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Preface

I am happy to learn that, Department of Chemistry, Shillong College, Shillong is
bringing out a book on the proceedings of the seminar held on "Recent Advances :
Exploring Chemistry for humanwelfare”, held at Shillong College, during 30-31 july 2015.
My compliments to the organizing team and the team bringing out these proceedings.

The first chapter covers the theme of the seminar by Prof O K Medhi, which forms
the road map for other chapters. A good number of topics are focused on water quality,
drinking water, removal of contaminants of water etc. As water is the basis for the survival
and welfare of human beings, the topics has been dealt by many authors, with focus to
north east.

Few topics are covered on Inorganic materials and nano science, which is now
helping to develop products, processes, which could give tailor made solutions to the
problems of life.

Green chemistry has revolutionalized, to look back all the solutions of the pastin a
more environmental friendly and also extend the same to future solutions also, by reducing
quantum of hazardous chemicals usage, safer and simpler reactions etc. Some of the
experts have covered some examples on the subject.

The book of the proceedings have highlighted many other live examples of application
chemistry in different context. I am sure the book will be reference guide of latest
developments to Post Graduate students and others.

I would like to thank the editors for giving the opportunity to write preface to this
book on proceedings of the seminar

With best wishes ’/2 2

PGRao
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Introduction

Role of Chemistry on human life and progress of civilisation is always intrinsic.
Every sphere of human activities is influenced by developments in various fields of
chemistry since the recorded history of mankind, and it will continue to be so.
Moreover, with the passage of time, chemical work extended to the realms of physical
sciences on one side and biological sciences on the other side. Some of the celebrated
achievements in the fields of Physics and Biology are also perceived as landmark
achievements in Chemical Sciences. Consequently, Chemistry is now increasingly
referred as the 'Central Science'.

The role played by Chemistry as a 'Central Science' also influences its future
developments. Chemistry is the connecting link between physical sciences and life
sciences (e. g., earth science, nano science, study of brain, environment, medical
science, agro science etc.) as well as with social sciences (e. g., health, economics,
law) with the ultimate aim of dealing with the welfare of humanity.

The famous play-write George Bernard Shaw once quipped: 'Science is always
wrong. It never solves a problem without creating ten more'. Being a branch of science,
chemistry may also have to bear the brunt of this criticism. In essence, taking the
positive aspect of this comment, it only implies the ever expanding field of research.
The history of chemistry shows that there are instances of great successes leading
to more number of successes. As a result, new branches of chemistry are progressively
emerging that has significant effect on Human Welfare.

One such example is Green chemistry. In general, when we talk about green
chemistry it includes the invention, design and application of chemicals and chemical
processes to reduce the use of hazardous substances that have potential to eliminate
the generation. Risk for life in the living world depends both on the hazard and
exposure to hazard. Green chemistry is part of the future chemistry, because of its
importance as a tool in reducing risk and preventing pollution. As a chemical
philosophy, it applies to all classical branches of chemistry such as organic, inorganic,
analytical and biochemistry. Green chemistry is also sometimes described as
'sustainable chemistry'. With the increasing demands of society for safer and more
convenient products, the chemical industry is facing the possible depletion of natural
resources and the damage that may be caused to environment. But the future
chemistry will consider the demands of sustainability along with the conversion
processes.

Future chemistry may see greater strides in instrumentation yielding sharper
observations. It also creates hopes for alternative sources of energy that is safe and
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renewable. In brief, 'future chemistry' beckons humanity with hopes of greater
understanding of nature and greater welfare of the biosphere.

The main learning objectives emphasized in the chemistry curriculum not only
stress the need for students to learn and master primary concepts of chemistry but
also undergo intellectual development as scientifically literate citizen. These objectives
can only be achieved if students gain conceptual understanding in science knowledge.
1t is more challenging to motivate a student in lower classes towards a particular
discipline and therefore nature of teaching-learning activity plays a very important
role. In a way, therefore the teaching in degree colleges is more demanding as the
students are to be motivated in the subject concerned at this stage so that they may
opt for post graduate course in a particular discipline. It is well established that what
an individual learns is as a result of the learner's actively relating what is already
known and what is being taught or experienced. The high demands of conceptual
learning require chemistry teachers to letting go of transmission-oriented practices;
they need to carefully prepare lesson plans, student worksheets, assignments, and
assessment tasks to be able to think about and convey the subject matter in different
ways.

There is phrase often used in English, i.e. 'in the limelight". Limelight is an
intense white light which is produced by heating a piece of lime in a flame of burning
oxygen and hydrogen. The effect was discovered in the 1820s by Goldsworthy Gurney
and the application of the process to create a bright light was developed by Thomas
Drummond around 1825, though credit for which is normally given to Robert Hare. In
1825, a Scottish Engineer, Thomas Drummond (1797-1840), saw a demonstration of
the effect by Michael Faraday and realized that the light would be useful for surveying.
Drummond built a working version in 1826, and the device is sometimes called the
Drummond Light. The earliest known use of limelight at a public performance was
outdoors, over Heme Bay Pier, Kent, on the night of 3 October 1836 to illuminate a
juggling performance by magician Ching Lau Lauro. This performance was part of
the celebrations following the ceremony of laying of the Foundation Stone of the
Clock Tower. The advertising leaflet called it koniaphostic light, and announced that:
"the whole pier is overwhelmed with a flood of beautiful white 1; ght. It was widely
used in 19th century theatres to illuminate the stage and was first used in a public
theatre at Covent Garden in London in 1837 and then enjoyed widespread use in
thegﬁes around the world during later part of 19th century. Limelights were employed
to highlight solo performers in the same manner as modern spotlights. Clearly, actors
who were the centre of attention on stage being said to be in the limelight. The

figurative use, tq people or things that were the centre of attention outside the world
of theatre, came into use around the turn of the 20th ce

ntury and is now very common
all around. Y Y

Developments in chemical research and the related
deliberated and discussed with attention in various scienti
This seminar organised by the De
collaboration with IQAC of the colleg

areas should always be
fic forums, seminars etc.
partment of Chemistry, Shillong College in
€ was an activity in this direction and. therefore,
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has contributed to throw more information on how chemistry is continuing to influence
the mankind and also glimpses of what more are expected. The response of the
academicians and researchers was overwhelming and thus the seminar became a
'repository of knowledge' and this will definitely encourage our students to opt for a
career in Science, specifically in Chemistry. To make the deliberations reach a larger
audience of teachers and students of chemistry, the proceedings are published in the
form of this book with an aim to share the knowledge with all. For obvious reasons,
the contents are not extensive as no seminar can cover all aspects of chemistry that
influences human welfare. Some of the papers presented and included in this volume
may not look having any direct consequence in our welfare but let us remember that
every scientific discovery, when accumulated and applied systematically, lead to some
effect in the life and function of mankind.

[t was a daunting task for the Editorial Board to compile the papers, study the
conformity of the contents of various articles with scientific findings and concepts
and finally to put in proper format. Notwithstanding this job, the credit and
responsibility of the various scientific facts, experiments and their veracity lie entirely
on the authors of each article, and the members of the Editorial Board are not
responsible for any claim of the scientific facts, data and conclusion.

Dr. M. N. Bhattacharjee
Dr. (Smt.) D. L. Buam
Dr. C. Masharing

Dr. (Smt.) B. M. Laloo






Chemistry for Human Welfare

0. K. Medhi

Chemistry has emerged as systematic science sometimes around the last
quarter of the 18th century and ever since it contributed to many developments
in human society. Contribution to human knowledge and civilization is brought
about with increasing understanding of fundamental and applied aspects of
chemistry. It has contributed directly or indirectly to the silent technological
revolutions in agriculture, communications, medicine, metallurgy, public health,
environment, textiles, petrochemicals; and countless other fields.

Chemistry is a molecular science and deals with structure and properties of
molecules. Combined knowledge in other fields such as Physics, Biology, Material
science , Environmental Science, Earth Science and Computational aspects played
an important role in applications of chemistry. Chemistry is an Inter disciplinary
Science and it has smooth transition of knowledge from one field to another. The
great chemist Linus Pauling made a smooth transition of knowledge from
theoretical chemistry to molecular biology. Most of the current research in
chemistry is in the interface of chemistry with other disciplines.

The objective of applications of chemistry is to take ihreats to present day
civilizations c.g. population explosion, hunger, disease, environmental pollution,
depletion of source of natural resources among other things. The world
population would be double in 35 years and food is going to be short very soon
if the population is not controlled. There would be a major energy deficit when
the world population reaches about 60 billions. Since the 19th century the
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chemists are helping food production by manufacturing fertilizers, pesticides,
insecticides and producing genetically modified seeds. This has brought about a
green revolution and many countries including India has become self sufficient
in food. Animal farming using the help of chemicals for protecting animals from
disease lead to increase in the production of milk and meat. Simultaneously
chemists have produced birth control chemicals in an attempt to keep population
explosion under control. Also attempts are made to find newer sources of food
and nutrients.

Availability of pure and fresh drinking water is becoming increasingly rare.
It is believed that the next world war would be on controlling the sources of
water. It is not just the scarcity of water which is a problem but the
contamination of the available sources of water with toxic substances such lead,
arsenic, flouride, and iron is the problem. It is a challenge to chemists to find ways
and means to remove such pollutants to provide pure water. Reverse osmosis is
a way to obtain pure water by desalination of sea water in coastal areas.

Synthesis or isolation of drugs from medicinal plants is a major contribution
of chemists to human society. Aspirin, sulfa drugs, antibiotics (penicillin,
streptomycin), anti malarial drugs (quinine, artemycin), anaesthetics cortisone (for
Rh fever, Rh arthritis), anti cancer drugs, and drugs for HIV patients are examples
of such efforts by chemists. Design of drugs by structure-activity correlations
and molecular modeling is one of the recent areas of research in chemistry.

Chemistry techniques are used to purify crude oil and then separate
hydrocarbons. Heavier hydrocarbons are cracked into lighter ones forming
gasoline used in automobiles. Petrochemicals have extensive use for human
society. Chemists have used synthetic fibres, synthetic rubber, resins, plastics,

detergents, cement, metals alloys, glass and ceramics which have extensive
applications.

In the later half of the 20th century and in the early 21st century chemistry
has become an interdisciplinary science. Several other areas in science such as
physics, biology, mathematics, computer science, environmental science, earth
science, medical science and material science arc now integral part of chemistry.

It has been found that new knowledge is found at the interface of two or more
disciplines.

Recently chemistry has made important discoverics in the arcas of material
science. Chemists has produced electronic sensor materials, compounds which
can be used as magnetic memory devices, optoelectronic materials.
semiconductors, high temperature super conducting materials, and soft materials
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(surfactants, liquid crystals, biological materials), and catalysts for various
applications. Very recently chemists have made very important contributions to
the synthesis and applications of nanomaterials, carbon nanotubes, graphemes etc.
Nanomaterials have a great deal of applications and may control the development
of science and technology in the next few decades.

The interface of chemistry and biology in the latest areas of research,
emerging subjects such genetics, drug design, synthesis of metal containing anti
cancer drugs, microbiology and bioengineering depends heavily on knowledge and
techniques developed by chemists.

Chemists have found environmental solutions for sustainable developments,
solving problems of climate change. Green chemistry has become increasingly
important in reducing the environmental pollutions that arise due to chemical
processes and chemical industry.

The major areas of research in chemistry for future lie in the interface of
chemistry with biology, materials, environmental science and computational
chemistry and molecular modelling.



Inorganic Materials: Beneficial Aspect,
Applications—An overview

R. N. Dutta Purkayastha

Abstract

Inorganic chemistry has always been playing a major role in the progress of
human civilisation since time immemorial. Development in science and technology
has remained largely dependent on the advances in inorganic chemistry that also
includes catalysis, coordination chemistry, elecironics, material chemistry and
many other emerging fields in addition to classical chemistry. Nevertheless, some
of the developments posses problems as well, particularly with reference to
environmental pollution. This paper presents an overview of the recent
developments in these areas, more relating to solid fuels cells, super-conductors,
molecular materials and fullerides, hydrogen as alternative fuel, molecular magnets,
inorganic-organic hybrid materials and similar recent advances in the use of

inorganic materials and chemistry in the welfare of mankind in the present rapidly
advancing society.

Key words: Mixed ionic-electronic conductors, Fuel cells, Solid Oxide Fuel
Cells, Superconductors, Zeolites, Fullerenes, Hydrogen Storage Materials,

Hydrides, Molecular Magnets, Graphene, Inorganic -Organic Hybrids.
Nanomaaterials.

Inorganic chemistry is advancing rapidly at its frontiers. especially when
research impinges on other disciplines such as life scicnces. condensed matter
physics, material science, environmental chemistry and such related ficlds. These
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rapidly developing fields also represent many areas of inorganic chemistry where
novel types of compounds are used in catalysis, electronics, pharmaceuticals, solid
state material chemistry, metal-organic hybrids, hydrogen storage materials,
molecular materials and nano materials etc.

The area of material chemistry is developing rapidly and there is a great
interest in synthesis and properties of novel inorganic solids. The chemistry of
solid state is an exciting area partly on account of technological applications and
because of their properties quite which are challenging to understand.

Much of current research interest in solid state is motivated by the search
for commercially useful materials such as components of batteries, fuel cells,
catalyst for hydrocarbon conversion, molecular separations and improved
electronic, photonic devices for information processing and storage. Few selective
examples related to the development and useful applications of intercalation
compounds, complex electronic oxides such as high temperature superconductors,
magnetic compounds, materials exhibiting giant magneto resistance, metal-organic
frame work compounds (MOFs), zeolites and molecular materials etc. are presented
in the following sections.

Some solid materials exhibit both ionic and electronic conductivity and one
such material is Mixed ionic-electronic conductors. Mixed ionic-electronic
conductors (MIECs) are materials that conduct both ions (6;) and electronic (Sel)
charge carriers (electrons and/or holes). This definition can also be extended to say
that a MIEC is a material that conducts matter (ions and/or atoms) and electronic
charge carricrs. Some examples of such class of compounds are, CeO, ;, which
conducts both oxygen ions and electrons, YBa,Cu,O, ; diffusion of oxygen and
Pd, diffusion of hydrogen. However, it is not clear whether the matter propagates
as ions with a close electron cloud or as atoms. Another important application
of solid statc materials are FUEL CELLS, an electrochemical devices, which can
directly convert the chemical energy of gas fuel into electrical energy and heat.
One of the promising applications of fuel cells is MIECs composites for Solid
Oxide Fuel Cells (SOFCs). The SOLID OXIDE FUEL CELLS, is a source of
Portable power applications, use an oxide ion conductor as electrolyte. The
advantages of the cell are high efficiency, use of relatively inexpensive materials,
fuel flexibility and low sensitivity to impurities in the fuel. The major disadvantages
of cells are thermal stresses of materials and  possibility of undesired reactions.



6 Exploring Chemistry — Interface with Human Welfare

Fig. 2.1: Solid Oxide Fuel Cell

Most of the ionic conductors have low electronic conductivity. In some
cases a combination of electronic and ionic conductivity is desirable, and this type
of behaviour can be found in some d -metal compounds where defects allow O,-
conduction and the metal d-orbitals provide an electronic conduction band. Many
of such materials are having perovskite based structures e.g. La, Sr Co, and
La _SrFeO, . These oxide systems are good electron conductors. The versatility
of solids with perovskities structure extends to superconductivity because most
of the high temperature superconductivity, reported first time in 1986, can be
viewed as variants of perovskite structure. High temperature superconductors
have two striking features, below a critical temperature Tc (critical temperature),
they enter superconducting state and DC electrical resistivity goes to zero. In this
superconducting state they exhibit Meissner effect i.e. Magnetic flux present in
superconductor is ejected when superconductor cooled through Te. There are
two types of Superconductors, Type I Superconductors (soft superconductors),
many types of pure materials have this behavior such as  Zn, Cd, Hg, etc. Type
II Superconductors tend to be alloys, has a region that is a mixture of
superconducting and non-superconducting states (vortex state). The Meissner
effect is the basis of the superconductivity in which a pellet of superconductors
levitates above a magnet .1t also the basis for a number of applications that include
magnetic levitation as in MagLev Trains, MRI (non-invasive health imaging) and
other Possible applications could be in power generation and transmission.
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Materials for Superconductors

Perovskites ond cuprates

Fig. 2.2: Super-conductors

Frame Work Structures

Zeolites are framework silicates, with a completely linked framework of
tetrahedra, each consisting of 4 O surrounding a cation usually Si*" or AI**.The
framework contains open cavities in the form of channels and cages. Channels
are large enough to allow passage of guest species. Channels and cages are
occupied by H,0O molecules and extra-framework cations K", Na*, Ca" and others
that are commonly exchangeable. Common properties of Zeolites' are high degree
of hydration, low density and large void volume when hydrated, stability of the
crystal structure when dehydrated, cation exchange properties, uniform
molecular-sized channels in dehydrated crystals, ability to absorb gases and
vapours and catalytic properties.

Following the discovery of large number of new microporous structures
from 1950 onwards many new zeolite framework structures are synthesized by
using complex template molecules. Industrial applications of zeolites for separation
and purification include petroleum refining processes, where they are used to
remove water, CO., chloride, mercury, and the desulfurization of natural gases,
removal of water and carbon dioxide from air before liquefaction and separation
by cryogenic distillation and drying and removal of odor from pharmaceuticals
products. The other excellent ion-exchange properties of zeoiites results from the
open structures and ability to trap significant quantities of cation, selectively,
within pores. The important area where ion exchange properties of zeolites are
exploited is the trapping and removal of radio nuclides from nuclear waste.
Zeolites also find uscful applications in removal of ammonium ion from waste
strcam treatment, sewage treatment, pet litter and aquaculture etc. They find
application in hcavy metal ion removal from nuclear, mine, and industrial wastes.
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Agricultural applications include use as soil conditioner and animal feed
supplements. The major utilities of Zeolites are however in adsorption and

catalysis.

Fig. 2.3 : Sample Zeolite Crystal

Table 2.1: Sample Zeolite Formulas

Mineral Name General Formula

Analcime Na1g[Al16Si3p0ggl. 16H20
Chabazite (Cag gNa,K)4[Al4SigOo4].12H,0
Chnoptilolite (Na,K)g[AlgSizn072].20H20
Erionite Ko(Na,Cag 5)g[Al19Sig072].28H20
Heulandites (Na,K)Cay[AlgSins7075].24H,0
Laumontite Cay[AlgSi104g].18H,0

Masolite Na1gCaqglAlggSi720240].64HL0
Scolecite CaglAl16Sipg0gg)-24H,0

Stilbite NaCay[AlgSip7072].30H,0
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Zeolite Crystals

from Ickab

Fig. 2.4: Zeolite structures

The majority of the compounds discussed so far have materials with
extended structures, which are widely used in  heterogeneous catalysis,
rechargeable batteries and electronic devices due to their chemical and thermal
stability. The desire to combine the synthetic and chemical flexibility of molecular
chemistry with the properties of classical solid-state materials has led to the rapid
emergence of the area of molecular material chemistry.

Molecular Materials and Fullerides

Fullerenes and "Buckyballs" - Fullerene are any molecule composed entirely
of carbon in the form of an ellipsoid, tube, or hollow sphere. Fullerenes were
discovered in 1985 by Richard Smalley from Rice University. The "buckyball”,
the first fullerene discovered has the molecular formula of C_ and is a true hollow
sphere. The solid fullerene C,(s) , the MnC; fullerides derivatives contain
discrete C, n- molecular anions. Exposure of solid C,, to alkali metal; vapour
results in the formation of a series of compounds of the type MxC_, however,
the precise stoichiometry depends on properties of reactants . Compounds with
stiochiometry M,C,, arc the most interesting, which become super conducting in
the temperature range of 10-40K depending on the type of metal. K,C, is
superconducting on cooling to 18K.
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The “Buckyball”

. jris.composed of 20 hexagons and-12 pentagons, andis the
smallast fullerene molecule in which no two pentagons share
an edge {as this is highly unstabilizing).

it is:also the only molecule of a single atom {carbon) to form a
hotlow spheraid.

i fvcnv

Fig. 2.5: The Wonder Buckyball

Hydrogen as Alternative Fuel
Hydrogen Storage Materials

All the fossil fuels we are using at present are depleting rapidly and use of
them increases carbon dioxide proportions in atmosphere, results in greenhouse
effects and causing Global Warming. Some fossil fuels contain sulphur and on
burning produces sulphur dioxide, a poisonous gas which reacts with water in
the atmosphere to form sulphuric acid, causes Acid Rain. In view of such
problems the alternating fuels are looked for. Hydrogen gas is very powerful; it
has the highest energy per unit of weight of any chemical fuel. Hydrogen is highly
abundant element, one of the most common substances on earth, and
environmentally friendly as its oxidation product is only water.

Hydrogen Production

Transportation

Wind HIGH EFFICIENCY

Solar & RELIABILITY
oo |E '

% Distributed

H ZEROINEAR ZERO Generation
cou |3 EMISSIONS M“
“; . L4

Naturat |7 " 4
Gas LE—‘ U
g

Fig. 2.6: Production, Transport and Distribution Hydrogen as Fuel
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Challenges of Using Hydrogen

Even though, hydrogen is an attractive alternative to hydrocarbon fuels
such as gasoline, however, the storage of hydrogen still remains a major
problem and scientists look for light, affordable, and safe method for storing
of hydrogen. Problems associated with hydrogen storage are its low energy
density and hydrogen has a tendency to leak because of its small size.
Hydrogen that has leaked out could accumulate and increase the risk of fire
or explosion.The development of materials for use in a future hydrogen based
energy economy is a key challenge faced by Inorganic chemists. One such
area is the new materials that needed for hydrogen storage. High pressure gas
cylinders and liquefaction routes are unlikely to meet the requirements of
hydrogen storage applications, e.g. transport or distribution of power supplies
due to their weight and safety issue. New materials for storing hydrogen will
be required to have high capacities both volumetrically and gravimetrically
also being relatively cheap.Two main approaches to the new materials
currently pursued are: chemically bound hydrogen viz. metal hydrides and
new porous or high surface area compounds that physiosorb hydrogen. Many
metal hydrides and complex metal hydrides releases H, when heated and are
potential materials for hydrogen storage. These metal hydrides have an
important safety advantage over pressurized or liquefied H,.

Fig. 2.7: Representative Hydrogen Fuel Car

Since heat is required to release the hydrogen, this method avoids safety
concerns surrounding leakage that can be a problem with compressed hydrogen
and liquefied H.. In fact, metal hydrides are one of the safest methods for storing
hydrogen. .
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... NaAlH,

Fig. 2.8: [AlIH,]™ ion

The recent discovery of hydrogen sorption by inter-metallic compounds
created great hopes and stimulated research and development worldwide of using
the metal hydrides as a new alternative for storing and delivering pure hydrogen
that can be very useful for fuel cell technology. The conventional metal hydride
alloy families are the AB,, AB,, and AB type inter-metallic compounds.

Table 2.2: Hydrides: New Materials for Storing Hydrogen

Hydrides Material H,[mass%] | T, [pC]1 bar
LaNi H, 1.49 15
Metal Hydrides TiMn, H, . 1.76
FeTiH, 1.86 -10
MgH,,, AlH, ZH, 2.16
TiCr, H, . 2.43
XAIH,, XBH, Mg,NiH, 3.62 300
VH, 3.81 -10
-NH,, -NH TiH, 3.08 780
N NaH 4.20 430
H% and H° CaH2 4.79 1000
Li,NH + LiH 5 50 600
LiNH, + LiH 6.50 300
NaAlH, 7 46 30, 120
MgH, 7.66 320
AlH, 10.07 <RT
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Hydrides Material H,[mass%] T,.. [PC] 1 bar
LiAIH, 10.62 93
NaBH, 10.66 620
LiH 12.86 900
Al(BH,), 16.90 <100

Inter-metallic Compounds

Table 2.3: Inter-metallic Compounds and their Hydrogen-storage Properties

Type Metal | Hydride Structure | Mass% Pe_q, T
Elemental Pd PdH,, Fm3m 0.56 |0.020 bar, 298 K
AB, LaNi, LaNiH, P6/mmm | 1.37 |2 bar, 298 K
AB, Zrv, ZrV H, Fd3m 3.01 [10% bar, 323 K
AB FeTi FeTiH, Pm3m 1.89 |5 bar, 303 K
A,B Mg,Ni | Mg,NiH, P6222 3.59 |1 bar, 555 K
Body-centred | Tiv, TiV,H, b.c.c. 2.6 10 bar, 313 K
cubic

Molecular Magnets

Molecular solids containing individual molecules, clusters or linked chains
of molecules can show bulk magnetic effects. Molecular inorganic magnetic
materials, in which individual molecules, or units constructed from such

Fig. 2.9: Structure of [Mn,,0,,(0,CR),(H,0) ]
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molecules, contain d-metal atoms with unpaired electrons, is a class compound
of growing interest. The Criteria for Molecular Magnets are large molecules,
little intermolecular interaction; high total spin (S), High magnetic anisotropy
(directional dependence).The incorporation of several d-metal ions into a single
complex provides an opportunity to produce a molecule that acts as a tiny magnet.
Such compounds have been termed as Single -molecule magnets (SMMs). One
such example is the complex manganese acetate, [Mn O (O,CR) (H,0),]
which contains a cluster of 12 Mn (Mn,,) atoms linked through O of acetate .
The features of this Mn, family are S =10, D =-0.40 to -0.50 cm-1 (-0.58
to -0.72 K), magnets below volume of the Mn O, magnetic core ~ 0.1 nm3

12712

A New Generation of Mn Clusters, containing Mn84 atoms
[Mn,,0_(0,CR).,(H,0),,(MeOH) ,(H,0)(OH),].xH,O has been synthesized

84772
.The structure contains 84 Mn(III) ions in a large doughnut-shaped molecule
4nm in diameter. The ability to magnetise such individual SMMs potentially provides

a route to storing information at extremely high densities.

Fig. 2.10: Structure of New Generation Mn Cluster with 84 Mn atoms
Graphene

Graphene is the latest wonder material, a new type of carbon based material.
Graphene is fundamentally one single layer of graphite; a layer of sp’ bonded
carbon atoms arranged in a hexagonal honeycomb lattice. The name "graphenc”
was first coined in 1987 by S. Mouras and co-workers to describe the graphitc
layers. that had various compounds inserted between them forming the so-called
graphite intercallation Compounds or GIC's. Graphene, is the strongest material
ever recorded. In 2004: Andre Geim and Kostya Novosclov at Manchester

University managed to extract single-atom-thick crystallites ( graphenc) from bulk
graphite.

. Apdre and .Kos.tya were awarded the 2010 Nobel prize in physics for their
pioneering work in this field. Graphene has recently attracted considerable attention
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owing to its remarkable properties and potential applications in many emerging
technologies.

Andre Geim Kostya Novoselov

Fig.2.11: Pioneers of Graphene Materials

An important derivative of graphene is graphene oxide. It finds useful
application in touch screen devices, electrode, flexible solar cell, large screen
display systems, catalyst for organic reactions and many more.

Flexible solar cell

Large-screen display

Potymer additive ™ Catatyst for prganic n

SN R

Fig. 2.12: Graphene and Graphene Oxide in Application in various Fields

Inorganic - Organic Hybrids: Ordered Structures

The novel inorganic-organic hybrid framework compounds has attracted
great attention in recent years , not only owing to their intriguing variety of
architectures and topologies , but also due to their potential applications in different
spheres. Frame work complexes composed of metal centers linked by organic
spacers are important in many field of chemistry and material §cience due to
their potential applications as functional materials in nonlinear. optics, medlcn}es,
gas-host chemistry, supramolecular chemistry , sensors, luminescence materials
, Magnetic materials and in catalysis.
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Metal Organic Frameworks
MOFs

In, 0 Yetrahedrs {blue) are joined by
organic linkers {O, red, €, black), giving an
extended 3D cubic framework with inter-
connected pores of 11.2 A aperture
width and 18.5A pore tysliow sphere}
diamater

Fig. 2.13: Metal Organic Framework

A general approach for construction of MOF is shown below:

MOF Construction

s, O Mn2*
— 4 "
0 OH T

Fig. 2.14: Construction of Metal Organic Framework

MOFs are used as hydrogen storage materials, in CO, scquestration, as CO,

storage materials, as well as optical, magnetic and bio-medical materials and
catalyst.
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MOFs as hydrogen storage materials

"3%wt@77K,atm
MOFs as CO, storage materials

1P e Db
& L
i

38.5 wt¥e @ 273 K, 1 atm

CO, Sequestration

Fig. 2.15: Application of MOF in Some Important Areas Human Welfare

Nanomaterials: Developments and Promises

"To understand the large, we must understand the very small" - Democritus
(400 BC).

"Nano technology will be the future with nanoscience developing
nanomaterial and devices .This will lead to further convergence of technology
with wide applications” - Dr. A.PJ. Abdul Kalam

A nano material is any material that has a critical dimension on the scale of
Ito 100nm and exhibit properties absent in both molecular and bulk solids. The
original version of nano technology occurred in nature, where organisms developed
an ability to manipulate light and matter on atomic scale to build devices that
perform specific functions. such storage of information, reproducing themselyes
cte. and in this sense DNA is the ultimate nano materials, as it stores information
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as a sequence of base pairs that are spaced about 0.3nm apart. Folded DNA
molecules have information density of more than ~ 1Tb ¢m-2. Human beings
have practiced nanotechnology for centuries.

DNA ~ 2.5 nm
diameter

(Courtsey : Nanoscale Science, Engineering, and Technology in the Office
of Basic Energy Sciences (BES) of the U.S. Department of Energy (DOE))

Fig. 2.16: Diameter of DNA - Comparison with Nano-particles

Fabrication of nano materials are generally carried out by two general
approaches, i.e., Top-down (Break down)and Bottom-up (Build up)approach.

: Bottom-up

Fig. 2.17: Top-down and Bottom-up Fabrication of Nano-particles

Nano particles exhibit very different properties as compared to their bulk

counterparts in respect of Colour, solubility, surface area/volume ratio, mechanical,
electronic and magnetic properties.

Nanotechnology find applications in diversified fields such as computing,
data storage and communication, materials. manufacturing industry, health and
medicine, energy, environment, transportation and spacc exploration. Nano
science and nano technology has spread its wings in almost cvery sphere of
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human activity and development. Herein, presented a few selective examples
based on inorganic components to highlight the importance of nano materials.

Nano particles are very efficient catalyst. Increased surface area means
more efficient chemical reactions when used as a catalyst. One such example is
"Micro-carnation”. This 'micro-carnation' is actually a catalyst containing
phosphorus and vanadium (V(OH)PO,./2H,0). It is a selective catalyst used in a
natural gas purifying process (changing normal butane into maleic acid anhydride).
Another selective example is molecular filters. Large molecules are generally a
few nanometers in size. They can act as very efficient filters selectively allowing
the passage of some substances while blocking others. A network of these can
act as a molecular filter and catalyst.

Fig. 2.18: Nano-particles as they act in Cells

Even nano-sized pores are useful! For example, transplanted pancreatic
cells shielded in a silicon block having pores so small that they allow glucose and
insulin to flow through freely allowing normal metabolism, but are too small to
allow antibodies to enter and attack the cells. The example of use of metal oxide
nano particle is antibacterial Magnesium Oxide Nanoparticles.

Fig. 2.19: A Nano Tube
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A very promising and versatile nano material is carbon nanotubes discovered
in 1990. Carbon nanotubes are the best example of novel nanostructures fabricated
through bottom up chemical synthesis approaches. They have simple chemical
composition and atomic bonding but exhibit remarkable diverse structure and
unparalleled physical properties. These novel materials find application as sensor,
fuel cells, field effect transitors, electrical interconnects and host of others. Carbon
nanotubes are the strongest and most flexible molecular material, has high thermal
conductivity, very good electrical conductivity, can be metallic or semiconducting
depending on structure and can be chemically modified.

One representative example of use of carbon nanotubes in bio sensor is
carbon nano tube based DNA sensor.

Fig. 2.20: Sample of Carbon Nano Tube

Carbon nanotube (CNT) array with attached DNA probe acts as an
ultrasensitive sensor for detecting the hybridisation of target DNA from the sample
using signals from the redox bases in the excess DNA single strands. The signal
is amplified using metal ion mediators- oxidation of [Ru(bpy).]*" by guanine.

Now a day, one can even write nano letters: The technique is called dip pen
nanolithography. One molecule thick letters are written on the surface of a piece
of gold using a molecule called octadecanethiol as the ink. It is then visualized
using an atomic force microscope.

The science and engincering of nanotechnology began to take shape in latter
part .of the twentieth century. The areas of nanoscience and technology are a
multidisciplinary and well diverse in scope. The foregoing discussion highlighted

the import?lnce of chemistry in multidisciplinary research directed towards
understanding nanomaterials.

In this presentation, an effort has been made to highlight certain aspects of

development and applications based on inorganic materials in various domain of
human welfare.

The discussions is non exhaustive, only certain selective aspects have been
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highlighted to provide an idea of contribution of inorganic chemistry in development
of science and technology for the benefit and welfare of mankind.
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Quantum Mechanical Treatment of Non-
classical Spinning Motion: NMR Spectroscopy

Ambikesh Mahapatra

Abstract

MRI or Magnetic Resonance Imaging is a useful diagnostic tool for in medical
sciences. The commercial MRI machine is principled on Magnetic resonance
spectroscopy {Electron Spin Resonance or ESR and Nuclear Magnetic Resonance
or NMR) and is a blessing to our society, and to mankind.

Spinning motion, observed in visible objects of the macroscopic/ classical
world, is purely a non-classical concept. In classical mechanics there are
mathematical tools to handle angular motion with associated characteristic
properties like angular displacement (6), angular speed (), moment of inertia (1),
rotational energy (Erot) and angular momentum (L) and its direction. But we have
no such tools in hand to handle spinning motion in classical mechanics. Quantum
mechanics provides us a tool to handle the spinning motion of electron, nucleon
(proton & neutron) particles of microscopic/ quantum world. Ceaseless spinning
motion of quantum particles (electron, proton, and neutron) in atoms produces
Spin Angular Momentum with associated current strength and finally magnetic
dipole moment with magnetic field. Applied external magnetic field interacts with
the magnetic field created by spinning motion of electron/nucleon particles in
atom/ molecule. Degeneracy of spin energy levels of the nuclei/electrons is thus
lost. This sets the stage for magnetic resonance spectrum.

Keywords: Quantum Mechanics, NMR, Angular Momentum, Magnetic Field,
Larmor Precision, Resonance, Diagnostics.
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Introduction
Down the Memory Lane of Development of Quantum Mechanics

Angular motion: In the development of Newtonian Mechanics/ Classical
Mechanics scientific community knew the characteristic properties of angular/
circulatory motion with its mathematical tools like angular displacement (g),
angular speed (® = 0/t), moment of inertia (I=Zms’), angular momentum
(L = 1o ) with its direction and rotational energy (E = In*2 or L¥2I). However
even though people observed and knew spinning motion, they did not know any
mathematical tools to quantify its characteristic properties in Classical Mechanics.

Failure of Classical Mechanics to Explain the Experimental Findings is a
Dawn of Quantum Mechanics:

1. In 1885, Secondary School teacher Johann J Balmer published emission
spectrum of H-atom which was discontinuous line spectrum in opposition
to the expected continuous spectrum, Later Lyman, Paschen and Bracket
independently published the same i.e., emission spectrum of H-atom which
was discontinuous line spectrum in opposition to the expected continuous
spectrum.

2. In 1897, Joseph J Thomson discovered sub-atomic negatively charged
particle electron and bagged a Nobel Prize in Physics in 1906.

3. In 1900, Max K E L Planck explained successfully the energy distribution
curves of Black Body radiation at different temperatures assuming a quantum
hypothesis that energy of an oscillator in solid state is an integral multiple of
small amount of energy which is equivalent to (hv) where h is fundamental
constant having dimension of angular momentum and very small value of
6.626 x 103 J s, named as Planck constant and v is frequency of oscillator.
For this, Planck was honored with Nobel Prize in Physics in 1918. Before
1900, many scientists namely, Lord Rayleigh, Sir James Jeans, W Wien,
Stefan, Boltzmann tried independently or jointly to explain the same using
classical concepts but repeatedly failed all the times.

4. In 1905, Albert Einstein successfully explained all the observations of
photoelectric experiment using particle or photon concept of light beside
the well established wave property of it. Thus light energy is also quantized
or discrete and should be an integral multiple of photon energy (= hv) where
v is frequency of light or electromagnetic radiation. Einstein also bagged the
Nobel Prize in Physics in 1921.

5. In 1913, Neils H D Bohr proposed postulates for electronic energy of H-

atomm, assuming one quantum postulate {angular momentum of rotating
clectron around the nucleus is an integral multiple of (h/2m)} and successtully



24 Exploring Chemistry — Interface with Human Welfare

explained the Balmer, Lyman, Paschen and Bracket emission spectra of H-
atom. Bohr was also honored with Nobel Prize in Physics in 1922.

6. Louis de Broglie proposed wave-particle duality with a relation, A = h/p,
from different experimental findings.

7. Warner Heisenberg projected the uncertainty principle to determine
simultaneous values of some properties associated with each other for

moving particles.

8. In 1927, George P Thomson discovered wave property of particle electron
with Davisson and was honored with a Nobel Prize in Physics in 1937.

With these quantum theories, especially applicable for subatomic/ molecule/
atom/ microscopic particles, quantum mechanics developed. By this time, we
came to know about the orbital motion of electron around the nucleus and the
associated quantized electronic energies, quantized orbital angular momentum
and its quantized direction in space. Then Theoretical Physicist Erwin
Schrédinger predicted one spectral line at around 590 nm for atomic spectrum
of Sodium but observed two closely spaced lines (doublet) at 589.59 & 588.99
nm. In 1925, to explain this doublet spectral lines young Dutch Physicists George
Uhlenbeck and Samuel Goudsmit suggested an electron behaves like a spinning
top having quantized z-components of spin angular momentum or S, is (+/2)h
or (-%2)h.

In quantum mechanics, for orbital motion, orbital angular momentum (L)
has an operator and corresponding quantum mechanical expression of L. Similarly
L has its z-component operator and corresponding quantum mechanical expression
of L. For spinning motion of electron, in early 1930s, the English Physicist
Paul Dirac simply extended the quantum theory of orbital motion of electron to
its spinning motion. Like orbital motion, spinning motion of electron has an operator
S and corresponding quantum mechanical expression of S. Similarly S has its z-
component operator and corresponding quantum mechanical expression of S .
However, we do not know the exact form of operators S & é, and exact
expressions a(t) & P(t) along with their co-ordinates. But § & él are linear &
Hermitian operators and a(t) & p(t) are well behaved, orthonormal wave functions
for a & P spin states of electron.

An clectron is a charged particle, so its intrinsic spin confers to it, the
property of magnetic dipole moment. Like electron, nuclei have also an intrinsic
spinning motion, spin angular momentum (I) and associated magnetic dipole
moment (p). Where spin angular momentum,

1=/S(S+h
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(§ = total spin no. of nucleus and has a single value for a particular
nucleus) and z-component spin angular momentum, 1 L —m ,h

m, = -5, (-St1), ... -1, 0, +1, ..., (§-1), S: for § = integer

m,= -§, (-5+1), ... ,-%2, +12, ..., (§-1), S: for § = half of an integer

Like orbital motion, there is a relationship between p & I for the spinning
motion of nucleus. This is

u=g[22 j1=g(2q J\/mh

N my

For 'H nucleus (a” proton)

2 ST ) =005 1)

On application of external magnetic field........ .

eh
2m,

External magnetic field interacts with the magnetic field produced by spin-
ning motion of nucleus, thus lifting the degeneracy of different spin states. As a
result, an energy gap (V) is produced, the value of which depends on the exter-
nal magnetic field strength (B). “V = gn B and frequency of electromagnetic
radiation equivalent to energy gap, is v = (gn/h)B.

Energy difference between two energy levels can also be expressed in units
of angular frequency, ®. © (rads”') = 2 = 2r(gn /h)B = yB.

In presence of applied external magnetic field, the magnetic moment (p)
associated with spinning motion of nucleus experiences a coupled force or torque
which tends to align p-vector along the direction of applied magnetic field i.e., z-
direction (say). However this is not possible at all because of quantum me-
chanical restriction. The only other effect of this force (or torque) that remains
is to rotate the p-vector around the field direction (z-axis) all the while keeping its
orientation angle 6, as constant for quantum mechanical restriction. This type of
rotation is known as Larmor Precession. According to classical mechanics, the

. . N
frequency of Larmor Precession or Larmor frequency (in rad s') is

netic moment
__mas = x B

angular _momentum

Larmor
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Hence,

oLarmor = wRadiation or vLarmor = vRadiation

i.e., Resonance which leads to Nuclear Magnetic Resonance Spectroscopy or
NMR Spectroscopy.

