is a widely
accepted method and it is known that bacteria synthesize both
extracellular and intracellular silver nanoparticles when the bacterial
cells are allowed to react with silver (I) nitrate (AgNO,). The
prominent bacteria species widely reported to have employed in
the generation of silver nano particles are Pseudomonas
stutzeri AG259; Escherichia coli, Vibrio cholerae, Pseudomonas
aeruginosa, Salmonella typhus, Phoma sp. 3.2883,
and Staphylococcus aureus) (Morones et al. 2005). Nucleic acids
such as deoxyribonucleic acid (DNA) which is the genetic material
and a major component of all living cells known to have the potential
for the bioreduction of silver (Feng et al. 2000). There are also
reports on the active role of sulphur-containing proteins, another
significant bio molecule of all living organisms as reducing agents
(Morones et al. 2005) in nanosynthesis. Fungi belong to various
species such as Verticillium sp., Fusarium oxyporum and
Aspergillus fumigates are widely used in the synthesis of
nanoparticles. Fusarium oxyporum utilizes the silver(I) nitrate as
the substrate and the reduction of silver is achieved through a nitrate-
dependent reductase (Kouassi et al. 2005) whereas in other fungi
adifferent mechanism involving carboxylate groups were found to
be involved as the reducing agent. Itis significant that the nanoparticle
production using plants described in the present review displays
important advantages over other Eo_om.wom_ systems. The low cost

of cultivation, short production time, safety, and the ability to up
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production volumes make plants an attractive platform for
nanoparticle synthesis (Njagi ez al. 2011).
Green synthesis using plants
Plants and the plant derived compounds are the widely
explored biological entities for its potential to act as a reducing agent
in the synthesis of nanoparticles and these technologies are the need
of the time which allays the fears of all environmental concerns
(Thuesombat et al. 2014). Silver is the widely used nano-material
with an estimated production of five hundred tons per year with a
wide usage in highly sensitive detection, biosensors and medicine.
Silver nano materials are synthesized by various techniques such as
ion sputtering, chemical reduction, sol gel, etc. (Bindhu and Umadevi
2015). These conventional methods often pose a threat to the
environment owing to the use of hazardous chemicals in the protocol.
The versatility in the application of these silver nanoparticles is
enormous and 1s striving towards the cutting edge utilities and it has
the potential to revolutionize the field of science and technology
including the medical fields. This cutting edge research in the field of
nanotechnology cannot be arrested on the basis of its environment
hazard owing to the source of generation. Now it is the right time to
think of an alternate synthetic route which is not only cost effective
butshould be environment friendly. Keeping in view of the aesthetic
sense, the green synthesis is rendering themselves as key procedure
and proving their potential at the top.

Plants are widely used in the mining technology owing to
their ability to reduce metal ions and hyperaccumulate metals from
soil. Itis also reported that this hyperaccumulation of metals would
result in the generation of nanoparticles. For example semi-spherical
copper particles of 2 nm in size was observed in Iris
pseudacorus (yellow iris) (Manceau er al. 2008) grown on
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substrates containing salts of copper. The technology was updated
keeping in line with the above observations and led to the introduction
of in vitro approaches in which various plant extracts were used
for the bioreduction of metal jons to form nanoparticles. These
approaches would enable us to optimize the dimension of the nano
particle to be synthesized by changing the medium pH and reaction
temperature. This method is faster than its synthesis in whole plants
since the reaction time is shorter and evades the time required for
the uptake and diffusion. This in vigro process is being made possible
using extracts of various plants in combination acids and salts of
metals, such as copper, gold, silver, platinum, iron, and many others
(Ghosh ez al. 2012).

There are reports on the use of various plant extracts derived
from Pelargonium graveolens (rose geranium) to reduce gold ions
into 20-40 nm decahedral icosahedral shaped nanoparticles
(Shankar ez al. 2003) while Cymbopogon flexuosus extract was
used to synthesize gold nanospheres and nanotriangles 0.05—18 im
size. The plant extract from Azadirachta ndica (neem, Indian lilac)
was used to reduce tetrachloroauric acid (HAuCl4) to flat gold
triangles and hexagons with a size of 50-100 nm (Shankar et al.
2004). FTIR spectroscopy studies have shown that the plant
metabolites such as terpenoids, sugars, alkaloids, phenolic acids,
polyphenols and proteins plays a major role in the reduction of metal
ions and imparting stability (Song and Kim 2009). Size and
morphology of the nanostructures are connected with the interaction
of these biomolecules with metal ions (Shankar et al. 2004).

