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Introduction to Coo

�Coordination Compounds als

consist of a central metal ion or

�Alfred Werner is considered the

His theory of Coordination ComHis theory of Coordination Com

�Examples : [Cu(NH3)4]
2+ , [Fe(CN)

oordination Compounds

also known as complex compounds

or atom surrounded by Ligands.

the Father of Coordination Chemis

ompounds earned Noble Prize in 191ompounds earned Noble Prize in 191

CN)6]
4-



Bonding Theories of Co

Valence Bond Theory (VBT) :-
VBT describes the formation of Coordination Compoun
Orbitals between metal ion and ligands .
VBT considers the hybridization of metal and ligand or
VBT provides insights on the stability , reactivity and el
Compounds.
It explains geometry of Coordination Compounds basedIt explains geometry of Coordination Compounds based
There are two types of compounds classified by VBT –
o Inner orbital complex 
Example: [Fe(CN)6]

4-

(n-1)d                     ns              np          
o Outer orbital complex
Example: [Fe(OH2)6]

2+

 Coordination Compounds

ounds through the overlapping of Atomic 

d orbital .
d electronic structure of Coordination 

ased on their hybridization of the orbitals .ased on their hybridization of the orbitals .
–

                      nd



Demerits of Val

lence Bond 

heory fails to 

lain the 

No explanation 

for colours of 

coordination lain the 

onditions to 

ter and inner 

ital 

omplex.

coordination 

compounds 

and their 

magnetic 

properties.

alence Bond Theory

There is no 

prediction given 

regarding the 

VBT can’t 

explain the 

reason behiregarding the 

preference of 

geometry of the 

complex.

reason behi

the 

nonexistenc

of many 

complexes



Crystal Field Theory was 
first proposed by Bethe (in 
1929).
CFT considers the 
electrostatic interaction 
between the metal and the 

�Crystal Field The

between the metal and the 
ligands to explain colour
and magnetic properties of 
coordination compounds.

� Crystal Field Splitting:
• The electric field generated by the ligands

� Lower energy orbitals 
� Higher energy orbitals

� There are some basic features of CFT
� Ligands are considered as point li

charge.
� Wave mechanical identity of meta

atomic orbital has to be consider
� There will be no covalent interac

d Theory

� There will be no covalent interac
between metal and ligand.

nds cause the d-orbitals to split into two energy levels .



Crystal Field Splitting :  The sp

the geometry of the coordination comp

�For Octahedral geometry             

Lower energy orbitals will be  t2g :

Higher energy orbitals will be   eg :

�For Tetrahedral geometry          

Higher energy orbitals will be t2 :

Lower energy orbitals will be e  -

e splitting of the d-orbitals mainly depen

mpounds.

 :- dxy , dyz , dxz

:- dx
2-y

2 , dz
2

x y z

 :- :- dxy , dyz , dxz

dx
2
-y

2 , dz
2





Tetrahedral Cr
Splitting Di

 Crystal Field 
 Diagram



JAHN- TELLER 

DISTORTION
In the Octahedral 

along the z-axis are

the other four ligan

tetragonally distort

Splitting

and 

orbitals 

ral system , if the two trans – ligands lying 

 are compressed or elongated compared to 

ands lying in the xy plane, then we get the 

torted octahedrons.

orbitals 

octahedr

system du

Z-in 

(compres

and Z

(elonga



Splitting of t2g

orbitals of 

tetrahedral syste

to Z-in (compre

and Z-out (elon



�Merits and Deme

Merits

� Spectral properties of coordination 

compounds can be clearly explained by 

Crystal Field Theory.

� Crystal Field Theory can interpret the 

magnetic properties of Coordination 

Compounds .Compounds .

� The distortions in the geometry of 

Coordination Compounds can be 

explained by  CFT.

� CFT can explain the stereochemical                    

preferences.

emerits of Crystal Field Theory

Demerits

� As ligands are considered as point like 

charge but metal’s wave mechanical term 

is considered . Thus , self – contradictory.

� CFT assumes Coordination Compounds as 

purely electrostatic models which can purely electrostatic models which can 

never      be strictly true as there are 

experimental supports for overlapping 

interaction like Nephelauxetic effect , 

reduction of  interelectronic repulsion etc.

� This theory is unable to explain some sig-

-nificant order of spectrochemical series.

� This purely electrostatic model fails to                  

explain the origin of the intense                           

charge transfer band.



Supramolecular clar chemistry

IN 1987 THE Noble Prize in chemistry was awarded 

jointly to Donald J Cram , Jean Marie Lehn and 

Charles J for Supramolecular chemistry

The assemblies are held together by weak 

noncovalent bond – Hydrogen bonding , Van Der noncovalent bond – Hydrogen bonding , Van Der 

Waals interaction and π-π stacking.

Supramolecular Chemistry techniques such as self-

assembly and molecular recognition can be used to 

design and control the formation of supramolecular 

structures.

Example – The DNA structure



The structureture of DNA



Relation between Supra

and Coordinatio

� Coordination Compounds 

are used as building blocks are used as building blocks 

for Supramolecular 

architectures.

� Coordination bond provides 

strong and directional 

interactions which helps to 

form molecular assemblies.

� Coordination compounds 

serve as component to 

Supramolecular chemistry.

upramolecular Chemistry 

nation Compounds



Self Assem

he spontaneous 

organization of 

olecules under 

r thermodynamic 

equilibrium 

conditions into 

The molecular 

components need 

complementary 

properties such as 

specific surface , 
conditions into 

tructurally well-

fined and stable 

arrangements 

through non 

covalent bond 

specific surface , 

characteristics , 

surface charge , 

polarizability and 

surface 

functionalities to self 

assemble.

sembly



es of 

elf-

bly in 

ination 

Polymeric self-assembl

extended polymeric stru

coordination bonds between

and ligand

Supramolecular cages

Assembly of discrete thr

structures that can enc
ination 

pounds

structures that can enc

molecule

.Coordination-driven s

Formation of complex str

coordination interactions 

metal centers and

bly: Formation of 

tructures through 

etween metal centers

ands

ges and capsules: 

e three-dimensional 

encapsulate guest encapsulate guest 

ule

en self-assembly: 

 structures through 

ons between multiple 

and ligands.