Advancement of NMR Spectroscopy using quantum mechanics and
other related advancement provides the following information about
the molecule-

1. .No. of spectral lines in NMR spectrum depend on how many different
environments of 'H nuclei are present in the molecule.

2. Intensity of spectral lines depends on how many 'H nuclei are present in
each environment,

3. Multiplicity of spectral lines depends on how many neighboring 'H nuclei
are present for each H in the molecule.

Development of NMR Spectroscopy and its application

» The NMR spectroscopy utilizes EM radiation in the radio frequency region
(lowest frequency region) of electromagnetic spectrum.

» In 1936, Gorter first predicted NMR spectrum.

> In 1946, Block et al and Purcell et al first detected the NMR spectral line.
> In 1949, it was first applied to solving a chemical problem.

» In 1953, first commercial NMR spectrometer was developed.

» Since then several revolutionary developments have happened.

In early 1970s high resolution technique (in the detecting device) based on FT
principle developed that helped:

* To study multiple nuclei by one spectrometer

* To obtain high resolution spectra of solid samples
* For 2-D NMR

*  For MRI
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The above developments became possible rapidly because of:

v" Use of high magnetic field strength (using super conducting magnet)

v' Improved electronics & designing

v" Advancement of computer & spin physics

v" Urge to solve biological problems including large molecules

v" Use of pulse radiation

Development of Quantum Mechanics gave tools for studying spinning mo-

tions, with their related properties, especially spin angular momentum and mag-
netic dipole moment—application of external magnetic field—interaction of it
with the magnetic field of spinning nuclei—splitting of degenerate energy states—

stage is set for NMR spectrum—advanced to Magnetic Resonance Imaging
(MRI)—helps in diagnostics of various ailments.



Computer Assisted Chemistry - A New
Application in Service for Mankind

Apurba K. Bhattacharjee

Abstract

The role of Chemistry in service to mankind cannot be described in nutshell. It
plays such an important and integral part of our life that no numbers can short list
its functions. The present article discusses an application of Computers in
Chemistry known as Computer Assisted Molecular Modeling (CAMM) specifically
focusing on the discovery and development of chemotierapeutics as drugs for
human use and welfare. Although a relatively new technology, application of
computers in Chemistry has been playing a remarkable major role in the service
and welfare of mankind. Therole of virtual screening of virtual libraries (compound
databases), structure based drug discovery and development including the role
of pharmacophore will be discussed.

Key words: Computer-Assisted Molecular Modeling(CAMM), drug-target
docking, drug discovery, Pharmacophore, Norepinephrine Transporter (NETa).

Introduction

Chemistry, the science of matter has served mankind since time immemorial.
Over ages, human beings have skilfully used a variety of techniques and methods
to extract potential applications from matter. This way, from the carliest primitive
tools like knives, arrows, spears to modern day chemicals including computer
chips, nano-materials, soaps, cosmetics, detergents, exotic new chemical entitics,
fertilizers, pesticides, medicines as well as chemical weapons and nukes arc all
contributions of skilful application of Chemistry for human usc. However, the
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present discussion will be on the application of Chemistry for human welfare,
particularly focusing on chemotherapeutics.

Use of computers in Chemistry, commonly known as the in silico approach
is relatively a new technique to extract information about matter for a multitude
of applications. Although in silico techniques are recent applications in Chemistry,
the methods have made enormous progress to impact human welfare by serving
remarkably well in past few decades. Specifically, the branch of Computer-Assisted
Molecular Modeling (CAMM) has made significant contribution in mechanistic
drug design and discovery of novel bioactive chemicals [1-3]. In late 1990s,
combinatorial chemistry coupled with high-throughput screening shifted most of
the drug discovery attention from age old chemical structure based synthesis and
in vitro tests. However, in recent years, due to genome mapping and large scale
determination of protein structures, new chapters have opened up for
chemotherapeutic drug discovery processes. The new paradigm starts from active
site analysis of structure-based crystallographic protein structure to design and
identify new compounds as potential therapeutics through virtual (computer based)
screening of compound databases. The procedure has revolutionized the drug
discovery programs in pharmaceutical industries. Computational approaches
commonly used in CAMM include ligand (compound)-based molecular design
(specifically, 3D pharmacophore modeling to identify the arrangement of chemical
features, such as hydrogen bonds, hydrophobic sites, and ionizable sites that are
essential for a specific biological activity of a molecule), structure-based molecular
design for known X-ray crystallographic structure of a target protein (drug-
target docking), and QSAR/QSPR (quantitative structure-activity relationship and
quantitative structure-property relationship) studies. CAMM techniques provide
five major types of molecular information that are useful for mechanistic design
of new bioactive chemical entities. The information can be summarized as: (1)
three-dimensional structure of a molecule, (2) physio-chemical properties and
arrangement of chemical features of a molecule, (3) comparison of molecular
structures and properties, (4) graphical visualization of stereo-electronic (three
dimensional arrangement of atoms along with electron distribution in molecules)
properties and complexes formed between the bioactive molecule and the target
protein, and (5) predictions of how a related molecule matches with the new
ones and an estimate or prediction of activity for each of them.

Developments and Discussion

In this article as an example for application of CAMM, 1 have discussed
only the in silico applications to chemotherapeutic drug discovery and development
process. Discovery and development of a new chemical entity (NCE) as a drug
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are expensive and complex processes with ever changing technologies. On an
average, it takes about 10 years and approximately five hundred million to a
billion U.S. dollar to bring a drug from the bench of discovery to the market for
human use [2, 4] (Figure 4.1).

Drug Discovery Process

»~l§ ¥r

Lead Compound

FDa-approved Drug

Fig. 4.1: Drug Discovery Process

Drug discovery involves multiple steps of laborious and stringent regulatory
efforts that may be summarized in Fig. 4.2. Toxicity evaluation of a new potential
drug candidate is considered the key component for development of a drug before
human trial. In this context, computer aided toxicity evaluations are also useful.
These methods are rapidly becoming more advanced, reliable and far less expensive
than experimental toxicity evaluations. On an average, discovery process of a drug
costs one-third of the total cost whereas the developmental phase takes away two-
third of the total cost before marketing. When a drug is marketed, only three in ten
achieve revenue greater than the development costs [5].

Drug Discovery & Development-stages
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Fig. 4.2: Drug Discovery and Development Stages
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Therefore, any technology that can improve the efficiency of the process is
considered highly valuable to the pharmaceutical industry.

With the advent of high speed modern computers, astronomical memory
and graphic tools, accomplishing computations and visualization of small to large
bio-molecules including proteins have become more efficient with greater
precision. The graphic tools in modern computers have not only made visualization
of three-dimensional structures of large protein molecules possible, but allowed
interactive virtual docking experiments between a potential drug molecule and
the binding sites of a protein. Applications involving molecular modeling or in
silico techniques have now become an integral part of basic science research and
studies that require an understanding of molecular level information about
environmental, biochemical, and biological processes. The current advances in
these methodologies have direct applications ranging from accurate ab initio
quantum chemical calculations of sterco-electronic properties [6], generation of
three-dimensional pharmacophores, and performance of database searches to
identify bioactive agents [7].

Increasing costs for pharmaceutical development have resulted in the
emergence of these computational approaches for improving the efficiency of
the process. Among them, in silico screening or virtual screening of databases to
identify potential new compounds has been remarkably successful [7, 8,]. Virtual
screening is a process of intelligent use of computing to analyze large databases
of chemical compounds to identify potential drug candidates. The process can
serve as a complimentary tool to high-throughput screening (HTS) for rapid and
effective experimental assay for a large pool of compounds. Screening compounds
by this method is essentially a knowledge-based approach and thus implicitly
requires certain information about the nature of the receptor binding site or the
nature of ligand that is expected to bind effectively at the active site. However,
the type of procedure followed in virtual screening for compound databases
depends upon availability of information as input and requirement for the output
(7, 8].

Although active site analysis of crystallographic protein structure to design
and identify new ligands as potential therapeutics can be very useful for drug
discovery but when the target structure of a protein is not known (i.e.,
crystallographic structure not yet determined), pharmacophore based methods
are found to be quite effective. Pharmacophore is defined as "an ensemble of
steric and electronic features that are necessary for optimal interaction with‘ a
specific receptor target structure (a protein or an enzyme) to trigger or inhil?it its
biological response” [9, 10]. It is an abstract concept but can be gegmetncally
represented as a distribution of chemical features in a three dimensional (3D)
space. The common chemical fcatures are hydrogen bond acceptors & donors,
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aliphatic & aromatic hydrophobic sites, ring aromaticity, and ionizable sites that
interact with complementary sites of a target structure. Pharmacophore based
methods are not only useful for virtual screening and identification of new
compounds from databases but also provide useful insight for designing novel
compounds as well as complementarity for binding at the active sites of unknown
target structures [11-15]. It is both an intelligent knowledge based as well as
efficient approach for discovery of potential bioactive compounds. Since
pharmacophore transcends chemical structure and captures only the features,
pharmacophore based method has an additional advantage for identification of
new chemical compounds of new classes or chemo-types.

A few pharmaceutical success stories involving computational chemistry
technologies include, ARICEPT for Alzheimer's disease (Eisai), TRUSOPT for
glaucoma treatment (Merck), CRIXIVAN for AIDS (Merck), VIRACEPT for AIDS
(Lilly and Agouron), and ZOMIG for migraine treatment (Wellcome, Zeneca). The
list is ever growing. Although in silico technologies started developing from the
mid-1980s, rapid growths started to emerge only with the advent of powerful
modern computers. Since a drug takes approximately 10 to 12 years from the
discovery stage to the market, we are just beginning to see the success stories [4].

Pharmacophore models have led to the discovery of XEN2174 compounds
as Norepinephrine Transporter (NETa) and are in phase II clinical trials as pain
killer {16]. Pharmacophores have been developed for screening growth factor
(ALKS) receptor inhibitors [17], Checkpoint] kinase inhibitors by retrieving potent
molecules from databases, such as Specs, NCI, Maybridge, and CNPD [18].
For prediction of juvenile hormone antagonists, pharmacophore models have
been generated from 3D QSAR studies [19].

Although a CAMM model can be built solely from structurc-activity
relationship, the model should be consistent with the observations of X-ray crystal
structure if the target structure is known. For an unknown receptor structure,
pharmacophore based methods could be helpful to predict the complimentary
interaction capabilities in the active site of the target. However, it is important to
note that despite perfect mapping onto the model, there may be many short listed
compounds that may show poor experimental activity. Thus, although the
pharmacophore directed 3D database search is an efficient approach for extracting
potential bioactive compounds, it is necessary to experimentally test the identified
compounds and iteratively refine the model. Perfect mapping of any molecule to
the pharmacophore model does not guarantee its experimental activity despite
reflecting receptor complementarity. There may be several factors lacking, such
as the perfect fit to the active site duc to steric hindrance, clectrostatics,
lipophilicity, and other unforeseen parameters. Nonctheless, pharmacophore
models are useful tools for identification of new compounds. Undoubtedly,
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computers in Chemistry can maximize the efficiency of chemotherapeutic drug
discavery.

Conclusion

Finally, without rating any of the above mentioned computational methods,
it may be concluded that an integration of structure-based methods,
pharmacophore modeling, virtual screening, and combinatorial chemistry could
all together play a better basis for more efficient drug discovery and development
by reducing both costs and time.

References

l.  Kapetanovic, I. M., Computer-aided Drug Discovery and Development (CADDD):
in silico-chemico-biological approach., Chem. Biol. Interact. , 2008, 171(2), 165-
176.

2. Janseen, D. The Power of Prediction, Drug Discov. 2002, pp. 38.

3. Podlogar, B. L., Muegge, L., and Brice, L. J., Computational Methods to Estimate
Drug Development Parameters, Curr. Opinion Drug Disc., 2001, 12, 102-109.

4, Kubinyi, H., Success Stories of Computer-aided Design, in Computer Applications
in Pharmaceutical Research and Development, S. Ekins and B. Wang, eds.,
Wiley-InterScience, New York 2006, pp. 377-424.

5. Bleicher, K. H., Bohm, H. J., Muller, K., and Alanine, A. I, Hit and Lead Generation
Beyond High-throughput Screening, Nat. Rev. Drug. Discov., 2003, 2(5), 369-378.

6.  Bhattacharjee, A. K. and Karle, J. M., Molecular Electronic Properties of a Series
of 4-quinolinecarbinolamines define Antimalarial Activity Profile, J. Med. Chem.,
1996, 39, 4622.

7. Walters, W. P., Stahl, M. T. and Murko, M. A., Virtual Screening - An Overview,
Drug Discov. Today, 1998, 3, pp. 160-178.

8. Lyne, P. D., Structure-based Virtual Screening - A Review, Drug Discov. Today,
2002, 7, pp. 1047-1055.

9. Leach. A. R.. Gillet, V. J., Lewis, R. A and Taylor, R., Three-Dimensional
Pharmacophore Methods in Drug Discovery, J. Med. Clem., 2010, 53, pp. 539-558.

10.  Giiner, O. F. (ed.), Pharmacophore, Perception, Development, and Use in Drug
Design, University International Line (IUL Biotechnology Series), San Diego, 2000.

Il. Bhattacharjee, A. K., Hartell, M .G., Nichols, D. A., Hicks, R. P, Stanton, B., van

Hamont. J. E. and Milhous, W. K., Structure-activity Rzlationship Study of

Antimalarial  Indolo [2,1-b]quinazoline-6,12-diones (tryptanthrins). Three

Dimensional  Pharmacophore Modeling and Identification of New Antimalarial

Candidates, Eur. J. Med. Chem., 2004, 39, pp. 59-67.

Bhattacharjee. A.K., Kuea, K., Musilek,K. and Gordon, R.K., In Silico

Pharmacophore Model for Tabun-inhibited Acetylcholinesterase (AChE)

Reactivators: a Study of their Stereoelectronic Properties, Chem. Res. Toxicol. ,

2010. 23, pp. 26-36.



34

13.

14.

15.

16.

17.

18.

19.

Exploring Chemistry — Interface with Human Welfare

Bhattacharjee, A. K., Gordon, J. A., Marek, E., Campbell, A. and Gordon, R. K., 3D-
QSAR studies of 2,2-diphenylpropionates to Aid Discovery of Novel Potent
Muscarinic Antagonists, Bioorg. & Med. Chem., 2009, 17, pp. 3999-4012.
Bhattacharjee, A. K., Marek, E. Le, H. T. and Gordon, R. K., Discovery of Non-
oxime Reactivators using an in silico Pharmacophore Model of oxime reactivators
of OP-inhibited Acetylcholinesterase, Eur. J. Med. Chem., 2012, 49, pp. 229-238.
Bhattacharjee, A. K., Marek, Le, E. H. T. Ratcliffe, R., DeMar, J. C., Pervitsky, D.
and Gordon, R. K.., Discovery of Non-oxime Reactivators using an in silico
Pharmacophore Model of Oxime Reactivators of OP-inhibited
Acetylcholinesterase., Eur. J. Med. Chem., 2015, 90, pp. 209-220.

Brust, A., Palant, E., Croker, D. E., Colless, B., Drinkwater, R., Patterson, B., Schroeder,
C. I, Wilson, D., Nielson, C. K., Smith, M. T., Alewood, D., Alewood, P. F. and
Lewis, R. J., d-Conopeptide pharmacophore Development: toward A Novel Class
of Norepinephrin Transporter Inhibitor (Xen2174) for Pain., J. Med. Chem., 2009,
52, pp. 6991-7002.

Ren, J. X,, Li, L. L., Zou, J., Yang, L. Yang, J. L. and Yang, S. Y., Pharmacophore
Modeling and Virtual Screening for the Discovery of New Transforming growth
factor b type I Receptor (ALKS) Inhibitors, Eur. J. Med. Chem.,2009, 44, pp. 4259~
4265.

Chen, J.J,Liu, T. L., Yang, L. J.,Li, L. L., Wei, Y. Q. and Yang, S. Y., Pharmacophore
Modeling and Virtual Screening Studies of Checkpoint kinase 1 Inhibitors., Chem.
Pharm. Bull., 2009, 57, pp. 704-709.

Liszekova, D., Palacovicova, M., Beno, M. and Farkas, R., Molecular Determinants
of Juvenile Hormone Action as Revealed by 3D QSAR Analysis in Drossophila,
Plos One, 2009, 4, pp. 1-15



Liquid Crystal - Nanoparticle (LCNP) Hybrid Soft
Material - A Novel Supramolecular Self Assembly

Chira R Bhattacharjee

Particles of sizes in the range of 1-100nm are called nanoparticles irrespective
of whether they are dispersed in gaseous, liquid or solid medium. The properties
of nanometer dimension material are significantly different from those of atoms
and bulk materials in terms of colour, conductivity, melting points, strength etc.
It would be quite educative to glance at the Fig.5.1 for a practical idea of sizes of
different material vis-a-vis nanomaterial.
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Fig.5.1: Size Dimension of Some Materials
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Some nanomaterials occur naturally, but engineered nanomaterials (EN) are
of particular interest, which find applications in many commercial products and
processes. These materials have been applied for the preparation of sunscreens,
cosmetics, sporting goods, stain-resistant and wrinkle free clothing, tyres,
electronics, and many other items of everyday use. These materials are also used
in medicine for diagnosis, imaging and drug delivery. Properties at the molecular
(nanometre) level due to their small size are generally not encountered in their
conventional, bulk counterparts. The two main reasons why materials at the
nano scale differ in properties are increased relative surface area and new quantum
effects. The field of nanoscience is rapidly growing providing access to number
of structural and functional materials, both inorganic and organic, permitting
manipulation of mechanical, electric, magnetic, catalytic, optical and electronic
functions.

Quite apart from nanomaterials, another group of material called liquid crystal,
a partially ordered state intermediate between ordinary liquid and solid is a well
established field of research currently enjoying tremendous attention due to their
potential in multifaceted application in various fields. Liquid crystal may flow like
a liquid, but its molecules may be oriented in a crystal-like way (Fig. 5.2). The
liquid crystal state is a distinct phase of matter observed between the crystalline
(solid) and isotropic (liquid) states. There are many types of liquid crystal states,
depending upon the amount of order in the material. A large number of chemical
compounds are known to exhibit one or several liquid crystalline phases. Despite
significant differences in chemical composition, these molecules have some
common features in chemical and physical properties. There are three types of
thermotropic liquid crystals: discotics, bowlics and rod-shaped molecules.
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Fig. 5.2: Orientational Order of Molecules in a Liquid C rystal
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Discotics are flat disc-like molecules consisting of a core of adjacent aromatic
rings; the core in a bowlic is not flat but like a rice bowl (a three-dimensional
object). This allows for two dimensional columnar ordering, for both discotics
and bowlics. Rod-shaped molecules have an elongated, anisotropic geometry
which allows for preferential alignment along one spatial direction. Perhaps the
most ambitious goal of this field of endeavour is the creation of molecular machines
and devices, with dimensions on the order of atoms and molecules, capable of
performing specific predetermined tasks [1].

Interests in nanoparticle science are ever expanding which originate from
the desire to understand the synthesis and fundamental properties [2-4] and the
myriad of potential applications of these unique species [5]. Fields as diverse as
biology and medicine [6,7], optics and electro-optics [8,9], catalysis [10], and
environmental remediation [ 11} are expected to benefit from the unique properties
and promises offered by nanoparticles. In order to exploit the exciting properties
of NPs, it is deemed necessary to incorporate them into a more complex structure,
often through the use of a suitable organic coating, that imparts stability against
aggregation and also generates other important features such as solubility,
modularity, and optical and self-organisation properties.

Both nanoparticles and liquid crystalline material exhibit unique property of
self assembly depending on different conditions and template. Liquid crystal-
nanoparticle (LCNP) hybrids, a new emerging class of soft materials have drawn
significant attention with enormous scope. The LC-nanoparticle hybrid systems
allows for investigating a mutually beneficial combination of the unique properties
emanating from the individual entities of LCs and nanoparticles. Liquid crystal-
nanoparticle composites have significant importance for modulating nanoparticle
properties using LCs as well as tuning the LC properties using NPs. Hybridisation
of liquid crystals and nanoparticles provide novel materials that may be useful in
many device applications such as photoconductors, light emitting diodes, photo-
voltaic solar cells, thin film transistors etc. The present paper will dwell on the
supramolecular self assembly of hybrid LCNP materials highlighting related work
on synthesis of some novel hybrid materials with gold nanomaterials and graphitic
nanomaterials from our laboratory.

Noble metal nanoparticles are of great interest because of their intense tunable
absorption and scattering resonances caused by collective oscillations of the
conduction band clectrons, which are known as surface plasmons. The surface
plasmon resonance maximum is very sensitive to the dielectric C(?nstant of the
surrounding media. Thin metal films, gold nanoparticle arrays, metglhc hole arrays,
gold nanorods, and single gold nanosphereshave been' dispersed in LC. The shift
in the surface plasmon resonance has been exploited to measure the Io?al
orientation of the liquid crystal molecules. To afford such a composite material,
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metal nanoparticles is needed to be dispersed within a nematic liquid crystal.
Composite materials consisting of liquid crystals doped with nanoparticles have
attracted much scientific and technological interest, as the incorporation of
nanomaterials enhances the electro-optical properties of the liquid crystal itself
[12]. Ferromagnetic Sn,P,S_ nanoparticles when suspended in a nematic liquid
crystal host were found to enhance the dielectric anisotropy of the liquid crystal
leading to a lower threshold voltage. In the following section we qualitatively
discuss some of the cases of synthesis of novel LCNP hybrid material
~ accomplished in our research group. One such case is the room temperature
synthesis of 1-dodecane thiol stabilised Schiff base decorated gold nanoparticle.
The alkane thiol performed two-fold role - to reduce the gold(Ill) to gold(0)
while preventing the agglomeration of the NP formed. The thiol decorated GNP
on treatment with the LC Schiff base ligand afforded the LCNP material (Fig.
5.3). Both Schiff base LC as well as Composite show blue light fluorescence at
wavelength 442 and 470 nm when excited at 334nm and 394 nm, respectively.
The emission intensity for the composite was found to be higher than that of bare
LC and which may be due to inclusion of gold nanoparticles in the large matrix of
Schiff base.

SYTHESIS OF 1- DODECAME THIOL CAPPED GOLD NANOPARTICLE
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Fig. 5.3: GNP-LC Synthesis
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Another interesting example is the ZnO quantum dot decorated with Schiff
base liquid crystal ( Fig. 5.4). The effect of variation in relative concentration of
the ZnO QD and LC has also been studied. The white ZnO quantum dot material
were prepared using a simple and convenient strategy wherein zinc acetate was
treated with oleic acid at 140°C followed by triphenylphosphine at 240°C. The
LCNP hybrid material was obtained as a yellow material simply by stirring the
ZnQO with preformed LC Schiff base ligand at room temperature.
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Fig. 5.4: ZnO QD Synthesis

Yet another example is of tagging graphene nanosheet with amino terminated
LC molecules achieved simply by stirring at ambient temperature (Fig. 5.5 and
Fig. 5.6). The phase transition temperature drops to by half in the composite
from that in the bare LC molecule. The graphene oxide sheets are prepared by

oxidising graphite.
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Fig. 5.6: Graphene Oxide - LC Synthesis

The field of LCNPs is wide open for chemists to design and synthesise new
hybrids- wider variety of phases and new applications for these novel materials
are anticipated. By controlling the spatial assembly of NPs into ordered structures
and combining the processability and defect tolerance of the LC state, the structural
and functional versatility of the organic coating, and the unique magnetic, optical
and electrical properties of NPs, liquid-crystalline nanoparticles are poised to
address some of the exciting challenges of this century. Preparation of addressable
assemblies of multifunctional hybrids, including high-density recording media,
single-electron microelectronic and charge transport devices, nanoscalc plasmon
waveguides and metamaterials throw many research challenges leading to newer
high-end applications.
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Abstract

During the past two decennia, occurrence of high concentrations of arsenic (As)
in drinking-water has been recognized as a major public-health concern in several
parts of the world. Some of the well-documented and most severe cases of arsenic
contaminated groundwater have been found in aquifers in Asia and South America.
The problem is particularly severe in backwards and developing countries like
India and Bangladesh where a large part of the population depends on groundwater
extraction for their livelihood but do not have basic sanitation and purification
facilities. Besides, a number of other States, namely; Jharkhand, Bihar, Uttar Pradesh
and several states of NE India comprises the vast plains of the Ganges and
Brahmaputra rivers and are underlain by thick piles of alluvial sediments of
Tertiary and Quaternary age where groundwater is contaminated by As. The
problem of groundwater As contamination from the fluvial plain of the Brahmaputra
and the Barak is known to have affected 7 lakhs of population in 21 of the 27
districts of Assam which highlight the extent of the problem in the state. Newly
deposited riverine Holocene sediments provide a very favourable environment
for As enrichment in groundwater. [n Assam, the Brahmaputra Flood Plains (BFP)
and the Barak Valley Plains (BVP) are the two most important river systems which
have given rise to extensive alluvial plains on which majority of the population of
the state is dependent. In Assam, similar to West Bengal the source of arsenic is
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geogenic and released from soil under conditions conducive to dissolution of
Arsenic from solid phase. In most of the high groundwater As areas in the two
river plains elevated iron levels were detected and positive correlation was
observed between the Fe and As. The reductive dissolution of iton hydroxides is
considered as the most widely accepted mechanism for high concentrations of
As in the groundwater of these two river plains.

Keywords: Groundwater arsenic, Brahmaputra Flood Plain (BFP), Barak Valley
Plain (BVP), Arsenic mobilation mechanism, Arsenic speciation, Source of
Arsenic.

Introduction

The problem of naturally occurring As pollution in groundwater is now
recognised to be one of the world’s greatest environmental hazards,, threatening
the lives of the million across the globe [1-15]. Geogenic arsenic pollution occurs
in diverse geological and climatic conditions ranging from the hot and humid
tropics, to Arctic Alaska and hyperarid deserts.

Natural arsenic pollution in excess of the permissible limit of 10pg/L in
potable groundwater resources of north-east India was first reported in the year
2004 [16,17]. However, the scale of the problem is potentially large in the state
of Assam where 21 of the total 27 districts are severely affected by groundwater
As contamination [17] and have affected about 7 lakh people. The elevated level
of As was found in the flood plain of Jorhat, Lakhimpur, Nalbari, and Nagaon
dis-tricts [17-23]. When scientific studies highlighting a potentially severe As
problem in the state was published, a number of state and central government
organisations came forward to make their own assessment of groundwater As in
the state. The PHED (Public Health Engineering Department) Assam decided to
conduct an assessment of “Presence of Arsenic in Groundwater of Assam” in
collaboration with UNICEF. The objective of the study was to identify areas at
risk of contamination and to develop a comprehensive database on As status of
the state, covering an area of 192 blocks spread across 22 districts. The results
of the Assessment program revealed that 76 blocks in 18 districts were indeed at
risk, with As level greater than 50 ug/L [24]. When the studies showed high As
concentrations (> 50 ug/L) are widespread in groundwater aquifers in the state,
the As screening and surveillance programme was implemented jointly by the
PHED, UNICEF and IIT Guwahati. To suggest the government on the issue and
to demarcate groundwater sources measuring less than or more than 50 pg/L as
safe, and unsafe respectively a blanket screening of an estimated 56,180 public
water sources was carried out in the identified high-risk blocks of the state. This
study also showed that the concentrations were localized at certain pockets of
the floodplain and is narrowly spread compared to the Ganga Brahmaputra Meghna
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(GBM) floodplain in Bangladesh and West Bengal. The result of the analysis was
used for preparation of district level As concentration maps. To understand the
nature of As release into the groundwater from borehole, sediments were
investigated to find out the role of Fe in leaching As to groundwater. This study
showed that reductive dissolution of ferric hydroxides is believed to be the release
mechanism for controlling the mobility of As in Assam [25]. The reducing condition
by microbial activities controls the dissociation of Fe from its compounds (iron
hydr(oxides), ferromanganese compounds), which is responsible for the leaching
of Fe into the groundwater from the aquifer sediments [26, 27].

Almost all the As affected ground waters in Assam and Manipur are located
in the floodplains of Brahmaputra and Barak respectively [16, 17, 28]. The As
affected districts of Assam are overlain by successions of alluvial Quaternary
sediments. The source of the As enriched sediments is widely believed to be the
mountainous rocks, Himalayas towards the north appear to be the source of As
in the BFP; and the Barail in the south appear to the source of the As in the BVP
[12, 16, 22, 29]. However, the probable As release mechanism in these two
flood plains appear to be reductive dissolution of iron hydroxides [14,30-36].
Under such an anoxic condition reduction of iron hydr(oxides) coatings on sand,
silt and clay particle is a common phenomenon, which ultimately lead to the
release of the adsorbed As [5, 31, 34, 37-39].

In terms of the percentage of tube wells with high As concentration, Assam
is the worst affected states in the North-east India. There are several important
rivers in the state, the entire northern and middle half of the state is drained by the
river Brahmaputra, while towards the south the Baral. river is a very important
river system. It has been established that almost all the known As hotspots of the
state are situated in these riverine plains. The people here depend on groundwater
for a variety of utilities, most importantly drinking.

Sources of Arsenic in Drinking Water

Arsenic is ubiquitous element and twentieth most abundant ¢lement in the
earth’s crust. Its concentration in earth crust is 2-5 mg/kg and occurs in 200 diff
minerals [40]. Arsenic is introduced into the environment through weathering of
rocks and dissolution of minerals. Besides, it can also be introduced by
anthropogenic activities. Although, arsenic occurs widely in rocks and soils, but
high concentrations of arsenic in water are uncommon. Generally, As
concentration in groundwater is below 10 pg/l. But very high concentration of
As in groundwater are found in regions with active volcanism, sedimentary rocks,
geothermal system, and in soil with a high concentration of sulphide. Arsenic
occurs in rocks, soil, water, air, and in biota. Naturally As has been mobilized
such as weathering of rocks, microbial activities, besides anthropogenic activitics
viz, mining, burning of fossil fuel.
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Arsenic Chemistry: Speciation and Toxicity

Arsenic is colourless, tasteless and odourless element. High concentration
of As in groundwater is not associated with any change of colour, taste, and
odour of water. Therefore, detection of arsenic in groundwater require
sophisticated analytical technique.

Arsenic is perhaps unique among the heavy metalloids and oxyanion-forming
elements. Its distribution, mobility, and source in the water system depends on
several geochemical factors, such as pH, ORP, presence of other ionic species
in aquatic system and microbial activity [41].

Arsenic toxicity strongly depends on the form in which arsenic is present.
The toxicity of As(IIl) is greater than that of As(V) since it coagulates proteins
and forms complexes with coenzymes, and inhibits ATP production [42]. Arsenic
in water occurs in two primary forms: inorganic and organic. The most common
organic forms of arsenic are mono-methylated acids (MMA) and dimethylated
acids (DMA) present abundantly in seafood and are relatively less toxic to human
health. Inorganic arsenic can occur in the environment in several forms. In
drinking-water, it is mostly found as trivalent arsenite (As (III)) or pentavalent
arsenate (As (V)) which exhibit different grades of toxicity. The valency and
species of inorganic arsenic are dependent on the redox conditions and the pH of
the water. In general, the reduced trivalent form [As(IID)], is normally found in
anoxic groundwater and arsenate, the oxidised pentavalent form [As(V)], is
found in oxic surface water. Some ground waters have been found to have only
As(1Il), others only As(V), while in some others both forms have been found in
the same water source [43-46].

Under oxic condition As(V) exists in four forms in aqueous solution based
on pH: H AsO,, H,AsO*HAsO, *, and AsO, * depending on the Eh and pH
conditions [43]. Similarly, Under reducing condition and at thermodynamic
equilibrium over a wide range of pH As(III) exists in five forms: H,AsO,", H;AsO,,
H,AsO,, HAsO;, and AsO,”. The ionic forms of As(V) dominate at pH >3,
and As(111) is neutral at pH <9 and ionic at pH >9.

The toxicity and mobility of arsenic varies with its valence state and chemical
form. As(1ll) is generally more toxic to humans and four to ten times more

soluble in water than As(V) [47, 48].

Mechanism of As Mobilization

There are four different mechanisms for mobilization of arsenic in
groundwater namely Reductive dissolution. Alkali desorption, Sulphide oxidation

and Geothermal water:
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Reductive Dissolution

Although, there are four basic mechanisms that can mobilise arsenic to
groundwater but reductive dissolution is the most important one among the four.
In this hypothesis iron oxide which is present in the sediments of aquifer act as a
scavengers of AS. Arsenic is a natural component of rocks, which can result in
release of arsenic into water. Under reducing conditions, the iron oxides minerals
to which arsenic is adsorbed break down under the influence of decaying organic
matter and dissolve, causing arsenic to be released into water. A strong statistical
correlation between the arsenic and iron concentrations in groundwater of
Bangladesh, West Bengal lend support to this hypothesis. In this process
degradation of organic matter generates high bicarbonate concentrations, with
high concentrations of manganese, ferrous iron, and ammonium, while oxidized
species such as dissolved oxygen, nitrate and sulphate are usually very low or
absent.

Alluvial sediments probably acquire most arsenic by adsorbing As(V) in
oxic environments, where As(IlI) is not stable. Organisms such as Shewanella
alga can increase the rate of Fe(Ill) reduction, accelerating the release of As(V)
into solution. Sulfurospivillum barnesii can reduce arsenate to arsenite, both in
solution and when adsorbed on ferrihydrite. The redox reactions controlling iron
in natural waters have been studied in great detail by Langmuir [49], and the
process of iron reduction by organic matter may be represented by the following
equation:

8FeO(OH) + CH, COOH +14H CO, => 8F¢* + 16HCO, + 12H,0

This reaction requires sedimentary organic matter, which consumes all
available sources of oxygen. [33].

Alkali Desorption

The alkali desorption is used to depict a set of processes that involve an
increase in pH that promote desorption of arsenic from iron oxides. Alkali
desorption occurs at high pH (>8.0) and in the presence of dissolved oxygen,
nitrate or sulphate which can be termed ‘alkali-oxic’ and which have low
concentrations of iron and manganese. The occurrence of arsenic in alkali-oxic
ground waters in Argentina, the southwestern and central USA, Spain and other
locations are some of the examples.

Sulphide Oxidation

The oxidation and break-down of sulphide minerals containing arsenic is
another important mechanism of mobilization of arsenic. Sulphide oxidation occurs
where pyrite or arsenopyrite are exposed to oxygen, to produce waters that are
typically both acid and sulphate-rich, but not necessarily high in iron [49]. The
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pyrite oxidation hypothesis support the release of As to the aquifers in the
shallowest ground waters close to the water table where sulfate concentrations
is usually high. The sulphide oxidation can proceed under both biotic and abiotic
conditions. The arsenopyrite (FeAsS) is one of the most important stores of
arsenic and their oxidation can be important sources of arsenic pollution. The
iron sulphide minerals (FeS,) and arsenopyrite (FeAsS) are the commonest sulphide
mineral, and is most abundant in marine sediments, igneous rocks and areas of
hydrothermal alteration. Oxidation of arsenic-bearing sulfides is commonly
associated with mining activities in many regions.

Pyrite may be oxidised by oxygen, nitrate or ferric iron, and the processes
have been studied by many authors {49, 50].

The dissolve oxygen in oxygen-rich water is the most significant oxidant
of pyrites:
2FeS, + 70, + 2H, O => 2Fe* + 480> + 4H"
Pyrite can also be oxidized by Fe(IlI) and in some wells exhibit low pH, and
in these wells Fe(IIl) may be an important oxidant.
FeS + 14Fe’ + 8H,0 =>15Fe* + 250> + 16H"

The reaction consumes seven molecules of O, for every two of iron sulphide
and it produces acidity, accounting for the low pH values. Where additional oxygen
is present, the dissolved ferrous iron is then oxidised to ferric iron, consuming
some of the acidity, as follows [50]:

Fe* +1/40,+H =>Fe" +2H0

The ferric iron will be precipitated as ferrihydrite, which will adsorb at least
some of the released arsenic.

Pyrite may also be oxidised by nitrate, a process that could be important in
areas of intensive farming that overlie sulphide-rich subsoils. The equation for
the reaction with nitrate is:

SFeS, + 14NO, +4H™ => SFe’ + 10SO > + 7N, + 2H,0

In the absence of free oxygen, nitrate may oxidise ferrous to ferric iron,
which is precipitated as ferrihydrite, while the other reaction products are nitrogen
gas and acidity [50]:

10Fe™ + 2NO,"+ 14H,0 =>10FeOOH + N, + 18H"

Geothermal Water

The geothermal mechanism involves mixing with geothermal waters, where
arsenic was leached from rocks by hot water, either at great depth or in areas of
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volcanic activity. Geothermal waters reach the surface as natural springs and
then mix with surface water flows or shallow groundwater bodies. Since As
contained in the geothermal fluid, it causes As pollution in the surface and shallow
groundwater {51]. The temperature of geothermal fluids may be elevated and
usually also characterized by a correlation of arsenic with chloride [52].
Geothermal arsenic is common in active and former continental-volcanic settings
such as in New Zealand, the Andes, southern Italy and the Rockies, and to a
lesser extent in oceanic-volcanic terrains.

Health Problems with Arsenic

Arsenic is now recognised to be one of the world’s greatest environmental
hazards and millions of individuals across the globe are chronically exposed through
drinking water. It has been reported that [ 53] over 137 million people in more
than 70 countries are probably affected by arsenic poisoning from drinking water.
The disease symptoms caused by chronic arsenic ingestion are called arsenicosis
and develop when arsenic contaminated water is consumed for several years.
Long-term ingestion of drinking water having As concentration beyond the
permissible limit leads to harmful effects on human health. There is a strong
body of evidence that inorganic As is a serious toxicant and can cause a variety
of adverse health effects, such as dermal changes, respiratory, pulmonary,
cardiovascular, gastrointestinal, haematological, hepatic, renal, neurological,
developmental, reproductive, immunologic lead to cancer and other degenerative
effects of the circulatory and nervous system {11, 54-56]. Epidemiological studies
have shown that arsenic is also contributed to various other cardiovascular,
pulmonary, immunological, neurological, peripheral vascular and endocrine
diseases.

Human exposure to arsenic can take place through ingestion, inhalation or
skin adsorption; however, ingestion is the predominant form of arsenic intake.
The relationship between arsenic and skin cancer has been well documented
over the past several decades [57, 58]. Exposure to low level of arsenic in
drinking water also causes skin pigment changes which is black brown in colour
described as melanosis. These lesions are relatively early manifestations of arsenic
toxicity and hardening of palms and soles known as kerafosis. The most visible
symptoms of long term exposure to arsenic concentrations in drinking water are
development of skin de-pigmentation resulting in white spots that looks like
raindrops known as raindrop melanosis [59]. Palms and soles further thicken
and painful cracks emerge, mainly at palms and the sole. These lesions are
commonly found in chronically exposed populations called hvperkeratosis and
can lead on to skin cancer [60]. Arsenical keratoses are the most characteristic
skin feature of long-term arsenic exposure. Elevated concentration of arsenic in
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drinking water may attack internal organs without causing any visible external
symptoms, making arsenic poisoning difficult to recognize. Hair, nails, urine and
blood can be an indicator of human exposure to arsenic before visible external
symptoms. The disruption of the peripheral vascular system leading to gangrene
in the legs, known in some areas as black foot disease in China (province of
Taiwan) in the first half of twentieth century was observed due to exposure of
arsenic for several years.

Guidelines and Standards

Because of the proven negative health effects on humans and widespread
distribution of As in groundwater, WHO in 1993 has lowered its earlier permissible
limit of 50 ug/L in drinking water to 10 pug/L. The guideline value for arsenic is
provisional because there is clear evidence of hazard but uncertainty about the
actual risk from long-term exposure to very low arsenic concentrations [61,62].
The value of 10 pug/ was set as realistic limit taking into account practical problems
associated with arsenic removal to lower levels. The WHO provisional guideline
of 10 pg/L has been adopted as a national standard by most countries, including
Japan, Jordan, Laos, Mongolia, Namibia, Syria and the USA, and by the European
Union (EU).

Global Arsenic Problem

The presence of elevated concentration of As in groundwater have been
documented from various Countries across the world in a large geological and
climatic settings. Generally, surface water contain low level of AS and most of
the major rivers of the world contain dissolved concentrations of 1-3 ppb As.
Some smaller rivers that contain very high level of arsenic include the Loa (1400
ppb) and Toconce (800 ppb) in Chile, the Waikato (150 ppb) in New Zealand and
the Madison (72 ppb) in the USA, and all receive discharges from geothermal
springs.

In the 1960s, groundwater arsenic poisoning became well known in Taiwan,
which has a special place in the history of epidemiological studies of arsenic. It
caused a range of severe illnesses, including Blackfoot Disease, which is almost
unique to southwest Taiwan.However, Until the 1980s, groundwater arsenic
problem did not attract international attention.