Flavonoids such as anthocyanins, flavonols, chalcones and
flavanones, are a polyphenolic compounds which are active chelatin g
agents involved in the reduction of metal ions into nanoparticles.
Flavonoids possess various functional groups which are essential
for the generation of nanoparticles. It is known that the tautomeric
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transformations of flavonoids are found to provide the reactive
hydrogen atom needed for the reduction of metal ions to ma:méﬁ
nanoparticles. In one of the recent report silver :m:o_um_‘:o_nm m:..m
synthesized using the extract of Ocimum basilicum (sweet Umm_c in
which the flavonoids luteolin and rosmarinic acid act as the mediators
of bioreduction and gets transformed from enol- to the keto-form
(Ahmad ef al. 2010). It is known that in ma&aosfﬁo Eonmm:nmo:u
flavonoids are also involved in the stages of initiation (nucleation)
and aggregation. This is because of the property of some mmwo:oam
like quercetin to chelate at multiple sites and lead to adsorbtion onto
anascent nanoparticle (Kasthuri ez al. 2009).

Carbohydrates, a major component of plant cell are very
good reducing agents owing to the presence of either a keto-group
or an aldehyde group. Fructose, a ketose sugar can act as an
antioxidant when they undergo a tautomeric transformation to an
aldehyde. Moreover, sugars will be active in the open confi o__.EmJo:
when the functional group is exposed and Sucrose is a non reducing
sugar since the functional groups of the components of sucrose,
fructose and glucose are involved in the linkage and the open form
is not available. Glucose is widely used in the synthesis of metal
nanoparticles of various morphologies, whereas fructose rmm.
limitations and found to be involved in mediating the synthesis of
monodispersed nanoparticles of silver and gold. Glucose is a stronger
reducing agent than fructose and the limitation of the antioxidant
potential of fructose is due to the limitation in the kinetics :dwo.ﬁm.n_
by the tautomeric shifts. It is known from the studies that sucrose is
able to produce nano particles from metal salts such as
tetrachloroauric and tetrachloroplatinic due to acid hydrolysis of
sucrose liberates glucose and fructose which have an open chain-
form structure (Makarov et al. 2014).
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Applications of nanoparticles

Therapeutic use of nanoparticles

Nanotechnology has become an area with a wide potential
indrug industry and the most promising among these are the reports
that metallic nanoparticles has antibacterial effect. Antibacterjal
nanoparticles are the need of the hour owing to the episode of

increase in the prevalence of antibiotic resistant strains(Morones et
al. 2005).

It has been reported that the silver jons has antibacterial
effect and it has been tested on two strains of bacteria, namel y Gram-
negative Escherichia coli (E. coli) and Gram-positive
Staphylococcus aureus (S, aureus). Toxicity of the ions was visible
with the cytoplasmic membrane gets detached from the cell wall
and a electron-light region appeared in the centre of the cells indicates
condensed deoxyribonucleic acid (DNA) molecules. This is found
to interfere with the replication capability of DNA by inactivatin g
the polymerases (Feng er al. 2000). This paved the way for the
extensive research activities on silver and silver-based compounds,
including silver nanoparticles. There are reports on the antibacterial
effect of silver nanoparticles of ~1-10 nm in diameter on Gram-
negative bacteria as evidenced by high angle annular dark field
(HAADF) scanning transmission electron microscopy (STEM)
(Morones et al. 2005).