Examples of Sel

in Coordina

Compounds

Metal-organic 

frameworks (MOFs):

Supramolecula

helicates:frameworks (MOFs):
Crystalline materials with a 

porous structure formed through 

self-assembly of metal ions or 

clusters and organic linkers

helicates:

Coordination com

helical structures f

the self-assembly o

and chiral ligands 

f Self-Assembly 

rdination 

pounds

cular Self-assembled 

monolayers (SAMs):

complexes with 

res formed through 

bly of metal ions 

ds 

monolayers (SAMs):
Molecular assemblies formed on 

a surface through self-assembly 

of molecules with specific 

functional groups.



MOFs are a class of 

coordination 

compounds consisting 

of metal ions or clusters 

Nodes: Metal ions or 

clusters that act as the

connecting points in 

Metal-Organic 

Frameworks 

(MOFs):

Definition:-

Structural 

Features of 

MOFs:-

of metal ions or clusters 

connected by organic 

ligands to form a porous 

three-dimensional 

framework . MOFs 

possess an exceptionally 

high surface area due to 

their porous nature, 

providing abundant 

space for guest 

molecule adsorption.

connecting points in 

the MOF structure.

Struts: Organic ligands

that link the nodes 

together, forming the 

framework. Pores: 

The void spaces 

within the MOF 

structure that allow 

for guest molecule 

storage and transport.

s or 

 the 

s in 

Coordination bonds: MOFs are 

constructed using coordination 

compounds as building blocks, 

combining the metal nodes and 

organic ligands in a controlled 

Coordination 

Compounds as 

Building Blocks:-

s in 

re.

nds 

es 

 the 

s: 

ow 

le 

ort.

organic ligands in a controlled 

manner.  The formation of 

coordination bonds between 

metal nodes and ligands is the 

primary driving force for MOF 

assembly.

Versatile ligands: Various types of 

ligands can be employed, offering 

a wide range of structural 

possibilities and properties. The 

choice of ligands plays a crucial 

role in determining the structure 

and properties of the MOF.



Application

Gas storage 

and 

separation 
Catalysis

Energ

storag

Water 

Harvesting

ations of MOFs

Drug Delivery
Sensing and 

Detection

ergy 

rage 

Carbon 

capture 

and 

storage



�Molecular R

Molecular recognition refers to the ability 

f molecules to selectively interact and 

nd with specific complementary 

olecules or ions.

ost Guest Chemistry : Inclusion 

mplexes , clathrates and cryptands are 

ample of Host-Guest system. 

lar Recognition



Significance 

of 

Coordination 

Compounds 

Selective 

Binding in 

Host-Guest 

Chemistry

Compounds 

on Molecular 

recognition

Recognition of 

biomolecules 

by 

Metalloprotie

ns

Chiral 

Recognition

Chelation 

Effect

Steric and 

Electronic 

effect



Significance 

of 

oordination 

Chemistry in 

The bonding of co

plays a crucial role

stability of supram

Supramolecular 

large-scale assem

non-covalent in

molecules or mo

These architectur
Chemistry in 

upramolecul

ar Chemistry

These architectur

structural, electr

properties that are

individual molecu

significance of co

supramolecu

coordination compounds 

role in the formation and 

molecular architectures. 

ar architectures refer to 

emblies formed through 

t interactions between 

olecular components. 

tures can exhibit unique 

Structural 

stability

Control of 

Assembly

Hierarchical tures can exhibit unique 

ctronic, and functional 

are distinct from those of 

cules. Here are the key 

coordination bonding in 

cular architectures

Hierarchical 

Assembly

Diversity of 

Architecture

s



Design of Coordination Com

Materia

The design of coordination 

compounds plays a crucial role in the 

development of functional materials 

with tailored properties and 

applications. By carefully selecting applications. By carefully selecting 

ligands, metal centers, and 

coordination geometries, researchers 

can control the bonding interactions 

and molecular architecture of 

coordination compounds, leading to 

the desired functional properties. 

Here are some examples of how 

coordination compounds can be 

designed for specific functional 

materials:

ompounds for Functional 

erials

Luminescent Materials

Magnetic Materials

Catalytic Materials

Conducting Materials

Porous Materials



Synthesis and study of crown – eth

Macrocyclic chemosensor

Coordination Compounds as B

in Supramolecular arch

Six Hg(II) coordination compoun

ylmethylene)amino)phenol a

ylmethylene)am

Organometallic polyphosrous com

blocks in Coordinati

ether appendel Tetraplatinum(II) 

nsors for cation detection

 as Building Blocks 

rchitectures

ounds containg 2-((pyridine-3-

ol and              4-((pyiridin-4-

)amino)phenol

complexes as diversified building 

ination compounds







Future S

Coord

Compou

Supram

Chem

Advance 

supramolecular 

architectures

Supramolecul-

ar Catalysisar Catalysis

Biomedical 

Applications
Supra

ecu

Electro

ure Scope of 

ordination 

pounds and 

ramolecular 

hemistry

Responsive 

and Stimuli-

Responsive 

System

Functional 

Materials

Molecular 

Recognition 

and Host –

Guest 

Chemistry
pramol-

ecular

ectronics

System



CONCLUS

Coordination compounds play a 
chemistry as they serve as vers

construction of complex supramoleconstruction of complex supramole
properties of coordination co

coordination of metal ions with
attractive for creating function

LUSION

 a pivotal role in supramolecular 
ersatile building blocks for the 
olecular architectures. The unique olecular architectures. The unique 
 compounds, arising from the 

with ligands, make them highly 
tional supramolecular systems.
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The term 'Polymer' in Greek means 'many parts’. 