Arsenic poisoning in West Bengal was first clinically diagnosed since early
1980s although it was not appreciated internationally until mid 1990s. Now, high
arsenic concentrations beyond permissible limit for drinking water have been
confirmed in many countries on all continents and this shou}d therefore be regarded
as a global issuc. With the discovery of newer sites‘m th.e recent past, .the
arsenic-con-tamination scenario around the world, especially in Asian countries,
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has changed considerably. Occurrence of high concentrations of arsenic in
drinking-water has been recognized as a major public-health concern in several
parts of the world. In the Americas the incidence of high concentrations of arsenic
in drinking-water has been reported from Mexico, United States, Chile and
Argentina. In fact, in North America, the USA is one of the most widely affected
countries in the world, although the health impacts are quite small. An extremely
widespread and diverse case of arsenic contamination in well was first reported
from Argentina in 1917 [63]. The Pampean Plains of Argentina and the Pacific
Plains of Chile are the areas in South America have severe arsenic pollution. As
per a report at least four million people are exposed to arsenic level > 50 pg/L in
Latin America alone [64]. In northern Chile (region I and II) both surface water
and groundwater in the region II, consisting of Antofagasta, Calama, and Tocopilla,
have shown high concentrations of ar-senic (Caceres et al 1992). The rivers in
northern Chile (region I and II) have high natural concentra-tions of arsenic,
particularly those from the region of Antofagasta. Hungary, Serbia and Croatia
are most affected country in Europe where groundwaters are contaminated with
arsenic. An account of groundwater quality conducted in Hungary demonstrated
that drinking water for almost 400 towns and villages in the Great Hungarian
Plain contain arsenic concentrations several times higher the WHO and EC
guidelines. The arsenic level ranging from 60 to 4,000 pug/L was reported in well-
water during 1941-1983 [65, 66]. A few thousand people showed symptoms of
arsenic poisoning, such as melanosis, hyperkeratosis, skin cancer, internal cancer,
bronchitis, gastroenteritis, or haematologic abnormalities [67]. Later, arsenic
exceeding 50 pg/L was identified in groundwater from alluvial sediments
associated with the River Danube in the southern part of the Great Hungarian
Plain [68].

In Africa, arsenic pollution is well documented only from southwest Ghana,
which is partly anthropogenic. However, it appears from literature that large
areas of Africa, groundwater has simply not been tested.

In Australasia, New Zealand arsenic has been reported from geothermal
sources on Hawaii and Iceland., An elevated levels of arsenic in surface water
and groundwater of Victoria, mostly around the gold-mining regions has been
reported in 1991 . The survey data revealed that the concen-trations of arsenic
in groundwater varied from <I to 300,000 ug/L (n=109), while in surface water
these were in the range of <1-28 300 pg/L (n=590) [69] . At present prevalence
of arsenic in drinking water has been identified in the most widespread As
enrichment in groundwater has been documented from parts of Asia, including
Bangladesh, India, Nepal, Cambodia, Thailand, Vietnam, China, and Taiwan, this
region is known as south and southeast Asian As belt (SSAAB). In terms of the
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clinical manifestation due to As induced diseases and percentage of tube wells
with high As concentration, Bangladesh is the worst affected nation in the world
[2, 3, 8,9, 74, 75]. In the recent decades, arsenic contamination in groundwater
in the have been reported in Gangetic plains of West Bengal, Jharkhand, Bihar,
Uttar Pradesh and the flood plains of the Brahmaputra and Barack in addition to
Bihar, UP, Jharkhand), lower Ganga (West Bengal) [14, 36, 76-79] as well as
several states of northeast India [16, 17, 29, 81-84]. However, in India the
worst cases of As related health problem have been reported from the state of
West Bengal where As problem is endemic and the first case of chronic As
poisoning due to drinking water was diagnosed from the state way back in 1983
[5.6, 35, 36, 42, 70, 80, 85-88].

Study Area, Hydrology, Climatic and Geology

The BFP forms a part of the extended Ganga-Brahmaputra flood plain system
and has a unique pattern of morphology characterised by extremely variable flow,
enormous rates of sediment discharge, rapid channel, aggradations, and
accelerated rates of basin denudation [§9].

The vast alluvial plains of Brahmaputra valley occupy most of the North
Assam and it extends from Sadiya in the east to Dhubri in the west. The greater
part of Assam lies within the Brahmaputra valley and its length is nearly 640 Km
and has the width of about 100 km. The Brahmaputra plain is formed of the
sediments carried by the Brahmaputra and its tributaries from the Himalaya and
surrounding hills. It is bounded by Arunachal Himalaya in the north and northeast,
Patkai -Naga - Lushai range of Nagaland and the Shillong Plateau in the south and
southeast. The southern part of Assam (Barak Valley) consists of three districts
viz. Cachar, Karimganj and Hailakandi (24°8" and 25°8" N latitudes and 92°15°
and 93°15" E longitudes. The valley is bounded by the North Cachar Hills District
of Assam and the state of Meghalaya to the north; Manipur to the east; Mizoram
to the south; and Tripura and Bangladesh to the west. The climate of the region
is described as ‘Tropical Monsoon Climate’, which is characteristically warm
and humid, and experiences a high rainfall under the influence of the south-east
monsoon from June to September. Mean annual rainfall is 320 cm with a variability
of 15-10%. Rainfall varies along the stretch of the plains, from as low as 175 cm
in the Kapili basin in central Assam to as high as 410cm i Jidhal basin in the
north-eastern part [89]. Towards the south the rains are scantier in the rain shadow
zones of Nagaon and Karbi Anglong. Minimum temperature during winter in the
plains and the valley areas of the basin varies from 9°C in the western part to 4°C
in the north-castern part, summer temperatures are around an average of §5°C,
maximum temperature can go higher than 40°C, especially in regions like Silchar

in the extreme south [89].
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The Brahmaputra and the Barak valleys of Assam were formed by the
deposition of older and newer alluvium and more than 75% of the state is underlain
by unconsolidated formation comprising of clay, silt, sand, gravel, pebble where
ground water is available at low to moderate depth. The state of Assam has a
unique geology, the northern plains (BFP) are dominated by deposits of new
Quaternary Holocene alluvium, but tertiary sandstones along the fractures and
solution cavities in limestone also occur [89]. The BFP which is underlain by
recent alluvial deposits are about 200-300 m thick and consist of clay silt, sand
and gravels.

The Surma basin of South Assam (Barak Valley) forms a part of the greater
Bengal basin [90]. Barak Valley consists of hilly terrain surrounded by bowl
shaped synclinal valley elongated towards east to west. In Assam, Surma group
is exposed in Surma valley and north Cachar hills. Geologically the Surma (Lower
to Middle Miocene) are the oldest rock and has been subdivided into a lower
arenaceous facies (Bhuban) formation and an upper argillaceous facies (Bokabil
Formations). A major part of the Barak valley consist of Tertiary upland surfaces
with the presence of shale, sandstone, ferruginous sandstone, mottled clay, pebble
and boulder beds or lowland valley areas with thin cover of Holocene Newer
Alluvium sediments on top. Both newer and older alluvium are found in the area.
The semi-consolidated older rocks consists of shale, ferruginous sandstone,
mottled clay, pebble bed and boulder bed etc., belonging to Bhuban and Barail
groups of rocks formed under marine condition. Newer Alluvium Holocene
deposits along Barak Valley in the central parts mainly consist of sand, silt,
carbonaceous shale, clay with gravel [91].

Distribution of As in the State of Assam

In a study conducted on the groundwater arsenic status of Assam by
NERIWALM [17] during post-monsoon in the year 2003, showed that 21 out of
24 districts have elevated groundwater As content exceeding 50 pg/L. It was
found that arsenic concentration was found to be higher adjacent to Himalayan
foothills. The concentration of As was relatively high in shallow tube well (15-
40 mdeep) as compared to deep tube well and rings well. No report of Arsenocosis
from any area of the region has been known till date. Chakraborty et al [16] also
reported high groundwater As in the plains of upper Brahmaputra

The groundwater As problem of Assam has been investigated by various
researchers [19, 23, 84, 92, 93, 94,83]. The groundwater of Assam valleys is highly
ferruginous [16, 95] and a number of scientific studies [18, 23, 83, 84 96, 97] focus
mainly on the physicochemical analyses of As contaminated groundwater.
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Distribution in the Brahmaputra Flood Plain

The Majuli is the largest inhabited riverine island in the world [98]. A
preliminary survey of As content in ground water from shallow tube wells/hand
pumps within 50 m depth of Majuli Island, was first conducted by Saha et al.
[99]. Results of the chemical analysis of the 24 groundwater samples collected
from shallow groundwater abstraction structures mainly tubewells have shown
that the As ranged from 6 to 90 pg/L in the area.

Arsenic in groundwater of Majuli [28] revealed that As in excess of 50 pg/
L occur in the groundwater of many villages. Arsenic concentration in
groundwater of Majuli was found to decrease gradually beyond 25 m depth of
tube-wells and no correlation was observed between the concentration of As in
water and depth. It was observed that As levels in tubewells deeper than 45 m are
found to be less than 10 pg/L and is considered as safe. Similar results are also
reported by Kumar et al. [14] from the middle Gangetic plains where elevated As
levels were mostly observed in the tube-wells with a depth range of 10-20 m and
As level decreased beyond a depth of 40 m. The Majuli research on As in
groundwater has revealed that levels of As in the aquifer sediment is not rich in
As and concentration is lower than background levels (5-10 mg/kg) suggesting
that the mobilization of As in groundwater could be derived locally or proximally
[28]. Besides, the As/Fe (identical values) in sediments from consecutive layers
of a single borehole or different boreholes indicate that both Fe and As are coming
from a definite source. Similar result was also observed in the earlier study in the
Bengal delta region[100]. Statically a poor correlation was found between As and
Fe levels in sediment and the possible explanation of such poor relationship could
be other processes by which Fe may be removed from groundwater and that
some of these do not involve As [34]. Similarly low correlation (r=0.23) between
As and Fe which was observed in the groundwater of Majuli. Researchers have
already reported such poor relation between As level and Fe level in both water
and sediments from GMB delta plain [8, 9, 32, 35]. One of the possible reasons
of this behaviour could be difference in the conservation status of the two the
species (Fe and As) in groundwater; another reason could be spatial difference of
the ratio of As and iron hydr(oxides) based on the chemical characteristics,
abundance and concentrations of the mineral phases [8,9,28]. Several other
processes like mineral weathering, oxygen consumption and nitrate reduction
may influence As release in groundwater, which can explain the poor relation
observed between As and Fe in the groundwaters of the middle Gangetic plains

of Ghazipur Uttar Pradesh, India [14].

Arsenic concentration in biological samples (hair, nail and urine) of the
inhabitant residing in the high As affected areas of the Majuli river island was
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investigated by Goswami et al.,[28] to evaluate the As body burden. The result
of analysis of biological samples revealed that about 90% urine samples, 100%
hair samples and 97% nail samples contained As level above the maximum normal
level. The maximum normal level of As in urine, hair and nail are 50 pg/kg, 200
ug/kg and 500 pg/kg respectively. It is noteworthy that the As in the hairs of the
residents of Majuli was found out to be higher than those recorded in previous
studies from Vietnam and Cambodia [101,102,103].

Mahanta et al.[25] had established that reductive dissolution of iron
hydr(oxides) was the cause of As release in the flood plains of Assam. To investigate
the possible release and mobilization mechanism of As in the aquifer. Baviskar
and Mahanta, [22] studied the borehole sediments from As enriched areas of
Jorhat, Assam. It was observed that the groundwater in the study area was under
a reducing condition and Fe (II) and As (III) were the dominant species.

The nature of As release into the groundwater from borehole sediments
were investigated by [22]. The objective of the study was to gain an understanding
about the process of Fe leaching and As mobilization in Assam by investigating
the sediments and groundwater samples collected from As enriched areas of
Jorhat, Assam. Combined Eh-pH stability diagram of Fe and As indicated the
presence of Fe (II) and As (III) species in the groundwater, indicating the presence
of a reducing condition. Under reducing conditions arsenic generally exists as a
trivalent form such as H,ASO,” and HASO,* and the qualitative relationships
between arsenic species can be understood with the help of Eh-pH diagram.
However in oxidising environment As is present as the arsenate form [9].
Concentrations of elevated As in the sediment samples collected at variable depths
of the three boreholes ranged between 1 mg/kg to 18.6 mg/kg, with maximum
concentrations found in the fine sand fractions. The silt and the fine sand sediment
fractions seem to be the key repositories of high Fe and As concentrations in the
study area, which is supported by the SEM/EDX and XRD analysis. Similar
results are also reported from the fluvio deltaic sediments of West Bengal and
Bangladesh [31, 35,104,105, 106].

Groundwater As exceeding 10 pg/L were detected in Dhubri and Bongaigaon
districts of Assam by Reddy, 2012 especially three places Charkola, Paglahat
and Tamarhat have very high level of As. The two districts are located on the
north bank of the river Brahmaputra and are part of the BFP. The groundwater
and sediment chemistry of Bongaigaon and Darrang districts of Assam were
investigated to find out the distribution, origin and release mechanisms of arsenic
[12]. Fifty groundwater samples from domestic wells and public water supply
schemes, and 5 sediment samples were collected. Fifteen groundwater samples
had As concentration above the Indian national drinking standard of 50 pg/L, and
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33 of them had As concentration above the WHO guideline of 10 pg/L, besides
DOC levels were moderately high ranging from 0.3-4.2 mg/L. The study could
not identify distinct zones or depths with specific sedimentological features
producing arsenic free water were. However, the sediments with a green-olive
colour are probably more likely to bear As contaminated water than white
sediments and proposed that reductive dissolution of ferric hydroxides is thought
to be the release mechanism controlling the mobility of As. As no relation was
found between dissolved As and SO *; oxidation of arsenopyrite was ruled out in
this study. According to Mc Arthur ef al. 2004, aquifers having grey coloured
sediments has elevated concentration of As as compared to brownish due to
reduction of iron hydr(oxides). In the extreme north-eastern part of the state the
district of Dhemaji which lies in the north bank of the river Brahmaputra experience
annual episodes of mass flooding and deposition. Arsenic level as high as 100 to
200 pg/L has been detected in Dhemaji district, the locations where high As
levels in groundwater has been detected are Sissiborgaon, Dhemaji town and
Jonai[94]. Spatial distribution maps for arsenic in different seasons were prepared
using curve fitting method in Arc View GIS software. Chetia ez al. [23] investigated
the As content in the 222 groundwater samples collected from shallow and deep
tubewells of six blocks of Golaghat district (Assam). The results of the analysis
showed that 67%, 76.4%, and 28.5% were found contaminated with higher
metal contents (for total As, Fe, and Mn, respectively). A strong significant
correlation was observed between As and Fe (0.697 at pH<0.01), suggesting a
possible reductive dissolution of As-Fe-bearing minerals for the mobilization of
As in the groundwater of the region. Borah ef al. 2009 studied the As, F-, and Fe
contamination in the tea gardens of Darrang district. Bhuyan, 2010 found high
levels of As in 3 developmental blocks of Lakhimpur district, Assam.

Arsenic Distribution in the Barak Valley Plain

In Cachar and Karimganj districts of Barak Valley, Assam the presence of
naturally occurring As in shallow tube wells (14-40 m) have been reported where
66% and 26% tubewells have As concentration above the 10 pg/L and 50 pg/L
respectively. The earlier study carried by Shah, 2007 also detected elevated As in
groundwater from parts of Barak Valley, Cachar and Karimganj districts. The As
affected villages of these two districts are situated in entrenched channels and
flood plains of Barak-Surma-Langai Rivers system. In contrast, Plio-Pleistocene
older alluvium aquifers, which are located at higher altitude or have thin cover of
Newer Alluvium sediments, are safe from As [29].

The results from the quite recent studies performed by Thambidurai et al.
[83,84] have shown that As enriched groundwater exists in Barak valley. The
presence of high level of As (ranging from 12 to 97ug/L) was detected in 17 of
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the 50 groundwater samples from Barak Valley area, As is being leached into the
groundwater from soil and rocks [84]. The elevated levels of As in the bedrock
and soil of the area and suggest that the source of As contamination is geogenic.
It was observed that As contaminated aquifers are generally situated in the Holocene
alluvial terrain.

Conclusion

In Assam, similar to Middle Gangetic Plain (Bihar, Jharkhand and UP) and
lower Gangetic Plain of West Bengal plain in India and Padma-Meghna-Brahmaputra
of Bangladesh, the source of As is geogenic. The process of reductive hydrotysis
of iron hydr(oxides) appears to be the principal process of As release in the flood
plains of the Brahmaputra and Barak, bacterial oxidation of organic matter in the
newer sediments creates a reducing environment which is conducive for As
release. Although reductive dissolution is the process of As mobilization in BFP
and BVP, but the actual source of As appears to be the sediments which are
deposited by the rivers. Both the Brahmaputra as well as the Barak are mountainous
rivers, the former originating from the Himalayas while the latter originating from
the Barail hills in the border areas of Assam, Nagaland and Manipur. Arsenic is
inherently present in the mountain sediments. Arsenic bearing minerals like
arsenopyrite which was detected in the sediments of two of our studies could
originate in the mountains. Thus the ultimate source of As in BFP could be the
Himalayan mountains while the Barail hill range could be the source of As in the
BVP. No case of arsenicosis has been reported in the state of Assam due to the
widespread use of sand filters among the common people.
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As (III) Removal from Drinking Water using
Cellulose-based Biosorbents : Characterization
and Study of Various Parameters
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Abstract

This study investigates the removal of trivalent arsenic from drinking water
using biosorbents derived from leaves of Caesalpinia bonducella
(Radhachura). The biosorbent was characterised by specific surface area,
anion exchange capacity and Fourier transform infrared spectroscopy. Uptake
was rapid and equilibrium was achieved within 90 minutes for biosorbent of
particle size 63-75 um. Effects of As (1II) concentration (0.5-5.0 mg L)
and biosorbent amount (1.0-5.0 gL!) was studied. The optimum pH values
for adsorption of As (I1I) was found to be 8.0. The biosorbent was found to
be efficient in removing As (III) from aqueous solutions as compared to
other biosorbents already used for As (IlI) removal. Alsc the rapid As (III)
uptake and low cost of Radhachura leaf powder makes them a promising
material for arsenite removal.

Keywords: As (I/1) Removal, Biosorbent, Radhachura Leaf Powder, Drinking
Water, pH.
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Introduction

Arsenic is widely distributed in the nature and is 20" most abundant element
in the earth’s crust [1]. Arsenic is found in nature by volcanic eruptions, weathering
reactions, biological activity and anthropogenic activities like mining, use of arsenic
in pesticides, industrial waste discharges etc [2,3,4]. Long term ingestion of
arsenic containing water and food leads to some serious health problems like
keratosis, hyperkeratosis in hands and foot, cancer, respiratory and nervous
disorders [5]. In humans, it can also cross the placental membranes and cause
disorders to the unborn baby [6]. Arsenic contamination in groundwater is a worldwide
problem including countries like USA, Mexico, Hungary, Poland and many of the
asian countries which is affected most and includes largest arsenic-affected population.
Among asian countries, the largest arsenic-affected population resides in Bangladesh,
followed by west Bengal in india [7,8]. The deltaic region of GBM River system
(Bengal Basin) is the most affected region in the world to a threatened level [9,10]. In
natural water arsenic exist in two inorganic forms — As(IIl) or arsenite and As(V) or
arsenate, among which As(1II) is more toxic and mobile compared to As(V) [11].
The adverse effects of arsenic on human health have led WHO to set a maximum
limit of arsenic in drinking water, i.e. 10pug/L [12].

The necessity of arsenic removal from water includes several methods like
solvent extraction, chemical precipitation, iron coprecipitation, ion exchange and
reverse osmosis [13, 14, 15]. Among the technologies to decontaminate arsenic
from water, adsorption is most widely used due to its easy operation, cost
effectiveness and eco-friendly nature [16, 17]. Various adsorbents like agricultural
waste and plant biomass has been used for arsenic decontamination.

The present work uses Caesalpinia bonducella (Radhachura) leaf powder
(RLP) for removal of As(Ill) from arsenite spiked water.

Materials and Methods
Biosorbent Preparation

Mature leaves of the Radhachura plants were collected from Botanical garden
of Gauhati University. The leaves were washed with clean water, first sun dried
followed by drying in an oven at around 343K for several hours till they became
crisp. Leaves were then powdered in a grinder followed by several washings till
the washings were colourless. The washed leaf powder was again dried in en
oven for several hours up to 343K till water is removed completely. Lumps were
ground in a mortar and the powder was sieved through a 75 um and then by 63
pm sieve to obtain particles of uniform size, which were preserved in clean
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plastic containers. RLP of size between 75-63 um were used for carrying out
adsorption experiments.

Characterization of Biosorbents

The adsorbents were characterized with FTIR using KBr pallet (IR Affinity-
1 Fourier Transform Infrared Spectrophotometer, Shimadzu, range 4000 — 400
cm!).

The surface area of the biosorbents was determined by the methylene blue
adsorption method by using the following equation [18,19,2071,

S=(q, .N,.A)/M M

where, q_(mg g") is the maximum adsorption capacity which can be obtained
from Langmuir model, N, is the Avogadro’s number (6.023x10%mol™), A is the
surface occupied by a molecule of Methylene Blue (taken as 130 A?) and M is the
molecular weight of Methylene Blue (319.86 g mol™) [21,22].

Anion exchange capacity (AEC) of the biosorbents were determined by
conductometric method and was calculated using the formula [23],

AEC=NV/W (2)

where N is the normality of AgNO, solution and V is its volume required by
W g of anion exchanger.

Preparation of As (II1) Solution

A stock of 1000 ppm sodium arsenite solution was prepared by dissolving
the required amount of NaAsO, in double distilled water. Solutions of desired
concentrations were prepared from the stock solution in its natural pH. Sodium
arsenite AR (Loba Chemie, Mumbai) was used without further purification and
obtained as sealed from the chemical store.

Adsorption Experiments

The adsorption experiments were carried out in 100 ml Erlenmeyer flasks
by mixing a fixed amount of bioadsorbents with 50 ml of aqueous As (III) sofution.
The mixture was agitated in a thermostatic water bath (NSW, Mumbai, India) for
a pre-determined time interval. The mixture was centrifugsd for 15 min (Eltec
centrifuge, TC4100 ~ 8000 rpm) and As (III) remaining unadsorbed in the
supernatant liquid was determined with the help of an atomic absorption
spectrophotometer (Varian SpectrAA 220). Before the actual e>_<periments, sets
of blank experiments were done to find if there was any adsorption on the walls
of the container. The batch adsorption experiments were done under different

conditions (Table 6.1).
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Table 7.1: Various experimental conditions for adsorption of As (IIT) on RLP

pH . 6.0-85

Interaction time (min) . 5,10, 20,30, 45,60, 90, 120, 150, 180, 240, 300, 360
Amount of bioadsorbent (g L) 0 1.0,2.0,3.0,40,50

As (Il (mg L") . 1.0,15,20,25,3.0,4.0,50.

Temperature (K) . 303

Adsorbent particle size (um) . 83-75

Results and Discussion
Characterization of Biosorbents

The specific surface area and anion exchange capacity was found to be 367
m*/g and 8.87 meq 100g"’ respectively.

Peaks at 663 cm’, ~2850 cm and 2920 cm' correspond to C-Cl, -CH,-
(sym. stretch) and -CH,- (asym. stretch) groups respectively with %T values
almost similar for RLP and ARLP. Peaks between 1000-1200 c¢m! indicate the
presence of -C-C-, -C-N-, -C-O- groups. A strong peak for RLP at 1624 cm’*
can be assigned to N-H(bend) functional group (Fig. 6.1) [24,25].
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Fig. 7.1: FTIR spectra of RLP before adsorption

Adsorption Experiments
Effects of Agitation Time

Adsorption of As(IIl) on leaf powder attained rapid equilibrium within 90
min RLP. From Figure 2a, it is clear that adsorption occurred in two distinct
phases — a very fast phase initially up to ~10 min and a comparatively slow phase
resulting in equilibrium. Initially, there were large number of vacant active binding



As (IlI) Removal from Drinking Water using Cellulose-based ... 69

sites available at first phase of experiment and large amount of As(II) were
bound rapidly on adsorbent surface at a faster rate. As binding sites became
limited, the it became difficult for As(IIl) anions to attach themselves to the
remaining vacant sites due to the repulsive forces developing between the arsenite
ions and the solid surface. Equilibrium is reached when the adsorbent surface is
saturated with As(III).

Effects of Biosorbent Amount

It was observed that percent removal of As(IIl) increases from 35.6 to
69.8% as shown in Fig. 2b) with increase in biosorbent amount which may be
due to the increase in the number of active sites of the biosorbent available for
adsorption.

Effects of pH

The pH is an important factor that often influences the mechanism of
adsorption. The pH of the aqueous As (III) solution was maintained by adding a
few drops of 0.1N NaOH or 0.1N HCI solution such that the volume of the
solution had very little change.

From the Fig. 2¢, it is clear that highest adsorption of 78.5 % was observed
at pH 8.0 and the lowest adsorption of 62.1 % at pH 6.5. Similar results were
also obtained for adsorption of As(IlI) using agricultural residue rice polish [26].

This suggests that the adsorbents were very effective in the natural pH
range of drinking water. Arsenite exist as a stable neutral and non-ionic form
H,AsO, at pH<9. In acidic environment, adsorbent surface becomes highly
protonated, which is not favorable for adsorption of arsenite. So there occurs no
electrostatic interaction between As(III) species and adsorbent surface at low pH
values. As pH of the system increases, surface protonation decreases gradually.
Maximum removal is observed at around pH 7.5 where only neutral species are
available, and this may be attributed to the slow dissociation of the weak acid
(H,As0O,) at pH (7.0 - 9.0) producing arsenite ion. This partla.lly neutral and
partially negatively charged arsenite ion is attracted to the positively charged
(below pH 8.2) surface resulting in high As(Ill) removal to form H AsO,. In
alkaline medium, the negative charged H,AsO_” species starts dominating and the
biosorbent surface also tends to acquire negative charges. This tendency of
adsorbate species and adsorbent surface will continue to increase with increase
of pH causing a gradual increase in the repulsive forces between the surface and

adsorbate species resulting in a decrease of adsorption.

Effects of As(I1I) Concentration

Increase in the initial concentration of As(I1I) (0.5-5.0 mg/L) resulted in a
decrease in the extent of adsorption from 73.00 to 35.28 % for RLP at 303 K.
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When the As (1II) concentration is low, the ratio of the number of As (III) anions
to the number of available adsorption sites is small and consequently, adsorption
is high and is independent of the concentration. As {III) anions are driven to the
adsorbent surface by a force arising from the concentration gradient between the
surface and the bulk solution. If a relatively higher concentration of As (III) is
used, there will be many more As (III) anions for each active site on the biosorbent
surface and the active sites are likely to be saturated with As (IIT).
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Fig. 7.2: (a) Effect of time, (b)Effect of dose, (c)Effect of pH and (d)Effect of
concentration on biosorption of arsenite by RLP

Conclusion

Arsenite sorption was favoured around neutral pH, so RLP can be used to
remove As(IIl) from natural water. Under optimized conditions the removal
efficiency can be reached >90% in a relatively short operating time for batch
process. This makes RLP an ideal candidate for As removal from drinking water
or high volume low concentration complex waste waters. Easy-to-use system
makes it suitable for homemade approaches for arsenic removal which do not
require much technical knowhow. The selected plants are widespread species
with the potential for application for the development of cheap arsenic filters
with minimal capital investment.
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Forster Resonance Energy Transfer in
Biology and Medicine

Sujit Kumar Ghosh

Abstract

While a donor molecule is placed in the vicinity of a metallic nanostructure, not
only resonant energy transfer takes place but also the radiative lifetime of the
donor molecule changes. The total decay rate of an excited molecule near a small
sphere is governed by radiative loss through the modification of the boundary
conditions of the electromagnetic field and non-radiative decay through which
energy is dissipated. Resonant energy transfer systems, consisting of organic
dye molecules and noble metal nanoparticles, have received considerable interest
in designing synthetic light harvesting systems or as a spectroscopic ruler for
tracking large-scale biomolecular conformational changes, drug discovery, and
cellular imaging. In this article, theoretical perspectives and possible applications
of resonant energy transfer systems have been reviewed.

Introduction

The elegant theory of transfer of energy, known us Forster Resonance
Energy Transfer (FRET) was developed in 1948 by Professor Theodor Forster
to explain the rate of fluorescence resonance energy transfer between a donor
and an acceptor [1]. This theory assumes the dipole-dipole interaction between
a fluorescent donor and an acceptor molecule of point dipoles and predicts a 1/R®
dependence of rate of energy transfer in center-to-center separation distance, R.
Moreover, a pre-averaging over the orientations of the two dipoles is considered
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and has contribution in rate of energy transfer. The extent of FRET is readily
predictable from the spectral overlap between the donor emission and absorption
of the acceptors. FRET occurs between a donor fluorophore in the excited state
and ground state acceptor molecule and not due to absorption of photon emitted
from donor fluorophore but is the result of dipole—dipole interactions between
the donor and acceptor. The energy transfer rate depends upon the extent of
spectral overlap between donor emission and acceptor absorption, the quantum
yield of the donor, extinction of the acceptor, the relative dipole orientation of the
donor and acceptor, and the distance between the donor and acceptor molecules.

Discussion

The rate of Forster resonance energy transfer (non-radiative) for a donor
and acceptor separated by a distance 7 is given by,

0,K* [ 90000(1n10) 1 (ROT
k() = J(h)=—o]| 2
1) tDr6 1287c5NAn4 ( ) T\ T D

where, Q, is the quantum yield of the donor in the absence of acceptor, 1 the
refractive index of the medium, N, Avogadro’s number, r the distance between
the donor and acceptor and 7, the excited-state radiative lifetime of the donor in
absence of acceptor, and R_is the Forster separation, J (},) is overlap integral
between the emission spectrum of donor fluorophore and absorption spectrum
of acceptor molecule. The term K7 is describing the relative orientation in space
of the transition dipoles of the donor and acceptor with respect to each other
such that K = cos 6, —3cos 0, cos 6, where, 8, is the angle between the emission
transition dipole of the donor and the absorption transition dipole of the acceptor,
6, and 0 , are the angles between these dipoles and the vector joining the donor
and the acceptor. The value of K can vary from 0 to 4 depending on the relative
orientation of the donor and the acceptor and usually assumed to be equal to 2/3,
which is appropriate for dynamic random averaging of the donor and acceptor.
The overlap integral J () expresses the extent of spectral overlap between the
emission of donor fluorophore and absorption spectrum of the acceptor molecules
could be written as [2],
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where, £ (5.) is the corrected fluorescence intensity of the donor in the

(2)

wavelength range ) to ) + A\ with the total intensity (arca under the curve)
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normalized to unity, ¢ (A) the extinction co-efficient of the acceptor at j,

which is typically in units of M~ cmr? and is dimensionless. If is expressed in
units of M~ cm! and is in nanometers, then is in units of M~ cnr! nm®, Forster
separation distance,, corresponding to a rate of FRET, half the donor molecules
decay by energy transfer and half decay by the usual radiative and non-radiative
rates, is a function of the refractive index of the medium, and the expression can
be written in terms of following equation,

1
9000 (Zn10) k> %
LN 3)
128N ,m'n,
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The above expressions indicate that a quantum yield is necessary for
determination of the Forster distance. The FRET efficiency, , is the fraction of
photons absorbed by the donor which are transferred to the acceptor and could
be expressed as in equation,

k() R}
T k(1) R+ )

accounts for the fraction of excitons transferred from donor to acceptor non-
radiatively. The efficiency can be, experimentally, measured by monitoring changes
in the donor or/and acceptor fluorescence intensities, or changes in the fluorescent
lifetimes of the fluorophores using the following expression,

E =]- FDA =1 TDA
=== )

D D
where the fluorescence intensity of the donor in the absence and presence of
acceptor are and and the lifetimes under these respective conditions are and
respectively. Thus, FRET is a powerful photophysical technique and has been
extensively used in the variety of investigations in the different branches of

sciences.

When the dimensions of nanoparticles become smaller than the wavelength
of the exciting light, energy can be confined in small spatial regions through the
local excitation of surface plasmon resonances. The wavelength-dependent
characteristics of surface plasmon modes on metal nanoparticles could be utilized
for novel optical and electronic properties [3]. Utilizing these novel properties,
nanoscience and nanotechnology are having an impact in biophotonics as well as
in material science through radiative decay engineering of organic molecules in
the close vicinity of conducting metal surfaces [2]. Forster resonant energy
transfer systems, consisting of organic dye molecules and noble metal
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nanoparticles, have received considerable interest in designing synthetic light
harvesting systems or as a spectroscopic ruler for tracking biomolecular
conformational changes, drug discovery, and cellular imaging [4-6].

While Forster resonance energy transfer (FRET) is perhaps the best known
of these optical probe methods, engineering fluorescent properties has led to
significant advances in the fields of high-throughput DNA detection, bioimaging,
drug delivery, and structural biology by utilizing the optical signature of the
fluorescent molecule as a marker for imaging applications, or in energy-transfer
studies [7,8]. Energy transfer can be radiative or nonradiative and is the basis of
optical molecular rulers, where a donor and acceptor exhibit distance-dependent
coupling [9,10]. These have the increased detectability and photostability of
fluorophores and chemiluminescent species, improved DNA detection, the release
of self-quenched fluorescence of the molecular probe over labeled proteins,
enhanced wavelength-ratiometric sensing, and the application of metallic surfaces
to amplified (ultrafast and sensitive) assay detection and diagnostic technology
[11]. Gold nanoparticles can serve as ultra-efficient quenchers of molecular
excitation energy in chromophore-Au NP composites, outranging the quenching
efficiency of organic acceptor molecules. Moreover, many unique properties of
gold nanoparticles, such as, colorimetric, conductivity, and nonlinear optical
properties have been explored for potential applications in biomolecular detection
[12]. The development of surface-based bioanalytical-sensor concepts has enabled
selective detection of bio-recognition reactions. Conjugates of gold nanoparticles
with oligonucleotides are of great current interest because of the potential use of
the programmability of DNA base pairing to organize nanocrystals in space and
the multiple ways of providing a signature for the detection of precise DNA
sequences [13,14]. This biological strategy for fabrication of AWDNA conjugates
may be applied to molecular imaging, nanomedicine, and nanobiosensor technology
[15]. Significantly extending the range of optical based methods in molecular
rulers is an important step toward the biophysics [16]. Of particular interest in
certain donor-acceptor systems whose luminescence properties have been
thoroughly studied and exploited for purposes ranging over energy harvesting,
trace analysis, and microscopy. The combination of conjugated polymers with
gold nanoparticles can be used as donor-acceptor pairs in biophysical FRET
experiments in vitro as well as in vivo [17].

Fluorophores have also been used as effective signal mediators for detecting
biomarkers in bio-samples. The enhancement of the fluorescence can, therefore,
improve the sensitivity of fluorophore-mediated biosensors which are expected
to be effective for fluorophore-mediated bioimaging as well as biosensing [18].
Taking advantage of these beneficial roles of gold nanoparticles in accepting and
shuttling the photogenerated electrons in Chla to the collecting electrode, a superior
photoelectrochemical cell based on gold nanoparticles and Chla could be
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constructed that lead to an enhancement in charge separation efficiency [19]. Tt
has been found that the gold nanoparticles play active role on the oxidation of
NADH to NAD" (an important coenzyme involved in the production of ATP)
where the oxygen molecules are adsorbed on the surface of the particles due to
the high surface-to-volume ratio of the gold nanoparticles [20]. The composites
of dye aggregate and metal nanoclusters have been extensively used in color
photography and light energy harvesting systems. Therefore, the convergence
of nanoscale science with modern biology (Figure 1) is serving the
multidisciplinary needs in developing organic-inorganic hybrid nanocassemblies
for applications in material science, chemical sciences, biological science and
medicinal applications,
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Fig. 8.1: Schematic presentation of the interdigitation into nanomaterial-
fluoroprobe hybrid assembly for the generation of functional nanodevices.
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Green Chemistry: Brief Review of a Remedy
for Sustainable Development

Cornelia Mary Lyngdoh

Abstract

Chemistry makes everything we do possible in our daily life: clothes, life saving
drugs, food , homes, polymer products, all means of transportations etc. are all
made possible by chemical industry. The sad part is that it releases hundreds of
tonnes of hazardous waste every hour to land, water and air. It is associated with
alarming health and environmental effects. As a result, the world faces serious
threats and challenges to its sustainability. The tremendous pressure of
technology based human activity has again given rise to the maximum uncertainty
and insecurity in the concept of sustainability. However, with the advanced
knowledge of Chemists, the sustainability dilemma has been devised. Green
Chemistry plays a vital role for the growing concern about the environmental
sustainability by introducing new chemical processes that donot pollute, reducing
chemical waste and disposing them off in the appropriate way without causing
much damage to the environment.

Keywords: Green Chemistry, hazardous waste, environment, sustainable development

Introduction

In 1991 Prof. Paul Anastas used the term “Green chemistry” [1] in a special
program launched by the US Environment Protection Agency to implement
sustainable development in Chemistry and chemical technology by industry,
academia and government. In 1977 Green Chemistry Institute was formed.to
facilitate the communication between government agencies and Industrial
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corporations with Universities and research Institutes to design and implement
new technologies that will be less harmful to human health and environment. In
the same year, first conference highlighting Green chemistry was held in
Washington. Thereafter, books and journals on the subject of green chemistry
were introduced and also scientific conferences have soon held regularly. Green
chemistry is defined®® as the invention, design of various chemical products and
application of chemical products and processes to reduce or to eliminate the use
or generation of hazardous substances. It aims mainly to develop a sustainable
approach to a non — polluted environment by reducing or eliminating the hazardous
substances or wastes. It is a new philosophy of chemists “how to get good
amount of products in the chemical industry by inventing a new chemical processes
or route which lead to safer environment to achieve the goals to sustainable
development. In other words, the main philosophy of green chemistry is to focus
on the environment friendly chemicals in the new synthetic processes or routes.
It also focuses mainly to increase the rate of the chemical reaction by using
specific catalyst and lower the reaction temperatures to save energy. Chemistry
has improved our life drastically. It has provided innumerable materials in our
daily life in the form of food products, cosmetics, clothes, dyes, polymers, liquid
crystals, nanoparticles, life saving drugs, new energy sources and many more®.
The processes on the commercial scale require many chemical reactions using
large quantities of reagents, solvents, acids, bases etc. These chemical processes
produce the required products along with hazardous substances. We are proud
of this successful achievement of chemists but it has negative effects on the
environment. The principle of Green chemistry can be used to change all these
negative impacts by inventing innovative chemical processes to restore the global
sustainable development. The aim of today’s chemical industry is to produce
varieties of products that are so vital to the comfort and convenience of our daily
life. But the big question is “How long will we continue this comfortable life at
the expense of the environment?” To save the environment it is the right time to
invent all these products through non- pollutive processes.

It must be made necessary to use the 12 principles [1-8] of Green chemistry
to achieve the sustainable development. These principles are discussed briefly as
follows:

1. Prevention: It is better to prevent waste than to treat or clean up waste
after it has been formed. The generation of hazardous waste can be
minimised by redesigning the processes of the chemical reaction.

2. Atomic Economy: Synthetic methods should be designed to maximize the

incorporation of all the starting materials into the final product. It generates
more require products and less waste,
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No. of atomsincorporated “

Percentage atomic economy= 100

No.of atomsin the reactants

Example: Atomic Economy [5] of Diels - Alder reaction is 100%. The ideal
E factor is zero; it indicates that positive environmental impact.

Table 9.1: The E-factor in the Chemical Industry

Industry segment | Product tonage E factor (kg waste/kg product)
Oil refining 106 -108 -0.1

Bulk Chemicals 104 -106 1-5

Fine chemicals 102 -104 5-50

Pharmaceutical 10-103 25 -100 +

Roger A. Sheldon, Chemtech, 1994

From the above table it is clear that the E factor increases from top to
bottom. It is basically due to the fact that the production of fine chemicals generally
involves multi-step syntheses and also due to stoichiometric reagents rather than
catalytic methods. Further, the production of pharmaceutical product needs more
steps and more purifying reagents to get pure form of the product.

Environmentally friendly catalytic reaction [9]:

COCH3 CH(OH)CH3

b H, ————

Atomic utilization 100%

Scheme [: Catalytic reduction reaction

3 Less Hazardous Chemical Synthesis: Wherever practicable, synthetic
methods should be designed to use and generate substances that possess
little or no toxicity to human health and the environment.

Example:
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Scheme II: Synthesis of adipic acid by oxidation of cyclohexane using hydrogen
peroxide [24, 25]

4. Designing Safer Chemicals: Chemical products should be designed to affect
the desired function while minimising their toxicity.

Example: Racemic thalidomide when administered during pregnancy leads
to birth defects in many new borns. According to literature [5] one of the
enantiomers has the curing effect while the other is the cause of defects.