Pseudomonas aeruginosa, a gram-negative bacterium is
amajor causative agent of nosocomial infection which contributes
to longer stay at the hospital and mortality. It is a major bacteria
responsible for the formation of biofilms in implanted devices such
as catheters, lenses, and artificial heart valves and thereby leads to
development of chronic infections (Costerton er al. 1999) (Radzi g
et al. 2013). One major threat posed by these bacteria is its
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resistance to antibiotics owing to its ability to undergo genetic
modifications. Silver nanoparticles (AgNPs) with antibacterial
property is an alternative to counter drug resistant bacteria and would
be an effective potential agent in the years to come which would
witness emergence of more drug resistant microbes (Salomoni et
al. 2017).
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Figure - Silver nanoparticles preparation using various
approaches (Guzman et al. 2012)

Nanotechnology in environment

Antibacterial activity of the Ag NPs can be employed in
disinfection methods and useful in wastewater management (Panacek
et al. 2006). Nanotechnology exploits the enhanced reactivity of
materials at the atomic scale to improve various applications for
humankind. In agriculture, potential nanotechnology applications
include crop protection and fertilization. However, such benefits
could come with risks for the environment: non-target plants, plant-
beneficial soil microbes and other life forms could be impacted if
nanoparticles (nanomaterials) contaminate the environment. This
review evaluates the impact of the major metallic nanoparticles (Ag,
Zn0, CuO, CeO, TiO, , and FeO-based nanoparticles) on soil
microbes involved in agricultural processes. The current literature
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indicate that in addition to population and organismal-scale effects
on microbes, other subtle impacts of nanoparticles are seen in the
nitrogen cycle, soil enzyme activities, and processes involved in iron
metabolism, phytohormone, and antibiotic production. These effects
are negative or positive, the outcome being dependent on specific
nanoparticles. Collectively, published results suggest
that nanotechnology portends consider able, many negative,

implications for soil microbes and, thus, agricultural processes that
are microbially driven. Nonetheless, the potential of plant and soil
microbial processes to mitigate the bioreactivity of nanoparticles
also are observed. Whereas the roots of most terrestrial plants are
associated with microbes, studies of nanoparticle interactions with
plants and microbes are generally conducted separately. The few
studies in actual microbe-plant systems found effects of nanoparticles
on the functioning of arbuscular mycorrhizal fun gi, nitrogen fixation,
as well as on the production of microbial siderophores in the plant
rhizosphere. Itis suggested that a better understanding of the agro-
ecological ramifications of nanoparticles would require more in-depth
interactive studies in combined plant-microbe- -nanoparticle systems

Nanotechnology in regenerative medicine

Nanotechnology has contributed immensely in the field of
regenerative medicine which rests on the objective of restoring the
normal functions of damage ridden human tissues. Regenerative
medicine involves growing tissues and organs in the laboratory (Chun
and Webster 2009) employing tissue engineering which is a
technology aimed at repairing damaged organs and tissues and
replace damaged with the healthy tissues in patients (Bichara ez al.
2012). Healthy cells are introduced onto various scaffolds made of
biomaterial instead of introducin g directly into the damaged region
and these biomaterials are supposed to have substances (o instruct
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cells growing over it for growth and differentiation. Various studies
indicate the significance of these interactions between cells and
scaffolds (Dvir et al. 2011), cell-cell and cell-ECM interactions
which plays a major role in determining the fate of a cell occur on
the nanoscale (Woo et al. 2003).

The technology of tissue engineering has grown immensely
on receiving the inputs from various fields including nanotechnology
with many materials of nanoscale respond to stimuli in spatial
parameters (Fleischer and Dvir 2013). It is also reported that the
spatiotemporal profile of proteins and polysaccharides which are
the key molecules involved in the regulation of cell behaviour can be
precisely modulated using nanotechnology. Although cells of
organisms falls in the microscale range, the effectors of various cell
functions such as adhesion, differentiation and proliferation are much
smaller and comes in the nanoscale with the active sites of adhesion
molecules, ligand-receptor interactions, cell-cell junctions and cell-
ECM binding, are on the order of nanometers.(Erickson et al. 1981).
Even though Ithas been always a challenge to engineer extracellular
matrix proteins and to make it work like the naturally in tissues and
organs, it is being made possible with the advances in the arena
through nanotexturing, nanopatterning and nanomaterials (Chan ef
al. 2013; Fleischer and Dvir 2013; Ravichandran et al. 2013; Stout
et al. 2012).