Polymers can be found all around us, from the strand of our 

DNA, which is a naturally occurring biopolymer, to 

Introduction

DNA, which is a naturally occurring biopolymer, to 

polypropylene which is used throughout the world as plastic. 

Polymers can be naturally found in plants and animals or can 

be human- made. Different polymers have a number of unique 

physical and chemical properties, due to which they find usage 

in everyday life.



� Polymer is a high molecular weight 

compound containing many many

What is Polymer?

compound containing many many

repeating unit join in a regular fashion.



� Simple reactive species, contain some 

functional group, join together to form 

Polymer.

Monomers

Example:

� CH2=CH2 (Mono functional Momoner)

� CH2-OH 

|                 Bi functional Momomer

CH2-OH
｛ ｝



� An overall process by which a Polymer is 

formed from its Monomer.

Polymerization



� • Classification Based on Source

Classification of Polymer

A) Natural Polymer: Obtained from nature. 

Example - Rubber, Silk, Wool, Protein

B) Semi Synthetic Polymer: They are obtained from nature but B) Semi Synthetic Polymer: They are obtained from nature but 

undergo further chemical modification. 

Example - Cellulose Nitrate

C) Synthetic Polymer: Obtained by synthesis in a laboratory.

Example - PVC, Nylon, Polyester.



Classification Based on Structure
A) Linear Chain Polymer: Contain one 

main chain, have no side chain .

Example - PVC, Nylon

B) Branched Chain Polymer: Have some 

branches along with the main chain.branches along with the main chain.

Example - LDPE

C) Crossed Linked Polymer: Have 

Crossed linked between the main chain, 

So we get a 3D network structure.

Example - Novalac, Backelite



Classification Based on Molecular Forces
A) Elastomer: Very weak intermolecular 

attractive force between the Polymer Chain

Example - Rubber B) Fibres: Have Strong intermolecular 

attractive force.

Example - Nylon 6,6  , Terilene

C) Thermoplastic: Intermolecular attractive 

force is in between Elastomer and Fibres.

Example - PVC



Classification Based on 
Stereochemistry of Monomer

A) Isotactic Polymers: The side chain 

present in same order with the main chain.

B) Syndiotactic Polymer: Side chain 

follow alternative order.

C) Atactic Polymer: Follow no order.



Classification Based on Monomer
A) Homo Polymer: Obtained from one        

type of Monomers.

Example - PVC

B) Co- Polymer: Obtained from two 

different monomer.

Example - Nylon 6,6



Co Polymer

Alternate Co 
Polymer

Random Co 
Polymer

Blocked Co 
Polymer

Branched Co
Polymer

Graft 
Polymer

Comb 
Polymer

Star 
Polymers

Brush 
Polymer



Classification based on Synthesis
A) Addition Polymer: Obtained from one 

type of monomer by addition reaction.

Example: Ethylene --> Polyethylene

B) Condensation Polymer: Obtained from 

two different types of monomer by 

Condensation Reaction.



Kinetics of Addition Polymerization
� It follows four step:



Kinetics of Condensation Polymerization
�



Extent of reaction



Number average degree of Polymerization



Carothers Equation

�



Molecular Weight of Polymer





Poly Dispersity Index



Glass Transition Temperature or Tg

� The temperature below which a polymer 

is hard and above which it is soft. 



Free Volume Theory
� Sometimes during polymerization, some 

chain are entangled, due to this 

entanglement, the volume of polymer 

increase. � V=V0+Vf [V= Volume Occupied by the polymer

Vf= Free volume due presence of entanglement

V0= Volume occupied by the Polymer, due to their existence]

So the excess volume occupies by the Polymer called 

Free Volume.



Tg in terms of Free Volume
� The presence of entanglement, result to more free volume. The 

Polymer chain can easily move. So the flexibility or mobility 

depends upon free volume.

As T increases flexibility increases, Free Volume also increases

By Decreasing T, at  a certain temperature , free volume 

suddenly decreases. So, flexible Polymer converted to hard, 

Rigid Polymer. This temperature is called Tg.



WLF Equation
� Scientist Williams, Landle and 

Ferry proposed an equation how 

viscoelastic property depend upon 

Temp.

� It is Valid for Newtonian fluid 

whose molecular weight is very 

low, but for polymer, due to High 

molecular weight This equation is 

not applicable.



Polymer Solvent

� A) Good Solvent: Polymer Solvent interaction is much 

stronger compare to Solvent-solvent interaction.

∆H=(-)ve ,.   ∆S= (+)ve

B) Bad Solvent: Polymer-Solvent interaction is much weaker.

∆H=(+)ve.   ∆S=(-)ve



Application
� Polythene: A widely used and common item, plastic bags and containers are in fact a polymer made of

polythene.

� LDPE: Low-density polythene is used for making various parts of machines, pipes, tubes, plastic bottles.

� HDPE: Due to its high density and crystalline structure, it is used for food packaging, fuel tanks wiring and cable

� PVC: The most common use of polyvinyl chloride is in the electric wires and other insulated equipment that is 

coated in PVC. They are also used in water pipes that provide corrosion-free applications.

� Nylon: Nylon fibers are used for making water- resistant clothing like raincoats and umbrellas. They are also � Nylon: Nylon fibers are used for making water- resistant clothing like raincoats and umbrellas. They are also 

used in carpets, parachutes, ropes, and textiles.