5. Safer Solvents and Auxiliaries: The use of solvents and auxiliary substances
should be made unnecessary wherever possible and innocuous when used.
Use of carcinogenic solvents like benzene, alcohol etc and CCl,, CHCI,,
CHCI, etc. have now been replaced by supercritical CO, fluid and superecritical
water [6, 10]. These are now becoming important of chemical separation
solvent because of its low toxicity and non-inflammability.

6. Design Syntheses for Energy Efficiency: Energy requirements of a chemical
processes should be kept to a minimum and reactions should be carried out
at low temperature and pressure. Reactions using ultrasound energy are
carried at room temperature with excellent yields.

Example: Ullmann's coupling which takes place at higher temperature giving
low yields by conventional method gives more yields at low temperature
and in short duration with ultrasound energy.
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7. Use of Renewable Feedstocks: A raw materials and feedstocks should be
renewable rather than depleting whenever technically and economically

practicable. For green synthesis, the feedstocks should replace the petroleum
sources.

Example: Benzene used in the commercial synthesis of adipic acid has
been replaced to some extent by the renewable and non-toxic glucose and
the reaction is carried out in water.

8. Reduce Derivatives: Unnecessary derivatization (use of blocking groups,
protection, deprotection) should be avoided whenever possible, because
such steps require additional reagents and can generate more waste.

9. Catalysis: Catalytic reagents (as selective as possible) are superior to
stoichiometric reagents. Catalysts are used in small quantity and can carry
out a single reaction many times whereas stoichiometric reagents are used
in large quantity and work only once. Example: Enzymes are the most
efficient and commonest of the catalysts found in nature. Other examples

[11-19] are
NOCH O|
L——NH
H,SO4, NH4OH
#__H“_> + (I\H4)2SO4
1 ton 1.8ton

Scheme [1I: Current Catalytic Process for Bechmann Rearrangement discarding large amount of
waste

NOH ‘
é— NH
High Silica MFI Zeolite

Scheme IV: New catalytic process for Bechmann Rearrangement without discharging waste,
morc greencr proce ss of synthesis

The scheme 111 produces large quantity of waste whereas the scheme IV
does not. Therefore, scheme IV is more feasible for sustainable development.
Similarly from the following Scheme V to IX [22], it is clear that scheme VI,
VIII and IX arc higher in atomic utilization, therefore they are more feasible for

the sustainable development than others.
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H(OH)CH3

Atomic utilization 82%

Scheme V: Stoichiometric reduction reaction

COCH, H(OH)CH;

5d

Atomic utilization 100%

Scheme VI: Catalytic reduction reaction

CH(OH)CH,4 COCHj3

3 +2Cr0; + 3H,80, ~—— @ + Cry(SOy); + 6H,0

Atomic utilization 44%

Scheme VII: Stoichimetric oxidation reaction

CH(OH)CH3 COCH3

~ 1504H0)  ——— © + H,0(2H,0)

Atomic utilization §7%

Scheme VIII: Catalytic oxidation reaction
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H,0;
—_——
TS-1

* TS-1 = Titanium silicate

OH

Scheme IX: Synthesis of 4-hydroxyphenol

0
HO + NH3 ~ Hy0; ——»H «@—{
CH

3

p-hydroxyacetophenone T

O~©—NHCOCH3

** TS-1 = Titanium (IV) silicate Paracetamol

Scheme X: Paracetamol synthesis via ammoximation

10.Design for degradation: Chemical products should be designed so that at
the end of their function they break down into innocuous degradation products

and do not persist in the environment.

11.Real - time analysis for pollution prevention: Analytical methodologies need
to be further developed to allow for real time, in process monitoring and
control prior to the formation of hazardous substances.

12.Inherently safer chemistry for accident prevention: Substances and the form
of substance used in a chemical process should be chosen to minimize the
potential for chemical accidents, including releases, explosions and fires.
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Example: Manufacture of gold atom nanoparticles used diborane (highly
toxic and bursts into flame near room temperature) and benzene (cancer
causing). Now diborane has been replaced by NaBH, and also eliminates the
use of benzene.

Importance of these Principles

All these principles are not easy to apply immediately for many chemical
processes. It needs a lot of positive hit and trial experiments to conclude percentage
yield of the products without producing hazardous substances to the environment.
It is very clear from the above that the principle of Green chemistry is to change
the negative impacts through design innovation and to restore the planet's
sustainable development [20,21]. As we all know that today's well developed
industries depend upon petroleum. Petroleum is the building block to generate the
chemicals. The chemicals produced like this require high energy, produce health
hazard waste and pollute the environment. In view of deteriorating the environment,
it is to prioritise the use of the principles of green chemistry by the chemical
industries and researchers for the sustainable development. It should not be
considered as a new philosophy within chemistry but rather the set of collections
of the individual contribution in the various fields of sciences [7]. Basically it can
be considered as set of principles eliminating out pollution and reducing the
hazardous waste at the source for tackling the sustainable development. The
waste produced in every reaction must be assessed for any hazard properties
that they possess. Example: The oxidation reactions involving O, and H,O, will
be the outstanding achievement [23] as they give water as a by-product but
specific experiments are required to prove it.

Economy and Environment

At present, millions of people have no proper health care due to many factors
and the world population is increasing day by day. It is expected that the world
population to increase by about 6 billions over the next hundred years. As the
population increases, the poverty, education and healthcare should also be
improved. To deal the situation effectively, the world economy needs to grow.
However, economy growth is closely linked to environmental pollution [17]. Unless
we save the environment from the pollution, it will delay our journey to a
sustainable development. It will be more and more critical as the world population
increases. There will be huge challenges faced by humanity in the sustainability
of our lifestyles and systems [9]. Therefore it is necessary to uplift Green
Chemistry for the sustainable development. Green chemistry may refer to as

sustainable Technology. Sustainable development is our goal for future generation
and green chemistry is the means to achieve it.
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Advantage of Green Chemistry

In fact, Green chemistry promote more safer chemicals, atom economy in
all the chemical processes, energy efficiency and the elimination of health hazard
waste to protect the environment [1-9]. It is a highly effective approach to prevent
pollution because it applies innovative scientific solutions to real world
environmenta] situations. It is the right time for the chemical industries to rethink
for the economic growth by using the principles of Green Chemistry. Some have
reported that the supercritical CO, (use for dry cleaning) [20, 21] and supercritical
H,O can be used as solvent in place of volatile organic solvent, catalyst to bring
down the activation energy and to get maximum yield at lower temperature.
Therefore, the successful application of Green Chemistry depends upon the
education and training to the young and future chemist, so that they can practice
Green Chemistry for the sustainable development.

Green Chemistry Education

Teaching of green chemistry must be with practice. Different methodology
should be used to educate the young minds particularly the promising young
future chemists. The basic concept should be popularised in the schools. The
difference between the stoichiometric and catalytic reactions should be taught at
higher classes. The advantage of catalytic reaction over stoichiometric reactions
should be emphasised to achieve the ideal E factor. Thereafter, the application of
green chemistry in the research institutions and chemical industries should be
made mandatory to achieve the sustainable development. The up to date educational
materials, research papers should be readily available in the market, on the internet
or any other form of electronic media.

Conclusion

Green Chemistry is not a new branch of chemistry rather it is the philosophical
thoughts to achieve the sustainable development. For a sustainable development,
first of all, the design and invention of new ideal process for every chemical
reaction are still undertaken. In a sustainable society, green technologies must be
used for production of required substances which are not harmful to the
environment. To get non polluting products it is necessary to look specific starting
materials [19]. If our generation were to consume natural resources to the extent
that they were no longer a viable and usable option for futuré generations, this
would violate the goals of sustainability. Therefore, renewable resources such as
plant-based substances or solar energy can be used instead of fossil fuels that
will eventually run out with respect to time. Re-cyclisation of the non-biodegradable
[25] substances at the end of their use must be mandatory. Pharmaceutical industry
has been trying to replace the traditional processes with greener. Many scholars
have identified areas where improvement is needed. The concept of ideal E factors,
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atom economy is introducing to the organic synthesis both in the academia and
industries. Consequently, green chemistry is leading to economic, environmental
benefits particularly in the chemical and pharmaceutical industries.
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Synthesis, Characterisation and Application
of Metal Nanoparticles

Deboshikha Bhattacharjee
Bekington Myrboh

Abstract

Nanomaterials are at the foremost edge of the rapidly developing field of
nanotechnology. Their unique size-dependent properties make these materials
superior and vital in many areas. Metal nanoparticles have been extensively studied
because of their unique properties and potential applications in gas sensors,
catalysis, drug carrier systems, solar cells and in photocatalytic treatment. Thus,
development of facile procedures for the synthesis of metal nanoparticles and
finding its application is an important area of research in recent era. Herein, we
report a facile, efficient synthesis, characterisation and application of metal
nanoparticles.

Key words: $nO,, Nano- particles, Catalyst, Anti-Bacterial Activity.

Introduction

In the recent past enormous efforts are being directed towards the
development of nanometer sized materials and finding applications of these
materials. Metal nanoparticles are used for a wide range of applications in
spectroscopy, biomedicine, and catalysis, which is the result of their unique
catalytic, optical, electronic, and magnetic properties [1]. SnO, is one of the
multifunctional materials having a variety of applications such as gas sensors,
catalysis, optoelectronic devices, transparent conducting electrodes, and electrodes
for Li-ion batteries [2]. The good stability, non-toxicity, and low cost of SnO,
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allow for its reliable commercial applications. The preparation of nano tin dioxide
has attracted much attention recently, since it shows outstanding properties when
used as a gas sensing material and also as a catalyst support [3]. In addition to
the research on novel methods of synthesis, a lot of emphasis is also being paid
to the antibacterial and antimicrobial studies of the synthesized nanoparticles.
Antibacterial studies have become important primarily due to the bacterial resistance
to conventional medical antibiotics. Moreover, the need for higher doses of the
antibiotics has also been a matter of concern.

Materials and Methods

We purchased CTAB (99 %)) from Fluka, Sodium borohydride (NaBH,)
and tin chloride (SnCl) from Sigma-Aldrich, Millipore water was used for
preparing all solutions.

Method

The experiments were performed in such a way as to keep the concentrations
of all the components fixed except one whose effect is to be studied. In all the
cases, the reducing agent was added at the end. The antibacterial activity of the
synthesized SnO, NPs was evaluated using the agar well diffusion method.

Characterization of SnO2 NPs

SnO, NPs were characterized using UV-visible (VIS) spectroscopy. Dynamic
Light Scattering (DLS) measurements were performed in a Malvern Nano ZS
instrument for determining the size of SnO, NPs. Transmission electron
microscope (TEM) images and selected area electron diffraction (SAED) data
were acquired with a JOEL-JEM- 2100 instrument operating at 200 kV.

Result and Discussions

The SnO, nanoparticle has attracted much attention in the last decade because
of its applications as gas sensors, but its use as a catalyst is not being explored
yet to best of our knowledge. So, in spite of so many methods developed for the
synthesis of Pyrazolo[4',3":5,6]pyrido[3,2-d]pyrimidine, an important biologically
active compound, they suffer from certain drawbacks such as longer reaction
times, unsatisfactory yields, high costs, harsh reaction conditions, and the use of
a large quantity of volatile organic solvents. Thus, the possibility of performing
multi-component reactions under room temperature using catalysts SnO,
nanoparticles could enhance their efficiency from an economic as well as a green
point of view.

It is worthwhile to test the antibacterial effect of the SnO, NPs prepared in
the present study at nearly neutral medium, because often chemical methods of
synthesis of SnO, NPs and the antibacterial studies were carried out in basic
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medium. The synthesized SnO, NPs were tested against five indicator bacteria
for the antimicrobial efficacy, which resulted in varying zone of inhibitions
indicating their antibacterial properties. The SnO, NPs have been found to show
good inhibition of growth for all the five tested bacteria.

Conclusion

In the present study, we have successfully synthesized SnO,. The
synthesized NPs have been characterized by the visible spectra and also by DLS
and TEM measurements. The nanoparticles proved to be a good catalyst for the
synthesis of heterocyclic compound. The antibacterial effect of the synthesized
NPs has been compared.
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Assessment of Drinking Water Quality from Shallow
Wells and Springs of Jowai, West Jaintia Hills

E. K. Mawkhiew
S. Choudhury
E Rumnong

Abstract

Groundwater through shallow, open hand-dug wells, seepage wells and springs is
a major source of water supply for domestic purposes for many households in and
around Jowai. To determine the suitability of water from these sources for drinking
purposes, samples were collected from 27 wells and 4 springs for analyses. The
parameters considered include appearance, odour, hardness, pH, conductivity,
temperature, turbidity, total dissolved solids (TDS), sulphate, phosphate, nitrate,
bicarbonate, chloride, calcium, magnesium, sodium, potassium, iron, manganese,
zine, copper, lead, and total coliform.

The results show that the water samples are, in general, colourless, odourless,
with low pH. The chemical constituents present in the groundwater are within
permissible limit set by Bureau of India Standards (BIS) and World Health
Organization (WHO). However, bacteria have been reported in almost 75% of the
samples and 48% of the samples are found unsatisfactory for human consumption.

It is recommended that the water sources be tested annually for coliform bacteria
and proper hygiene and sanitation of the areas surrounding the sources is to be
maintained.

Keywords: Groundwater Quality; Wells; Springs; pH,; TDS, Hardness, Total
Coliforms.
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Introduction

Water is the most essential natural resource for life next to air and water of
adequate quantity and quality, is essential for healthy life. Besides piped water
supply, groundwater is a major source of water supply for domestic purposes
for many households in Jowai. The main source of groundwater is through shallow,
open hand-dug wells, seepage wells, and springs even though bore holes are now
being sunk in few households. Water from these wells and springs are used for
domestic purposes. The area has a good number of private water wells and the
depths of hand dug wells range from less than a meter to about 10 meters.

The interest in groundwater quality is mainly to ensure good quality drinking
water as the quality of water of most of the wells and springs are not known,
unlike public drinking water systems through piped water supply where the water
is regularly checked and treated. Safe drinking water should be clear in appearance,
tasteless and colourless (for aesthetic purposes), low in concentrations of toxic
chemicals and free of pathogens.

Water, in general, is an excellent solvent and tends to dissolve minerals.
Groundwater quality has been an issue of lower priority than groundwater
availability and hence received relatively very little attention. However, not all
groundwater is directly potable because it can contain lots of dissolved chemicals.

Since groundwater moves through rocks and subsurface soil, it has a lot of
opportunity to dissolve substances as it moves. Therefore, groundwater will
often have more dissolved substances than surface water. The farther, deeper,
and longer that water migrates through an aquifer, the more dissolved minerals it
will pick up. This process is influenced by several factors, including rock type,
chemical weathering processes and anthropogenic factors. Locally, groundwater
quality may be influenced by the atmosphere, soils, plants, and human activities,
particularly in the areas of recharge near the land surface. Shallow groundwater
is most susceptible to pollution and has significant potential for being contaminated
by domestic as well as agricultural and industrial sources.

The primary objective of the study is to assess the drinking water quality of
private/public drinking and domestic water supplies of shallow dug wells and
springs in the area. A secondary goal is to create awareness to the local residents
which could increase their knowledge of water managemen: so they can use it as
an opportunity to coordinate local efforts on water issues.

Study Area

Jowali, the district headquarters of the West Jaintia Hills is situated at 1310
m above mean sea level, atop a dissected plateau having a general NNE-SSW
trend. It is located at latitude 25°26°32" N and longitude 92°12°00"E about 64
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kms east of Shillong, the capital of Meghalaya along the NH- 44 connecting the
other states of Mizoram, Tripura and Assam (Cachar).

The area is part of the Shillong plateau which represents a remnant of an
ancient plateau of Pre-Cambrian Indian shield block. It consists of hard rock
formation comprising of the Precambrian gneisses and Shillong Group quartzite
along with younger intrusive and sedimentary rocks. Within Jowai town, the
Precambrian rocks are concealed under a sequence of medium to coarse grained
sandstone of Tertiary age. At some locations, conglomerate is also observed
demarcating the base of the sedimentary cover.

The highest point is observed at Kiang Nangbah Government College in the
northern part at 1372m above mean sea level, and the lowest point is near Syntu
Ksiar, in the southern eastern part at 1199m above mean sea level. Under the
influence of the various agents of weathering, mainly rain water, the area represents
an extremely rugged topography with flat topped hillocks.

The drainage is carried mainly by the Myntdu River which surrounds Jowai
on three sides, at the western, the southern and the eastern part and then flows
south towards the Surma valley in Bangladesh. Most of the feeding streams are
not perennial in nature and are dependent on the seasonal rainfall.

Materials and Methods
Sampling

Water sampling was carried out during the pre-monsoon months (March-
April 2015) from 27 wells and 4 springs (Fig. 11.1); most of the wells are shallow
hand-dug wells and seepage wells with depths ranging from 0.75 mto 10 m (Fig.
11.2). Sampling was also taken from one drilled well. The pH, conductivity, and
temperature were measured in the field using portable meters. Samples for chemical
analyses are collected in plastic containers (2000 ml) and for trace metals analyses,
samples are collected in polyethylene bottles (1000 ml) acidified with concentrated
nitric acid to a pH=2. The bottles are washed with the water to be sampled
several times. For bacteriological analyses, the samples are collected in (200-250
ml) glass bottles collected from the laboratory, washed and sterilized before hand
with their caps wrapped with brown paper to prevent contamination while handling
the bottle. All the samples collected are then transported to the laboratory within
24 hours of the sampling time.

Analysis

The standards for drinking water are specified by the World Health
Organisation (WHO 2011) on the basis of several factors, viz., taste and odour,
pH, TDS, hardness and chloride content, among others. According to Apello and
Postma (2005), a standard groundwater chemical analysis will as a minimum
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comprise values for temperature, electrical conductivity (EC), pH, the four major

cations (Na’, K" Mg" Ca”and four major anions (Cl-, HCO,~ SO, NO,").
Analyses of the samples were carried out at King Edward VII Memorial

Pasteur Institute and Medical Research Institute, Shillong and Meghalaya State

Pollution Control Board Central Laboratory, Shillong. The methods used for
estimation of the various parameters are shown in Table 11.1.

Results and Discussion
Appearance

Generally groundwater has no colour. The colour of the water is due to the
presence of substances in solution. All the samples have been reported as ‘clear’
in appearance,

Turbidity

Turbidity in water is because of suspended solids and colloidal matter.
Turbidity values of the samples ranges from 1.2 to 2.7 NTU (Nephelometric
Turbidity Units), which are within desirable limits.

pH

pH is a measure of the intensity of acidity or alkalinity and the concentration
of hydrogen ion in water. No health-based guideline value is proposed for pH.
Although pH usually has no direct impact on consumers, it is one of the most
important operational water quality parameters.

Fig. 11. 1: Location map of Study Area
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The pH values of the water samples collected from springs and wells are on
the acidic side varying from 4.7 to 6.7, which is lower than the maximum
contaminant level for pH in drinking water as given by the WHO and BIS (6.5—
8.5).

e
Fig. 11. 2(a) A spring. Fig. 11.2(b) Seepage well (lined
with stone blocks).

Fig. 11. 2(c) Seepage well Fig. 11.2(d) Dug well

Fig. 11.2(e) Dug well (lined with stone blocks).

Fig. 11.2: Wells and Springs within the Area of Study.
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Table 11.1: Parameters and Methods

Parameter

97

Sl Method

No.

1 pH pH Meter

2 Temperature Thermometer

3 Electrical Conductivity Conductivity Meter

4 Total Dissolved Solids (TDS) Filtration Method

5 Turbidity Nephelometric Method

6 Total Hardness EDTA Titration Method

7 Calcium EDTA Titration Method

8 Magnesium Calculated from 6 and 7

9 Sodium Flame Photometric Method
10 Potassium Flame Photometric Mecthod
11 Chlorides Argentometric Method

12 Bicarbonates Titration

13 Sulphate Stannous Chloride Method
14 Nitrate Selective Electrode Method
15 Phosphate Stannous Chloride Method
16  Iron Phenanthroline Method

17  Manganese AAS Method

18  Zinc AAS Method

19  Copper AAS Method

20 Lead AAS Method

21 Total Coliform MPN Method

Determination of Various Parameters

Temperature

Determination of temperature is an important observation and measurements

were taken in situ with the help of glass thermometers in shallow wells and
springs and in case of deeper wells measurement is done witis the help of an infra
red thermometer. It is an important factor influencing the palatability and desirability
of drinking water. The temperature of the wells and springs is found to be between

14.7°C and 20.1°C.
Electrical Conductivity (EC)

Electrical conductivity is a measure of water capacity to convey electric

current. It signifies the amount of total dissolved salts. Electrical conductivity
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(EC) is a parameter related to total dissolved solids (TDS). The conductivity
values for the samples ranged froml4 iS/cm to 307iS/cm.

Total Dissolved Solids (TDS)

High concentrations of total dissolved solids may cause adverse taste effects.
Total dissolved solids are the residue of a filtered water sample after evaporation.
The TDS of water samples show values between 22 mg/l to 450 mg/l indicating
the fresh water class (< 1,000 mg/1) and satisfy the criteria of WHO (2011) for
drinking water.

Hardness

Hardness in water is caused by dissolved calcium and, to a lesser extent,
magnesium. The total hardness of the water samples varies between 16 mg/l to
150 mg/l. In general, except for two wells (samples no. 13 and 29) where the
water is found to be moderately hard (76 mg/l and 150 mg/1), the hardness of the
water samples is found to be soft and within the desirable limits (< 300 mg/l)
specified by the ISI (1991) for drinking water.

Table 11.2: Classification of Water Hardness

Hardness (mg/L) Degree of hardness
0-75 Soft
75-150 Moderately hard
150-300 Hard
>300 Very hard

(Source: Sawyer and McCarty, 1967)
Sulphate

Presence of sulphate is detected in 24 of the samples and range in values
from 1.28 mg/l to 37.3 mg/l, which fall within the desirable limits (<200 mg/1)
specified by the ISI (1991) for drinking water.

Phosphates

Presence of phosphate is detected in 27 of the samples and range in values
from 0.002 mg/1 to 0.019 mg/L.

Nitrate

Groundwater can also be contaminated by sewage and other wastes rich in
nitrates. The presence of nitrate and nitrite in water has been associated with
methaemoglobinaemia, especially in bottle-fed infants. Nitrate may arise from the
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excessive application of fertilizers or from leaching of wastewater or other organic
wastes into surface water and groundwater (WHO, 2011). In all samples the
nitrate content is found to be within the desirable limits (<45 mg/1) as specified
by the ISI (1991) for drinking water except for one well (sample no. 29) where
the nitrate content is reported to be higher at 66.3 mg/l but within permissible
limits(<100 mg/1).

Calcium

- Calcium (as CaCO,) is reported to be between 8.5 mg/1 to 40 mg/l (Desirable
limit < 75 mg/1) in all the samples other than sample no. 29 which has a higher
value of 120 mg/l (Permissible limit < 200 mg/1).

Magnesium

Magnesium (as MgCO,) is between 5 mg/l to 31 mg/l (Desirable limit < 30
mg/1).

Bicarbonates

Bicarbonates in the samples vary from 12 mg/l to 40 mg/l which are within
acceptable limits.

Chloride

The most important source of chlorides in the waters is the discharge of
domestic sewage. The chloride content of the samples is between 6 mg/l to 50
mg/l which is within the admissible limits.

Sodium

The amount of sodium present in the samples is from 1 mg/l to 17 mg/l.

Potassium

Potassium concentration in the samples analyzed ranged from 2 mg/ to 11 mg/l.

Iron

Iron occurs in water either as ferrous iron or as ferric iron. It is dissolved
practically from all types of rocks particularly from those containing minerals
like pyroxene, magnetite, pyrite etc. It may also be added to the groundwater
from contact with iron objects like well casing, piping etc. Levels as low as 0.2
mg/l to 0.3 mg/l will usually cause brown or reddish staining of laundry and
plumbing fixtures. The presence of iron bacteria in water supplies will often
cause these symptoms at even lower levels. The total iron content of the we.ll and
springs varies from 0.09 mg/l to 0.13 mg/l which is below the maximum

contaminant level of 0.3 mg/l.



100 Exploring Chemistry — Interface with Human Welfare

Zinc
Zinc is detected in 12 of the samples and is within the desirable limit (< 5

mg/1).

Manganese

Presence of manganese is reported in 5 samples in minor amount ranging
from 0.03 mg/1 to 0.1 mg/l (Permissible limit < 0.3 mg/l).

Copper and Lead

Copper and lead are not detectable in the samples.

Total Coliform

Testing for bacteria is the most common quality check for well water.
Bacteria and microorganisms present in groundwater are too small to be seen by
the naked eye; some are harmless while some are pathogenic. According to the
U.S. Environmental Protection Agency’s website on drinking water, “. . .the presence
of coliform bacteria indicates that the water is potentially dangerous and should
not be consumed unless boiled.”

In the present study tests for total coliform were carried out in the water
samples collected from wells and springs. Results are reported as a most probable
number (MPN). The MPN is only a statistical estimate of the number of bacteria
that, more than any other number, would probably give the observed result; it is
not an actual count of the bacteria present.

Of the 31 samples, in 8 samples no bacteria were reported, in 5 samples the
MPN of coliform in 100 ml of water is found to be less than 2; 3 samples were
reported as suspicious and 15 samples were reported as unsatisfactory for human
consumption with MPN of coliform in 100 ml of water from 12 to 180+.

Table 11.3: Presumptive Total Coliform Count

Class Grade MPN of Coliform in 100ml of water
1 Excellent 0

II Satisfactory 1-3

111 Suspicious 4-10

v Unsatisfactory >10

(Source: Institute of Tropical Medicine, Antwerp)



Assessment of Drinking Water Quality from Shallow Wells and Springs.... 101

The water quality analysis results of the samples collected during the study
are given in Table 11.3. All Units are in mg/l except E.C., which is expressed in
microsiemens/cm (iS/cm), temperature, expressed in degree Celsius (°C) and
pH.

The results of the analyses indicate that the groundwater around the study
area fall within the acidic range with pH values ranging from 4.7 to 6.7 below the
permissible limit (BIS: 6.5-8.5). The acidic nature of water may be attributed the
geology of the area.The electrical conductivity values vary from 14 to 307iS/cm.
Except for two wells where the water is “moderately hard”, the hardness in the
other samples indicate that the water is soft in quality. CI-, HCO,", SO,*, NO_",
Na®, K" Mg~ Ca’, Fe, Zn and Mn are present within permissible limit as per
Bureau of Indian Standard (IS: 10500-91) and World Health Organization (2011)
guidelines.

Of the 31 samples analyzed, presence of bacteria have been reported in 23
of the samples and 15 of the samples are found to be unsatistactory for human
consumption. It was observed that wells and springs which are located very near
to residential areas and at a comparatively lower altitude than the surroundings
show higher incidences of bacterial contamination. Due to time and other
constraints, the actual sources of the contaminants could not be ascertained by
this study and a thorough study is needed but it is recommended that the wells
and springs be tested annually for coliform bacteria to detect contamination.

Table 11.4: Analytical Data of the Water Samples in the Study Area
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Conclusion

As per result of the groundwater analyses as far as the tested parameters
are concerned, the water samples collected from the wells and springs within the
study area are, in general, colourless, odourless, and the pH is low indicating that
the waters are acidic in nature. While humans have a higher tolerance for pH
levels there are still concerns. The implications of low pH may include corrosion,
solubility of heavy metals and it imparts bitter and metallic taste to the water.

The chemical constituents present in the groundwater are within permissible
limit set by BIS and WHO. However, bacterial contamination is a problem with
most of the water sources. Bacteria have been reported in almost 75% (23 out of
31) of the samples and about 48% (15 out of 31) of the samples are found
unsatisfactory for human consumption. Although coliforms are harmless, their
presence in groundwater indicates the possibility of the presence of pathogenic
bacteria. Water from these sources should not be consumed directly unless
properly boiled.

While groundwater is an immensely important resource, it will become even
more so as Jowal develops and the population continues to grow in the years to
come. Groundwater, even when located at depths is still susceptible to pollution
and excessive withdrawals. Therefore, it must be protected and managed. It is
suggested that people become aware of the types of activities that are occurring
near the drinking water sources that could potentially impact the water quality
and quantity. Proper hygiene and sanitation of the areas surrounding the drinking
water sources need to be maintained by the well owners and the local community
as well. Proper well construction and continued maintenance are keys to the
safety of the water supply. The wells should be located far from possible sources
of contamination and ensure that rainwater flows away from the water sources
as rainwater can pick up harmful bacteria and chemicals on the land’s surface.
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Catalytic Wet Peroxide Oxidation Of

Industrial Organic Pollutants From Water By
Ni(Il)-Impregnated Fly Ash As Catalyst: A Case
Study With Phenol And 2-Chlorophenol

Bharati Deka
Krishna G Bhattacharyya

Abstract

Phenol and its Chlorinated derivatives were persistent and toxic organic compounds
which are harmful to organisms and humans even at very low concentrations.
Biological oxidation used for removing these organics from industrial effluents is
not suitable and catalytic wet oxidation is one of the major alternatives for their
destruction. In the present work, phenol and its chlorinated derivatives (2-
chlorophenol) were undergo wet peroxide oxidation catalyzed by Ni(Il) impregnated
fly ash at 323K in water. The catalyst was prepared by impregnating Ni(II) over
water washed fly ash by refluxing for 6 h. Characterization of the catalyst was
done by AAS, FT-IR and BET. The material was calcined at 773 K for 5 h before
use. To optimize the reaction conditions, the effects of different parameters, such
as reaction time, molar ratio of hydrogen peroxide, catalyst dose and the initial
reactant concentration of the phenol and 2-chlorophenol were evaluated in batch
reactor. It was confirmed that the catalyst had nearly no effect on the degradation
of phenolic compounds without hydrogen peroxide by doing some blank
experiments. The conversion with impregnated Ni(II)-fly ash for phenol and 2-
chlorophenol is respectively 64.8 and 59.7 % in 300 min for the reactant: H,0, mole
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ratio 1:1. The conversion was increased with time and with increasing molar ratio
of hydrogen peroxide in all cases. The catalytic oxidation was found to follow
second order kinetics having rate constant 1.17 and 2.21 g mol' min-' respectively.

Keywords: Phenol; 2-chlorophenol; Catalytic Wet Peroxide Oxidation, Ni(Il)-
[y ash, Second Order Kinetics.

Introduction

Many industries like petroleum, petrochemical and pharmaceutical generate
wastewater that contains lots of organic products which are hazardous to the
environment especially to natural water resources. Phenol and 2-chlorophenol
was found to be one of the most important water pollutants as it has extreme
toxicity to the aquatic life, carcinogenic nature and resistance to biodegradation.
In UESEPA list both the organic compounds are recognized to be the most
important pollutants [1, 2]. The toxicity of phenol and substituted phenols towards
aquatic environment and human life, the lack of biodegradability, generation of
disagreeable odor in the receiving waters, are some of the reasons for classifying
them as priority pollutants [3, 4, 5]. These toxic, carcinogenic and mutagenic
pollutants enter into the environment mainly from the paper industries, domestic
and agro industries, petrochemicals, plastic and insecticidal industries [6, 7, 8].
Therefore specific chemical processes are required to convert this carcinogenic,
no biodegradable compound into industrially degradable products.

Different strategies such as “clean” technology, improvement of existing
technologies, or development of new, innovative technologies (advanced oxidation)
have been developed to reach to reasonably satisfactory level of the desired
objectives. Among these, the catalytic wet air oxidation (CWAO process) appear
to be very promising to achieve high conversion of organic pollutants, but
unfortunately this process need high pressure and temperature implying increasing
the investment costs [9, 10, 11, 12]. By contrast, the use of hydrogen peroxide
(CWPO process) allows performing oxidation reaction at ambient conditions,
limiting the investment costs, even if the low reaction rates compare to those of
CWAO process needs high volume reactors. Hydrogen peroxide appears to be an
appropriate and potential oxidant due to high oxygen content and yielding water
as the only byproduct. Again heterogeneous catalysts are found to be more
desirable because homogeneous catalysts require an additional separation step
for the soluble species leading to high treatment costs. Among various catalysts,
transition metal oxides and supported noble metals have been reported to be
widely applied in CWAO [13, 14, 15]. But their use is limited by durability
constraints and difficulties in recovery after use. This problem is usually overcome
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by dispersing the catalyst components on a porous support such as charcoal,
polymers, zeolites and layered structures (pillared clays and hydrotalcites) by
direct intercalation, ion exchange and encapsulation [16].

In the present work, Ni(Il} impregnated fly ash was used as the catalyst for
oxidation of phenol and 2-chlorophenol in water in presence of H,0,. The reaction
time, molar ratio of hydrogen peroxide, catalyst dose and the initial reactant
concentration were chosen as the variables.

Materials and Methods

Coal fly ash, obtained from Bongaigaon Thermal Power Station, Assam,
India, has been utilized as the catalyst support material.

Chemicals

Nickel(IT) nitrate hexahydrate from E. Merck, Mumbai, India was used for
metal incorporation, Phenol and 2-chlorophenol from E. Merck Mumbai, India,
H,0, from E. Merck, Mumbai, India was used as oxidant.

Synthesis of Ni(IT) impregnated fly ash

Fly ash is first washed with distilled water and dried. Each type of ash is
then refluxed with 1.0 M Ni(II) solution (10 g in 40 ml solution) for 6 h. After
refluxing, the material was washed with distilled water and dried. Calcinations of
this material was done at 773 K for 5 h and then preserved.

Catalyst Characterization

The percentage of Ni(II) entering into fly ash was determined with Atomic
Absorption Spectrophotometer (Perkin Elmer AAnalyst 220, Australia). The
catalysts were further characterized by FTIR measurements (Shimadzu IR
Affinity-1 FTIR Model range 4400 to 440 cm!, KBr pellet technique). In the
present work, Nitrogen adsorption—desorption measurements were performed at
liquid nitrogen temperature of 77 K with a Surface Area and Porosity Analyzer
(Tristar Micromeritics, Model 2220). Before the actual measurement, the catalyst
was degassed at 250°C in an inert atmosphere of nitrogen gas for three hours.
The isotherms were used to determine BET surface area.

Wet Oxidation of Phenol and 2-Chlorophenol

The catalytic wet oxidation was carried out in a batch process with stoppered
50 mL Erlenmeyer flasks kept in a thermostatic water-bath shaker (NSW, India)
having equal volumes (25 mL each) of reactant (phenol or 2-chlorophenol) and
H,0, (concentration 5 x 10-* M each) with catalyst load of 1.0 g/L at 323 K under
an atmospheric pressure for 300 min. When evaluating the effects of a particular
variable, appropriate changes were made in the values of the variable. After the
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reaction was complete, the mixture was filtered and the unconverted reactant
was estimated spectrophotometrically using Hitachi UV-visible U3210.

The rate of the catalytic reaction with respect to phenol and 2-chlorophenol
oxidation was tested for first order reaction mechanism, and since the experimental
results did not conform to first-order kinetics, second order kinetics was applied
using the following equations [17]:

Second order rate equation:
dC/dt =k, (C,- C) (1

Or, the linear form

1/C =kt+1/C, 2

where C_and C, represent the initial concentration and any concentration at
time ‘t” of the reactant, k, is the second order rate coetficients. The linear plots

obtained from the linear forms of the rate equations were used for obtaining the
values of the rate coefficients.

Results and Discussion

Characterization of Catalyst

From AAS analysis, it is found that the Ni impregnated catalyst has 45.05
mg of Ni(Il) per 1.0 kg of fly ash. The amount of Ni present in the calcined raw
fly ash (O) was 12.52 mg/kg.

FT-IR spectra of raw fly ash (O) and Ni(Il) impregnated fly ash catalyst
(A) showed a characteristic FT-IR band at 1085, 1080 cm™ respectively (Fig.
12.1). Strong mineral band observed around 1095 cm! which is normally assigned
for Si-O stretching. The broad absorption band was found in the range of 3460
and 3300 cm! may be attributed to —OH group of water (hydrogen-bonded). The
band between 2920 and 2850 cm in the fly ash samples may be assigned to the
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Fig. 12.1: FT-IR Spectra of Calcined Raw Fly Ash (O) and of Calcined Samples of
Ni(I) inserted Fly Ash (A)
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asymmetric and symmetric stretching of —~CH, group. IR bands in the regions,
800795 cmr! correspond to aromatic C-H bending vibrations and some bands
are observed in these regions [18, 19].

Both surface area and pore volume of fly ash, calculated from N, adsorption
desorption isotherm data, increased after metal impregnation. The surface area,
pore volume and average pore diameter data are given in Table 12.1. The BET
surface areas of the raw fly ash and the catalyst were 1.87 and 2.09 m?/g. Li et al.
[20] have also found similar type of result having pore size of 21 to 505 A. Reinik
et al. [21] have reported that oil shale fly ash collected from a Power Plant had
mesopores along with micro pores and have surface area around 6.3 m’/g.

Table 12.1: BET Surface Area, Pore Volume and Pore Width of Raw and
Ni(II)- impregnated Fly Ash

Parameters Fly ash (O) Ni(1)- Fly ash (A)
BET Surface Area (m%g) 0.64 287

BJH cumulative surface area {m%g) 112 6.06

(pores between 1.7 and 300 nm)

Single point adsorption total pore volume 476 19.06

of pores less than 146.5 nm diameter at

P/Po = 0.99 (mm®/g)

Dubinin-Astakhov micropore volume (mm¥g) ~ 0.55 2.89
BJH average pore diameter (nm) (4V/A) 16.8 12.6

Wet Oxidation of Phenol and 2-chlorophenol
Blank Experiments
A set of blank experiments were carried out for the following systems under

the same conditions of temperature (323 K), atmospheric pressure and a time
interval of 300 min:

(i) phenol or 2-chlorophenol alone without any catalyst and H,0,,

(iiy phenol or 2-chlorophenol and H,0, (1:1 molar ratio) without any catalyst.
(iii) phenol or 2-chlorophenol with fly ash as the catalyst (1.0 g/L).
(iv) phenol or 2-chlorophenol and H,O, (1:1 molar ratio) with fly ash as a
catalyst.
No measurable conversion could be recorded in (i) and (iii) while the
conversions observed in (ii) and in (iv) were about ~ 9.2 and 20.4% for phenol
and 6.8 and 18.0 % for 2-chlorophenol respectively. From these blank experiments



110 Exploring Chemistry — Interface with Human Welfare

it can be concluded that the reactants (phenol or 2-chlorophenol) are normally
very stable and show very little decomposition at 323 K as found in experiment
(i), and again fly ash itself is a poor catalyst which itself could not give any
significant decomposition of the pollutants as found in experiment (iii). While
some amount of decomposition was observed in experiment (ii) and (iv) which
may be due to the fact that some of the OH radicals were produced from hydrogen
peroxide at the temperature of reaction (i.e., 323 K) and also fly ash itself had
some adsorption property which provide an appreciable amount of oxidation. All
these wet oxidation were carried out at the natural pH of the aqueous phenol or
2-chlorophenol solutions respectively.

Effects of Reaction Time

The phenol or 2-chlorophenol conversion increases with reaction time (5—
300 min) till equilibrium conditions were reached (Fig. 11.2). The conversion of
phenol or 2-chlorophenol in presence of H,O, in 1:1 molar ratio was 47.2 and
45.9 % respectively after 15 min of reaction, which was increased to 64.8 and
59.7 % after 300 min. From Fig, 12.2 it is observed that amount of conversion of
each reactant was very fast at the initial period of time (about 15-20 min) and
thereafter the rate was found to decrease. The higher reaction rate at the initial
period (first 20 min) may be due to the availability of an increased number of
vacant sites on the catalyst surface at the initial stage [18].
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Fig. 12. 2: Effect of Reaction Time on Oxidation of Phenol and 2-Chlorophenol
with Ni(II)-impregnated Catalyst at 323 K with Catalyst load 1.0 g/L, Reactant
and H,0, concentration of 5 x 10° M
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The reaction rates of the oxidative degradation have been tested for both
first and second order kinetics. For both the cases, the second order kinetics
obtained by plotting 1/C_ versus time (Fig. 12.3) showed better fit with the
experimental results (regression coefficient, R= 0.94 to 0.97). The second order

rate coefficient was 1.76 and 2.07 L mol™ min™ respectively for phenol and 2-
chlorophenol.
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Fig. 12.3: Second Order Kinetic Plots for Wet Oxidation of Phenol and 2-
Chlorophenol with H,0, at 323 K over Ni(I)-fly ash (Catalyst 1.0 g/L, 2-CP:
H,0, mole ratio 1:1).