Extracellular matrix (ECM) confers integrity to the residing
cells and found to regulate a deposition pattern of growth factors
(Hynes 2009). ECM contains collagen, a major component and
fibrillar protein which makes up the tissue structures falls in the
nanoscale diameter and this tissue architecture is found to be
disorganized and altered in pathological conditions. Nano
engineering employing electrospinning is a remedy to generate
synthetic ECM which resembles the normal (Ayres et al. 2010).
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Conclusion

Nature has graceful and resourceful ways of creating the
most eflicient miniaturized functional materials. An increasing
awareness towards green chemistry and use of green route for
synthesis of metal nanoparticles lead a desire to develop
environment-friendly techniques. Beneit of synthesis of silver
nanoparticles using plant extracts and usin g microbes as reactor is
an economical, energy efdicient, cost effective: which provide
healthier work places and communities, protecting human health and
environment leading to lesser waste and safer products.

As it stands now, majority of commercial nanoparticles have
application in medicine and are geared towards drug delivery. In
biosciences, nanoparticles are replacing organic dyes in the

applications that require high photo-stability as well as high
multiplexing capabilities
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Abstract

Membrane technology plays a significant role in analytical
separations over the past decennia. They permit regulated passage
of particles. By introducing proper functional groups, their efficiency
can be further improved in terms of flux and antifouling property
which directly affects the separation capacity and the life of the
membranes. The layer by layer (LbL) assembly of polyelectrolytes
(PEs) is a simple and promising technology for incorporating suitable
functional group on polymeric membranes. In this review, various
LbL methods of multilayer preparation, mechanism of formation and
parameters which affect the properties of surface modified
membranes are briefly discussed.

1. Introduction

Membrane treatment processes find applications in various
fields such as water purification, gas separations, textile dye effluent
treatment, removal of microorganisms, separation of
macromolecules, hemodialysis, hemofiltration, plasmapheresis, gas
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exchange etc.' Depending on the removal mechanisms there are
different types of membrane treatment E.oﬁummmom. Anideal membrane
always possesses high flux and large separation capacity. In some
cases, membrane separation or removal requires pre-treatment steps
since after some filtrations the separation capacity of the membrane
may decline. Another important problem that face during the
membrane separations is the fouling that occurs due to deposition
of particles on the membrane surface or pores which mm_,<9.mn€ affects
the performance and results in flux decline.? Hence proper cleaning
and regeneration is required. In some cases membrane cleaning is a
difficult task, mainly in the case of membranes which are fouled due
to the build-up of various microorganisms.* As a result of fouling,
the operating expenses also increases. The mechanical stability of
the membrane decreases due to fouling and it may degrade the
membrane material * >

Among the different types of membrane separation
processes, high pressure processes such as nanofiltration (NF) and
reverse osmosis (RO) are mainly used in water treatment plants and
most of the pollutants including divalent and monovalent ions are
easily blocked by these systems because of their very small pore
sizes. Hence size based separation is possible in these systems and
even neutral compounds can be removed. But the less energy
consuming processes like microfiltration (MF) and ultrafiltration (UF)
systems are not much effective for the removal of these pollutants
since they easily slip through the membrane pores because of their
large pore sizes. Itis very economical if such systems are applicable
for the removal of these pollutants. This can be achieved by various
surface modification methods which improve both separation
efficiency and reduces fouling. By proper surface modifications, the
surface functional property can be enhanced and even low pressure
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membrane may behave like high pressure systems in terms of its
separation capacity.

LbL carry lot of benefits as bottom up controlled assembly.
It is an appropriate method with respect to the sim plicity of
application, substrate versatility and material flexibi lity.*” Fabrication
of composite membranes by coating skin layers of PEs by this
method is an economical and aqueous based cleaner technolo ay.?
LbL assembly of PEs involve different types of driving forces which
includes electrostatic force’, hydrogen bonding,’ hydrophobic,°
covalent bonding,’ charge transfer,’ biological recognition® etc. Due
to these various types of interactions the resulting LbL films are stable
to extreme conditions.®

This review gives the fundamental aspects and present
progress in the surface modification of polymeric membranes by
LbL method.