� Rubber: Rubber is commonly used for making tires,though is also important for making machine parts, 

lubricants, gloves, and so on.

� Teflon: Teflon is most commonly seen in kitchen appliances wherein a Teflon coat is provided on the surface of 

pans and pots to make them "non-stick."

� Polypropylene: It is used for automotive industry, furniture, laboratory apparatus, textiles.



Synthetic Polymer-
A long term threat to Environment

� Synthetic Polymers are often dispose of in landfill where they will remain for centuries 

into the future, slowly leaching harmful toxins into soil as time passes.

According to the Clean Air 

Council Organisation, Americans Council Organisation, Americans 

alone use 102.1 billion plastic bags 

- a synthetic polymer - each year. 

Less than 1% of these bags are 

recycled.



� Oceans provide a home for hundreds of thousands of species on 

Earth, and it is essential for human life. Unfortunately, while many 

species depend on the ocean for its ability to create food and 

oxygen, human activities negatively impact the ocean and its 

wildlife.

Synthetic polymers also cause huge health risks, such as birth 

deformities, reproductive disorder, liver problems, skin disorders, deformities, reproductive disorder, liver problems, skin disorders, 

damage to immune system, cancer, respiratory diseases. 

� With the overuse and overheating of 

non-stick pans, the organic chemicals 

can be mixed with food and air.



Green Polymer Chemistry and Biobased 
Palstic- Dreams Vs Reality

� Biodegradable or Biobased plastics are derived from natural resources like Corn, 

Starch, Biomass and Food Waste. Therefore, bioplastics are relatively less harmful to 

the environment.

The first bioplastic were made by using traditional agricultural and renewable 

resources such as cellulose, Casein and Soybeansresources such as cellulose, Casein and Soybeans



Bio Based Polymer from Orange Peel
� It is proven that the orange peel derived biocomposite film is 

more biodegradable.



Use of Eggshell as biofiller
� The biofiller obtained from egg shell as a source of calcium 

carbonate could be successfully used to modify Polymer Materials.

The Egg Shell in Epoxy Resin 

has functioned as a flame has functioned as a flame 

retardant and smoke 

suppression modifier.



Expectation Reality

� Reducing demand for non-renewable 

fossil raw materials.

� Increasing demand for renewable raw 

materials. Competition with food production.

� Low greenhouse gas emission. � Potential growth of greenhouse gas emission.

� Usage of agricultural and forestry 

wastes to a full degree.

� Partial use of agricultural and forestry 

wastes **

Vs

� Biodegradation. � Biodegradation is time-consuming and 

leaves traces *

� No toxicity and no health hazards. � Potential health hazards and toxicity of 

micro- and nanoparticles releasing 

during the biodegradation.

� Low price. � Still remain too expensive.



Conclusion

� It is no exaggeration to say that the concept of materials 

coming from nature is very attractive to the consumers and to 

the industry. 

The future looks bright if we all move someday to a world The future looks bright if we all move someday to a world 

where plastics will be biodegradable and made without fossil 

resources. Potentially bioplastics could become an eco-

friendly and economically successful new group of materials 

with manifold applications and beneficial properties.
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IN

• Nuclear Magnetic 
which is based on th
radio frequency regio

• Proton Nuclear ma
powerful tools for el
compound.compound.

• It is used to study 

• 1H

• 19F

• 13C

• 15N

• 31P

INTRODUCTION

gnetic Resonance (NMR) is a spectroscopy technique 
 on the absorption of electromagnetic radiation in the 
y region 4 to 900 MHz by nuclei of the atoms.

ear magnetic resonance spectroscopy is one of the most
 for elucidating the number of hydrogen or proton in the

study a wide variety of nuclei:



TYPES OF 
SPECTROSCOPY

• Abso

• Elect

• ESR S

• Emiss

• Fluro

• Infra• Infra

• Moss

• Nucl

• Ram

• UV-v

sorption spectroscopy

ctrochemical impedance spectroscopy:

R Spectroscopy

ission spectroscopy

roscence spectroscopy

frared spectroscopyfrared spectroscopy

ossbauer spectroscopy

clear magnetic resonance spectroscopy

man spectroscopy

visible spectroscopy



HIST
Discov

The first published “high resolution”

NMR spectrum of ethanol at 30 MHz

ISTORICAL PERSPECTIVE
Discovery of NMR Phenomenon in 1945.

Purcell and Bloch –

Nobel prize in Physics – 1952Nobel prize in Physics – 1952

for the discovery of NMR.

Richard Robert Ernst-Nobel

prize in Chemistry-1991



BASIC THEORY

• NMR-Nuclear

• Dealing with m

• Atomic nucleu

• Due to the spi

• Due to the cha

• Only certain n
momentum” caBASIC THEORY momentum” ca

• Only nuclei w

• Both (P) and (

• The ratio of m

• It is very char

•Gyrom

uclear Magnetic Resonance

 with magnetic properties of atomic nuclei

nucleus has mass and it spins on its own axis

he spin, it possesses angular momentum(P)

he charge and the spin it possesses magnetic momentum(µ)

tain nuclei have non-zero magnetic moment. In others the “Net magneti
m” can be zerom” can be zero

clei with non-zero magnetic moment are “magnetically active”

 and (µ) are vector quantities and also quantized

io of magnetic momentum to angular momentum is called “Gyromagnet

y characteristic of a given nuclei. It is a constant for a given nucleus.

yromagnetic ratio = [γ] = (µ)/(P)