Effects of Mole Ratio of the Reactants

The oxidative destruction of phenol or 2-chlorophenol was influenced by
the mole ratio of reaction mixture. With the mole ratio of H,0,: reactant (phenol
or 2-chlorophenol) increasing from 1:1 to 20:1, the reaction was enhanced while
keeping the reaction time, temperature and catalyst load (1.0 g/L) constant (Fig.
12.4). 1t is obvious considering the fact that increasing the relative amount of
H.O, in the reaction mixture, more and more OH radicals were come out which
enhances the oxidation of the reactants. The stoichiometric equation for the
complete oxidation of phenol and 2-chlorophenol with H,0, are given in equation
(3) and (4) respectively below:

C,H,(OH) + 14 H,0, > 6 CO, +17H,0 3)
CH,CI(OH) + 13 H,0, — 6 CO, +15 H,0 + HCI (4)

From these equations, it is clear that for bringing about the complete oxidation
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Fig. 12.4: Effect of Molar Ratio on Catalytic Wet Oxidation of Phenol and 2-
Chlorophenol with Ni(ID)-impregnated Fly Ash at 323 K with Reaction Time 300
min, catalyst load 1.0 g/L

of 1 mole phenol 14 mole H,0, would be required whereas for 2-chlorophenol,
13 mole H,0O, was sufficient.

Effects of Reactant Concentration

When the concentration of phenol or 2-chlorophenol was increased from
4.0 x 10* to 5.0 x 10° M, the conversion showed a downward trend (Fig. 12.5)
at a fixed reaction time of 300 min and catalyst load (1.0 g/L). The negative
effect may be due to the fact that as the concentration of organic reactants viz.
phenol and 2-chlorophenol increases, more and more reactant molecules were
coming out which flocking together on the catalyst surface competing for the
active site among themselves lowering the reaction rate.

Effect of Catalyst Load

With the increase on catalyst load from 0.4-8 g/L, keeping the other
parameters constant, phenol or 2-chlorophenol conversion showed reasonable
enhancement (Fig. 12.6). At the lowest catalyst load of 0.4 g/L, the catalyst
could convert 55.7 % of phenol compared to 51.5 % for 2-clorophenol. The
conversion at the highest catalyst load of 8.0 g/L was 52.6 % and 52.6 % for
catalyst phenol and 2-chlorophenol respectively. With increasing catalyst load,
the % of conversion of both the reactants was obviously increases. However at
higher loading the conversion did not change much. This may be due to the fact
that although the catalyst load was varied, the amount of active phase per unit
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mass remains the same. Thus a small amount of catalyst load (0.4g/L) can bring
a significant amount of conversion under moderate condition.
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Fig. 12.5: Effect of Reactant Concentration on Phenol and 2-Chlorophenol
Conversion Over the Ni(II) impregnated Catalyst for Fixed Catalyst Loading
(1.0 g/L) and Time (300 min) at 323K
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Fig. 12.6: Effect of Catalyst Load on Wet Oxidation of Phenol and
2-Chlorophenol for Reaction Time 300 min, 1.0 g/L load at 323K
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Conclusion

Ni(II) incorporation into fly ash produced a supported metal catalyst having
reasonable catalytic activity towards the oxidation of both phenol and 2-
chlorophenol. Among the two reactants, the catalyst showed better results with
phenol. Although the catalysts can bring an appreciable extent of oxidation at
higher H,O, concentration, but still more than 50% of conversion was observed
at a lower concentration of H O, with comparatively low temperature and shorter
period of time. As both the reactants are the most toxic, carcinogenic, non-
biodegradable pollutants, the present work shows that catalytic wet oxidative
treatment of the effluent with Ni(IT)- impregnated fly ash may be a viable tertiary
treatment technique for the removal of both phenol and 2-chlorophenol from
water or eftluent.

References

1.  Adam, F., Andas, J., and Rahman I., A Study on the Oxidation of Phenol by
Heterogeneous Iron Silica Catalyst, Chemical Engineering Journal, 2010, 165,
658.

2. Kim, K.H. and Thm, 8.K., Heterogeneous Catalytic Wet Air Oxidation of Refractory
Organic Pollutants in Industrial Wastewaters: A Review, Journal of Hazardous
Materials, 2011, 186, 16.

3. Fortuny, A., Miry, C., Font, J. and Fabregat, A., Three-phase Reactors for
Environmental Remediation: Catalytic Wet Oxidation of Phenol using Active
Carbon, Catalysis Today, 1999, 48, 323.

4, Li, N., Descorme, C. and Besson, M., Catalytic Wet Air Oxidation of Aqueous
Solution of 2-chlorophenol over Rw/zirconia Catalysts, Applied Catalysis B:
Environmental, 2007, 71, 262,

5. Castro, I.U., Stiiber, F., Fabregat, A., Font, J., Fortuny, A. and Bengoa, C., Supported

Cu(Il) Polymer Catalysts for Aqueous Phenol Oxidation, Journal of Hazardous
Materials, 2009, 163, 809.

6. Matafonova, G, Philippova and N., Batoev, V., The Effect of Wavelength and pH
on the Direct Photolysis of Chlorophenols by Ultraviolet Excilamps., Engineering
Letters, 2011, 19, 1.

7. Lim, J. W,, Gan, H.M. and Seng, C.E., Bioremediation of Wastewaters containing
various Phenolic Compounds by Phenol-acclimated Activated Sludge,
Desalination and Water Treatment. 2013, 1.

8. Tasic, Z., Gupta, V.K., and Antonijevic, M. M., The Mechanism and Kinetics of
Degradation of Phenolic in Wastewaters Using Electrochemical Oxidation.
Interface Journal of Electrochemisrey Science, 2014, 9, 3473,

9.  Zhao, S., Wang, X. and Huo, M., Catalytic Wet Air Oxidation of Phenol with Air

and Micellar Molybdovanadophosphoric Polyoxometalates under Room
Condition, Applied Catalysis B: Environmental. 2010, 97, 127.



Catalytic Wet Peroxide Oxidation Of Industrial Organic Pollutants... 115

10.

1l

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Cybulski, A. and Trawczynski, J., Catalytic Wet Air Oxidation of Phenol over
Platinum and Ruthenium Catalysts. Applied Catalysis B: Environmental, 2004,
47, 1.

Yang, S., Zhu, W., Wang, J. and Chen, Z., Catalytic Wet Air Oxidation of Phenol
over CeO,-TiO, Catalyst in the Batch Reactor and the Packed-bed Reactor, Journal
of Hazardous Materials, 2008, 153, 1248.

Inchaurrondo, N.S., Massa, P., Fenoglio, R., Font, J., and Haure, P., Efficient
Catalytic Wet Peroxide Oxidation of Phenol at moderate Temperature using a

High-load supported Copper Catalyst, Chemical Engineering Journal, 2012, 198—
199, 426.

Barrault, J., Abdellaoui, M., Bouchoule, C., Majesté, A., Tatibouét, J.M., Louloudi,
A., Papayannakos, N. and Gangas, N.H., Catalytic Wet Peroxide Oxidation over
mixed (Al-Fe) pillared clays, Applied Catalysis B: Environmental, 2000, 27, 1.225.

Britto, J. M., Oliveira, S. B. de, Rabelo, D. and Rangel M., do C., Catalytic Wet
Peroxide Oxidation of Phenol from Industrial Wastewater on Activated Carbon,
Catalysis Today, 2008, 133-135, 582.

Luna, A. J,, Rojas, L. O. A, Melo, D. M. A, Benachour, M. and de Sousa, J. F.,
Total Catalytic Wet Oxidation of Phenol and its Chlorinated derivates with MnO./

CeO, Catalyst in a Slurry Reactor, Brazilian Journal of Chemical Engineering,
2009, 26,493.

Chaliha, S. and Bhattacharyya, K. G,, Catalytic Wet Oxidation of 2-chlorophenol,
2,4-dichlorophenol and 2.4,6-trichlorophenol in Water with Mn(II)-MCM41,
Chemical Engineering Journal, 2008, 139, 575.

Atkins, P., de Paula and J. Atkins,” Physical Chemistry, Oxford University press,
2002, 873.

Sarkar, A., Rano, R., Udaybhanu, G and Basu, A. K.., A Comprehensive
Characterisation of Fly Ash from a Thermal Power Plant in Eastern India, Fuel
Processing Technology, 2006, 87, 259.

Ahmaruzzaman, M., A Review on the Utilization of Fly Ash, Progress in Energy
and Combustion Science, 2010, 36, 327.

Li, Y., Zhang, F. S. and Xiu, F. R., Arsenic (V) Removal from Aqueous System using
Adsorbent Developed from a High Iron-containing Fly Ash, Science and Total
Environmental, 2009, 407, 5780.

Reinik, J., Heinmaaa, I, Kirso, U., Kallaste, T., Ritamiki, J., Bostrém, D., Pongracz,
E., Huuhtanen, M., Larsson, W., Keiski, R., Kords, K. and Mikkola, J. P. Alkaline
modified Oil Shale Fly Ash: Optimal Synthesis Conditions and Preliminary Tests
on CO, Adsorption, Journal of Hazardous Materials, 2011, 196, 180.



13

Synthesis and Immunological studies of
Oligovalent -1 2 -Linked Oligomannosides

Rajib Panchadhayee

Abstract

The immunostimulatory properties of -1 2 -linked mannosides of natural

origin have been studied for some time already and considerable amount of effort
has gone into the synthesis and biological evaluation of such compounds. A
large number of fully synthetic mannose-based structures were screened for
potential use as adjuvants in allergen immunotherapy. The screened molecules
have ranged from simple mono- and oligosaccharides to oligovalent clusters
containing also acetylated compounds. Furthermore, the molecules were here
subjected to a biological investigation where their immunostimulatory properties
were evaluated by assessing their effect on the production of T2 type cytokine
interleukin 4 and T, pro-inflammatory cytokine tumor necrosis factor (TNF).

Key words: Saccharides, Oligomannosides, Mannosylation, Tumor Necrosis
Factor (INF), Peripheral Blood Mononuclear Cells (PBMC), Immunostimulatory

Adjuvants, Immunopotent.

Introduction

In the past decades there has been an increasing awareness of the importance
of carbohydrates in biological processes [1]. The chemical synthesis of
saccharides with known reactive groups and structures provides simple tools for
studying ligand—receptor interactions in biological systems and such interactions
often result in higher activities than their monovalent counterparts [2, 3]. Bundle
and co-workers [4] have previously shown that short -1 2 -homo-
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oligosaccharides from disaccharides up to hexasaccharides inhibit the binding of

-1 2 -mannanspecific monoclonal antibodies [4]. Divalent model compounds
are the simplest form of multivalent structure. For this purpose Leino and co-
warkers aimed to synthesize monovalent model compounds with corresponding
divalent oligomannosides [5].

From another perspective, the chemical synthesis of B- mannosides has,
until recently, remained a challenging task due to the a-directing anomeric effect
and the presence of an axial substituent at the C-2 position causing steric hindrance
for the incoming nucleophile. Leino and co-workers successfully used Crich
protocol as a direct approach to B-selective mannosylation for the construction
of several carbohydrate building blocks suitable for click coupling [6, 7].

A number of promising vaccine adjuvant candidates from a variety of natural
sources, including plants, bacteria, and yeast, were identified [8]. It has previously
been reported that -1 2 -oligomannosides are capable of stimulating
macrophages to produce tumor necrosis factor (INF) [9]. It is well understood
from literature that acemannan, a partially acetylated -1 4 -mannan
heteropolysaccharide, also possesses immunostimulatory properties [10].
Clustered saccharide epitopes are common in many natural glycoproteins [11].
A series of -1 2 -linked oligovalent mannosides has been designed and
synthesized by Leino and co-warkers in order to study the effects of valency,
length of saccharide chain, linkage type, and reactive groups on immune cell
responses [12]. A click-chemistry protocol (azide-alkyne cycloaddition) [13]
was then applied to generate the oligovalencies between 2-azidoethyl glycosides
and propargyl group-containing scaffolds. They also studied the biological
responses of immune cells by stimulating human peripheral blood mononuclear
cells (PBMC) and measuring the cytokines produced by employing Luminex
technology. This technology, employing fluorescently labeled beads and a flow
cytometer, enables a wide range of cytokines in one sample to be measured
simultaneously [14].

Savolainen and co-workers [15] did a study where they compare TADM,
CpG-ODN and MPL in human PBMC of allergic subjects and to characterize the
modulatory effects of TADM on allergen induced inilammatory responses in a

murine asthma model.

Fig. 13 1. The Structures of Synthesized Trivalent Compounds
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Leino and co-workers also further investigated the influence of the
glycocluster linker length on the immunostimulatory properties of these
compounds and reported two analogues 2 and 3 of the initial lead molecule 1
showing additional variations (an additional ~CH — group or a triethylene glycol
based moiety) in the linker connecting the mannobioses to the triazole groups
(Fig. 13.1) [16]. In addition, they disclosed detailed in vifro comparisons of all
three active molecules 1-3 to the known immunostimulatory adjuvants CpG ODN
and MPLA. Both the effect on cytokine and IgE secretion of PBMCs from patients
suffering from birch allergy, after stimulating with birch allergen Bet v was
examined. Finally, all three active compounds were subjected to detailed
conformational studies using NMR spectroscopy combined with molecular
dynamics simulations. This is a mini review where the synthesis procedure and
biology of oligomannosides is described.

Results and Discussion
Synthesis of Mono- and Divalent Mannosides

Leino and co-workers have synthesized three different monovalent
mannosides (4-6), along with their corresponding divalent counterparts (7-9)
(Fig. 13.2) [5]. They applied click chemistry to the construction of the triazole-
bridged mono- and divalent mannosides by reaction of the corresponding propargyl
(propargyl alcohol in the case of the monovalent compounds) and 2-azidoethyl
glycosides.
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Fig. 13.2. Chemical Structures of the Mono- and Divalent Mannosides

They successfully used monosaccharide building block containing a 4,6-O-
benzylidene group and a nonparticipating 2-O-(p-methoxybenzyl) group (PMB),
as the glycosyl donor for introducing the initial B-linkage through Crich’s
methodology for B-mannosylation and glycosy! donor with a participating acetate
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group which react with 2-azidoethanol in the presence of N-iodosuccinimide/
TMSOTf in CH,CIL, at — 40 °C afforded the desired a-glycoside in good yield. To
prepare the divalent mannosides by azido-alkyne cycloaddition, they first tested the
reaction by using monosaccharide building blocks. A robust click coupling reaction
between 2-azidoethyl glycosides and propargyl glycoside provided the expected
triazole-fused products. The coupled product was then subjected to global de-
protection under hydrogenolysis in the presence of 10% Pd/C and hydrogen gas
(2.76 bar) to furnish the fully de-protected divalent compounds. (Scheme 1)
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Scheme 1: Synthesis of monovalent and divalent mannosides 4-9.
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In this study, they showed that divalent mannoside 9, with two B-linkages,
showed higher inhibitory activity than its corresponding B-linked (at the reducing
terminus) counterpart 8. It is also evident that divalency appears not to be essential
for inhibition as no differences in the inhibition of IgG binding with divalent
compounds were observed in comparison with monovalent compounds. In
contrast, the p-linked monosaccharide compound 4 and its divalent analogue 7
showed low inhibitory activity. Thus, the biological activity declines sharply in the
following order: disaccharide (with two B linkages) > disaccharide (with one a
and one B linkage) > monosaccharide (B-linkage).

Synthesis of Oligovalent Mannoside Assemblies

In continuation their study Leino and co-workers prepared a series of
oligovalent compounds ranging from mono- to penta-valent. For this purpose,
three 2 azidoethyl glycosides were coupled with the five different propargyl-
based scaffolds 1-5 through Huisgen 1, 3-dipolar cycloaddition. By use of this
coupling reaction, 15 acetylated oligovalent variants of f-linked mannosides were
synthesized. The hydroxylated analogues of these compounds were then obtained
by sodium methoxide-mediated mild saponification (Scheme 2).

These mannosides induced moderate interferon-y (IFN-Y) and tumor
necrosis factor (TNF) production but not production of IL-4 and IL-5. Very
strong induction of interleukin-10 (IL-10) was observed after PBMC (peripheral
blood mononuclear cells) stimulation with acetylated trivalent mannobiose 1.
Compound 1 is at the limit of solubility versus oligovalency, but dissolves in
water to give a maximum concentration of approximately 0.4 mgmL". The
identified lead compound 24 showed strong immunomodulatory properties in
comparison with its fully de-protected hydroxylated congener. It may be due to
acetylation of carbohydrates enhances their solubility in organic solvents by
disrupting intermolecular hydrogen bonding [17] and leads to an enhanced capacity
to pass through cell membranes and across hydrophobic barriers in cells, leading
to cell stimulation [18].

To investigate the influence of the glycocluster linker length on the
immunostimulatory properties of these compounds two analogues 2 and 3 of the
initial lead molecule 1 were prepared.

The two azides were coupled to a central glycerol moiety bearing three
propargyl functionalities by a copper (I)-catalyzed azide-alkyne cycloaddition
(“Click” reaction), which finally afforded the two new trivalent mannobioses in
good to very good yields (62% and 89% for 2 and 3 respectively) (Scheme 3).
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Scheme 3: Synthesis of Trivalent Mannoside Assemblies with Different Linker.

Conclusions

Here in this article a review of reported methods for synthesis of different
olgovalent mannoside was described. From the study it is well understood that
that the two synthesized divalent mannosides (compounds 8 and 9) share some
similarities with the immunopotent and antigenic epitopes of B-(1—2)-linked
Candida albicans mannan. The biological results demonstrate that an acetylated
trivalent B-(1—2)-linked mannodisaccharide based compound, in which the
disaccharide units are alinked to triazole linkers, shows considerable suppressive
effects on the Th2-type allergic inflammatory response. Hence, this compound
shows great promise as a potential adjuvant in the specific immunotherapy of
allergies. Furthermore, it was shown that while the linker structure of the largest
one of these molecules is significantly longer than in the other two, the similar
folding of all of these molecules makes them almost identical in total three
dimensional size. The fact that the molecules are similar in size and shape correlates
well with their very similar biological activities.
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Database of the Three Dimensional
Molecular Structure of Medicinal Plant-based
Molecules: A Plausible Future Resource of
Khasi Traditional System of Medicine

Banteiskhem Kharwanlang

Abstract

Medicinal plant played a pivotal role in health care system since ancient time and
continues to do so in developing countries in the form of traditional system of
medicine. Of late, the modern drug industries are also getting dependent on
medicinal plants as a source of drug candidates. The reliance of both the modern
drug industry and traditional system of medicine on medicinal plant has started
putting a burden on the survival of the medicinal plant. Coupled to the increasing
demand is the climate change which may also hinder the existence of medicinal
plant. Conservation of medicinal plant is carried out by in situ and ex situ
conservation. However, such conservation does not wholly ensure conservation
of the medicinal plant at the level of conserving the molecular structure of potential
drug molecules present in medicinal plant. In addition, due tc unforeseen calamities
the conservation of medicinal plant may not be an easy task. Conservation of
such molecules which have medicinal properties and as well other plant-based
molecules whose therapeutic properties are untapped is a challenge and requires
utmost importance. A technology which addresses the conservation of the
molecular structure of potential drug candidates in medicinal plant is a necessity
at this point of time. It is plausible by building a database of the three dimensional
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structure of such molecules found in the medicinal plant. This database could be
a source of medicinal resource for the Khasi traditional system of medicine in
future.

Key words: Medicinal plants, medicinal molecules, conservation, three
dimensional structure.

Introduction

Medicinal plants have a wide spectrum of functions ranging from cosmetic
to home remedy and traditional system of medicine to modern drug industry
(Fig. 14.1). Turmeric, a medicinal plant in India, found its uses from cosmetics,
home remedies, and traditional system of medicine to modern drug industry.
Curcumin, a component of turmeric, is emerging as a potential drug candidate
for treatment of various physiological and pathological conditions like cancer,
diabetes, arthritis and other inflammatory associated diseases [1].

Since ancient time human beings have been using plants as a source of
medicine with the field of medicine being as old as civilization itself. The reliance
of human beings on plant for medicinal properties led to the development of
traditional system of medicine. Traditionally humans have been taking crude extract
from plant for various ailments. However, with the advance in pharmacology,
plant medicinal molecules were found to be the power behind the therapeutic
effect of the plant extracts. Established examples of such medicinal molecules
are morphine from opium and digoxin from foxgloves [2]. Similarly in the
indigenous Khasi medicinal system and local plants also play a major role. The
sustenance of this system of medicine which continues to cater to the healthcare

Fig. 14. 1 Medicinal plants and their usage. The usage of medicinal plants varies
from home remedies to cosmetics and traditional system of medicine to modern
drug industry,
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of the people requires the continuous availability of medicinal plants [3].
Development of plant-based drugs by scientific research of such medicinal
molecules coupled with medicinal knowledge from the traditional system of
medicine is of utmost importance in the current research of drug discovery and
development [4]. However, challenges faced by the medicinal plants from various
factors may hinder its existence and in turn indirectly affects the indigenous
healthcare and modern drug industry.

Medicinal Plants in the Squall of Challenges

The existence of medicinal plants is threatened by civilization itself. The
development of civilization pushes society to capture more land for expansion,
which encroaches into the ecosystem of medicinal plants. This disturbs the
existence, physiology and medicinal value of medicinal plants [3]. Another
threatening factor is the ever increasing demand of healthcare products and drugs
derived from medicinal plants. Over harvesting of medicinal plant products may
dwindle the number of these plants [S]. Lastly, the change in climate is another
factor which may affect the existence of medicinal plants and medicinal molecules.
Change in climate may induce the plant to adapt to the new environmental changes
via changes in gene expression and metabolism. This may in turn lead to the loss
of untapped drug molecules having therapeutic value. All the above factors put
together exert a tremendous pressure on the existence of medicinal plants (Fig.
14.2) [6, 7].
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Fig. 14.2 Threats to existence of medicinal plants. Civilization, increasing
demand and climate change poses serious threats to the existence of medicinal
plants.

Conservation of Medicinal Plants

The conservation of medicinal plants is of utmost important and deserves
attention. There are two ways of conservation techniques, which include the in
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situ and ex situ conservation (Fig. 14.3). The in situ conservation includes method
like seed storage, DNA storage, gene bank whereas ex situ conservation involves
creation of national park, wild life sanctuary and biosphere reserves [8]. However,
these two approaches of conservation of medicinal plants do not fully address
the conservation of medicinal plant at the level of conserving the potential medicinal
molecules. For example, a stored seed that is required to generate a plant in the
future might not produce the required medicinal molecules due to changes in
environmental factors. Similarly, plants in natural habitats like biosphere reserves
may lose the production of some medicinal molecules due to adaptation to climatic
changes. Adaptation which may lead to variation in metabolic level may be a
benefit in one way since this generates new metabolites which may have therapeutic
properties, but the disadvantage is that it may also lead to a loss in potential drug
candidates. Hence, structural conservation of medicinal molecules is important
to meet the demand of future medicine [6, 7].

Fig. 14.3 Conservation of medicinal plants. The in situ and ex situ are the two
approaches in the conservation of medicinal plants.

Complementing Solution to in situ and ex situ Conservation

The structural conservation of medicinal molecules could be a complementing
solution to in situ and ex situ conservation. The elucidation of the three dimensional
structure of medicinal molecules and building the database of such structures is
vital. The medicinal plant molecule database ensures the conservation of medicinal
molecules having therapeutic effect, conservation of plant based molecules whose
potential medicinal value is presently untapped and a plausible medicinal resource
of indigenous medicinal system in the future. The traditional system of medicine,
like the Khasi traditional system of medicine, is highly dependent on medicinal
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plants. So such a database is going to push the indigenous system to adopt
innovative technology in future.

Conclusion and Future Perspective

Healthcare, drug industry and traditional system of medicine are highly
dependent on plant based molecules. Enduring supply of such medicinal molecules
to the above clients is important for the survival of humans. Thus conservation
of medicinal molecules by in situ and ex situ should be complemented by structural
database of medicinal molecules (Fig. 14.4). The three conservation techniques
could provide a sustaining resource for plant based medicinal molecules in future.

s ‘ | it

Fig. 14.4 Complementing solution for conservation of medicinal molecules. The
conservation of medicinal plants by in situ and ex situ methods coupled to the
conservation of the three dimensional structure of medicinal molecules by
building databases could provide a possible resource of potential drug molecules
in future.
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Characterization of Drinking Water Sources
In Some Govt. Schools- A Case Study

Gitimoni Deka
Rekibuddin Ahmed

Abstract

Every society in all over the World is cautious about safe drinking water. It is
widely recognized that there is a positive relationship between the health of young
people and their educational achievements. Drinking plenty of water is one of the
most important ways of protecting our health, and that low fluid intake is associated
with a variety of health problems in our young people. School students often do
not drink sufficient quantities of water during the school day to prevent
dehydration, promote learning and good health. The chemistry of water is
influenced by the inputs of material containing minerals their solubility and the
chemical equilibrium prevailing in aqueous solution. Water pollution is one ofthe
specific and serious problem because it is to some extent localize problem. This
paper tries to understand quality of drinking water in different govt. schools with
respect to some of the physical and chemical parameters. The water quality was in
general found to be satisfactory with one —two exceptions.

Key words: Drinking, Water, School Students, Good Health, Govt. School.

Introduction

Water quality concerns are often the most important component for
measuring access to improved water sources. According to the Untied Nations,
more than one billion people already lack access to fresh drinking water. The
water problem is global. More than 1.6 million children die annually from diseases
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that are largety (more than 80%) preventable with clean water. If current trends
persist, by 2025 the demand for fresh water is expected to rise by 56 percent
more than the amount of water that is currently available. Until fairly recently, no
one imagined that water would become a valuable, expensive commodity.
Acceptable quality shows the safety of drinking water in terms of its physical,
chemical and bacteriological parameters (WHO, 2004) [1]. The WHO (2000) [2]
reports that polluted drinking water causes about 1.8 million people die from
diarrheal diseases annually worldwide. The UNDP (2008) [3] says the minimum
absolute daily water need per person per day is 50 liters (13.2 gallons) which
include-5 liters for drinking. However because of scarcity of drinking water,
millions of people try to exist on 10 liters (2.6 gallons) a day (ADF, 2005). Many
people do not have access to this vital element, which is fundamental to healthy
life [4]. Providing access to safe drinking water in schools is a novel way to
ensure increase in attendance in schools in developing countries, as per a research.
Ensuring drinking water quality at these facilities is important because that’s
where children spend their day, and they are likely to drink water while they are
there. Consuming enough fluids on a daily basis is important for children’s health.
Water is a great choice because it doesn’t contain the calories, caffeine, or sugar
that may be found in other beverages, and it helps nearly every part of the human
body function efficiently.

Objectives

The present study has been taken to know drinking water sources available
in different schools in and around Rangia town, Dist- Kamrup, Assam to
understand the quality of drinking water consumed by school children during
school hours. For this different parameters are to investigate the nature of drinking
water sources.

Material and Methods

Drinking water samples were collected in pre-cleaned plastic bottles and
are preserved as per standard methods (APHA, 1995) [5]. Altogether eight drinking
water samples were collected each once in two seasons, post-monsoon (Oct-
Dec) and pre-monsoon (April-May) season. The water samples from eight different
schools located in and around the Rangia town were collected in previously washed
and dried plastic cans and brought to the laboratory with all necessary precautions.
Distilled water was used for the preparation of reagents and solutions. Colour
and turbidity were noted by just seeing the samples. Physical and chemical
parameters like pH, total solids, total dissolved solids, total hardness, calcium,
magnesium, total alkalinity, fluoride, chloride, sulphate, arsenic, and iron have
been estimated by using standard methods [5, 6, 7]. For determining fluoride,
UV-Visible spectrophotometer (Hitachi 3210) was used. For determination of
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sulphate and phosphates, Photoelectric Colorimeter (101, Systronics) is used.
The arsenic and iron were determined with atomic absorption spectrophotometer

(Varian spectra AA 220) at research laboratory of Chemistry Department, Gauhati
University.

Table 15.1: Description of Water Sampling Sites

Sampling Code  Water Source Name of the school

1 Deep tube well Baiddagarh Girls’ High School

2 Deep tube well Premada Sibanath High school

3 Tube well Haradutta Birdutta High School

4 Tap water Jayantipur Jogeswar High School

5 Tube well Railway Higher Secondary School

6 Tap water Rangia Girls' Higher Secondary

7 Tube well Arimatta Vidyyapith (High School)

8 Tap water Bijulinagar Vani Vidyapith (High School)

Result and Discussions

The results obtained from physico —chemical analysis of different samples
collected during pre monsoon (prm) and post monsoon (pom) season are compared
with drinking water standards of BIS-10500 given in Table 15.2.

Table 15.2: BIS-IS 10500 Drinking Water Quality Standard

Parameters Highest desirable Maximum permissible
pH 6.5-8.5 .
Alkalinity 200 mg/L 600 mg/L
Cl 200 mglL -

Total Hardness 300 mg/L 600 mg/L
TDS 500 mg/L 2000 mg/L
Sulphate 200 mglL 400 mg/L
Fluoride 1.5 mg/L -

Calcium 75mg/L 200 mg/L
Magnesium 30 mglL 100 mg/L
Iron 0.3mglL 1.0mglL
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pH

Measurement of pH is one of the most important and frequently used tests
in water chemistry. The value of pH in ground water samples of the study area
ranges between 1.62-8.9 in pom and 7.3-8.0 in prm season. The seasonal variation
shows the pH values fluctuating maximum during pom. Fluctuation of pH values
in ground water may be due to the leaching of surface soil from surrounding
areas in rainwater. However higher pH values observed suggests that carbon
dioxide, carbonate-bicarbonate equilibrium is affected more due to change in
physico-chemical condition [8]. The factors like air temperature bring about
changes the pH of water. Most of bio-chemical and chemical reactions are
influenced by the pH. The reduced rate of photosynthetic activities reduces the
assimilation of carbon dioxide and bicarbonates which are ultimately responsible
for increase in pH, the low oxygen values coincided with high temperature during
the summer month [9].

Total Alkalinity (TA)

In present study total alkalinity ranges from 160-580 mg/L in pom and 250-
600 mg/L in prm. Most of the samples was recorded more value in prm season.
This is probably due to increase in bicarbonates in the water. Hujare also reported
similar results [10]. Moreover, little abnormal value of alkalinity is not harmful to
human being [11].

Table 15.3: pH & TA of Study Samples

pH Total Alkalinity
pom prm pom prm
1 7.27 7.37 1 160 250
2 1.62 7.84 2 220 300
3 8.1 7.77 3 240 300
4 8.2 7.53 4 300 250
5 7.97 7.3 S 580 350
6 7.7 7.81 6 400 350
7 8.6 7.4 7 460 600
8 8.9 8 8 340 400
Total hardness (TH)

All samples were found more values of total hardness in post monsoon
season (range 104-480 mg/L) with exception sample no.7 which was slightly
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more in prm season. In pre monsoon the values were obtained 28-148 mg/L, and
these all values were found within maximum permissible limit (600mg/L).
According to Zoeteman, hardness above 500 mg/L are considered unacceptable
for drinking purposes [12].

Calcium (Ca)

Naturally, drinking water contains calcium. In pom season, Ca was obtained
35-117 mg/L in study samples and 8.0-44.7 mg/L in prm season. The values
obtained in pom season were more than prm season. This is probably less rainfall
during post monsoon period. Calcium may not impair physiological reaction in
man up to the level of 1800 mg/L [6].

Magnesium (Mg)

The water samples contain Mg in lower amount with one exception in sample
No. 5. Like calcium, less amount of Mg is present in prm season than pom
season. Sample 5 (75.35 mg/L) have more than desirable value (30 mg/L) in pom
season but less than highest permissible limit (100 mg/L). All the samples have
values 4.8-75.35 mg/L in pom and 1.0-12.67 mg/L in prm season.

Table 15.4: TH, Ca & Mg Values for all the Samples

TH Ca Mg

Sample site pom prm | pom prm pom prm

1 144 32 53 11.2 4.8 0.978
2 120 28 43 8 4.8 1.95
3 248 48 79 11.2 20.8 4.87
4 280 24 72 8 40 1
5 480 136 117 27 75.35 12.675
6 104 52 35 17.6 6.4 1.95
7 140 148 49 447 6.4 5.85
8 112 40 41 14 3.2 0.975

Total Solids (TS)

All water samples were found total solids within permissible limit. In present
study total solids were BDL- 300 mg/L in pom season and BDL—2'OO.mg/L in prm
season. These values indicate the suitability of ground water fo.r drinking purposes.
It is reported that higher concentration of total solids are aesthetically unsatisfactory
and may also produce distress in humans and livestock (APHA, 1989) [13].
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Total Dissolved Solids (TDS)

Higher concentration of dissolved solids in drinking water indicates that
water is not fit for consumption. In all samples of water TDS were within the
range of BDL-100 mg/L in pom season and BDL- 100 mg/L in prm season. A
TDS of less than 600 indicates good palatability (WHO, 2004) [1], and all the
samples from this study were palatable.

Total Suspended Solids (TSS)

Among the eight samples only three samples (sample no. 2, 5 & 8) were
found suspended solids in both the seasons. Sample 3 was free from TSS and
low amount of TSS were found in Sample 1, 4 & 7 On the other hand total
suspended solids were found BDL-300 mg/L in pom and BDL-200 mg/L in prm
season, which were within permissible limits.

Chloride (CI7)

In present study chloride was obtained much more below than the desirable
limit. . In potable water, the salty taste produced by chloride concentration is
variable and dependent on the chemical composition of water [14]. The values
of chlorides range from BDL - 2.982 mg/l in pom season and 4.8 - 9.1 mg/L in
prm which was below than permissible level.

Fluoride (F7)

Fluoride in varying concentration is present in nature. Waters with high
fluoride content are found mostly in calcium-deficient ground waters in many
basement aquifers, such as granite and gneiss, in geothermal waters and in some
sedimentary basins. The WHO guideline value for fluoride is 1.5 mg/L and in this
study one sample in prm was found high fluoride content but the same sample in
pom season was low than permissible limit. Fluoride was within the range of
0.36-1.0 mg/L in pom and 1.07-2.62 mg/L in prm season. As fluoride is not a
nutrient and no biochemical process in the human body needs fluoride but more
fluoride content in drinking water causes teeth decay, bone deformation, yellowish
brown discoloration of teeth. The information obtained from Rangia public health
centre and Rangia civil hospitals indicate that no fluorosis patients have been
reported/register so far.

Sulphate (SO )

In this study sulphate content was found very low and were within the
range of BDL-11.2 mg/L in pom and BDL-0.5 mg/L in prm season. High amount
of sulphate imparts bitter taste to drinking water. Uncontrolled observations
implicate sulfate in drinking water at concentrations exceeding 500-700 mg/liter
as a cause of diarrhea [15].
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Phosphate (PO D)

Phosphate occurs as inorganic and organic form in natural and waste water
[4]. Phosphates are not toxic to people or animals unless they are present in very
high levels. Digestive problem could occur from extremely high level of phosphate
[16]. The phosphate content in present study was within the range of BDL- 1.1
mg/L in pom season and 0.06 — 2.5 mg/L in prm season. For phosphate, no BIS
and WHO standards are available.

Table 15.5: Cl, F, SO,, PO, Content of Different Samples in Study Area.

Chloride Fluoride SO, PO,

pom prm pom prm pom prm pom prm
2.98 8.52 0.361 1.15 1 0.5 1.1 2.5
0 9.1 1.005 1.12 6.25 0.2 0.04 2.3
3.55 6.2 0.528 1.3 11.2 0.33 0.02 2.1
1.988 8.2 0.644 1.27 0.2 0 0.01 2.4
2.13 4.8 0.406 2.6 0.6 0.29 0.06 0.07
2272 6.8 0.4 1.25 0 0 0.3 0.04
1.704 7.3 0.8 1.07 0.1 0.2 0.3 0.1
1.846 8.2 0.578 2.62 0.2 0.2 0 0.06

Arsenic (As)

Arsenic contamination in drinking water has been reported in different region
of the world mainly in china (WHO, 2004) [1]. WHO has prescribed a provisional
guideline value of As 10 ig/L in drinking water and according to India standard
drinking water specification of 1991, the highest desirable limit is 50 ig/l and no
relaxation for maximum permissible level. High concentrations of arsenic in
drinking water can have an adverse effect e.g. skin cancer, cardiovascular disease,
pulmonary disease, neurological disease, bladder cancer, lung cancer and cancer
of the kidneys. Arsenic poisoning can also lead to an acute condition called
arsenicosis (MAGC, 2001) [17].

Iron (Fe)

Iron in drinking water sources is a major problem in Assam. Irop is an
essential element in human nutrition. Estimates of the minimum daily requirement
for iron depend on age, sex, physiological status, and iron bioavailability and
ranges from 10 to 50mg per day (The Telegraph, 2011) [18]. In pom season
values were obtained 4.3-41.7 mg/L and in prm season 0.29-23.05 mg/L iron
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were obtained. Maximum iron was at sample 5 in both seasons. All the samples in
both the season have crossed the guideline value of 0.3 mg/L. Iron has no significant
health hazard but it is nuisance when present in excess. Iron in excess of 0.3 mg/
L is known to cause staining of clothes and utensils [19]. Trivedy and Goel [6]
also reported that iron has got little concerns as a health hazard but is still considered
as a nuisance in excessive quantities.

Table 15.6: Iron and Arsenic Content of Different Samples in Study Area

Iron Arsenic
pom prim pom prm
1 37.96 23.054 1 0.00359 BDL
2 6.148 1.178 2 0 BDL
3 4.509 0.289 3 0.00129 BDL
4 6.393 10.159 4 0.0019 BDL
5 41.773 15.958 5 0.00606 BDL
6 5.464 17.615 6 0.00761 BDL
7 4.355 19.749 7 0.0016 BDL
8 5.807 0.977 8 0.00362 BDL
Conclusions

After complete analysis of different parameters, results obtained indicates
that only iron exceeds highest maximum limit at every locations. However, other
parameters such as pH except in one location in pom season, alkalinity, TS, TDS,
TSS, alkalinity, TH, calcium, magnesium, Chloride, sulphate, phosphate, fluoride,
arsenic were within the permissible standard. Therefore quality of drinking water
sources in different schools in and around Rangia town is good for human
consumption.
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Abstract

Contamination of our water resources is a major global problem and studies suggest

that it is the leading worldwide cause of deaths and diseases. According to WHO,

about 80% of all diseases in human beings are caused by the consumption of
contaminated water. Shillong, the capital city of Meghalaya, has a number of aquatic

bodies that drain the undulating landscape of the area. During the last few decades,

there has been a phenomenal increase in disturbance and developmental activities

that has caused massive damage to landscapes and biological communities. Thisis

widely seen in the case of aquatic systems, particularly springs, which are the main

source of drinking water supply for the inhabitants of the city. Once the groundwater
is contaminated, its quality cannot be restored back easily. Therefore, the
physicochemical and biological parameters of some of the selected springs of
Shillong have been catried out. These water bodies are under constant threat and
the need of the hour is for their effective management.

Key-words: Springs, Contamination, Physicochemical Characteristics,
Biological Characteristics
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Introduction

Water is a vital element for the survival of life and is regarded as the most
precious natural resource that exists on our planet [1]. Water is a primary necessity
for the growth of civilization, as most of the civilizations have grown near sources
of water. Water can be obtained from a number of sources, among which are
streams, lakes, rivers, ponds, rain, springs and wells [2]. The quality of any
body of surface or ground water is a function of either or both natural influences
and human activities. Without human influences, water quality would be
determined by the weathering of bedrock minerals, atmospheric processes of
evapotranspiration, and the deposition of dust and salt by wind. Others include,
the natural leaching of organic matter and nutrients from soil, hydrological factors
that lead to runoff and by biological processes within the aquatic environment
that can alter the physical and chemical composition of water (UNEP, 2006) [3].
Unfortunately, clean, pure and safe water only exists briefly in nature and is
immediately polluted by prevailing environmental factors and human activities.
Water from most sources is therefore unfit for immediate consumption without
some sort of treatment [4].

Water quality of aquatic environment arises from a multitude of physical,
chemical and biological interactions [5]. Around 30.1% of all fresh water on
earth is ground water. Ground water is found in natural rock formations. These
formations called aquifers are a vital natural resource with many uses. Nationally,
53% of the population relies on groundwater as a source of drinking water [6].
Groundwater is believed to be comparatively cleaner and free from pollution
compared to surface water [7]. In a number of places, groundwater in the form
of springs provide the main source of freshwater for drinking and other domestic
uses. Springs are a concentrated discharge of groundwater that appears at the
surface as a current of flowing water [8]. However, groundwater can be easily
contaminated in a multitude of ways because of increasing human activities.
Once groundwater is contaminated, its quality cannot be restored back easily.
The pollution of groundwater has become a major environmental issue, particularly
in those areas where groundwater represents the main source of drinking water
[9, 10, 11]. In recent years, with the increase in human population, haphazard
rapid urbanization, industrialization, technological expansion, energy utilization,
waste generation and other developmental activities, most of the water bodies
have become highly polluted [12]. According to WHO, about 80% of all the
diseases in human beings are caused by contaminated water [13]. Consequently,
a number of cases of water borne diseases have been seen as the causes of health
hazards. Therefore, monitoring the quality of spring water is one of the important
issues of drinking water management.
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Materials and Methods

The study area is located in the city of Shillong, the district headquarter of
East Khasi Hills and capital city of the state of Meghalaya, India. The altitude of
the city varies between 1400-1950m above sea level and is situated at latitude 25°
35°N and longitude 91°53°E. It has a population 0f2,56,997 people (2011 census).
The present study is carried out on the water quality of four springs in Shillong
located in Umpling, Nongrah, Lapalang and in Mawroh. The springs are locally
known as ‘shyng-iar’. The springs are relatively undisturbed, with clean and
clear water. Construction of houses near to the spring is not allowed. The area
around the natural springs are well-maintained and the water has been covered or
channeled to cemented tank, where outlets are made through iron pipes for
collection or for washing purposes. Water samples from the springs were
collected in pre-cleaned polythene containers and transferred to the laboratory.
The methods as outlined in the “Standard Methods for the Examination of Water
and Wastewater” as prescribed by APHA (2005) [14] were adopted. Water quality
parameters including temperature, pH, conductivity were measured; and acidity,
alkalinity, free carbon dioxide (CO,), hardness, chloride, calcium and magnesium
content, dissolved oxygen (DO), and biological oxygen demand (BOD) were
analyzed for each sample.