2. Fabrication of polyelecrolyte multilayers ( PEMs) by
LbL assembly

PEM membranes are prepared by the alternate exposure
of a charged substrate on oppositely charged PEs followed by
washing with water to remove loosely bound ions. By repeating the
procedure we can prepare desired number of bilayers depending
on the application with required thickness. The main features of the
LbL technique for the surface modification of membranes are
discussed below.

3. Significance of PEs in surface modification by LbL
assembly
Surface coating can be very interesting provided it has
molecular level control and potential to upscale at industrial level.
Surface modification of membranes by thin polymer films has
extensive applications since these skin layers give additional functional
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property to the membrane. The use of PEs as the separation layer
in composite membranes is an appropriate method to enhance the
filtration efficiency of low pressure membranes. PEs are charged
macromolecules which are dissociated into positively and negatively
charged polymers with counter ions in aqueous medium. Thickness
tunability from few angstroms to micrometers by changing different
parameters such as the number of layers, type of PE used, processing
conditions etc. is yet another property suitable for industrial
applications." During LbL assembly, we can easily change the charge
of the membrane surface by varying the ending layer with positively
or negatively charged PEs."" Unless in the case of other surface
modification methods, the LbL method enhances the water flux by
weakening the hydraulic layer increase by controlling the layer
thickness.'* Depending on the nature of the fouling material the
rejection property of membrane changes after fouling."* The main
factors affecting the membrane fouling are ionic strength, composition,
pH and nature of foulants." For a successful membrane separation
in terms of cost and energy, membrane cleaning and replacement
should be minimal. LbL assembly of PE is a useful method for
smoothening the rough surface and thereby reducing the fouling nature
of membranes." '° There are reports for the use of LbL. assembly
to enhance the antifouling nature of NF and RO membranes.'” In
the case of biofouled membranes, cleaning is very difficult and the
disinfection processes like chlorination is not completely effective
for the removal of all types of microorganisms.'® PE multilayers inhibit
the formation of biofilms on the membrane surface thereby increases
the endurance of membranes.'®

4. Mechanism of PE multilayer formation

Different types of interactions are accountable for the
formation of PEMs. There is a gain in entropy during the formation
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of multilayers as a result of the release of counter jons. During the
formation of PEMs electrical neutrality is preserved either by the
opposite charges present in the PE (intrinsic compensation) or by
the counter ions (extrinsic compensation).

Two types of growth mechanisms are involved in the
development of multilayers ie, linear and exponential.”” In linear
growth mechanism, upon each addition of PE there is a linear increase
in the thickness of the films as well as the amount of PEs deposited.
But in the latter case, an exponential increase was observed for
both thickness and the amount deposited. Besides this, other features
such as pH, ionic strength and charge density are also accountable
for the formation of PEMs. If the PEs used for the deposition are
held by strong electrostatic attraction, intrinsic com pensation occurs
with linear increase in thickness resulting in the development of thin
layers." But if the PEs are weakly interacted, extrinsic compensation
takes place and the amount deposited exponentially increases with
thickness. So in the exponential growth mechanism after the
deposition of few bilayers, the thickness increases in the micrometer
range.'” In the case of PAH/PSS and PAA/PAH multilayer films,
PE pairs show charge overcompensation during each step due to
electrostatic interaction and hence linear increase in growth was
observed.” But an exponential growth was observed in the case of
hyaluronic acid/poly(L-lysine) (HA/PLL) due to the in and out
diffusion of PLL during the multilayer formation.” The ionic stren gth
also affects growth mechanism. For example, poly (dially
Idimethylammonium chloride) /poly(styrenesulfonate)
(PDADMAC/PSS) showed linear growth at low ionic strength
(0.001 M and 0.01 M NaCl) but as the ionic strength increases
(0.5M and 1 M NaCl) an exponential growth was observed.? In
the case of poly(allylamine hydrochloride)/poly(acrylic acid) (PAH/
PAA) PEMs atdifferent pH conditions different growth mechanisms
[141]
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was observed. At pH 7 both the PEs showed almost equal charge
density and they behave like strong PEs and hence grow linearly.
But at higher and lower pH conditions an exponential growth was
observed resulting in the formation of thicker layers due to the
difference in charge densities of these PEs.

5. Surface properties of LbL assembled multilayers

The surface properties of the PE multilayer membranes can
be easily tuned by changing different parameters.