NUCLEANUCLEA

ZZEROERO

MMULTIPULTIP

MMULTIPULTIP

A SIMPLE WAY TO FIND OUT NUCLEAR A SIMPLE WAY TO FIND OUT NUCLEAR 

EVEN/ODD RULEEVEN/ODD RULE

AATOMICTOMIC NUMBERNUMBER

EEVENVEN

OODDDD

EEVENVEN OROR ODDODD

ATOMIC MASS

VENVEN

VENVEN

DDDD

LEARLEAR SPINSPIN

TIPLETIPLE OFOF 11

TIPLETIPLE OFOF 1/21/2

AR SPINAR SPIN--

Example:

I=0,12C6,
16O8,

I=integer,14N7(1),10B5(3),2

I=half integer,
1H (1/2),13C (1/2),15N (1/2)

NUCLEAR SPIN

1H1(1/2),13C6(1/2),15N7(1/2)
17O8(5/2),33S16(3/2),11B5(3/2)



CHANGE IN SPINCHANGE IN SPIN
OF MAGOF MAG

Increasing field strength B0

E = hv

B0

B0

Th

fr

+1/2   β
E=hv=(h/2π

ϒ

PIN STATE IN PRESENCE PIN STATE IN PRESENCE 
AGNETIC FIELDAGNETIC FIELD

-1/2   α

ϒ

v=(B0ϒ)/2

Resonanc

condition

The energy gap between the spin states corresponds to 

frequency region



POPULATION DPOPULATION D

•• EACH LEVEL HAS A DIFFERENT POPUEACH LEVEL HAS A DIFFERENT POPU

BETWEEN THE TWO IS RELATED TO TBETWEEN THE TWO IS RELATED TO T

BOLTZMMANBOLTZMMAN DISTRIBUTIONDISTRIBUTION

ION DENSITYION DENSITY

POPULATION (N), AND THE DIFFERENCE POPULATION (N), AND THE DIFFERENCE 

 TO THE ENERGY DIFFERENCE BY THE  TO THE ENERGY DIFFERENCE BY THE 

h=6.624 x 10-34 J.sec

k=1.380 x 10 J/K .molecule

T= absolute temperature (K)



POPULATION

Using equation, one can calculate that at 298 K
instrument operating at 60 MHz there are
lower (favored) spin state for every 1,000,000 t
spin state.

This excess of 9 nuclei is called the populThis excess of 9 nuclei is called the popul

The spins in the excited state return back to g

(a) spin lattice relaxation and 

(b) spin-spin relaxation

N EXCESS

hat at 298 K(25°C), for an 
re are 1,000,009 nuclei in the 

y 1,000,000 that occupy the upper 

 population excess.  population excess. 

ck to ground state by 



Higher the magnetic fie

strength – higher the strength – higher the 

sensitivity and resolution

Lower the temperature 

higher the sensitivity



L

The interaction of magnetic

induces the nuclear magnet

magnetic field with certain 

Precessing spin about t

magnetic field dir

ω0 – Larmor frequenc
Spinning 

nucleus

magnetic field with certain 

LARMOR FREQUENCY

agnetic field with nuclear magnetic moment 

agnetic moment to preces about the applied 

certain frequency called Larmor frequency

n about the applied 

eld direction

requency

certain frequency called Larmor frequency



ν=(B0ϒ)/2π
m the above equation one infers that all the hydrog

 same resonance frequency, irrespective of its chem

CLASICAL 

 same resonance frequency, irrespective of its chem

 this is not true. Hydrogens in different chemical en

NMR.

ϒ)/2π
ydrogen nuclei in a molecule, say ethanol should ha

 chemical nature, at a given magnetic field.

CAL DESCRIPTION OF NM

 chemical nature, at a given magnetic field.

environment give different resonance frequenc



It is inconvenient to refer to proton frequ

DEFINATIO

n frequency as 398.432 MHz

TION OF CHEMICAL SH



REFERENCE FOR 1H-NM

etramethylsilane (TMS) is used as a reference

he chemical shift of TMS is lower than most pr
olecules, so it is taken as zero

ll the protons in TMS are equivalent and hence
ll the 12 protons – high signal intensityll the 12 protons – high signal intensity

TMS is a liquid and miscible with most solvent

t is also volatile and hence easy to remove

t is inert and does not react with the sample

NMR SPECTROSCOPY

ence

ost protons in organic 

nd hence only one signal for 

olvents



FACTORS AFFECTI

Electrone gativity , indact

TMS=0.0        CH4=0.23    (

MeI 2.2 MeMeI 2.2

MeBr 2.6

MeCl 3.1

MeF 4.3

Me

Me

Me

ECTING CHEMICAL SHIFT

indactive and resonance effects

=0.23    (all in ppm)

MeOH              3.4 MeClMeOH              3.4

MeF 4.3

MeNO2 4.3

MeCl

CH2Cl2

CHCl3



pherical electron density – induc

ill be uniform in space – isotropic

or example  –s electronor example  –s electron

on-spherical electron density –

eld will be non-uniform in space 

xample: π electron cloud of aro

nd C=O type – most common fe

olecules

ANISOTROPIC EFFEC

uced magnetic field

pic effect

induced magnetic

e – anisotropic

romatic ring, C=C

 feature of organic



DIAMAGNETIC ANIS ANISOTROPY





NMR 
SPECTROSCOPY 
FOR ETOH

IN LOW RESOLUTIONIN LOW RESOLUTION:



IN HIGH RESOLUT



SPINSPIN--SPIN CSPIN C

Protons of the same group do 
not interact among 

themselves. 

If n  numbe
protons inte

with the prot
C atom, the 

splits into

THE PASCALTHE PASCAL
Singlet                             
Doublet                         1
Triplet                       1      
Quartet                 1      3
Quintet              1     4     
Sextet           1      5     10
Septet       1      6    15    

 COUPLING (SPLITTING COUPLING (SPLITTING

bers of equivalent 
interact or couple 
rotons on adjacent 
he resonance peak 
to (n+1) signals.