Results and Discussion

The contamination of water bodies by various developmental activities is a
major environmental problem in Meghalaya. Assessment of the physicochemical
characteristics of water samples not only reflects the quality of an aquatic
ecosystem but also its biological diversity [5,16]. All the water samples collected
from the different springs were clear, colourless and odourless. The
physicochemical and biological properties of water in various surface water
samples were analyzed and presented in Table 16.1.

Table 16.1: Physicochemical Parameters of Spring Water

Parameter Umpling SpringNongrah Spring Lapalang SpringMawroh Spring SD
Temperature (°C) 7.10 6.50 6.37 8.13 0.80
pH 6.86 6.57 6.95 7.14 0.23
Conductivity(uS/iem)  96.76 74.50 97.50 65.26 16.81
CO,(mg) 12.46 11.00 13.20 14.66 1.52
Acidity (mg/l} 16.66 2133 17.33 21.33 4.89
Total Alkalinity (mgl}) 14.66 20.00 15.33 29.33 6.76
Total Hardness (mgfl} ~ 46.00 33.33 48.00 20.00 12.96

Chioride (mg/) 7.16 10.46 7.26 14.43 3.42
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Calcium {mg/) 19.60 12.27 20.80 5.67 7.03

Magnesium (mg/l) 6.42 5.12 6.61 3.50 1.43

Dissolved Oxygen (mg/l) 18.73 19.66 28.93 17.26 5.28

BOD (mg/) 8.51 10.44 13.71 7.04 2.88
Temperature

Temperature is the basic physical parameter, which alters the characteristics
of water quality. It affects the physical and chemical properties of water and
affects the aquatic vegetation, organisms and their biological activities. The values
of temperature of spring water at the sampling sites ranged from 6.50°C at
Nongrah to 8.13°C at Mawroch. The temperature values may shows significant
variation, however the lower temperature may be due to the shading effect of
trees along the periphery of the springs. High concentration of degradable
carbonaceous and nitrogenous substances releases energy during the process of
decomposition and may lead to increase in water temperature.

pH

The pH of spring water from the sampling areas was found to be slightly
acidic to neutral and is in the range of 6.57 at Nongrah to 7.14 at Mawroh. The
pH of spring water is found to be within the WHO (1993) [17] maximum
permissible limit of pH 6.5 — 8.5, and thus the water can be used for drinking and
domestic purposes. Low pH values recorded in springs may be due to saturation
with carbon dioxide as indicated in studies by Byamukama ef a/. [18].

Conductivity

Acid, bases and salts in water makes it a good conductor of electricity —
such substances are called electrolytes which dissociate into positive ions and
negative ions and impart conductivity. The electrical conductivity of spring water
in all the sampling sites were well within the WHO (1993) [17] maximum
permissible limit of 400uS/cm. The values of conductivity show variation from
a range of 65.26uS/cm (Mawroh) to 97.5uS/cm (Lapalang). The relatively lower
values of conductivity observed in spring water samples may be due to bicarbonate
and calcium ions present in the rocks there and indicate the suitability of water

for domestic and agricultural use.

Free CO2

Free carbon dioxide content of water is regarded as an important index of
the deterioration of water quality and is a valuable measure of CO, concentration
in various aquatic ecosystems. CO,content in water in free form and as
bicarbonates is very important for photosynthetic activities of green plants which
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is responsible for production of food and oxygen which is essential for fishes
and other aquatic animals. The free carbon dioxide content of spring water from
the sampling arcas was found to be low and is in the range of 11.00 mg/l (Nongrah)
to 14.66mg/l (Mawroh).
Acidity

It is the capacity of water to neutralize a strong base to a fixed pH. It is an
aggregate property of water due to several specific substances but chiefly it is
due to the CO, dissociating from carbonic acid. Acidity affects chemical and
biological process taking place in water. Spring water from Nongrah possessed
higher values of acidity (27.33mg/l), whereas the lowest value was noted at
Umpling (16.66mg/1). Addition of organic acids, tannic acids, mineral acid and
hydrolyzing salts, are also responsible to increase acidity level in water. In
unpolluted water i.e. at the spring site, dissolved CO, is the main source of acidity.
Determination of acidity is significant as it causes corrosion and influences the
chemical and biochemical reactions [19].

Total Alkalinity

Total alkalinity is regarded as an important index of biological productivity
in an aquatic ecosystem. A number of bases such as carbonates, bicarbonates,
hydroxides, phosphates, nitrates, silicates and borates contribute to the alkalinity.
In spring water, alkalinity is raised where water traverses through calcareous
rocks. In the present investigation, total alkalinity of spring water ranged from
14.66mg/l (Umpling) to 29.33mg/l (Mawroh) in the different sampling sites. Total
alkalinity in spring water may be due to the presence of bicarbonates of calcium
and magnesium in the springs. The WHO (1993) [17] acceptable limit for Total
Alkalinity is 200 mg/1; beyond this limit taste may become unpleasant.

Total Hardness

Hardness of water is due to dissolved Ca and Mg carbonates and bicarbonates
as well as ions of other metals like Sr, Fe, Al, Zn and Mn which are capable of
precipitating soap. Hard water does not form lather with soap as the dissolved
calcium and magnesium carbonates and bicarbonates, present in hard water
precipitates soap. From the present study, it is observed that spring water ranged
from 20.00mg/l at Mawroh to 48.00mg/l at Lapalang. Hardness has got no
adverse effect on human health [20]. Hardness of spring water in the sampling
areas was well within the WHO (1993) [17] maximum permissible limit of 500
mg/l. Water with hardness above 200 mg/l may cause scale deposition in the
water distribution system and more soap consumption. Hardness is usually not
regarded as pollution because it does not harm the health in a major way.



Assessment of physicochemical and biological characteristics of selected ... 143

Chloride

Chloride is regarded as a valuable indicator for water quality. It behaves as
a conservative ion in most aquatic environment but plays a metabolically active
role in the photosynthesis of aquatic plants and phosphorylation in autotrophs. A
high concentration of chloride is an indicator of pollution. The salty taste produced
in potable water is due to presence of chloride ions. High chloride content in
irrigation water gradually leads to accumulation of salt and adversely affects soil
property. Lower value of chloride noted at the sampling sites which ranged from
7.16 to 14.43mg/l, maybe due to relatively undisturbed nature of the area. The
lesser concentrations of chloride in the spring water depict the low level of pollution
of animal origin [21].

Calcium

Calcium is one of the most abundant substances found in natural water. It
is present in higher quantities in rocks from where it is leached to contaminate
water. High concentration of calcium in water is not desirable as it suppresses
the formation of lather with soap. The calcium content values shows variation
within the range from a minimum of 5.67mg/l at Mawroh to a maximum of
20.80mg/1 at Lapalang. CO,is converted into carbonic acid that converts soluble
carbonates into soluble bicarbonates. These carbonates react with calcium to
form CaCO, hence leading to water hardness.

Magnesium

Magnesium is a common constituent of natural water and occurs with
calcium. Its concentration is lower than calcium. Calcium and magnesium are
the most abundant cations found in surface waters and hence, they are important
contributors to the total hardness of the medium. In the present study,
concentration of magnesium in spring water ranged from 3.50mg/1 at Mawroh to
6.61mg/] at Lapalang.

Dissolved Oxygen (DO)

The concentration of Dissolved Oxygen in freshwater depends on the
physical, chemical and biological process in an aquatic ecosystem. Since DO is
essential for the biota of an ecosystem and for the acrobic degradation of organic
pollutants, the measurement of DO is important in wastewater treatment. Non-
polluted surface waters are generally saturated with DO. The DO concentration
of spring water ranged from 17.26mg/l at Mawroh to 28.93mg/l at Lapalang.
The values obtained are in agreement with the WHO (1993) [17] permissible limit
of dissolved oxygen is >5 mg/l.
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Biological Oxygen Demand (BOD)

Biological Oxygen Demand is the major criteria used in water pollution control
where organic loading must be restricted to maintain desired DO [22]. The
values of BOD of spring water in the sampling areas ranged from 7.04mg/1 at
Mawroh to 13.71mg/l at Lapalang. Low BOD content of spring water indicates
that the water was free from organic pollution. According to WHO, the value of
BOD should not exceed 30mg/1.

Table 16.2: Comparative Estimation of Values with WHO Standards

Parameter Range WHO Standards | Inference
Temperature (°C) 9.10 to 14.23 - Potable
pH 6.57 to 7.14 6.5-8.5 Potable
Conductivity (uS/ecm) | 65.26 to 97.57 400 uS/cm Potable
CO, (mg/) 11.00 to 14.66 - Potable
Acidity (mg/l) 16.66 to 27.33 - Potable
Tota] Alkalinity (mg/l) | 14.66 to 29.33 200mg/1 Potable
Total Hardness (mg/l) | 20.00 to 48.00 500mg/1 Potable
Chloride (mg/1) 7.16 to 14.43 250mg/1 Potable
Calcium (mg/1) 5.67 to 20.80 200mg/1 Potable
Magnesium (mg/1) 3.50 to 6.61 - Potable
DO (mg/) 17.26 to 28.93 >5.0mg/l Potable
BOD (mg/1) 7.04 to 13.71 < 30mg/1 Potable

Drinking water quality guidelines and standards are designed to enable the
provision of clean and safe water for human consumption, thereby protecting
human health as well as the environment. The guidelines are usually based on
scientifically assessed acceptable levels of toxicity to either humans or aquatic
organisms [23]. From the results of the physicochemical and biological analysis
of the present study it can be concluded that all the parameters under study lie
within the potability range of the World Health Organization (WHO).

Conclusion

Spring water is a relatively safe source of potable water compared to other
unprotected surface water sources e.g. rivers, lakes, rainwater etc. In the present
study, the assessment of the various physicochemical and biological characteristics
of water from the four springs located in Shillong was found to be acceptable
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according to the guidelines for drinking water provided by the World Health
Organization (WHO). The low level observed for some parameters may be
attributed to low level of industrialization, lack of proximity to possible source of
contaminants and possibly far reaching water table in the study areas. However,
there may be chances of contamination of water after collection, or during
transportation and storage; therefore the water may require treatment such as
boiling or treatment with hypochlorite solution to eliminate most microbial
contaminants before drinking. Variations in some physiochemical parameters
suggest that there is the need for continuous monitoring of the spring water
quality to determine any change in the level of pollution at the sources.
Microorganisms might also be responsible for changes in water properties, thus
further studies may be conducted to determine the presence of bacterial
contaminants, including the presence of heavy metals, which would otherwise
inhibit the use and consumption of the spring waters. Therefore, efforts should
be made to maintain the quality of spring water by protecting the springs and
their surroundings from contamination by humans and animals.
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Impact of an Oil Refinery on Distribution of
SO,, NO,, and O, Concentrations: A Case
Study from Golaghat District, Assam
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Abstract

Ambient concentrations of sulphur dioxide (SO,), nitrogen dioxide (NO,), and
ozone (O,) were measured at 4 sampling stations around the 3 million tonne oil
refinery at Numaligarh in Golaghat district of Assam and a fifth sampling station
near the Kaziranga National Park at an aerial distance of around 20 km from the
refinery. Samples were analyzed by standard techniques. Concentrations of SO,,
NO,, and O, were determined to investigate their distribution and source
characterlzanon The sampling showed an average concentration of NO, of 8 ug/
m’ (maximum 12.52 pg/m’) in winter, and 6.2 pg/m’ (maximum 10.06 ug/rn3)m summer;
while the average winter concentration for SO, was 10.42 pg/m? (maximum 13.61ng/
m®), and summer concentration was 5.23 pg/m’ (maximum 9.18 pg/m’). The maximum
ozone concentrations were 44.32 pg/m’ in summer and 36.91 ug/m?® in winter. The
results showed that NO, and SO, concentrations near the refinery and the highway
areas were two to three times h1gher compared with the residential and forest
areas in both summer and winter. The measurements did not indicate any significant
impact of the refinery on ambient air quality with respect to SO,,NO,,and O,. The
results of this work have helped in an understanding of the air quahty in an

ecologically fragile area.
Key words: S0,NO, O, Ambient Air
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Introduction

Air pollution now a day’s is a global problem. Mostly all the developing
nations are affected by atmospheric pollution in terms of human health [1], climate
change [2] and loss of bio-diversity [3]. In 21* century air pollution is a great
challenge to be considered. Gaseous pollutants, like O,, NO_and SO, and
particulate matter (PM), have been recognized as key environment problem in
many cities around the world. Air Quality in cities, mainly affected by
photochemical oxidants [4]. Vehicle emissions is the cause for the primary pollutant
such as hydrocarbons, NO, CO, and some trace clements, as well as the secondary
pollutants such as O, formed by the photochemical reactions of some primary
pollutants in the atmosphere, such as NO,, NO [5]. Secondary pollutants like O,
are more hazardous than the pollutants originated from the combustion with
respect to the adverse effects on the human health and the ecosystem [6]. Ozone
is produced in the troposphere as a consequence of interaction of meteorological
conditions, sunlight, nitrogen oxides (NO ), O, and volatile organic compounds
(VOCs) [7-9]. The relation between ozone and its two main precursors, NO_
(NO and NO,) and volatile organic compounds (VOC), represents one of the major
scientific challenges associated with urban air pollution [7]. The formation of ground
level ozone depends on the intensity of solar radiation, the absolute concentrations
of NO_and VOCs, and the ratio of NO_and VOCs [8, 91.

NO_ is produced formed in the atmosphere from both natural and
anthropogenic sources, involving naturally occurring nitrogen and volatile organic
compounds (VOCs) by the action of lightning [10]. However, NO,_ emissions
from anthropogenic sources exceed natural sources [11]. Increased combustion
of fossil fuels and exhaust fumes may be extremely pervasive, causing serious
environmental degradation, iliness and deaths [12, 13].

Passive sampling has become a widely accepted technology throughout the
world for environmental sampling as evidenced by many regulatory guidelines,
manuals and protocols published by various environmental standard policy makers
worldwide. The paper presents an assessment of NO,, SO,, and O, levels measured
by passive sampling in Numaligarh, an important oil refinery town of Assam. The
main objective is to define the spatial differences in the concentrations of the
pollutants of interest and their possible sources. Moreover, we attempted in the
present study to collect enough and significant data to estimate air quality trends
in Numaligarh and Kaziranga atmosphere. Different metrological parameters
(ambient temperature, relative humidity and wind speed and direction) and their
influence on the air quality were also monitored during the sampling period.
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Methodology
Study Area

Numaligarh is a town in the Golaghat District of Assam, India. It is situated
at the distance of 32 km from Golaghat town (26°38°N, 93%45°E). It has well
established traffic networks because here a medium oil refinery is situated, resulting
in high population density as well as dense urban and infrastructural network. At
aerial distance of 10 km Kaziranga National Park is situated which is famous for
one horned rhinoceros.

There were five monitoring locations chosen along transect representing
different levels of pollution in order to have a comprehensive study of spatial
distribution of SO,, NO, and O,. The gradient extended over a distance of
approximately 10 km within the boundaries of the city. In the 10 km study area
around the Numaligarh Refinery, the ambient air quality was monitored in two
season in a year in 5 sampling stations. The GPS locations are given in Table 17.1
below. The selection of parameters and the sampling techniques were as per
Ministry of Environment & Forests (MoEF) / Central Pollution Control Board
guidelines.

Table 17.1: Location of Monitoring Station

S/N Location Direction Distance (km) Latitude (N) Longitude (E)

S1  Close to the front — 0 267352233 93%46242.73
gate of the Refinery

S2  NRL township N 2 26°35231.53  93°44241.53
[The Butterfly Park]

S3  Raw water intake point, E 2 26°35225.73 93°482253
the Dhansiri River

S4  Near NH39 bypass S 4 26°33242.13  93°462363
(Rangbang Village)

S5 Agartoli, Kaziranga SW 10 26°39217.73  93°48247.33
National Park

Climate Characterization

Numaligarh town is located in the Golaghat district of Assam. This town
has also a tropical climate, seasonally humid with maritime inﬂuence?. There are
two climatic periods, the summer period from April to June and winter perlo_d
from November till January. In this town, the annual daily average 'tem;.)erature is
23 °C. The daily average temperature peaks in the summer period in June at
around 28.3 °C and reaches its minimum of 13.2°C in December. The relative
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humidity is high; its average value is ranges from 36-87%. During summer due
to monsoon climate humidity is more. It lies around 60-74%. During winter the
values lies around 40-52%. The prevailing wind direction is north-north eastern
and second prevailing is south eastern. The average wind speed is around 2.1 m/
s - 5.7 m/s throughout the year.

Sampling of SO,,NO, & O,

Sampling campaign was conducted one year i.e. 2014-15 in Numaligarh
area and done twice in a week and eight times in a month. The sampling periods
are summer and winter respectively. Summer period sampling was done in month
of April, May and June where as winter in the month of November, December
and January.

Sampling was done by means of Envirotech dust sampler APM 460 NL for
all the three pollutants.

Analytical procedure for SO,, NO, and O,

Sulphur dioxide from air is absorbed in a solution of potassium tetrachloro-
mercurate (TCM). The complex is made to react with para rosaniline and
formaldehyde to form the intensely coloured pararosaniline methyl sulphonic acid.
Absorbance is measured at 560 nm. Ambient nitrogen dioxide is collected by
bubbling air through a solution of sodium hydroxide and sodium arsenite. The
concentration of nitrite ion produced during sampling is determined calorimetrically
by reacting the nitrite ion with phosphoric acid, sulphanilamide, and N-(1-
naphthyle)-ethylenediammine dihydrochloride (NEDA) and measuring the
absorbance of the highly coloured azo dye at 540 nm. For ozone potassium
iodine is taken as absorbing solution. The iodine is determined
spectrophotometrically by measuring the absorption of tri-iodide ion at 352nm.

Reagents

Analytical grade reagents were. For making chemical solution and dilution,
de ionised water having conductivity less than 0.15 mS ¢m was used. The
extraction solution for SO, is prepared by dissolving 10.86 g mercuric chloride
(Loba Chemie, India), 0.066 g EDTA (Qualigens fine chemicals) and 6 g potassium
chloride (Qualigens fine chemicals) and make up to 1L. For nitrogen dioxide was
prepared by mixing 4 gm of sodium hydroxide (Avantor performance materials,
India) and 1 gm of sodium arsenite (Loba Chemie, India). For ozone by mixing
13.6 g of potassium dihydrogen phosphate (Merck Mumbai), 14.2 g of disodium
hydrogen phosphate (Loba Chemie, India) and 10 g of potassium iodide (RFCL
limited India) and make up to 1 L. Accurate weighing of chemical was performed
on Kern Electronic Balance Model Type ABS 220-4 no WB 1110567.
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Results and Discussion

Sulphur Dioxide Concentration in the Winter and Summer Season

Sulphur dioxide concentrations varied between 5.84-8.71 pg/m® in summer
and 12.62-13.6 pg/m’ in winter in the refinery site (S1). Similarly for township
area (S2), the values varied between 2.67-4.80 pg/m® in summer and 5.22 pg/m’®
in winter. The values at S3 lie between 1.78-3.57 ug/ny’ in winter, 1.14-1.91 ug/
m’ in summer as given in below Table 17.2. At the National Highway Bypass
(S4), the values show ranges of 1.94 to 8.58 ug/m’® in summer and 3.94 to 9.88
pug/m’ in winter. The site S5 (Agartoli, Kajiranga) does not show any significant
result in this regard.

The wide range of the results could be attributed to the locations of the
sources and their different pollutant loadings. Maximum SO, concentration, which
was measured as 14.2 pug/m® near the refinery in winter, did not exceed the limit
value (100 mg/m’) of the National Ambient Air Quality Standards (NAAQS) set
by the Ministry of Environment and forests, Government of India [14].

Table 17.2: Temporal and Site Specific Variation of SO, in Winter and
Summer Season

Month November December January April May  June
avgS1 12.62 12.62 13.6 5.84 8.32 8.71
avgS2 5.22 5.22 5.22 2.67 4.8 3.66
avgS3 1.78 1.78 3.57 1.14 1.91 1.66
avgS4 7.00 7.00 9.88 1.94 8.05 8.50
avgS5 0.933 0.933 2.9 0 1.9 1.43
Tem°C 13° 14° 150 29° 29° 300

Sulfur dioxide levels measured in winter and summer seasons were assessed
comparatively (Fig. 17.1) to evaluate the effects of the meteorological conditions
and the combustion processes on SO, pollution. The winter levels were higher
than the summer levels for all the sampling points.

SOx

14
12
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s1 s2 53 sS4 S5
sampling site

Fig. 17.1: Winter and Summer Level Concentration of Sulphur Dioxide
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Nitrogen Dioxide Concentration in the Winter and Summer Season

NO, ground level concentrations (GLC) in the winter were between 2.9-
10.48 pg/m® (Table 17.3). These concentrations do not exceed both the target
level of 80 mg/m’ given in the NAAQS. In the summer, on the other hand, ambient
air NO, levels varied between 1.1 and 8 pg/m’ (Table 17.3). The winter levels
were higher than the summer levels for all the sampling points.

Table 17.3: Temporal and Site Specific Variation of NO, in Winter and

Summer Season

Month November December January April May June
avgSl 10.48 10.48 7.54 6.2 6.3 8
avgS2 6.05 6.05 4.15 3.5 2.3 3.2
avgS3 3.76 3.76 3.04 2.7 1.8 1.1
avgS4 5.96 5.96 5.16 4.8 2.1 4.3
avgS5 2.9 2.9 2.82 2.9 29 282
Tem"C 13° 14° 15° 29° 29° 30°

Concentration unit is pg/ny’.

The results obtained for NO, are originate mainly from the combustion of
fossil fuels and have similar sources including vehicles, residential heating,
chemical processes, etc. Due to the small area and population density, the large
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amount of traffic (5,000 vehicles/day on S4 highway, 3,000 vehicles/day on S2
highway, and 2,401 vehicles/day on S1 highway) has led to residential areas being
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near the heavy traffic and industrial fields in Numaligarh. NO, concentrations are
high not only in the areas close to the highways of S2 and S4 , but also in the S3
point, proving that the traffic emissions and the industrial activities are the most
important sources determining the NO, levels measured in the study area. Chemical
reactions, dispersion, and dilution processes result in spatial and temporal variations
in concentrations of air pollutants. Due to its short life-time, the distribution of
NO, is strongly heterogeneous with highest abundances in industrial areas [15].
As a result of which the increasing concentration was observed in the refinery
and the bypass area. It is shown that the natural gas combustion in the industrial
plants is the most significant source of NOx pollution [16].

Ozone Concentration in the Winter and Summer Season

The lowest average GLC O, concentration in winter season was 4.5 pg/m’
detected at the S3 sampling site, where the air exits the sampling zone and the
highest value was 36.9 pg/m* measured at the S4 site, where the clean air arrives
at this area (Table 17.4). As can be seen from these results, the O, could not be
produced in this zone. The high concentrations observed at the Si site can be
due to the emission from refinery. Ozone concentrations in all sites during winter
were measured between 4.5 and 36.9 ug/m’ (Table 17.4), which are below the
limit values set for both human health and the development of the plants. It is
known that the photochemical reactions occurring in the atmosphere play a
significant role in ozone formation; therefore, ozone concentrations in summer
are generally higher than those in winter due to the higher temperatures and light
intensity promoting these reactions, making ozone as a typical summer pollutant
f17, 18].

Table 17.4: Temporal and Site Specific Variation of O, in Winter and
Summer Season

Month November December January April  May  June

avgS1 23.8 23.6 30.7 409 371 102
avgS2 7.6 17.8 292 329 327 204
avgS3 4.5 4.7 5 20 279 19
avgS4 12.5 22.7 30.1 385 358 112
avgSs 4.7 5 43 205 198 192

Tem’C 130 140 150 290 290 300
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Fig. 17.3: Winter and Summer Level Concentration of Ozone

In the study, ozone concentrations in summer varied between 10.13 and
54.33 ug/mas given in Table 17.4 above. All the ozone concentrations measured
in the study was below the limit value of 120 pg/m’ (daily average) given in
NAAQs directives. Seasonal distribution diagram for ozone pollution in summer
and winter in the study area are shown in above Fig. 17.3. It is observed that the
ozone levels are generally low in the residential i.e. S2 (township) and the S3
(intake) areas, and high in the S4 (bypass) areas.

During the noon hours, the sun rays increased greatly and the photochemical
processes that produce O, dominated, especially after the sunrise. Oxygen atoms
produced in the photolysis of NO, could react with O, and to produce O, through
the chemical reactions [19]. The reduction in O, level is mainly due to the decrease
of solar radiation which then would lower the level of the photochemical
production. During winter the intensity of solar light is less. Ozone concentration
therefore is less in the winter season than the summer.

Conclusion

The aim of this work is to determine the pollutant level of sulphur dioxide,
Nitrogen dioxide and ozone in ambient air. This gave a good knowledge about the
ground level concentration of these pollutants. The concentration of sulphur
dioxide, nitrogen dioxide is found higher in winter than the summer whereas the
ozone concentration is found high in summer than the winter. It can be seen that
the maximum increase are all very minimal. The contour shows that in most of
the study area, the increase in GLC of the pollutant is negligible. Only in some
small packet, there is some marginal increase. The results of this work will
definitely help in expanding the knowledge base and understanding air quality in
an ecologically fragile area.
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Characterization of Phytase Isolated From Rice
bean Cotyledons (Vigna umbellata Thunb.) With
Respect to Influence of Different Factors

K. Belho
PK. Ambasht

Abstract

Phytase isolated from rice bean has been characterized with respect to influence
of different factors. Ag™ showed inhibition at 0.7 mM, but had no effect at 0.25
mM. At 0.7 mM, some divalent cations showed activation in the following order:
Cr’~> Co* > Ni* >Mg?> Ca? while some others inhibited the enzyme Pb? > Cu?*
>Fer™> Zn¥ > Mn?". Vanadate and molybdate anions were mild inhibitors while
fluoride and Pi were strong inhibitors. The latter showed uncompetitive inhibition.
Metal chelators had no effect on phytase activity suggesting it to be not a
metalloenzyme. Enzyme was not membrane bound as detergents had no effect on
phytase activity. Results of incubation of enzyme with group specific reagents
rule out the presence of thiol, tryptophanyl and tyrosyl residues at active site. -
mercaptoethanol and PMSF stabilized the enzyme. Phytase showed resistance
against proteolysis.

Keywords: Rice bean, Phytate, Phytase

Abbreviations: BSA, bovine serum albumin; EDTA, ethylene diamine tetra-acetic
acid; PMSF, Phenylmethane sulphonyl fluoride; SDS, Sodium dodecylsulphate.



158 Exploring Chemistry — Interface with Human Welfare

Introduction

Phytase catalyzes hydrolysis of phytic acid (myo-inositolhexakisphosphate)
to orthophosphate and myo-inositolpentakisphosphate [1]. Depending on the
location of the first hydrolyzed phosphate, there are two types of phytases namely:
3-phytase (EC 3.1.3.8 myo-inositolhexakisphosphate 3-phosphohydrolases) and
6-phytase (EC 3.1.3.26 myo-inositolhexakisphosphate 6-phosphohydrolases) [2].
On the basis of pH optima, phytases are acidic [3] or alkaline [4].

In higher plants, phytase occurs in grains, seeds and pollens. Phytase plays
important roles in the physiology of plants. It is responsible for the degradation
of phytate during the germination and mobilizes phosphates, minerals, and myo-
inositols for the growth and development [5]. Legumes are good source of
proteins, carbohydrates, fiber, minerals, and water-soluble vitamins; however,
their phytate contents can limit the availability of minerals [6]. Human beings are
monogastric animals, lack or have insufficient amount of phytate degrading
enzymes in their gastrointestinal tract [7]. Rice bean (Vigna umbellata Thunb.)
is a legume, belongs to the family brassicaceae and is rich in vitamin B with a
considerable amount of K, Mg, Ca, Fe, Zn, Cu, Mn and P [8]. With easy cultivation
of rice bean, its nutritional properties can be of great aid for improving the nutrition
among the economically marginalized people and livestock [9].

Phytase which was purified from 72 h germinated rice bean cotyledon was
used [10]. In the present paper, we report the influence of different factors on
rice bean phytase activity.

Materials and Methods

Sodium phytate, trypsin, pepsin, Tween 20 and Tween 80 were from Sigma
Aldrich, USA. The other chemicals were of AR grade from SRL, Sd Fine, HiMedia,
India. All solutions were prepared in de-ionized water from Milli-Q system
(Millipore, USA). Phytase from rice bean with specific activity 2.22 U/mg protein
was used.

Phytase activity was assayed at 40 °C [11]. The assay buffer was 0.1 M
sodium acetate buffer, pH 4.0. One enzyme unit is defined as the amount of
enzyme that catalyzes liberation of one pmole of phosphate per min under the
assay condition. Protein was quantified using BSA as standard [12].

The effect of various cations and anions on rice bean phytase activity has
been studied at two different concentrations (0.25 and 0.7 mM). Phytase was
first dialyzed against 50 mM sodium acetate buffer pH 5.0 containing 1.0 mM
EDTA and was used in the study of ions effect. The solutions were prepared in
assay buffer.

The other effectors were tested for their effects on un-dialyzed phytase.
Chelators were also tested at two concentrations (0.25 and 0.7 mM). The cffects
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of detergents like Triton X 100, Tween 20 and 80 on phytase activity was studied
at 0.1 and 1 % and SDS at 0.1 and 1.0 mM.

The effect of group specific reagents like iodoacetate, N-ethylmaleimide, N-
bromosuccinimide and iodine on phytase was tested by taking aliquots from each
solution after incubation for 1h at 4 °C. Similar procedure was also followed for
additives like PMSF (0.1 and 1.0 mM) and B-mercaptoethanol (0.1 and 1.0 %).

For the study of effect of proteolytic enzymes on phytase, the latter was
incubated with pepsin (0.1 mg/mL) in 50 mM glycine-HCl buffer at pH 2.5 and
with trypsin (0.1 mg/mL) in 50 mM Tris-HCI buffer, pH 8.0 at 37 °C. Enzyme
aliquots were withdrawn and assayed for phytase residual activity.

For inhibition studies, in one set of experiments, concentration of inorganic
phosphate was varied from 0.1 to 2 mM keeping the sodium phytate concentration
fixed. The % relative activity versus the concentration of Pi was then plotted. In
another set of experiment, the phytate concentration was varied, in the absence
and in the presence of Pi (0.8 mM). Lineweaver Burk plot was made.

Result and Discussion

The results of effect of cations, anions and chelators on phytase activity
have been described in Table 18.1. It is evident that among monovalent cations,
none of the tested cations showed any effect at 0.25 mM. In most reports,
monovalent cations did not show any effect on phytase activity [3,13].

Table 18.1: Effect of Cations, Anions and Chelating
Agents on Rice Bean Phytase Activity

Effectors % Relative activity

(0.25 mM) (0.7 mM)
Control 100.00 100.00
(NH,),SO, 98.66+0.8 113.12+£5.74
LiCl 96.26 +3.24 100.92+1.16
NaCl 102.81+£7.43 100.92+2.19
Kl 95.66+0.97 101.7+0.87
AgNO, 99.66+0.80 62.09+2.91
CaCl, 96.84+4.36 115.6842.49
MgCL, 97.61+2.88 118.22:£0.87
CdCy, 100.7+4.08 103.99+1.35
BaCl, 103.15+£0.94 110.05+3.49
NiSO, 118.99+7.22 121.68+1.35
CoCl, 124.3+4.18 133.2+1.09
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Effectors % Relative activity
(0.25 mM) (0.7 mM)

MnCl, 66.63+£0.91 82.81+0.78
ZnCl, 70.96:+5.34 83.5+3.39
FeSO, 80.45+5.13 59.85+1.51
FeCl, 42.92+1.35 34.34+5.39
SrCL, 102.40+0.4 118.21+0.87
Cr(S0,), 125.79+1.29 172.89+2.5
Pb(NO,), 41.36+0.83 NA*
CuSO, 80.34+0.96 54.12+1.64
NH, VO, 84.86+0.59 67.17£3.11
NaH,PO, 64.73+1.21 56.86x4.47
NaF 72.18+£3.61 64.80+1.16
Na,MoO, 82.38+2.1 67.45+£2.84
Inositol 57.54+4.94 44.46+£3.74
Chelators
Sodium citrate 98.54=0.95 100.14+1.37
Sodium potassium tartdrate  98.54+0.95 100.14x1.4
Ammonium oxalate 99.28+0.89 99.57+0.43
EDTA 99.29+0.89 99.57+0.43

*NA “No Activity”

At 0.7 mM, however, a very nominal increase in rice bean phytase activity
was observed in the presence of ammonium sulphate. Ammonium ions brought
activation in rapeseed phytase [14]. Ag™ strongly inhibited rice bean phytase at
higher concentration like some other phytases [14,15].

The salts of II group elements like MgCl,, CaCl,, SrCl, and BaCl, showed
no effect on rice bean phytase activity at 0.25 mM. Mg* and Ca* had no effect
on some other phytases [3, 16, 17]. At 0.7 mM, however, Mg?", Ca> and Sr*
showed mild activation to rice bean phytase. Ca*" in most cases showed activation
[1, 4, 18, 19]. The possible reason may be the removal of Pi in the form of
calcium phosphate, thereby reducing the inhibition due to Pi. Mg?™ has also been
reported to activate phytase [19,20]. There is only one report where Sr** has an
activating effect on phytase [21]. Rice bean phytase was strongly inhibited in
presence of lead nitrate similar to phytase from canola seed [20]. Though lead
belongs to group IV of Periodic Table, forms Pb*" due to inert pair cffect.
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In the presence of salts of transition metals like NiSO » CoCl,and Cr(SO,),,
rice bean phytase showed activation at both 0.25 and 0.7 mM. This is the first
report on chromium being an activator of phytase. Phytase activity activation in
the presence of Co™ has been reported earlier [14,20).

Rice bean phytase was strongly inhibited in the presence of salts of some
other transition metals like MnCl, and ZnCl,, at 0.25 mM. Mn** also inhibited oat
phytase [16]. In the presence of FeSO, and CuSO,, inhibition was observed at
0.25 mM, which increases further at 0.7 mM. FeCl, showed a very strong
inhibition at both concentrations. The strong inhibition in the presence of F eCl,
and FeSO, may be because of the formation of the complex of Fe-phytate reducing
the phytate concentration [16].

Anions like vanadate and molybdate showed mild inhibition towards rice
bean phytase activity like some other reports [14,15,22]. Strong inhibition in rice
bean phytase activity was observed in the presence of fluoride and Pi like other
reports [3,14,15,17,22]. Inhibition in the presence of fluoride is a characteristic
feature of acid phytases [23,24]. Pi being a product of the reaction, therefore, is
expected to inhibit the activity.

From the results of effect of chelators on rice bean phytase, it is evident
that none of them had any effect like in other reports [16,17, 257 suggesting that
rice bean phytase is not a metalloenzyme. The results of effect of detergents on
rice bean phytase activity have been summarized in Table 18.2.

Table 18.2: Effect of Detergents on Rice Bean Phytase Activity

Detergent % Relative activity

0.1 %) 1.0 %)
Control 100.0 100.0
Triton X-100 98.11+2.96 100.32+0.79
Tween 20 97.78+2.31 100.92+2.7
Tween 80 97.25£0.56 99.26+3.92

0.1 mM 1.0 mM
SDS 100.39£1.93 103.17+3.86

In the presence of non-ionic and ionic deter‘gent.s, there was no effect on
rice bean phytase activity. There are reports of activation in phytase from pollen
of Lilium longiflorum and Typha latifolia in the presence of Triton X-100
suggesting their association with membrane [26,27]. The present resuits suggest
that rice bean phytase is not associated to any membrane structure. The results
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of effect of incubation of group specific reagents and additives are summarized

in Table 18.3.

Table 18.3: Effect of incubation of group specific reagents and additives on
rice bean phytase activity

Group specific reagentsand % Residual activity
additives
Control 100.00
Group specific reagent (0.1 mM) (1.0 mM)
N-Bromosuccinimide 99.49+5.26 99.32+1.07
lodoacetate 98.99+1.07 98.90+3.64
N-Ethylmaleimide 105.37+1.21 99.43+3.27
Iodine 99.94+1.39 97.61x2.52
Additive
PMSF 99.65+0.97 98.76+0.89
0.1 %) (1.0 %)
B- Mercaptoethanol 100.88+4.63 108.49+2.38

There was no loss in enzyme activity in the presence of any of the above
group specific reagents. The results therefore rule out the presence of thiol,
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Fig. 18.1: A plot showing effect of time of incubation of trypsin (0?20) and pepsin
(0 o) on residual rice bean phytase activity, The values used are the mean
values along with its SD of three independent experiments.



Characterization of Phytase Isolated From Rice bean Cotyledons (Vigna.... 163

tryptophanyl and tyrosyl residue at the active site of rice bean phytase. Some
other phytase also had no effect of SH-reagents [16,17,25,28]. In the presence
of B-mercaptoethanol and PMSF, no loss in enzyme activity was observed and
may have a stabilizing effect. PMSF is used as a protease inhibitor, while B-
mercaptoethanol keeps the reducing environment and prevents any loss due to

oxidants. The results of effect of different proteases on rice bean phytase are
shown in Fig. 18.1.
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Fig. 18.2: Effect of variation of Pi on rice bean ;.)h.yta.se activity; Fig, 1:{3)2 B:
Graphical representation of rice Bean phytase activity ln‘the absence ‘(0. ?0) z}nd
in presence of inorganic phosphate (0.8 mM) (o-**---0). Fig. 18.2 C: LlnewFa\ er
Burk plot of rate of reaction catalyzed by rice bean _phytase versus [sodium
phytate| in presence (o***-0) and absence (02?0) of Pi. The values used are the
mean values with its SD of three independent sets conducted.
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It showed a good retention of activity even after 1 h of incubation with
trypsin (91 %) and pepsin (72 %). Some other phytases also show resistance
against proteolytic enzymes [29].

The results of effect of variation of Pi on phytase activity at fixed [phytate]
are shown in Fig. 18.2. It is evident that 50 % inhibition was observed at 0.8 mM
Pi. The results of effect of variation of [phytate] in the absence and presence of Pi
(0.8 mM) are shown in Fig, 18.2 B. In the absence of any external Pi, there was
inhibition above 2 mM phytate. In the presence of 0.8 mM Pi, the inhibition was
observed beyond 0.5 mM phytate, suggesting that phytase activity may be regulated
depending upon phosphate reserves. The Lineweaver Burk plot in the absence
and presence of Pi (0.8 mM) is shown in Fig. 18.2 C and it is evident that Pi acts
as an uncompetitive inhibitor. The values of slopes in the absence (0.082) and in
the presence of Pi (0.076) are very close, the ratio being 1.08. The apparent K _
and ¥ were 0.082 mM and 1.08 imol/min/mg protein, respectively. The values
of K, determined from apparent K_and V__were 0.69 mM, 0.74 mM, respectively.
The value of K, is almost more than three times the K of sodium phytate (0.19
mM). The present report is the first report on Pi being an uncompetitive inhibitor.
In most cases, it acts as a competitive [3,30,31] or non-competitive inhibitor
[20].