5.1. Effect of number of bilayers. An important factor which affects
the performance of the membrane in various applications is the
number of bilayers. In earlier days large numbers of bilayers are
used to attain finer separations. Tieke et al used 60 bilayers of
poly(vinylsulphate)/poly(vinylamine) for pervaporation studies of
ethanol water mixtures.” * They also conducted annealing of the
bilayers for further improving the ionic cross linking to obtain good
separations. But Haack et al used only six bilayers of
poly(ethylenimine)/poly(acrylic acid) for the effective separation of
ethanol water mixtures with considerable increase in flux.? The main
drawback of using higher number of bilayers is the low flux due to
reduction in pores sizes as a result of increase in thickness. So the
membranes with lower number of multilayers having high flux and
large separation efficiency are now in demand for various
applications.
5.2, Effect of salt. Addition of salt to the PE solutions has an
important impact on the behaviour of multilayer films especially the
thickness, stability and roughness. The strength of the salt solution is
adetermining factor for the durability and permeation behaviour of
PE films* Different salt solutions such as NaCl, KCI, MgCl,, CaCl,
NaBr, LiCl, AICL, Na SO, etc. are used for changing the ionic
strength of the PE solutions.*” *® ? In presence of salt there is a
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screening of the charge on the polymer by counter ions present in
the salt which results in a decrease in the mutual repulsion between
similar charges present in the multilayer and thus the films changes
from linear to coiled form.* This causes an increase in thickness of
the PEM films. But in the absence of salt the charges present in the
polymers are intrinsically compensated. In the presence of NaCl,
the thickness of the multilayer films formed from poly(4-
styrenesulfonic acid-co-maleic acid, 1: 1 SS:MA) sodium salt/
poly(diallyldimethylammonium chloride) (PSSMA/PDADMAC)
increases with increase in ionic strength and found to be smooth as
reported earlier. But in presence of NaBr, the thickness was not
affected by its ionic strength.?” It was reported that, nanopores are

formed on the PAH/PAA multilayer films when the bilayers were

both prepared and washed in 0.2 M NaCl solution and keptin pure
water.”' Harris et al showed the variation in permeation behaviours

of ions using PAH/PSS and PAH/PAA films in the presence and

absence of salt.” The permeability of PAH/PSS films with 20 bilayer
without the addition of salt was greater than 4 bilayer films with salt

in the deposition medium having similar thickness. But for PAH/

PAAfilms, the permeation behaviour increases in presence of salt

and found to be even greater than that of the other one. Also above

a particular concentration of salt, destabilization of PE multilayer

occurs.™ Ina study conducted by Heuvin ghetal, the PSS/PAH PE

capsules shrinks in presence of salt depending on the kind of salt

used ie, the salt with weakly hydrated anions strongly shrinks the
capsules.” Also in the presence of NaCl at hi gher concentration

(above 3M) annealing occur which results in a softenin geffecton
PE capsule walls.

2.3, Effect of charge density. The charge density of PEs is a
determining factor in the multilayer formation. In order to form PE
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multilayer a minimum charge density is enough for each PE. The
structure and the properties of the multilayer varied with charge
density. The thickness of the multilayer increased with decrease in
charge density of the PEs.* Also ionic cross linking reduces with
decrease in charge densities which expands the multilayer that makes
it capable of separating large molecules.* The rejection studies of
neutral molecules such as glycerol, glucose and sucrose using PE
pairs having different charge densities (PSS/PAH, PSS/
PDADMAC, PSS/chitosan and HA/chitosan) showed that those
with higher charge density showed greater rejection.* In this case,
PSS/PAH showed higher charge density and hence better rejection
than HA/chitosan. The charge density of weak PEs (PAA, PAH)
can be easily varied by change in pH." In PSS/PAH film, PSS is a
strong polyanion and thus completely dissociated at all pH values.
But on increasing the pH, the charge density of PAH was found
decrease and it acts as a neutral PE. So the interactions between
the PEs decreased which results in swelling.*® This pH responsive
change in swelling of microcapsules is applicable for the encapsulation
and release of macromolecules.