The intensities are symmetric 
about the mid point of the 

group and relative intensities 
of the (n+1) peaks and it is 
determined by the Pascal’s 

triangle. 

AL’S TRIANGLEAL’S TRIANGLE
       1
   1        1
       2         1
   3        3        1
        6         4      1
 10      10       5      1
       20      15     6       1     



INS

7.Read out system

NMR 

INSTRUMENTATION



A

• IH NMR used for structural elucidation of o

• determines the physical and chemical prope

Application in medicine….Application in medicine….

• Anatomical imaging

• Measuring physiological function

• Flow measurement and angiography

• Tissue perfusion studies

• Tumours

• MRI

APPLICATION OF NMR
SPECTROSCOPY

on of organic and inorganic solids

 properties of atoms



Application in medicine

RAIN

istinguishing grey matter & white matter

aging posterior fossae, brain stem, spinal cord

etect demyelinating lesions, tumour, haemorrha

BDOMEN

etabolic liver diseaseetabolic liver disease

ocal areas of inflammation in chronic active hep

IDNEY

istinguishing renal corta & medulla

o evaluate transplanted kidney

LVIS

ifferentiate between benign prostatic hyperplasi

dicine...

l cord

orrhage, infarctions

hepatisis

rplasia & prostatic carcinoma
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CONCL

The total project 
influenced me a 
gives us today a gives us today a 
towards a better 
project, the utilit
NMR spectrosco
better movement
progress of NMR
say.

CONCLUSION

roject on NMR spectroscopy has 
 me a lot. In today’s developing world 
day a chance of stepping ourselves day a chance of stepping ourselves 
better tomorrow. After the whole 
 utility and the fundamental function of 
troscopy is quite vivid. So to have a 
ement towards a better tomorrow, the 
f NMR spectroscopy is just needless to 
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Introduction:Introduction:

faceface chemistrychemistry researchresearch isis anan interdiscinterdisc
frontiersfrontiers ofof physicalphysical chemistry,chemistry, chch

terialterial sciencescience andand nanosciencenanoscience.. ResidResid
existexist onon thethe surfacesurface ofof aa solidsolid.. AsAs

dualdual forces,forces, thethe surfacesurface ofof aa solidsolid haha
actact andand retainretain moleculesmolecules ofof otherother specspecactact andand retainretain moleculesmolecules ofof otherother specspec
roughtrought intointo contactcontact.. AsAs thesethese moleculemolecule
surface,surface, theirtheir concentrationconcentration isis moremore atat

bulkbulk ofof thethe solidsolid..

 term ‘Adsorption’ was introduced by K term ‘Adsorption’ was introduced by K
 phenomenon of  higher concentration o phenomenon of  higher concentration o
 in the bulk of  a solid is known as  in the bulk of  a solid is known as AdAd

isciplinaryisciplinary areaarea onon
chemicalchemical physics,physics,

esidualesidual unbalancedunbalanced
ss aa resultresult ofof thesethese
hashas aa tendencytendency toto

peciespecies withwith whichwhich itit

6

peciespecies withwith whichwhich itit
ulesules remainremain onlyonly atat
atat thethe surfacesurface thanthan

 Kayser in 1881. Kayser in 1881.
n of  any molecular species at the surfacn of  any molecular species at the surfac

dsorptiondsorption..



Adsorption:Adsorption:

dsorptiondsorption isis toto bebe carefullycarefully distingdisting
sorptionsorption.. TheThe latterlatter termterm impliesimplies thatthat
iformlyiformly distributeddistributed throughoutthroughout thethe bodybody
iquidiquid.. Thus,Thus, whilewhile waterwater vapoursvapours arar
hydroushydrous calciumcalcium chloridechloride..

adsorbedadsorbed atomsatoms oror moleculesmolecules cancanadsorbedadsorbed atomsatoms oror moleculesmolecules cancan
faceface ofof aa solidsolid suchsuch asas finelyfinely dividdivid
taltal (Pt)(Pt) byby physicalphysical (Van(Van derder WaaWaa
micalmical forcesforces duedue toto residualresidual valancevalance bonbon

tinguishedtinguished fromfrom
aa substancesubstance isis

odyody ofof aa solidsolid oror
areare absorbedabsorbed byby

bebe heldheld toto thethebebe heldheld toto thethe
ividedivided platinumplatinum
aal’saal’s forces)forces) oror
bondsbonds..

7



Adsorbent & AdsorbateAdsorbent & Adsorbate::

The solid that takes up a gas, vapour orThe solid that takes up a gas, vapour or
from a solution, e.g., silica gel, charcoafrom a solution, e.g., silica gel, charcoa

oo TheThe gasgas vvoo TheThe gasgas vv
surfacesurface oo
poisonouspoisonous

r or a solute r or a solute 
oal, clay etc.oal, clay etc.

vapourvapour oror thethe solute,solute, whichwhich isis heldheld

8

vapourvapour oror thethe solute,solute, whichwhich isis heldheld
ofof thethe solid,solid, ee..gg..,, waterwater vapourvapour

usus gasesgases (NH(NH33,, phosgene)phosgene) etcetc..



Desorption & AbsorptioDesorption & Absorptio

TheThe processprocess ofof removalremoval ofof adsorbedadsorbed
fromfrom thethe surfacesurface onon whichwhich itit isis absorbeabsorbe

WhenWhenoo WhenWhen
uniformuniform
anotheranother
AbsorptAbsorpt

Absorption

ption:ption:

bedbed substancessubstances
rbedrbed..

thethe moleculesmolecules ofof aa substancesubstance

Desorption

9

thethe moleculesmolecules ofof aa substancesubstance
rmlyrmly distributeddistributed throughthrough outout thethe bodybody
erer substance,substance, thethe phenomenonphenomenon isis callcall
rptionrption..