Conclusion

Pb>, Mn*, Zn*, Cu*, Fe* and Fe’ showed inhibition which may be
attributed to the formation of precipitation due to the interaction between substrate
with the metal ions. The end products and their analogues were involved in the
regulation of activity. Overall, the characteristics displayed by phytase from rice
bean suggest that it will be favourable for application in aquaculture for improving
the nutrition. It can also be immobilized to different matrices for improving its
stability with respect to pH and temperature.
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Isotherm and Kinetic Studies on Adsorption
of Fe(Ill) by Sand and Rice Husk Mixture

Leena Deka
K G Bhattacharyya

Abstract

Sand and rice husk are two locally available and low cost materials. The feasibility
of the mixture of sand and rice husk as an adsorbent for the removal of Fe(III) from
aqueous solutions was investigated. For the removal process, batch adsorption
technique was used. The effects of metal ion concentration and contact time on
adsorption efficiency, under a constant temperature of 303 K and normal pH were
studied. The experimental results were analyzed using Langmuir and Freundlich
adsorption isotherm models. Kinetic studies showed that a pseudo-second order
model was more suitable than the pseudo first order model. It is concluded that
sand- rice husk mixture can be used as an effective adsorbent for removing Fe(III)

from aqueous solutions.
Keywords: Batch Adsorption, Mixture, Sand, Rice Husk, Isotherm, Kinetic.

Introduction

Iron occurs naturally in water. It is an essential element which takes part in
the transportation of oxygen in the blood. At concentrations found in most natural
waters, and at concentrations below the aesthetic objective, iron is not considered
a health risk. When the concentration of iron in water exceeds a certain level, it
causes some aesthetic and economic problems. The recommended Secondary
Maximum Contaminant Level (SMCL) determined by the US EPA for iron in



168 Exploring Chemistry — Interface with Human Welfare

drinking water is 0.3 mg/L[1, 2]. Water contaminated with iron has a disagreeable
taste. Beverages and vegetables cooked in water loaded with iron have dispelling
taste and appearance. Iron stains laundry, utensils, cookware etc. which is not
easily removable by soaps and detergents. Iron precipitates in water blocks pipes
and sometimes water supply or water softening equipment must be replaced.
Drinking water overloaded with iron may cause vomiting, bleeding and liver
problems. Therefore, iron needs to be removed from water to make it drinkable
and usable. There are many techniques used to remove dyes or metal ions from
wastewaters which includes chemical precipitation, solvent extraction, ion
exchange, membrane separation and adsorption [3-8].

Adsorption process involves in the removal of specific components from
wastewater by adsorption onto solid surfaces. Adsorption is a more feasible
technique as it involves low initial cost, simple design, is easy to operate and
insensitive towards toxic substances [9]. Biological materials prove to be good
adsorbents due to their morphology and surface functional groups and
biodegradability [10]. They have sorption capacity similar to synthetic materials
and have lower susceptibility to interference. Biosorbents are more advantageous
due to their cost effectiveness and relative abundance [11]. There have been
several reports on the use of various low cost and easily available adsorbents like
rice husk [10, 12], saw dust [13], coir pith [14], etc to remove heavy metals and
organic pollutants. Rice husk is a by-product during rice-milling process and is
produced in large quantities. Rice husk is enriched with floristic fibre, protein
and some functional groups such as carboxyl, hydroxyl and amidogen, etc.[15].
The presence of these groups makes adsorption processes possible. So, rice
husk is low cost and easy to obtain [16]. The rural and semi-urban population of
Assam, uses local household iron filter units which are made-up of local materials
such as wooden charcoal, river sand and gravel [17]. Sand is widely used for
iron removal purposes. Sand was used for removing dyes like coomassie blue,
malachite green and safranin orange from aqueous solutions [18]. In this study,
sand and rice husk are mixed together to investigate its adsorptive capacity for
iron removal from water.

Materials and Methods
e Adsorbent Material

Sand and rice husk were collected from local sources. Collected sand and
rice husk were washed thoroughly with distilled water, oven dried and sieved
and the fractions between 0.595 mm and 0.063 mm were chosen. The sand
is mixed with rice husk in 2:1 proportions.

e Chemicals
Anhydrous FeCl, (Qualigens, mol. wt = 162.21 g) was dissolved in distilled
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water to prepare the synthetic adsorbate solutions and the stock solution
was diluted with distilled water for each required concentration of Fe(IlI).

Adsorption Experiments

The adsorption experiments are carried out by mixing a fixed amount of the
adsorbent with 20 ml of aqueous Fe(IlI) solution in Erlenmeyer flasks. The
mixture was agitated in a thermostatic water bath shaker (NSW, Mumbai,
India) for a pre-determined time interval. The mixture is then filtered and
Fe(Ill) remaining unadsorbed in the supernatant liquid is determined
spectrometrically (Flame Atomic Absorption Spectrometer, Perkin Elmer).

The adsorbed amount of Fe(Ill) and adsorption % was calculated by
Equations (i) and (ii}, respectively.

q,= (C,-C)V/m (1)
Adsorption percentage = {(C_~C) x 100} + Co (1i)
Where, q is the amount of Fe(Ill) adsorbed by the sand (mg/g), m is the

mass of sand(g) and V is the volume of Fe(Ill) solution (L), C_ is the initial
Fe(Ill) concentration (mg/L), C, is the residual Fe(Ill) concentrations (mg/L)
after the batch adsorption at time, t.

Effect of Contact Time on the Removal of Fe(1II)

Standard solutions of Fe(IlI) of concentration 50 mg/L, were prepared.
To 20 ml of each solution sand-rice husk mixture was added in 100 ml
conical flasks for a contact time of 360 minutes. After that the solution was
filtered and analyzed with atomic adsorption spectrophotometer (AAS) to
determine the equilibrium time.

Effect of pH on the Removal of Fe(I11)

The effect of pH on the removal of Fe(Ill) was performed by transferring
20 ml of standard solution(50mg/1) of Fe(IIl) solution into different 100ml
conical flasks and then adjusting the pH of the solution to different pH ( 2.0,
2.5, 3.0, 3.5, 4.0). The adsorbent mixture was weighed into the flask,
corked and labelled. The flasks were agitated in the shaker for 150 minutes
to attain equilibrium. Thereafter, the content of each flask was filtered and
the residual metal ion concentration (Ce) was analyzed using AAS.

Effect of Dose on the Removal of Fe(II)

Adsorption of Fe(IIl) was investigated at various dosage ranged from 0.5
g sand mixed with rice husk in the range of 0.5-2.5 gram per litre of Fe(III)
solution in the ratio of 1:1, 1:2, 1:3, 1:4, 1:5. The initial concentration of
Fe(IIl) was 50 mg/l. The mixture was agitated at 30°C on a water bath
shaker for 150 minutes. After this, the solutions were filtered and analyzed

with AAS.
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Effect of Initial Concentration of Fe(III) on the Removal Percentage

To 20 ml of prepared standard solutions of different concentration ranging
from (5, 10,20, 30, 40, 50, 80) mg/L fixed amount of adsorbent was
added. These were then treated and analyzed as done previously.

Adsorption Isotherm

The adsorption process was studied by Langmuir and Freundlich isotherm
models. The Langmuir isotherm is valid for monolayer adsorption onto a
surface containing a finite number of identical sites.

According to the Langmuir adsorption isotherm, when the adsorbate occupies
a site, no adsorption can further take place at that site. All sites are equivalent
energetically and no interaction occurs between molecules adsorbed on
neighbouring sites [19].

The linearized Langmuir equation can be described as follows:
C/q,=CJ/q_ + 1/bq,

where C_(mg/l) is the concentration of the Fe(Ill) solution at equilibrium,
q, (mg/g) is the amount of Fe(Ill) adsorbed at equilibrium, q _ is the
maximum adsorption capacity, b is the Langmuir constant related to the
affinity of the binding sites and energy of adsorption.

Similarly, the Freundlich isotherm describes adsorption onto a heterogeneous
surface and suggests a multilayer adsorption. After filling the adsorption
centres of an adsorbent, adsorption energy decreases exponentially [20].
The linearized Freundlich isotherm can be presented as follows:

log q,=log K, + (1/n)log C

where K_and n are the Freundlich constants related to the adsorption capacity

and the adsorption intensity of the adsorbent, respectively. 1/n is the heterogeneity
factor and n is a measure of the deviation from linearity of adsorption. The
adsorption capacity (K,) and the adsorption intensity (1/n) are directly obtained
from the slope and the intercept of the linear plot of log qe versus log Ce. The
higher fractional values of 1/n signify that strong adsorption forces are operative
on the system. The magnitude of 1/n also gives indication of the favourability
and capacity of the adsorbent/adsorbate system. The value 1/n, between 0 and 1,
represents favourable adsorption.

Kinetics Study

The pseudo first-order Lagergren plots were obtained by plotting In (qe —
qt) vs. time according to the [21]:

In(q,—q) =Iln(q) - (k/2.303) t
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where qe and qt were the amounts adsorbed per unit mass at equilibrium
and at any time t, and k, was the first order adsorption rate constant.

The second order kinetics(22) governed by the equation:

t/q=1(kg’)+ (1/q)t

where k, is the rate coefficient of adsorption (g mg' min''), q_ the amount of
ions adsorbed at equilibrium (mg g") and q, (mg g"') the amount of ions adsorbed

onto the surface at time, t. The value of qe and k, can be determined by the
slopes and intercepts of the straight line of the plots ‘t/qt vs t’, respectively.

Results and Discussion

¢ Influence of Contact Time
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Fig.19.1: Effect of Contact Time on Adsorption

The adsorption is rapid in the first 60 minutes for sand- rice husk mixture
after which it slowly attains equilibrium at ~ 150 min (Fig. 19.1).

At the initial stage, a large number of vacant surface sites are available for
adsorption. However, after a lapse of time the remaining vacant surface sites are
difficult to be occupied due to repulsive forces between the solute species on the
solid and bulk phases [23].

¢ Influence of pH

The adsorption percentage of Fe(Ill) increased sharply on increasing solution
pH values from 2.0 to 3.0 from 51.03% to 96.46% for sand and rice husk

mixture (2:1).



172 Exploring Chemistry — Interface with Human Welfare

Adsorption experiments at pH greater than 4.0 was not done as the metal get
precipitated as Fe(Ill)-hydroxide, which introduces doubts in interpreting

the results.

Y Adsorption
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Fig. 19.2: Effect of pH on Adsorption

At very low pH, the hydrogen ions surround the surface of sorbent and
compete with Fe(IIl) ions for the binding sites resulting in low adsorption. As the
pH increase, acidity decreases and the competition for the adsorption sites

decreases [24].
¢ Influence of Adsorbent Dose

Adsorption percent increased on increasing amount of sand and adsorbent
mixture from [ g/l to 3 g/L from 64.8 % 96.99 % for sand-rice husk mixture.
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Fig.19.3: Effect of Adsorbent Dose
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Adsorption percentage increases with increase in adsorbent dosage which
is due to the availability of larger surface area and more adsorption sites [25]. On
increasing adsorbent dosage leads to an aggregation of adsorbent particles and
increase in diffusion path length [26]. On increasing amount of sand and sand-
rice husk mixture, adsorption percent increased. The increase in the adsorption
percentage with an increase in adsorbent dosage is due to the availability of larger
surface area and more adsorption sites.

o Influence of Initial Fe(III) Concentration
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Fig.19.4: Effect of Initial Concentration of Fe(IIl) on Adsorption

On increasing initial Fe(JII) concentrations from 5 mg/L to 80 mg/L,
adsorption percentage decreased from 89.29% to 49.35 % for sand-rice husk
mixture (Fig. 19.4). It is well known, adsorbed amount of adsorbate is a function
of its equilibrium concentration. Hence, increasing of adsorbed amount (q,) of
Fe(I1I) ions was observed by increasing of initial Fe(IIl) concentrations. But,
adsorption percent was decreased by increasing of initial Fe(IlI) concentrations.
This is due to saturation of adsorption sites on the sand [27].

e Isotherm Studies
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Fig.19.5: Langmuir Adsorption Isotherm of Fe(III) Tons Adsorption on Sand-rice
Husk (2:1) Mixture
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Fig.19.6: Freundlich Adsorption Isotherm of Fe(III) Ions on Sand-rice Husk(2:1)

Table 19.1:

Results of Fe(IlT) Adsorption Isotherms at 30°C

Langmuir

q,, (mg/g) 15.128
b (L/mg) 0.04393
r 0.9418
Freundlich

K, (mg/g)(L/g)" 2.198
1/n 0.4736
r 0.988

The Langmuir isotherm plot (Fig. 19.5) have high linearity (r ~ 0.94) and
yield good Langmuir monolayer adsorption capacity, q_(Table 19.1). The positive
values of the Langmuir equilibrium coefficient, b indicates that the adsorbate-
adsorbent interactions proceed in the direction of formation of the adsorption
complex and hence, adsorption is the resultant process.

The Freundiich plot is linear with good regression coefficients (r ~ 0.98,
Fig.19.6). The adsorption coefficients obtained from the plots are presented in
Table 19.1. The Freundlich adsorption intensity, 1/n, at 303 K, was found to be
0.4736 (by definition, the adsorption intensity, 1/n, should have values less than

unity for favourable adsorption).

e Kinetics Studies

The results of kinetics study are listed in the table below:
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Table 19.2: The Adsorption Kinetic Model Rate Constants for Adsorption of
Fe(1Il) ions on Sand-rice-husk Mixture

Temp (K) Experimental | Kinetic model| Parameter
qe(mg/g)
First order k x 10%(min")  1.04

r 0.95
q, 0.517
% deviation 55.7

303K 1.167 Second order | k, x 10 15.81
(g mg'min™)
r 0.99
q, 1.04
% deviation 10.88

The value ofk, obtained from the Lagergren plots (r~ 0.95) at 303 K indicates
first order to be the likely mechanism. However, linearity of the Lagergren plots
do not necessarily assure a first order mechanism due to the inherent disadvantage
of correctly estimating the equilibrium adsorption capacity, q. The q_ values
obtained from the Lagergren plots differed from the experimental q_ values by
55.70% (at 303 K). The large deviation do not support first order kinetics. The
second order plot shows better linearity ~ 0.99 (Fig. 19.8). The rate coefficient
value reveal that the affinity of the sand-rice husk mixtures towards Fe(Ill). A
comparison of q, values (experimental and those obtained from the slopes of the
second order plots) shows a better agreement which indicates a probable second
order mechanism for the adsorption process.

In{qe -qt}

Fig.19.7: Lagergren Plot for Adsorption of Fe(IIl) on Sand-rice husk (2:1)
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Fig. 19.8: Second Order Plot for Adsorption of Fe(IIl) on Sand-rice husk(2:1)
Mixture at 303K

Conclusions

This study shows that sand- rice husk mixture is a suitable adsorbent for
the removal of Fe(IlI) from aqueous solution due to its high capacity adsorption,
availability, and low cost. The Fe(IIT) removal was pH-, adsorbent amount-, and
contact time-dependent. The adsorption data fit Langmuir and Freundlich
isotherms. The adsorption follows Langmuir isotherm better than Freundlich
isotherm. The positive values of the Langmuir equilibrium coefficient, b indicates
that the adsorbate-adsorbent interactions proceed in the direction of formation of
the adsorption complex and hence, adsorption is the resultant process. The
monolayer adsorption capacity, q_is found to be 15.12 mg/g for sand-rice husk
mixture. Fe(III) adsorption follows second order kinetics. The second order plot
shows good linearity ~ 0.99 and the rate coefficient, k, is 15.81 x 107 g mg-1
min-1 at 303 K.
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Degradation of Rhodamine B Dye from
Water using ZnO as Catalyst

Moutusi Das
Krishna G Bhattacharyya

Abstract

Rhodamine B is a cationic xanthene dye widely used in the printing, textile, and
photographic industries. It is important to destroy this dye before it enters natural
water sources. In the present work, catalytic wet oxidation of the dye was carried
out with commercial ZnO and its acid-treated form as the catalysts. Acid treatment
was carried out with 0.5, 0.75, 1.0 N H,SO,. The catalysts were characterized by
XRD and SEM measurements, BET surface area and pore volume determination.,
Oxidation in aqueous solution was carried out with reaction time, catalyst load,
dye concentration. pH and temperature as the process variables. It was found that
1.0 N acid activated ZnO could bring about 75.0 % oxidation of the dye at room
temperature. The results demonstrated that ZnO can play an important role in
oxidation of non-biodegradablc dyes in water.

Keywords: Rhodamine B Oxidation; Dye Removal through Oxidation; ZnO; Acid-
treated ZnO.

S

Introduction

The textile industry produces large number of colgred wastewater that
contains high levels of organic matter [1]. Treatment of this colored wastewater
from textile is a serious problem today. In general, the mthods for the treatment
of wastewater containing dyes can be divided into two main groups [2]: first, the
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chemical or physical methods of dye removal, which refer to the process called
decoloration and, second, dye removal by means of biodegradation. Among them,
the more intense used method is physical/chemical in order to remove dyes from
the wastewater [3,4]. Physical treatment of colored wastewater requires a post-
treatment to remove newly secondary waste. Among chemical methods, advanced
oxidation processes (AOPs) are a class of processes based on generation of
hydroxyl radicals, highly reactive species, which promote the oxidation of
hazardous organic compounds [5]. Therefore, AOPs represent a potential
alternative method able to decolorize and to reduce recalcitrant colored wastewater
load. Wet oxidation is considered as one of the most promising and simplest
techniques for partial oxidation of parent pollutants into more biologically amenable
intermediates [6]. An attractive alternative to wet oxidation is catalytic wet air
oxidation, which may be effectively employed for total destruction of pollutants
present in waste water.

The present work reports the removal of Rhodamine B dye using ZnO and
its acid treated form as catalysts. The oxidation was observed by changing the
reaction time, dye concentration, catalyst load, pH and temperature of the medium.
The degradation of the reaction was determined by UV-vis spectrophotometer.

Materials and Methods
Chemicals

The basic catalytic materials in this work were ZnO (Oster pharmaceutical),
H,SO, (Merck Mumbai), Rhodamine B (Merck Mumbai). All chemicals were
of analytical grade and used without further purification.

Preparation of Acid Treated Catalysts

The acid treated catalysts were prepared by treating the metal oxides
with 0.5, 0.75, 1.0 N H,SO_. 15 g of the material was activated with 100
mL acid (H,SO,) for 4 h at room temperature in a batch reactor. The
material was separated by filtration and was washed with distilled water till
the washings were neutral. The material was dried at 373 K in an air oven
for 5 h and was preserved. Altogether four catalysts were tested in this
work: (i) raw ZnO (Z), (ii) 0.5 N acid-activated ZnO (Z1), (iii) 0.75 N acid-
activated ZnO (Z2) and (iv) 1.0 N acid-activated ZnO (Z3).

Characterization of the Catalysts

The catalysts were characterized by measuring (i) the crystallinity of the
phases by XRD (Bruker D8 Advance diffractometer equipped with a scintillation
counter) (ii) the surface topography by scanning electron microscopy (SEM) (JEOL
JSM-6360), and (iii) the surface arca and pore volume by BET adsorption
isotherms  (Micromeritics Tristar Surface Area and Porosity Analyzer).
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Experimental Procedure for Wet Oxidation of the Dye

The catalytic oxidation was carried out in a water bath shaker (NSW,
New Delhi, India) with 20 mL of Rhodamine B in capped SO mL Erlenmeyer
flasks. After a reaction run was completed, the mixture was centrifuged
(Remi Research Centrifuge, R24) and the unconverted reactant was estimated
in the supernatant layer spectrophotometrically (Hitachi UV-visible U3210).

Results and Discussion
Characterization of the Catalysts
XRD Measurements

ZnO yielded major XRD bands at 26 =31.76°, 36.26", 38.71°,47.60°, 56.66°,
62.83% 67.93° 73.03° 77.55° (Figure 1) for the raw ZnO (Z), These could be
assigned to reflections from (100), (002), (101), (102), (110), (103), (112),
(004) and (202) Bragg planes with ‘d’ of 2.81, 2.47, 2.32, 1.90, 1.62, 1.47,
1.37,1.29, 1.23 (Table ). The reflections can be indexed as those due to hexagonal
Waurtzite structure of ZnO. Wang et al. (2007) have found similar XRD results
for ZnO nano powder within 26 range of 20 ** 80° [7].

The bands shifted slightly towards lower angles after acid treatment of ZnO
in Z1 (0.50 N H,SO, treated ZnO), Z2 (0.75 N H SO, treated ZnO) and Z3 (1.00
N H,SO, treated ZnO) catalysts. The intensities of the diffraction bands also
increased after acid treatment. The acid treatment generally enhanced the
crystanillity of the catalysts in the order of Z3 > 72 > Z1 > Z.
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showed the surface area of ZnO nano particles to be between 8.28 — 43.76 m’/g
depending on temperature values much higher than those obtained in this work
for ordinary commercial ZnO [10]. Reduction in the size of oxide particles after
acid treatment was observed. ZnO showed a decrease in size after acid treatment.
The acid activation had a very pronounced effect on size reduction of the catalysts
resulting in huge increase in surface area and pore volume.

Table 20.2: BET Surface area, Pore Diameter and Pore Volume of ZnO

Catalysts
ZnO Catalysts | BET Surface area| Average pore |Pore volume x 10°
(m*/g) diameter (nm) (em’/g)
4 8.57 19.73 1.87
Z1 10.01 19.08 4.28
Z2 11.59 15.77 5.68
73 17.02 6.92 6.80

Wet Oxidation of Rhodamine B
Effects of Reaction Time

The oxidation reactions were carried out with raw and acid treated oxides
as catalysts. All the reactions were carried out with aqueous dye solutions of
concentration 1.0 mg/L at room temperature (303K) and under the atmospheric
pressure. The reaction time was varied from 15 to 300 min and the oxidative
degradation of the dyes was monitored after each time interval. Each set of
reactions was done in triplicate and it was found that the results deviated from
each other only by 1 — 3 %.

Rhodamine B (1.0 mg/L) was oxidized with raw and acid treated ZnO
catalysts (2.5 g/L) with the reaction time varying from 15 — 300 min. The
conversion of the dye increased from 20.0 — 38.9 % for raw ZnO (Z), 24.7 -
64.8 % for 0.5 N acid treated ZnO (Z), 35.5 — 68.8 % for 0.75 N acid treated
ZnO (Z) and 41.6 — 75.0 % for 1.0 N acid treated ZnO (Z). The effects of
reaction time on Rhodamine B oxidation are shown in Fig. 20.3. It was observed
that the reaction was very fast in the first 30 min and slowed down with further
increase in the reaction time and near equilibrium conditions were reached after
240 min.

It was observed that the reactions were very fast and considerable conversion
of the dyes was possible in a relatively shorter time interval. Acid trcated ZnO
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gave much better results in dye oxidation and it was found that the catalytic
activity was dependent on the strength of the acid.
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Fig. 20.3: Effects of Reaction Time on Oxidation of Rhodamine B (1.0 mg/L) with
ZnO0 Catalysts (Z, Z1, Z2 and Z3; 2.5 g/L) at Room Temperature (303K)

Effects of Catalyst Load

The effect of catalyst load was observed by changing the catalyst load
from 0.5 — 1.0 g/L for the oxidation of Rhodamine B dye. The change in oxidation
was given in the Table 20.3 . The effects of catalyst load on Rhodamine B
conversion were only of limited nature, the increase remaining within ~ 10 % for
15-fold increase in the catalyst load. After an amount of 2.5 g/L the oxidation
become almost constant. Similar observations have been made earlier by Fatimah
et al. (2011). They found complete degradation of Methylene Blue (10.0 mg/L) in
case of ZnO/montmorillonite photocatalyst with a catalyst load of 5.0 g/L. The
conversion remained nearly constant at increased loadings [11]. In case of their
photocatalytic reactions, the authors suggested that higher loadings made the
solution turbid reducing light penetration and therefore, the conversion could not

increase any further.

Table 20.3: Degradation of Rhodamine B (1.0 mg/L) with different
Zn0 loads at 303 K

Catalysts Total degradation (%) at Catalyst load (g/L.)

05 25 50 7.5
z 303 389 39.5 399
Z1 55.7 4.8 65.3 66.9
22 59.9 68.8 69.8 70.6
Z3 66.5 750 754 76.7
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Effects of Dye Concentration

ZnO catalysts (raw and acid treated; 2.5 g/L) could bring about oxidative
degradation of Rhodamine B in the concentration range of 1.0 — 100.0 mg/L. It
was observed that with the increase in dye concentration, % oxidation decreases
and the decrease in oxidation was found in the range of 38.9 — 9.1 % for raw
ZnO (Z), 64.8 — 26.0 % for Z1, 68.8 — 27.5 % for Z2 and 75.0 — 31.6 % for Z3.
The decrease in oxidation with dye concentration was shown in the Fig. 19.4.
Meena et al. (2009) gave the reason of decrease in oxidation is that at higher
concentration, there will be stiff competition among the reactant molecules for
attachment to active sites on the catalyst surface resulting in decrease in the rate
of degradation [12].
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Fig. 20.4: Effects of Dye Concentration on Oxidation of Rhodamine B with ZnO
Catalysts (Z, Z1, Z2 and Z3; 2.5 g/L) at Room Temperature (303K)

Effects of pH on Dye Oxidation

Dye oxidation was carried out over the pH range of 2.0 to 12.0 to find out
if the pH had any influence on the oxidation reaction. Only two sets of catalysts
were used the raw metal oxides and 1.00 N acid treated metal oxides and in both
the cases, Rhodamine B of concentration 10.0 mg/L was taken and the reaction
time was uniform 5 h. The trends in the dye oxidation with increasing pH were
similar for both the catalysts and it was generally observed that in basic medium,
the dye show maximum oxidation. The % oxidation with raw ZnO (Z) were 27.3
and 38.7 % at pH 2.0 and 12.0 respectively and 55.7 and 69.5 % with 1.0 N acid
treated ZnO (Z3) at pH 2.0 and 12.0 respectively. The results of oxidation are
shown in Fig. 20.5. With the increase of pH, the catalyst surface will have OH’
jons on it that will facilitate adsorption of the dye cations on the surface and
subsequent conversion to simpler molecules. Li et al. (2006) suggested that increase
in oxidation was obviously favoured by the presence of hydroxyl radicals in the
basic medium [13].
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Fig. 20.5: Oxidation of Rhodamine B (10.0 mg/L) with 2.5 g/L of Z and Z3 at
different pH under Room Temperature and Atmospheric Pressure (time 5 h)

Effects of Temperature

The catalytic efficiency of ZnO catalysts for Rhodamine B (10 mg/L)
oxidation increased when the reaction temperature was raised from 298 — 313 K.
It was observed that the % oxidation increased with increase the temperature of
the medium. The increase in % oxidation are 25.4 — 35.9 % for raw ZnO (Z),
41.3 51.7 % for 0.5 N acid treated ZnO (Z1), 56.2 — 65.3 % for 0.75 N acid
treated ZnO (Z2) and 59.1 — 67.8 % for 1.0 N acid treated ZnO (Z3). There was
almost a linear increase in the dye oxidation capacity with temperature for ZnO
catalysts as shown in Fig. 20.6. With increase in temperature, the mobility of the
dye molecules increases which resulted in the increase of oxidation of the dye.
Yuan et. al. (2011) have found a similar results of reaction temperature in the
oxidation of Safranin T using metal oxide (macroporous ZnO/MoO,/Si0,) hybrid
catalyst in the temperature range of 293- 308 K [14].
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Fig. 20.6: Effects of reaction temperature on Rhodamine B oxidation (dye
10.0 mg/L, Z, Z1, Z2 and Z3 catalysts 2.5 g/L, pH as prepared (6.7), pressure 1
atm, time 5 h)
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Conclusions

From the above discussion, it was concluded that acid treated ZnO could
act as a good catalyst than that of untreated ZnO. 1.0N acid treated ZnO is more
active than other catalysts. As the oxidation of the dye showed a high degradation,
so this is very useful study for degradation of dye in aqueous medium under
normal temperature. As the color of the dye became less intense after oxidation,
so, it was less harmful than the original one.
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Effect of Root Extract of Clitoria Ternatea on
Some Biochemical Parameters in
Ovariectomised Mice
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Abstract

Use of plant for curing various ailments is as old as human civilization. In recent
times, emphasis on plant research has increased and collection as well as evaluation
of the traditional use of plants as medicine gets prime importance in the present
day scenario. Clitoria ternatea is a vigorous, strongly persistent, herbaceous
perennial legume. Almost all parts of this plant are reported to have medicinal
properties. The root of the plant is reported to have anti-diarrheal, Anti-histamic,
anti-diabetic, cholinergic activity etc. Traditionally the root has been using for the
treatment of many diseases like leucorrhoea, diarrhea, urinary problems, diuretic,
impotency, infertility stomach trouble etc. The present work was designed to
estimate some biochemical parameters of uterus of ovariectomised mice after
treatment with Clitoria ternatea root extract. Adult female mice were used in this
study. Mice were subjected to bilateral ovariectomy and treated with methanol
root extract for 7 consecutive days. Biochemical estimation of uterine protein,
glycogen and serum cholesterol were done using standard protocols. Results
showed increased level of uterine protein, no change in uterine glycogen and
decreased level of serum cholesterol. It was concluded that root extract of Clitoria
ternatea may have some estrogenic property.

Key words: Plant Based Drugs, Ovariectomised Mice, Clitoria ternatea Linn.
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Introduction

Evidences of the use of plants for medicinal purposes date as far back as
60,000 years ago in both western and eastern cultures; in both developed and
undeveloped countries [1). WHO defines traditional medicine as: “The health
practices, approaches, knowledge and beliefs incorporating plant, animal and
mineral-based medicines, spiritual therapies, manual techn iques and exercises,
applied singularly or in combination to treat, diagnose and prevent illnesses or
maintain well being” (WHO, 2008){2]. Almost all developing countries rely on
traditional medicine for curing primary health disorders. In India also traditional
medicine is being practiced by different traditional medicine men and also by
household women. These practices are the inherited ones and have no scientific
documentations because most of these medicine men do not have formal training
on this kind of practice. The present investigation was carried out on a plant
namely Clitoria ternatea L commonly known as Aparajita. This plant belongs to
the genus Clitoria of family Fabaceae which comprises 60 species distributed
mostly within the tropical belt with a few species found in temperate areas [3].
The plant C. fernatea L. is a strongly persistent, herbaceous perennial legume
having twining fine stems. This plant is a very well-known Ayurvedic medicine
used for different ailments, which has been investigated scientifically in considerable
detail. Traditional use of the plant has been reported on skin diseases, worm
Infestation, retro auricular adenitis, tonsillitis, migraine, appetizer vermicide, gout,
habitual abortion, promote inteilect, burning sensation in vagina and infertility.
Many workers have been reported medicinal values of the plant scientifically.
Some of these include anti-helmintic[4], anti hyperglycemic[5], anti-inflammatory
[6], anti-diarrhoeal [ 7], anti-oxidant[8], hepatoprotective [9], immunomodulatory
[10] etc.

This plant has been using for the treatment of gynecological disorders by
the traditional healers of Barpeta district of Assam. In this area three flower
colour varieties of the plant is available. In our study roots of blue flower variety
was used which has been using against infertility in this area. For normal
reproduction it is essential to have normal estrogen level. There is a wide variety
of natural or chemical components exhibiting estrogenic activity. The natu-ral
estrogens include ovarian estrogenic steroids and phytoestrogens. Extensive
research has made to identify the types of phytoestrogeng. Kenpeth Setchell,
began studying phytoestrogens in the early 1980s. Different m\'/estlgators worked
differently to investigate the actions of phytoestrogens on aglmals'. Kaldas and
Hudges (1989) [11], found that, there is a marked 1pcreased in \A{elght of uterus
relative to body weight. Equol is the main estrogenic compound in the blood of
sheep grazing Sub-terranean clover. In immature Fhree W§ek old female rgts Smi
equol injected sub-cutaneously increased uterine weight [12]. A variety o
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phytoestrogens have been identified which bind to the estrogen receptor, and
these could induce estrogen actions [13]. Estrogenic activity of many plants and
chemicals has been evaluated on rodent. Rodent uterotropic assay is one of the
best experiments to investigate estrogenic potency. As the plant under investigation
has been using against gynecological disorders and estrogen is necessary for the
treatment of such disorders, the present study was designed to investigate the
estrogenic effect of the plant on ovariectomised mice.

Materials and Methods
Plant Sample Collection and ldentification

The present study was designed to investigate the effect of roots of Clitoria
ternatea L. on ovariectomised mice. For this roots were collected from local
household gardens and washed properly and dried in shed to make powered
form in a mechanical grinder. For scientific identification of the plant, whole
plant was collected, prepared herbarium and submitted in the department of
Botany, Gauhati University, Assam and a voucher no -09193 was collected
against the submitted herbarium for future references.

»

Preparation of Methanol Root Extract

Powdered root was run in a Sohxlet apparatus for 18 hrs continuously in
methanol. Methanol was then evaporated in a rotary evaporator and the extract
was collected in the form of a paste and used in the present study.

Animals and Animal Procedures

To investigate the effect of the plant, rodent uterotrophic assay was carried
out in adult ovariectomised female mice [14,15]. For this adult female mice (C3H)
weighing approx 25g showing normal estrus cycle were selected. They were
acclimatized for 10 days with same food and water. Then they were subjected to
bilateral ovariectomy under ketamine-xylazine (1:2) anesthesia. Ovarictomised
mice were kept under constant observation for at least 14 days. Then they were
divided into four groups viz. control, positive control, test-1 and test-2 each
group having S animals. Control group received normal saline, positive control
group received 1pg/kg body weight of synthetic estradiol, test1 and test-2 received
200 and 400mg root extract per kg body weight of each mouse for 7 consecutive
days. All the treatments were done through oral route except the positive control
group, where estradiol was injected subcutaneously. On day 8™ all the mice were
sacrificed and blood and intact uterus were collected for the biochemical tests.
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Biochemical tests

Uterine protein and glycogen were estimated following the method of Lowry
et al, 1951[16] and Seifter et al., 1950 [17] respectively. For this uteri were
removed from each mouse after sacrifice. The uteri were divided into two parts
and one part was used to estimate protein and other part was used to estimate
glycogen level. Blood was collected from heart by routine procedure. Serum was
collected from blood to estimate serum cholesterol. Serum cholesterol was
estimated with in-vitro diagnostic kit of Crest Bio-systems by CHOD/PAP method.

Results and Discussions
Effect on Uterine Protein Content

Analysis of uterine protein content revealed increase in the level of uterine
protein in all the treatment groups. Of all the treated animals, animals exposed to
Estradiol exhibited maximum increase (67.5 £ 3.75 mg/g tissue) in uterine protein
content, while the control group exhibited lowest amount of (26.5 £ 2.45 mg/g).
In the animals treated with root extract, uterine protein content was increased
with increasing concentration of the extract. Uterine protein was recorded as
33.44 + 2.84 mg and 40.2 = 2.97 mg/g tissue respectively for 200 mg and 400
mg of root extract. Data presented here are the average of all the animals in a
particular group with standard error. Data were tested with student’s t-test and
each group of the treatment was compared with the control group. The increase
in the uterine protein was statistically significant in all the experimental groups in
different significant levels (Fig. 21.1).
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Fig. 21.1: Effect of root extract on Uterine Protein content (mg/g) of adult
ovariectomized mice. Here **P<0.01 and #%%P<(,001, by comparing with the
control group with Student t-test
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Synthesis of protein was reported to be stimulated by estradiol [18,19].
Plants having estrogenic potency have beenreported to increase the uterine protein
in ovariectomized mice. Methanol extract of Careya arborea Roxb., roots when
administered to adult ovariectomized mice for 14 days increased the uterine protein
level [20]. Hexane extract of whole plant of Ferula jaeschkenana when
administered to adult ovariectomized rats for 7 days significantly increased the
uterine protein content [21]. Therefore, increase in total uterine protein content
firmly established that the root extract has estrogenic activity.

Effect on Serum Cholesterol Level

Fig. 21.2 shows the changes in serum cholesterol level in the treated
ovariectomized mice. There was decrease in the serum cholesterol level in all the
experimental groups when compared to control. The serum cholesterol level was
found 167.7 = 6.73 mg/dl in control, 122.5 + 5.67 mg/dl in Estradiol treated
group, 167.1 + 6.2 mg/dl in test-1 and 144.2 = 5.58 mg/dl in test-2 group. It was
found that the level of cholesterol decreased in all the treatment groups when
compared to the control. This decrease was statistically analyzed using student
t-test and found that, there was no significant difference in the serum cholesterol
level between control and test-1 group. On the other hand, there was significant
decrease of serum cholesterol level in the Estradiol and test-2 groups at *p<0.001.
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Fig. 21.2: Changes in the Serum Cholesterol level after treatment with root extract
on adult ovariectomized mice (mg/dl) for 7 consecutive days. Data are expressed as
Mean + SEM, (n=5). Significance test was done by using Student t-test where ***P<
0.001 and no asterisk denotes non- significant

Carrol & Kurowska, 1995 [22] and Sirtori et al., 1995 [23] have reported
lower level of total blood cholesterol after consumption of soy products in both
animals and humans. As the present study reveals almost same results as with
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other workers who reported the estrogenic property of plant with the reduction
of serum cholesterol level, it can be established that the root extract of the selected
plant in the present investigation may have estrogenic activity.

Effect on Uterine Glycogen Content

Results of effect of root extract on uterus of ovariectomised mice are shown
in the Fig. 21.3. There was no significant change in uterine glycogen content in the
experimental animals. Control group showed 3.96 + 0.22 mg, estradiol treated
group showed 0.93 + 0.02 mg, test-1group showed 3.35 £ 0.22 mg and test-2
group showed 3.22 + 0.22 mg per gram tissue of uterus. Data were analyzed
statistically and found no significant difference in control and extract treated groups.

& oantrn

& positive control
drest 1l

Bpsr-d

Fig. 21.3: Effect of Root Extract on Uterine Glycogen of Ovariectomised Mice

Reduction in the uterine glycogen content suggested the possibility of actiYe
glycogenolysis [24]. In a study, Reddy et al. (1993) reported that glycogen- in
muscle tissues of Channa punctatus reduced when they §xposed to phenol Yvhwh
Is an estrogenic compound . In the present investigation there was a visible
reduction in the uterine glycogen content in positive control group. While there
was reduction in uterine glycogen in the root extract treated groups When compqred
to control but it was not a significant reduction. This result indicated possible
estrogenic activity of the root extract but it may have much lowe.r pqtency than
estradiol which was used as positive control in the present investigation.

Conclusions |
The present investigation revealed increased level of uterine protein, decreased
serum cholesterol but no change in uterine glycogen content. It can be.concluded
from this study that the plant under study may have'some estrogekrluc ptozen?sz
which is helpful in the treatment of gynecological dlSOI‘dCI‘S..Fl'lI’t f:r s 1; dyin-
necessary to investigate the estrogenic effect of the plant both in in-vivo a

vitro methods.
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Characterization of Xylanase from
Trichoderma longibrachiatum

Lashngain R. Kharkongor
P.K. Ambasht

Abstract

Xylanase (EC 3.2.1.8 Endo-$-1, 4-D-xylanase) catalyzes the hydrolysis of xylan to
its reducing sugar residues and has wide industrial applications. In the present
study, commercially available Trichoderma longibrachiatum xylanase (specific
activity 440.8 Umg™) and beechwood xylan were used. The optimal pH was 6.0.
The optimal temperature was 55 °C. The enzyme still had more than 90 % activity
at 60 °C, but drops down to less than 25 % at 70 °C. The energy of activation
determined from Arrhenius plot was 42.85 kJ mol'. When the enzyme was incubated
at 50, 55 and 60 °C for 10 min retained 97.0, 67.0 and 17.0 % residual activities,
respectively. From the Lineweaver Burk plot, the values of K andV_were2.0
mg mL" and 1000 umol min"'mg", respectively.

Keywords: Xylanase, Xylan, Activation energy

Introduction

Xylan, which comprises 20-35 % by weight of wood and agricultural wastes,
is the major component of the hemicellulose portion of plant cells. Xylan therefore
represents a significant resource of renewable biomass which can be utilized as
a substrate for the preparation of many useful products such as fuels, solvents,
and chemicals. Endo- 8-1,4-xylanase (1,4-B-D-xylan xylanohydrolase, EC 3.2.1.8)
due to their high specificity hydrolyzed -1, 4-glycosidic lingkages present in
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xylan and hence, is a crucial enzyme component of microbial xylanolytic system
[1, 2]. In recent years, many kinds of xylanases have been isolated from various
microorganisms including bacteria, actinomyces, fungi and yeast [3,4,5,6].
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Scheme 1: Applications of Xylanase.

Xylanase has potential application in industrial processes [7.8.9]. Xylo-
oligosaccharides have stimulatory effects on the selective growth of human
intestinal Bifdiobacteria and are frequently defined as probiotics [10]. Many
microorganisms are known to produce different types of xylanases. Among
them, the fungi Trichoderma; a saprophyte, which belongs to ascomycetes is a
good source of cellulose and xylan hydrolyzing enzymes [11]. Xylanase from
Trichoderma longibrachiatum is commercially available and in the present paper,
we describe its characterization with respect to kinetic properties. The results
will be useful for its future industrial applications. There are reports on xylanase
purification and production from 7. longibrachiatum [12,13,14].

Materials and Methods

Xylan from Beechwood and endo-f-1,4-xylanase (Tl;‘l'choderma
longibrachiatum) were from Sigma Aldrich, USA. All other chermcgls were .of
AR grade procured from SRL, HiMedia Laboratories, Sd Fine chemicals, India.
All solutions were prepared in de-ionized water from Milli-Q system (Millipore,
USA).