Other factors such as molecular weight of PEs and
temperature are also responsible for the different surface properties
of PE multilayer membranes.

6. Preparation methods of PEMs

Compared to other techniques, layer by layer assembly
(LbL) is a commonly used bottom-up method with respect to its
simplicity, versatility and cost effectiveness. The main LbL techniques
are spray coating, spin coating and dip coating. Flow based techniques
are also a type of LbL method used rarely.

Spray coating involves the spraying of oppositely charged
PEs using air pump under pressure at a constant spray rate on to a
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vertical substrate and it takes only a few seconds.” It is schematically
represented as shown in Figure 1¢.%® Excess PEs can be removed
by spraying the support with water followed by draining.* It can
also be coated on large substrates and hence it is useful in the
industrial level.” Smooth and homogeneous multilayer films are
formed by this method and structural properties can be easily varied
by varying different parameters.”” Also it can be applied to both 2D
and 3D substrates.* But large amount of solution that is used for
the preparation is wasted in this technique.

In spin coating method, fast deposition of PEs can be
achieved at a spinning speed of 4000 rpm using an automatic spin
coater.*' The schematic representation of spin coating LbL method
is displayed in Figure 1b.% In this technique, PEs are adsorbed on
the surface of the substrate by the combined effects of electrostatic
forces, shear forces and centrifugal forces.* The PE adsorption
and rearrangement occurs at a faster rate during this processes
resulting in highly ordered and uniform layers with smooth surface
without any penetration between each layer.”” The thickness of the
films can be tuned by varying the spin rate, angular speed and
concentration of the PE solution used.” This method is applicable
for the preparation of bilayers on polar substrates having small surface
areas.”™* Also itis not useful for 3D substrates.*> The properties of
the multilayers are largely varied by a small change in the

parameters.*

Preparation of composite membranes by coating skin layers
by dipping LbL. method is a low pressure, economical and aqueous
based cleaner technology. This surface modification can be achieved
by alternative immersion of proper substrate on oppositely charged
PEs at room temperature with washing steps in between®. The
schematic representation of the dip coating LbL method is shown in
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Figure 1a.*® Different number of multilayers can be prepared by
repeating the procedure with thickness in the nanometre range. This
method is simple and inexpensive since it does not require any specific
instrument for fabrication. The main driving force behind the
formation of each layers are electrostatic interactions, hydrogen
bonding, hydrophobic interactions, covalent bonding, coordination
bonding, charge transfer, biological recognition and m:%mow sol-gel
process.®* 4 The resulting LbL films are stable to severe conditions
due to these various types of interactions.® In this process different
types of substrates having different size and shapes can be used."’
Material flexibility is another important property of this method ie,
not only PEs but also various components such as polypeptides,
DNA, certain dyes, porphyrins, proteins, nanoparticles etc. are used
for the preparation of LbL asssembly.® Dip coating technique is useful
for loading of biological species in much higher amounts than in the
case of SAMs and forms stable films compared to LB films. But it is
a time consuming process compared to the other two techniques.
The films formed are not highly ordered compared to LB. Itis difficult
to prepare multilayer films in large surface areas." But there are
automatic dip coating machines available now which makes the dip
coating process easier and time saving.

E [ree— e - P
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é
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Figure 1. Schematic representation of (a) Dipping LbL assembly
(b) Spin-assisted LbL assembly (c) Spray-assisted LbL assembly.
By repeating the steps 1- 4 different numbers of multilayer can be

prepared®®
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In LbL assembly, it is easy to fine tune the membrane
thickness by proper selection of materials, number of multilayers,
experimental conditions etc. Other surface modification methods
forimproving the quality of multilayer films include inkjet printing-
assisted LbL assembly method, hydrodynamic dip-coating LbL
assembly process, atomic layer deposition (ALD), molecular layer
deposition (MLD) etc.

5. Summary

This review gives an idea of the LbL assembled surface
modification methods adopted for improving the efficiency of the
membranes. Using this method, the membrane structure and
properties can be easily varied. Thickness of the films can be easily
tuned down to the nanometer scale by changi ng the processing
conditions thereby increasing the flux. Also, the LbL assembled PE

films shows good antifouling performance by decreasing the surface
roughness.
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