DefinitioDefinitio

PhenomPhenom

cumulationcumulation ofof thethe molecularmolecular speciesspecies atat
surfacesurface ratherrather thanthan inin thethe bulkbulk ofof thethe

oror liquidliquid isis termedtermed asas AdsorptionAdsorption..

is a surface phenomenon.is a surface phenomenon.

DIFFERENCE BETWEEN A

Heat excHeat exc

TemperaTempera

Rate of  reRate of  re

ConcentrConcentr

othermic Processothermic Process

is favoured by low temperature.is favoured by low temperature.

teadily increases and reaches teadily increases and reaches 
ilibrium.ilibrium.

concentrationconcentration ofof thethe bottombottom ofof
orbentorbent isis differentdifferent fromfrom thatthat inin bulkbulk..

gelgel adsorbsadsorbs waterwater vapourvapour..

itionition

menonmenon

•• AssimilationAssimilation ofof molecularmolecular speciesspecies thrthr
thethe bulkbulk ofof thethe solidsolid oror liquidliquid isis tete
AbsorptionAbsorption..

•• It is a bulk phenomenonIt is a bulk phenomenon..

 ADSORPTION AND ABSORPTION

10

xchangexchange

raturerature

 reaction reaction

trationtration

•• Endothermic Process.Endothermic Process.

•• It is not affected by temperature.It is not affected by temperature.

•• It occurs  at a uniform rate.It occurs  at a uniform rate.

•• ItIt isis constantconstant throughoutthroughout thethe mediummedium..

�� AnhydrousAnhydrous CaClCaCl22 absorbsabsorbs waterwater vapouvapou



Heat of AdsorpHeat of Adsorpsorption:sorption:

11



Adsorption in termAdsorption in term

Helmholtz EquatiHelmholtz Equati

erms of Gibbserms of Gibbs--

ation:ation:

12



�� Types oTypes o

Physical Adsorption or Physical Adsorption or 
PhysisorptionPhysisorption

PhysicalPhysical AdsorptionAdsorption occursoccurs whenwhen
thethe adsorbateadsorbate gasgas moleculesmolecules arearethethe adsorbateadsorbate gasgas moleculesmolecules areare
heldheld byby physicalphysical forcesforces likelike VanVan
derder Waal’sWaal’s forcesforces..
ExampleExample:: HH22,, OO22 onon charcoalcharcoal..

es of Adsorption:es of Adsorption:

Chemical Adsorption Chemical Adsorption 
or Chemisorptionor Chemisorption

ChemicalChemical AdsorptionAdsorption occursoccurs whenwhen
adsorbateadsorbate moleculemolecule isis heldheld onon thethe adsorbadsorb
surfacesurface byby chemicalchemical forcesforces asas shortshort covalcoval

13

surfacesurface byby chemicalchemical forcesforces asas shortshort covalcoval
chemicalchemical bondingbonding occursoccurs byby thethe sharingsharing
electronselectrons..
ExampleExample:: HydrogenHydrogen isis chemisorbedchemisorbed onon NiNi



Difference between Difference between PhysisorPhysisor
eak, long range forces, Van der Waal’s eak, long range forces, Van der Waal’s 
teraction.teraction.

BondBond

EffectEffect
pressupressu

EffectEffect
temptemp

Occurs at low temp and decreases with Occurs at low temp and decreases with 
increase in temperature.increase in temperature.

ncreases with increase in pressure of ncreases with increase in pressure of 
dsorbate.dsorbate.

SaturaSaturaMultiMulti-- layerlayer

NatureNature

ActivationActivation

ReversibleReversible

Not neededNot needed

ysisorption ysisorption & & Chemisorption:Chemisorption:
Strong, short range forces, chemical bondingStrong, short range forces, chemical bonding
involving orbital overlap and charge transfer.involving orbital overlap and charge transfer.

ndingnding

ct of  ct of  
suresure

ct of  ct of  Occurs at high temp and increases with Occurs at high temp and increases with 
increase in temperature.increase in temperature.

Decreases with increases of pressureDecreases with increases of pressure..

14

rationration MonoMono-- layerlayer

rere

ion energyion energy

IrreversibleIrreversible

High activation energy neededHigh activation energy needed..



ffect of Temperature and Prffect of Temperature and Pr

�� AdsorptionAdsorption increasesincreases asas
temperaturetemperature decreasesdecreases..

�� MagMag
increaseincrease

d Pressure on Adsorption:d Pressure on Adsorption:

15

agnitudeagnitude ofof AdsorptionAdsorption increasesincreases withwith
creasecrease inin pressurepressure..



Positive & Negative AdsorpPositive & Negative Adsorp

solid to Adsorption is the Adhesion solid to Adsorption is the Adhesion 

ions or molecules from a gas, liqions or molecules from a gas, liq
dissolved a surfacedissolved a surface..

InIn adsorption,adsorption, ifif thethe concentrationconcentrationInIn adsorption,adsorption, ifif thethe concentrationconcentration
aa substancesubstance inin thethe interfaceinterface isis
thenthen itit isis calledcalled positivepositive adsorptadsorpt

If it is less, then it is called negative If it is less, then it is called negative 
adsorption. adsorption. 

sorption:sorption:

ion of  atoms, ion of  atoms, 

, liquid or , liquid or 

trationtration ofof

16

trationtration ofof
isis high,high,

orptionorption..

tive tive 



Factors affecting on Factors affecting on 

ture of a gasture of a gas

ature of ature of 
dsorbentdsorbent

ntropyntropy

Easily liquefiable gases easEasily liquefiable gases eas

Adsorption decreases with dAdsorption decreases with d

More the surface area per unMore the surface area per un
adsorbent, more will be the aadsorbent, more will be the a

thalpythalpy

ntropyntropy

peratureperature

essureessure

Adsorption increases as temAdsorption increases as tem

Magnitude of adsorption incMagnitude of adsorption inc
increase in pressure.increase in pressure.

 on Adsorption: on Adsorption:
 easily gets absorbed. easily gets absorbed.

ith decreasing entropy.ith decreasing entropy.

r unit mass of the r unit mass of the 
the adsorption.the adsorption.