Xylanase Activity Assay and Protein Quantification

Xylanase activity was assayed according to Bailey et. al. A[15]. A0.2% (w/
V) xylan solution was prepared in 0.05 M sodi'ufn acetate ‘buu§r, pH 6.0. DNS
reagent was prepared by transferring 50g 3,5-dinitrosalicylic acid, 0.25 g sodium
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sulphite, 100 g potassium sodium tartarate, 5.0 g NaOH and 1.0 g phenol in a
beaker and raising the final volume to 500 mL with de-ionized water. The 2.0 mL
assay mixture contained 1.8 mL xylan solution maintained at 55 °C and the reaction
was initiated by addition of an aliquot (0.2 mL) of suitably diluted xylanase. After
an incubation of 5 min, the reaction was stopped by addition of 3.0 mL
dinitrosalicylic acid (DNS) reagent and was kept in  boiling water bath for 5 min.
Tubes were brought to room temperature and absorbance was recorded at 540
nm using Varian 50 Spectrophotometer. The amount of reducing sugar liberated
was determined according to Miller [16] using xylose as standard. One unit (U)
of xylanase activity was expressed as amount of enzyme responsible for release
of 1umol of reducing sugar (xylose equivalent) in 1 min.

Protein was quantified using BSA as a standard, according to Bradford [17].

Spectral Characterization

The spectrum of xylanase was recorded in the ultraviolet region using Varian
50 spectrophotometer. The fluorescence spectrum of enzyme was recorded in
Varian Cary Eclipse fluorescence spectrophotometer. The excitation wavelength
was 293 nm and emission was between 300 to 380 nm.

Kinetic Characterization

The rate of xylanase catalyzed reaction was studicd by varying the pH using
different buffers (50 mM sodium acetate buffer, pH 4.0-6.5; S0 mM Tris-HCl
buffer, pH 7.0) at enzyme saturating concentrations of xylan. From the data, a
plot of rate of reaction versus pH was made.

The rate of xylanase catalyzed reaction was studied by varying the
concentration of xylan (0.36 mg to 2.16 mg). A stock solution of 1% xylan was
prepared in assay buffer and was used. From this data, Lineweaver Burk plot (1/
v versus 1/ [Xylan]) was made to determine value of Michaelis constant (K ) and
v

.

The effect of variation of temperature on xylanase catalyzed reaction was
studied in the range of 35 to 70 °C at pH 6.0 using assay buffer. From the data,
a plot of rate versus temperature was made to determine optimum temperature.
Further, the data was used to make Arrhenius plot for the determination of energy
of activation.

Thermal denaturation of xylanase was carried out at 50, 55 and 60 °C. The
enzyme solutions were maintained at a particular temperature, in different tubes.
Enzyme aliquots were withdrawn at different time intervals, chilled in ice and
activity was assayed. The value of percent residual activity was computed and
suitable plots were made to analyze results.
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Results and Discussion
Xylanase Assay

The xylanase activity was assayed in the present study according to Bailey
et. al. [15], which is quite recent method. There are some reports where the
reducing sugar content was determined according to Somogyi [18] and Royer
and Nakas [12]. Further, in the present study, beechwood xylan was used as
was done by Ding et. al. [19[ and Ai et. al. [20]. In other reports, source of
xylan was different like larch [12], birchwood [20, 217, cat spelt [20], corn-cob
[19], cotton husk-seed [19].

Spectral Characterization
The results of ultraviolet and fluorescence spectrum are shown in Fig. 22.1

and 22.2, respectively.
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Fig. 22.1: Ultraviolet Spectrum of Xylanase

In the ultra-violet spectrum, the enzyme showed maximum absorbance at
280 nm. The absorbance A, ratio was 1.45. It suggests that the enzyme was
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Fig. 22.2: Fluorescence Spectrum of Xylanase with Excitation
Wavelength at 293 nm
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free from nucleotides. The emission maximum in the fluorescence spectrum
was observed at 340 nm. The results suggest that Trp residues are there on the
surface of enzyme. There are however, no other reports on spectral
characterization of xylanase from 7. longibrachiatum.

Kinetic Characterization

The results of the effect of pH on xylanase catalyzed reaction are shown in
Fig. 22.3. Xylanase was stable in the pH range 4.5 to 7.0. The enzyme was quite
active at pH 5.5 (94 %), but the optimum pH was 6.0. The optimum pH of the T
longibrachiatum xylanase is close to some other microbial xylanases [20-24].
The enzyme activity dropped thereafter but at pH 6.5 more than 80 % activity
was retained. There is a report in which the pH optimum was not sharp and was
between pH 5.0 and 6.0 [13].
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Fig. 22.3: The Effect of pH on Xylanase Catalyzed Reaction Rate

Lineweaver Burk plot of the data of effect of xylan concentration variation
on rate of xylanase catalyzed reaction is shown in Fig. 22.4. The value of K was
found to be 2 mg mL"". The values of K_ are close to Madakbas et. al. [25] or
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Fig. 22.4: Lineweaver Burk plot on Xylanase Catalyzed Reaction
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lower {22] in comparison to some other microbial xylanases. The K _value was
on a higher side (10.14 mg mL"') with oat spelt xylan [13]. In one case, Hanes
plot was used for determination of K [12]. The lower value of X_ indicates that
xylanase has stronger affinity for xylan. The value of V . in the present study
was 1000 pmol min'mg" protein which is higher than earlier report [12].

The results of effect of temperature on xylanase catalyzed reaction rate are
shown in Fig. 22.5. The optimum temperature for xylanase was 55 °C. The
enzyme was active at 50 and 60 °C with 90.5 and 91.3 % activity. The activity
dropped beyond 60 °C and at 65 °C, only 55 % activity was retained. Variation in
optimum temperature has been observed among microbial xylanases like 45 °C
[13], 50 °C [21,22,25], 60 °C [20], 75 °C [23], 90 °C [24]. The Arrhenius plot
for the data is shown in Fig. 22.6. The energy of activation was determined to be
10.3 keal mol” (42.85 kI mol”). A very high value of activation energy (150.1
kJ) was reported in xylanase from Melanocarpus albomyces [26].
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Fig. 22.5: Effect of Temperature on Xylanase Catalyzed Reaction Rate
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The results of thermal denaturation of xylanase are shown in Fig. 22.7 and
Fig. 22.8. Single exponential decay was observed at 50 °C. The result suggests
that the loss in activity follows first order kinetics. The enzyme was very active
with more than 65 % activity after 4 h. The result of thermal denaturation at the
sub-optimal temperature (50 °C) is in coherence with effect of temperature on
xylanase activity (94 % activity). The result of thermal denaturation at 55 °C
(optimal temperature) was quite different. The enzyme lost more than 50 %
activity after 20 min when kept at 55 °C. The t , was 15 min with k.

0.0413 min™'. More than 90 % xylanase activity was lost when the enzyme was
subjected to thermal denaturation at 60 °C after 20 min.
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Fig. 22.7: Thermal Denaturation of Xylanase at 50 °C
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Fig. 22.8: Thermal Denaturation of Xylanasc at 55 °C
Conclusion

The above characteristic study of Xylanase from T, longibrachiatum showed
promising propertics which can be applicd for mass production of
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xylooligosaccharide as well as its application in animal feed. It can be also
immobilized by using different matrices to improve its physio-chemical properties.
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Chirang District of Assam
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Abstract

Ground water is the main source of drinking water in Chirang. A total of 14 different
groundwater (well water) samples were collected from different stations. From the
laboratory analysis of these samples it was found that iron (Fe) concentration was
highest in the region compared to other trace metals ;while the metals like Cd, Cr,
Cu, Mn, Ni, Pb and Zn were found to be within the WHO desirable drinking water
limit. The water pH was found to be in the neutral range (5.6-6.4). Electrical
conductance was seen in the range of 0.20-0.35mS/cm . The highest TDS
concentration was found to be 243 mg/L. Fluoride was seen to be within the desirable

limit (WHO 201 1 is 1.5 mg/L).
Keywords: Chirang, Concentration, Desirable, Drinking, Groundwater.

Introduction

Groundwater resources are of major concern and vital to the development
of a country. Intensive urbanisation and agricultufa.l development has created
high demand on groundwater resources. The composition of grguqdwater depgnds
not only on natural factors such as composition of precipitation, geological
structure and mineralogy of the watersheds and aqul‘fers, geological processes
within the aquifer, but also on human activities, which can alter these fraglle
groundwater system, either by polluting them or by changing thf hydrological
cycle [1]. Some of these are used for drinking water, and about 80% of the water
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is used for irrigation. The agricultural production that is based essentially on
flood irrigation and potential application of fertilizer to improve the soils has
permanently increased the risk of water scarcity and groundwater quality
deterioration [2]. But the groundwater today is facing serious problem due to addition
of fertilizers and pesticides for improvement of agricultural production [3].

The toxic heavy metals enter into the environment through improper disposal
of used lead accumulators, corrosion of household plumbing systems, corrosion
of galvanized pipes, runoft from waste batteries, and paint effluents. In particular,
Hg and Pb interfere with the central nervous system [4].

Materials and Methods
Study Area and Sampling Procedure

A total of 14 groundwater (ring well) samples were collected from the
agricultural areas of Chirang. The sampling was done in the month of April 2014.
Geographical locations were recorded with the help of GPS (Geographical
Positioning System) in each of the sampling locations for easy identification.
Random daytime sampling or 30-minute stagnation samples were taken in order
to provide reasonably representative results. Samples were collected in pre-cleaned
polyethylene containers. These containers were pre-cleaned by soaking in a
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solution of 10 % nitric acid and rinsed with lab water. The water samples were
collected randomly. A total of 14 well water samples are collected and numbered
serially from GW1 to GW14 (Table 23.1).

Sample Preservation

In order to prevent adsorption losses, samples for the analysis of total arsenic
were preserved by acidification to pH < 2. For As measurement, hydrochloric
acid is the choice for sample preservation prior to analysis and ISO 11969:1996
(HGAAS technique) prescribes the addition of 20 ml of 50 % hydrochloric acid
to each litre of water sample.

Filtration of Water Samples

Environmental water samples contain significant amounts of suspended
matter. For this reason all water samples after collection are filtered through a
0.45 pum membrane filter as soon as possible and prior to acid preservation. This
is basically done for the determination of dissolved metals.

Methodology

All the water quality parameters are determined according to standard
procedures laid down by American Public Health Association (APHA). Arsenic is
determined with atomic absorption spectrometry (AAS) with a hydride generator
system (HGAAS) for atomization. Other trace metals are determined with flame
AAS (PerkinElmer Analyst 220).

Table 23.1: GPS Record of the Sampling Locations

SLNO VILLAGES COORDINATES HEIGHT
LATITUDE LONGITUDE (m)
D M S D M S
GW1 Anthaibari 2p 3 244 090p 20 037 &
GW2 Salbari 26p| 36 165 090p 27 491 80
GW3 Banduguri 6p 37 440 09%p 28 264 79
GW4 Kumguri26p { 39 227 090p 28 193 86
GW5 Kanipur 26p [ 39 398 09p 28 560 85
GW6 Dugapwr | 2%6p 38 558 09p 28  461f &
Gw7 Ranipur 26p | 39 ~ 464 090p 25 482 8
GW8 Bhurtiniali p 3 541 090p 24  190| 106
GW9 Deulgui 26p | 39 054 090p 27 59.1 105
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GW10 Dohlapara 26p 38 132 090p 28 534 ] 83
GW1N1 Nwiwbari 26p 37 442 000 29 179 89
GW12 2noAmguri | 26p 36 085 03%0p 29 333 9%
GW13 Sumliguri 26p 37 533 090p 29 023] 95
GW14 Bengtol 26p | 38 257 00p 28 329 120

Results and Discussion

The pH of the groundwater samples was found to be ranging from 5.60 —
6.44 (well water) and with mean of 6.1. While, the WHO guideline concentration
of pH in drinking water is 7-8.5 [5]. Therefore the pH was found to be within the
desirable limit. The electrical conductivity ranges from 0.02-0.35 mS/cm . TDS
is the concentrations of all dissolved minerals in water indicate the general nature
of salinity of water [6]. The TDS in the region was found to be below 500 mg/L.
Bicarbonate concentration ranges from 16.7- 133.3mg/L. The dissolution of gases
and minerals, particularly CO, and CO, compounds in the atmosphere and in the
unsaturated zone during precipitation and infiltration, would impart the observed
HCO, water type. Further, feldspar is among the major minerals present in the
region and kaolinization of K-feldspar and consequent production of bicarbonate
ions can also be explained by this factor. The geo-chemical reaction may be
expressed as:

2K-Feldspar + 2CO, + 11H,0 — Kaolinite + 2K* + 2HCO,” + 2H,SiO, [7]

Excess concentration of Cl in drinking water gives a salty taste and has a
laxative effect in people not accustomed to it [8]. Chloride in the well water
ranges from 7.1 mg/l to 36.9 mg/l. High level of sulphate in groundwater causes
gastrointestinal irritation. 250mg/L is the WHO limit for drinking water [9] Sulphate
concentration ranges from 10.1mg/L to 69.3 mg/L. The occurrence of nitrate in
groundwater is an anthropogenic pollutant contributed by nitrogenous fertilizers,
industrial effluents, human and animal wastes through biochemical activity [10].
Nitrate in the well water ranges from 2.62 mg/l to 49.21 mg/l. The presence of
vast paddy cultivation in the study area suggest that agricultural runoff is the
probable source for this concentration. Easy solubility is also responsible for
phosphates finding their way into water from animal waste, runoff from agricultural
land due to fertilizer use, and detergent-filled domestic wastewater [11] The
phosphate concentration ranges from 2.51 mg/L to 5.02 mg/L (ring well).

The fluoride concentration in the region was within the WHO 2011 desirable
limit (1.5 mg/L). Worldwide statistical evidence shows that the people affected
by excessive fluoride concentration were found to be much more than that
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affected by excessive arsenic. People exposed to very high amount of fluoride
are affected with dental and/or skeletal fluorosis, which can lead to debilitating
paralysis [12].

The mean Ca and Mg concentration in the region are 17.6 mg/L and 2.8mg/
L respectively. High concentrations of Ca and Mg in the water are attributed to )
the weathering of crystalline dolomitic limestones and Ca-Mg silicates (amphiboles,
pyroxenes, olivine, biotite and others) [13]. The World Health Organisation (2004)
has identified that water with a hardness of 200 mg/L or higher (measured as
calcium carbonate) will produce scale and soft water with a value of 100 mg/L
(as calcium carbonate) or less will have a low buffering capacity and be more
corrosive to pipes [14]. It is found the total hardness of all the samples are below
100 mg/L. Potassium in groundwater is mostly due to weathering of orthoclase
and microcline. Potassium is found to be in lesser amount than Na in groundwater,
this is because K-minerals have higher resistance to weathering[15]. The sodium
was found to be 0.7-30 mg/L and potassium was 0.1-24.3 mg/L.

Fe and Mn both are essential constituents of plant and animal metabolism.
The Iron is present in the environment due to human activities. Industrial wastes
and mine drainage waters are two common anthropogenic sources of iron. The
ground water containing iron at concentration greater than 2 mg/l cause straining
of clothes and plumbing fixtures and impart bad taste and colour to water [16].
The Fe concentration ranges from 6.09 mg/L to 27.56 mg/L (above the desirable
limit). While the Mn was mostly within the desirable limit (WHO 2011 is 0.4 mg/
L). The metals like Cd, Cr, Cu, Ni and Pb were found to be within the WHO 2011
desirable limit of drinking water standard. Zn in the ring-well was 0.111-0.277
mg/L. Since Zn is required for physiological processes in both pl.ant and animals,
WHO has not given any guideline value. But even though excessive amount of Zn
can be harmful.

Table 23.2: Ranges of Analytical Data of the Grouadwater (ring wells)
Samples

Sitts pH EC TDS Na= K HCO; CI SOf NO; PO} F
mSfem mg/l mglL mg/L mglL mg/L mglL mg/L mglL mg/L
GW1 57 0070 630 2020 010 167 142 287 26 27  BOL
GW2 57 0350 430 2070 2070 333 369 536 123 28 0.8
GAM3 61 0100 530 670 310 333 199 101 145 26 12
GW4 64 0130 930 2300 810 830 199 340 66 50 09
GW5 61 0050 200 2420 020 250 85 1.2 60 35 06
ON6 61 0000 930 460 140 167 128 416 272 28 14
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GW7 60 0020 360 2590 080 333 85 234 56 28 0.7
GW8 56 0.080 103.0 16.80 0.10 167 85 318 492 35 0.4
GWwo 63 0140 90 070 020 1333 156 37.7 95 26 1.2
GW10 6.4 0030 660 2890 2430167 85 357 32 26 1.3
GW11 63 0140 260 290 1740490 142 693 251 34 1.1
GW12 6.2 0310 139.0 2410 18.70 133.3 256 566 34 25 14
GW13 59 0050 90 1370 2240333 71 353 93 38 0.9
GW14 6.0 0350 243.0 30.00 1530 50.0 341 360 95 33 0.6
MIN 56 0020 90 070 010 167 71 101 26 25 BDL
MAX 64 0350 243.0 30.00 24.30 133.3 36.9 69.3 492 50 1.4
MEAN 61 0136 710 1796 949 481 167 361 131 3.1 0.9
STDEV 03 0115 621 1046 971 403 96 162 128 07 0.4

Table 23.3: Concentration of Metals {mg/L) in Groundwater (ring well)

Samples

Sites  Cd Cr Cu Fe Mn Ni Po  Zn Ca Mg
GWt 001 BDL 001 108 031 003 BDL 017 BDL BDL
GW2 BDL BDL 000 1229 0415 002 BDL 011 353 39
GW3 001 BDL 003 1273 043 007 BDL 028 128 29
GW4 000 BDL 001 745 006 007 BDL 024 241 49
GW5 BDL BDL 000 814 012 004 BDL 016 160 39
Gweé BDL BDL 001 1390 002 010 BDL 014 160 20
GW7 BDL BDL 001 894 075 002 BDL 022 BDL BDL
GW8 BDL 007 000 2756 056 013 BDL 020 144 BDL
GW9 BDL 013 000 609 BDL BDL BDL 018 160 20
GW10 BDL 026 000 775 BDL BDL BDL 012 241 49
GW1t BDL BDL 005 1722 BDL 002 BDL 017 192 20
Gw12 BDL BDL 002 1526 BDL 006 BDL 020 401 78
GW13 BDL BDL 000 68 001 005 BDL 020 128 BDL
GW14 BDL BDL 001 1113 BDL 001 BDL 013 321 49
MIN  BDL BDL 000 609 BDL BDL BDL 011 BDL BDL
MAX 00t 026 005 2756 075 013 BDL 028 401 78
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MEAN 000 003 001 1184 015 004 000 018 176 28
STDEV 000 008 001 564 023 004 000 005 117 24
WHO 003 005 200 030 040 007 001 —

(2011) |

Conclusion

The pH was seen to be in the neutral range. Fluoride contamination is not

seen and the groundwater in the region is soft. From the study of the area it was
found that Mn, Cd, Cr, Cu, Ni and Pb are within the permissible limit. While very
high concentration of Fe was found (mean11.84 mg/L)Nitrate and phosphate is
high since it is basically an agricuitural area.
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Role of Selenium Dioxide as a Reagent in
Organic Chemistry

Badaker M, Laloo

Abstract

Selenium is used as a catalyst for many organic reactions. Selenium dioxide
finds vast utility in industrial and laboratory syntheses, especially in
organoselenium chemistry. Selenium and its compounds have found wide
commercial use in catalytic liquid phase oxidations and isomerisation of
unsaturated oils. In many reactions particularly liquid phase reactions,
elemental selenium or its compounds such as the dioxide, halides, or metal
selenides may be used directly in unsupported form. Selenium is also used as
a dietary supplement and has been found to be beneficial for treating a number
of human health problems such as Acquired immune Deficiency Syndrome
(AIDS), Alzheimer’s disease, arthritis, asthma, cancer, cardiovascular
diseases, pancreatic, reproduction, thyroid function and viral infections.
Organoselenium compounds have also proven to be attractive intermediates
in organic chemistry. They display high levels of selectivity and can be used
as ionic liquids in asymmetric synthesis.

Keywords: Selenium Dioxide, Glyoxals, Organoselenium Compounds

Introduction . . S
Selenium is used as a catalyst for many organic reactions, Selenium dioxide

finds vast utility in industrial and laboratory syntheses, especially in organ.oseleniu.m
chemistry. Selenium and its compounds have found wide com;nermal' use in
catalytic liquid phase oxidations and isomerisation of unsaturated oils. Their utility
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can be broadened due to several properties that these compounds exhibit. They
have been found to be resistant to poisons and their utility is enhanced by their
ease of application. In many reactions particularly liquid phase reactions, elemental
selenium or its compounds such as the dioxide, halides, or metal selenides may
be used directly in unsupported form. Elemental selenium or selenium dioxide
may also be vapourized into reactant gas streams as vapour phase catalysts. In
some cases, traces of selenium are used to promote solid silver, nickel, copper or
other catalysts.

Applications and Reactions

Selenium dioxide functions as a mild oxidizing agent over a wide temperature
range, and oxidations of organic compounds with this substance have been likened
to auto-oxidation or per-oxidation. While the reduction of selenium dioxide and
selenites to selenium by various organic compounds have been studied by
investigators before 1900, the specific oxidizing action of selenium was first
noted be Riley in 1930-1932. Riley discovered that selenium dioxide exhibits a
specific oxidizing action on methyl and methylene radicals adjacent to carbonyl
groups in aldehydes and ketones. Riley oxidation was used to prepare many
previously inaccessible glyoxals and a, B- diketones, and triketone derivatives
from aliphatic, alicyclic, aromatic, and terpene aldehydes and ketones. The ease
with which the oxidation products polymerize under normal conditions resulted
in very good yield of the products [1].

Riley Oxidation
Guillemonat proposed the path of selenium dioxide mediated olefin oxidation
based on a set of rules [2]:

1. The oxidation always occurs 4 to the most substituted end of the double
bond.

2. Whenever a double bond is in a ring, wherever possible, oxidation occurs
within the ring.

3. The order for preference of oxidation is C H> CH>CH.

Tsutsumi et. al. in 1968 performed the oxidation of styrenc with selenium
dioxide in presence of glacial acetic acid. The reaction was carried out at 150-
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160°C in an autoclave to produce styrene glycol diacetate in good yields. The
other products were phenyl glyoxal and styrene glycol monoacetate [3].

o R Sc0,+ AcOH o ~CH-CH,
{ - OOAC OAc

-
7~

1, 2-dicarbonyl compounds have also been synthesized by selenium dioxide
oxidation by microwave irradiation and was found to be greatly accelerated by
closed vessel microwave irradiation [4].

Under CVMW assisted selenium dioxide oxidation, 1-tetralones can be readily
converted to 1, 2-naphthoquinones. The reaction was carried out in the presence
of glacial acetic acid as solvent medium [5].

O 0O

X $e0s AcOH -0
} —~
== Microwave =

Besides metallic selenium, metal selenites and selenides are also used.
Selenides of antimony, cobalt, lead or silver are preferably used as these compounds
decompose at the reaction temperature to form metallic selenium,

Selenium is also used as a promoter of catalysts by merely adding it to the
reaction mixture. More often however, it is already directly incorporated into the
catalyst by co-precipitation. Silver catalysts containing selenium may be prepared
by co-precipitating silver carbonate and silver selenate and then reducing the
mixture to the catalyst sponge. Generally, supported catalysts containing elemental
selenium alone or in combination with other metals may be prepared from any
selenium compound that is converted to elemental selenium by heating or reduction.
The activity of catalysts incorporating this element will decrease in reactions
where selenium is lost from the composition on account of high volatility. In
such circumstances, the reaction feeds are passed over molten selenium.

In 2003, it was found that the global consumption of selenium was about
2000t/ year. Selenium and its compounds have found vast utility in industries
such as glass, chemical and pigments, electronics, metallurgy as well as other
uses. In glass manufacturing, selenium has been found to decolourize the green
tint caused by iron impurities present in glass containers and other soda-lime
silica glass. It is also used in art and other glass, such as that used in tra.fﬁc a
ruby red colour and in architectural plate glass, to reduce solar heat Fransrmssion
through the glass. More than one-half of the metallurgical selem_um is used as an
additive to cast iron, copper, lead and steel alloys. Small quantities of selenium
(0.02%) when added to low antimony lead alloys improves the casting and
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mechanical properties of the alloy. Agricultural industries also employ about 9%
of selenium market [6].

Selenium has been found to exhibit antioxidant and other curative properties
which have facilitated research for alleviating a number of health problems.
Selenium is also used as a dietary supplement and has been found to be beneficial
for treating a number of human health problems such as Acquired immune
Deficiency Syndrome (AIDS), Alzheimer’s disease, arthritis, asthma, cancer,
cardiovascular diseases, pancreatic, reproduction, thyroid function and viral
infections. Ongoing research on the role of selenium in reducing the risk of skin
cancer from prolonged exposure to ultra-violet light is underway.

Conclusion

Selenium and organoselenium compounds find increasing importance in
carrying out versatile synthetic transformations. Organoselenium compounds have
also proven to be attractive intermediates in organic chemistry. They display high
levels of selectivity and can be used as ionic liquids in asymmetric synthesis.
They exhibit fluorescent properties and are often linked to important biological
properties.
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Microwave Assisted Michael Addition of

Nitroalkane to Nitroolefin in Aqueous
Medium at Neutral pH

Porag Bora
Ghanashyam Bez

Abstract
An operationally simple method has been developed for the conjugate addition of
nitroalkanes to nitroolefin in aqueous phosphate buffer at pH 7.0 under microwave
irradiation without using any additional base. The reaction affords good yields of
1,3-dinitro adducts at 60°c.
Keywords: Base-free, Michael reaction, High Temperature, Microwave
Irradiation, Nitroolefin, Nitroalkane, Phosphate Buffer, pH 7.0.

Introduction

Michael addition which leads to the formation of 1,3-dinitro compounds is
one of the most important C”C bond forming reaction in organic synthesis. .1 ,3-
Dinitro compounds are versatile intermediates for a variety ot 1,3-diﬁmct10nahzed
molecules, heterocycles, carbohydrate derivatives and potentially active energetic
material [1]. Though, nitroolefins are widely used as Michael acceptors for the
C-C bond formation reactions, because of its high reactivity it is difficult to
control the addition of nitronate anion to nitroolefins and generates a mixture of
oligomerized product {2]. In continuation to our interesF [3] in the development
of green synthetic protocols we have developed an efficient method for Michael
addition of nitroalkane to nitroolefin in aqueous medium at neutral pH (Schemel).

The reaction affords very good yield within a short period of time.
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NG,
R X -NO, Ph b
O/\/ + CHsNO, osphate buffer X NO,
R/ Z pH 7, mw l P
R =H, CHz, OCHj,, R/
NO,, F, Cl, Br 80-95%
Scheme I

Since the pioneering experiments by Gedye et al. [4] and Giguere ef al. 5],
the use of microwave irradiation as an energy-efficient heat source for organic
reactions has seen widespread applications [6]. Microwave assisted reactions
often benefit from short reaction times, higher yields, and improved selectivities.
So, it is not surprising that microwave assisted reactions have been found
advantageous for conductive heating for accelerating chemical reactions [7].
Recently, we observed that the use of aqueous phosphate buffer can yield the
nitroalcohol from the reaction of aldehyde and nitroalkane without any trace of
nitroalkene side product [3]. Based on that observation we carried out a Michael
reaction of nitroalkane to nitro olefin at neutral pH at room temperature. But due
to prolong reaction time at room temperature development of an alternative
procedure was important. Given the fact that use of microwave irradiation is
known to reduce the reaction time drastically, we wanted to explore if the reaction
can be carried out at elevated temperature to reduce the reaction time. we report
here an extremely efficient method for the synthesis of nitroalcohols in aqueous
phosphate buffer under microwave irradiation at 60 °C.

Experimental

Buffer Tablet pH 7.0 (product no. 43155, batch no. 0198/Mfg/6385/81)
was purchased from S.D. Fine Chemicals Ltd., India. The reaction was carried
out in a CEM Discover benchmate microwave synthesizer at 60°C under closed
vessel conditions. Infra-red (IR) spectra were recorded on a Shimadzu IR-460
spectrometer. CEM Discovery Benchmate (operating frequency 2450 MHz) was
used to carry out the reactions under microwave irradiation. Nuclear Magnetic
Resonance (NMR) such as 'H NMR spectra were recorded at 400 and "C NMR
spectra at 100 and on Bruker AC-400 MHz using deuterochloroform (CDC,) as
solvent and tetramethylsilane (TMS) as internal standard.

Microwave synthesis of (1,3-dinitropropan-2-yl)benzenc as a chresentativc
Procedure: The aqueous phosphate buffer solution (pH 7.0, 0.5 mL) was added
to a microwave tube containing a mixture of trans-B-nitrostyrene (0.25mmol)
and nitromethane (15.25 mg, 0.75 mmol) and the tube was introduced into the
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microwave system (CEM-Discover) and initially irradiated at 150W and 60 °C
for 20 min. The reaction mixture was extracted with ethyl acetate (3x15 mL),
The solvent of the combined organic phases was dried with anhydrous sodium
sulfate, evaporated under reduced pressure, and the resulting reaction crude was

purified by column chromatography (ethyl acetate/hexane) to obtain the pure
product.

Results

We started our investigation by using the reaction between trans-B3-
nitrostyrene and nitromethane as a model reaction in phosphate buffer at pH 7,
applying only two equivalents of nitromethane. To start with, we carried out the
pilot reaction in aqueous phosphate buffer by vigorously stirring the mixture
under microwave irradiation for 30 minute in a closed vessel CEM Discovery
Benchmate microwave synthesizer at 100 °C. The starting nitroolefin were found
to be exhausted, but the isolated yield was 65% due to the formation of other
unidentified products. When the irradiation was carried out at 60 °C keeping
other parameters intact, the reaction completed within 30 min to give the product
in 82% isolated yield. By increasing the amount of nitromethane to 3 equivalents
of the aldehyde led to a further decrease in reaction time (20 min) for the pilot
reaction. But the reduction of temperature to 40 °C reduced the reaction yield to
68% in 0.5 h.

Table 25.1: Optimization of Reaction Condition

NGO,

hosphate buffer, pH 7.0 /Q/

oh N2 ¢ chNo, F e -~ h NO,
1a-
Entry Reaction Conditions* % Yield®

1 100 pC, 30 min 65
2 60 p C, 30 min 82
3 40 pC, 30 min 68
4 60 pC, 20 min 85¢

¢ 0.25mmol of trans-p-nitrostyrene, 0.5mmol of nitromethane

* isolated yields

¢(0.7Smmol of nitro methane used
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Table 25.2: Synthesis of 1,3-dinitropropanes® ®

_NO, NO, .

NO; _NO, _NO,
P | o, e A NOs e r&woz I/\\YLVNOZ
e pyloe e >
S /J\ /J c /[\ & g N ~F J\Noz
1a (85%) 16 ( 90%) 1c (82%) 1d (78%) 1e (30%)

NO, NO, _NO, NO, _NO,

-
PN g NO2

[ L
ON._ N0, e NO;, v NOz e AN NOy SNy
1 » I ! A
Z ON L H G F “OCH. H3CO S

3
1t (93%) 2 19 (85%) > An (81%) 1i (80%) 1] (84%)

“General reaction conditions: 60°C, phosphate buffer (0.5mL}, B-nitrostyrene

(0.25 mmol), nitroalkane (0.75 mmol)

Conclusion

In summary, we have developed a practical route for rapid synthesis of 1,3-

dinitropropanes by Michael reaction in aqueous phosphate buffer in the absence
of any added base catalyst. The reaction time could be reduced drastically by
elevating the temperature to 60°C under microwave irradiation without affecting

the yield.
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Synthesis of Symmetrical q, a’-Dicarbonyl
Selenides from Aryl Methyl Ketones in
presence of Selenium Dioxide and
p-Toluenesulfonic Acid Monohydrate

O. Risuklang Shangpliang
Bekington Myrboh

Abstract

A simple route to o, o’-dicarbonyl selenides has been developed. A coupling
reaction between aryl methyl ketones and selenium dioxide takes place in the
presence of p-TsOH.H,0, leading to C-Se bond formation.

Keywords: Selenium Dioxide/C-Se coupling/ p-TsOH.H 0

Introduction

Selenium is an important trace element involved in different physiological
functions of the human body. Organoselenium compounds have substantially
greater bioavailability than that of inorganic selenium [1]. More importantly,
organic selenium is usually found to be less toxic than inorganic forms 2-'5].
Lowig, in 1836 prepared the first organoselenium compound, diethyl selenide
[6]. Organoselenium compounds have attracted much attention in re'cent decades
due to their important biological effects [ 7] and their application as chiral cgtalysts
(81, anticancer, antitumor, antiviral, antimicrobial, and antioxidant properties [9].

Traditional methods require the use of strong reducing agents such as Na
or NaH, and harsh reaction conditions, such as high reaction temperatures, UV
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light, and the use of toxic solvents like HMPA [10]. To overcome these drawback,
an alternative method have emerged for the synthesis of selenides by using
transition metal catalyst like Palladium [11], nickel [12], lanthanum [13], iron
[14], indium [15], and copper-based [16]. However, most of these reactions
take a long time to complete. To avoid the contamination of the product selenides
with transition metals, the development of synthetic methods in the absence of
transition-metal catalysts is desirable. Moreover, one of the two commonly used
selenium sources, aryl selenol, is foul-smelling, and the other, diaryl diselenide, is
not always commercially available and requires extra preparation steps. Therefore,
it is very desirable to explore reaction conditions with an easily available selenium
source. Here, we report the synthesis of ¢, «’-dicarbonyl selenides from aryl
methyl ketones and easily available selenium dioxide in the presence of p-
toluenesulfonic acid monohydrate.

Results and Discussion

Herein we report the synthesis of o, — dicarbonyl selenides from aryl methyl
ketones in the presence of selenium dioxide and p-toluenesulfonic acid
monohydrate as depicted in Scheme 1.

o)
TSOH H,0O
R)k + Se0, CH CN )l\/se\)J\
1 5 rt,8- 14h 3
Scheme 1

Thus, treatment of p-methylacetophenone 1a (1 equiv) with selenium dioxide
2 (0.5 equiv) in the presence of p-toluenesulfonic acid monohydrate (0.5 equiv)
and acetonitrile as a solvent (3 mL) at room temperature for 8 hours afforded
2,2'-selenobis(1-(p-tolyl)ethanone) 3a in good yield (58%) (entry 1, Table 26.1).

It may be mentioned here that p-toluenesulfonic acid monohydrate appears
to be specific for these reactions since the use of other Lewis acids (AICL,,
SnCl,) either gave no reaction or resulted in the formation of multiple products
that are difficult to isolate. Similarly, the reaction of 1b, 1¢, 1d and le with
selenium dioxide 2 and p-toluenesulfonic acid monohydrate in acetonitrile at
room temperature for 8-14 hours proceeded smoothly to give the a,o —dicarbonyl
selenides 3b, 3¢, 3d and 3e respectively in moderate to good yields (entries 2, 3,
4 and 5,Table I).
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Table 26.1: Reaction of Aryl Methyl Ketones with SeO, in the presence

p-TsOH.H,0
Entry Substrate 1 (R) Product 3 Yield (%)
1 4-CHCH,1a 3a 58
2 CH.1b 3b 55
3 4-CICH,1c 3¢ 60
4 4-BrC.H,1d 3d 62
5 4-CH,0CH,le 3e 61
Conclusion

We have developed a simple and efficient method for the synthesis of o,a’—
dicarbonyl selenides from aryl methyl ketones in the presence of selenium dioxide
and p-toluenesulfonic acid monohydrate. The reaction proceeds efficiently at
ambient temperature and ordinary reaction conditions. The attractiveness of t'he
method is further augmented by the fact that the starting materials used are quite
common and inexpensive.
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Synthesis, Structure, Characterization and
Properties of Heterobimetallic Complex
[Cu Ni(1-OAc)(u-OH)(u-OH,)](BE,),
from Bipyridine

Sunshine D. Kurbah
R.A. Lal

Abstract

Hetero-bimetallic complex [NiCu(u-OH)(u-OH,)(u-OAc)(bipy),](BF,), was
synthesized in moderate yield through solid state reaction at 150 °C and has been
characterized by elemental analysis, molar conductance, mass spectrum, magnetic
moment, cyclic voltammetric studies, IR and UV-Vis spectroscopic studies. The
structure of the complex has been established by X-ray crystallography. The
complex functions as an efficient catalyst in aqueous medium towards oxidation
of alcohols to carbonyl compounds mediated by hydrogen peroxide.

Introduction

The multimetallic complexes are the focus of intense research in
contemporary inorganic chemistry because such com.pl.exes hfiVe plf{}’ed
significant roles in development of magnetochemistry [1.] bioinorganic chemistry
[2], synthesis of mixed metal oxides [3] and catalysis [4]. In Par“?lﬂar’ t}ie
heterodinuclear cores are present at the active sites of some enzymes like purple
acid phosphatase [FeZn] [5], human calcineurin [FeZn] {6] and h‘“;‘an tproteu;
phosphatase [MnFe] [7] respectively. This has stimulated interest 1n func x(tjgs oa
heterodinuclear metal complexes. When two or more metals are present 1n
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single molecular system, a synergic effect results [8]. This give rise to unique
physico-chemical properties that arise from metal-metal interaction [9]. This
ultimately leads to cooperative interaction between metal ions giving rise potential
to the system to mediate certain chemical reactions of industrial relevance either
more efficiently than an isolated metal centre, monometallic and homobimetallic
systems or in a different manner.

Hence, it was imperative to synthesize some new heterometallic complexes
from some simple organic molecules by “direct synthesis method” and to
characterize them by various physico-chemical studies and to establish their
structure by X-ray crystallography. Accordingly, we have chosen some biologically
important metal jons such as copper and nickel and isolate their heterometallic
complexes from bipyridine to establish their structure by X-ray crystallography.
Further, we aimed at studying the catalytic properties of the complex so obtained.

Results and Discussion

The heterobimetallic complex [NiCu(p-OH)(p-OH,)(1-OAc)(bipy),](BF),
was obtained through solid state reaction of Cu(OAc),.H,0, Ni(OAc),.4H,0,
2,2’-bipyridine and NaBF, in open air at 150 °C for 5 h using electronic oven.
Single crystal suitable for X-ray analysis was obtained by slow evaporation of
the of the solvent at room temperature. The complex consists of dinuclear
[CuNi(p-OH)(n-OH ) (u-OAc)(bpy),}* cation and two well separated tetra
fluoroborate anions (Fig. 1). In the cation, Cu" and Ni" are double bridged by the
endogenous hydroxido oxygen and aquo oxygen, respectively, with the Cu....Ni
separation being 3.0289(2) A. The Cu" and Ni" are also bridged by an acetato
group in the bidentate n', n', p-bridging mode, packing diagram of the complex is
shown in Fig. 2 along with Hirschfeld analysis. The arrangement of ligand atoms
around the metal ions provides distorted five-coordinate geometry for both the
metal ions.

2N T N
\[ " u'/\ )t :\,'/ T 1 RBF,

Fig. 27.1: ORTEP Plot of Complex (A) along with the Chemical Structure
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Fig. 27.2: Packing Diagram of the Complex along with Hirschfeld
Surface Plot d_(A) and d. .3

In the present study, we have carried out limited study on oxidation of
alcohols to aldehydes and ketones in aqueous medium using the newly synthesized
heterobimetallic complex [CuNi(u-OAc)(u-OH)(u-OH,)(bpy),I(BF ), The study
revealed that a concentration of 0.010 mmol of catalyst at temperature of 70 °C
oxidized to benzaldehyde (90%) by 15% H,O, with a selectivity 0f 93% in a time
period of S h (Scheme 1). This reaction has provided a new environmentally
friendly catalyst for the oxidation of primary and secondary benzylic alcohols to
the corresponding carbonyl compounds, respectively.

Scheme 1.

Characterization Data for Benzaldehyde

Colorless liquid; Yield: 93 %; 'H (400 MHz, CDCL)): 5 9.96 (s, 1H), 7.87-
741 (m, SH); 1 3C (100 MHz, CDCL,): 8192.5, 136.2, 134.4, 129.8, 128.9; IR
(KBr): 1702 cm', o

In conclusion, we have synthesized a highly efficient c.atalytlc 1';"
heterobimetallic complex for oxidation of alcohols. to correspondm'g aldehy. elz
and ketones. The method employs inexpensive and easily available starting materia
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which allow the oxidation of a wide variety of primary and secondary alcohols to
corresponding aldehydes or ketones in high yield, mild oxidation conditions and
easy selectivity make this catalyst system highly practical.
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