17

 temperature decreases. temperature decreases.

n increases with n increases with 



�� Adsorption Isobar:Adsorption Isobar:

Adsorption Isobar is a graph between the amoAdsorption Isobar is a graph between the amo
of the adsorbate at constant pressure. of the adsorbate at constant pressure. 

 amount adsorbed (x/m) and the temperature  amount adsorbed (x/m) and the temperature 

18



 process of adsorption is studied through gr process of adsorption is studied through gr

ofof vacancieLimitedvacancieLimited numbersnumbers ss onon thethe
ofof thethe adsorbentadsorbent..
AfterAfter saturationsaturation pressurepressure PPSS adsoadso
doesn'tdoesn't occuroccur anymoreanymore..

Adsorption Isothertm

doesn'tdoesn't occuroccur anymoreanymore..
AtAt highhigh pressurepressure aa stagestage isis reachedreached whwh
thethe sitessites areare occupiedoccupied andand furtherfurther increincre
pressurepressure doesn'tdoesn't causecause anyany differendifferen
adsorptionadsorption processprocess..
AtAt highhigh pressure,pressure, adsorptionadsorption isis indepeindepe
ofof pressurepressure..

h graph known as Adsorption Isotherm.h graph known as Adsorption Isotherm.

surfacesurface

dsorptiondsorption

19

whenwhen allall
ncreasencrease inin
erenceerence inin

dependentdependent



��Different types of ADifferent types of A

Isotherm:Isotherm:

Langmuir Langmuir 
IsothermIsotherm

BEBEeundlich eundlich 
thermtherm IsothermIsothermthermtherm

of Adsorption of Adsorption 

BET  IsothermBET  Isotherm
Gibbs AdsorptiGibbs Adsorpti
IsothermIsotherm

20



Freundlich   AdFreundlich   Ad
Isotherm  Isotherm  ::

n 1909, Dr. Herbert Freundlich gave thn 1909, Dr. Herbert Freundlich gave th
xpression that accounts for surface hetexpression that accounts for surface hete
xponential distribution of  active sites oxponential distribution of  active sites o
dsorbate.dsorbate.

asic asic asic asic 
ssumptions:ssumptions:

Surface roughnessSurface roughness

Adsorbate Adsorbate –– adsorbate interactions adsorbate interactions 

inhomogeneityinhomogeneity

   Adsorption      Adsorption   

e this isotherm, which was an empiricae this isotherm, which was an empirica
eterogeneity by multilayer adsorption, eterogeneity by multilayer adsorption, 
s of  adsorbent and their energies towars of  adsorbent and their energies towar

21



Derivatiion
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LIMITATIONS OF FREUNDLICH
ISOTHERM:

�Freundlich equation is

theor
�The equation is valid only 

invalid at high

� The constants k & n v� The constants k & n v

� Freundlich ‘s adsorption
concentration of

LICH ADSORPTION 

ion is purely empirical and has n

eoretical basis.
ly up to a certain pressure and 

igher pressure.

 n vary with temperature.

23

 n vary with temperature.

ption isotherm fails at high 
 of  the adsorbate.



Langmuir Adsorption Is

In 1916, Dr. Irving Langmuir derived an exprIn 1916, Dr. Irving Langmuir derived an expr
adsorption with pressure on the basis of  foladsorption with pressure on the basis of  fol

oo The surface is The surface is 

oo All sites areAll sites are

Bassic assumptions

oo All sites areAll sites are

oo MonoMono--layer adlayer ad

No interactions between adsorbNo interactions between adsorb

oo Heat of adsorption is constaHeat of adsorption is consta

AdsorbateAdsorbate molecules have tendenmolecules have tenden
surfsurf

on Isotherm:

expression for the variation in the extent of expression for the variation in the extent of 
  following assumptions   following assumptions 

e is homogeneous e is homogeneous 

s are equivalent s are equivalent 

24

s are equivalent s are equivalent 

er adsorption onlyer adsorption only

sorbate molecules on adjacent sitessorbate molecules on adjacent sites

nstant and equivalent for all sites nstant and equivalent for all sites 

ndency to get adsorb and desorb frondency to get adsorb and desorb fro
surfacesurface



Derivation 
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Langmuir Volume and LaLangmuir Volume and La

PressurePressure::

When maximum amount of gas adsoWhen maximum amount of gas adso

the solid surface to form a monothe solid surface to form a mono-- layelaye

Langmuir Volume.Langmuir Volume.

Langmuir Volume = vLangmuir Volume = vmaxmax

Similarly, Langmuir Pressure is the prSimilarly, Langmuir Pressure is the pr
maxmax

Similarly, Langmuir Pressure is the prSimilarly, Langmuir Pressure is the pr

which one half of the Langmuir volumwhich one half of the Langmuir volum

adsorbed adsorbed 

Langmuir Pressure (PLangmuir Pressure (PLL) = v) = vmax max 

d Langmuir d Langmuir 

adsorbed upon adsorbed upon 

layer is called layer is called 

he pressure at he pressure at 

26

he pressure at he pressure at 

volume can be volume can be 

ax ax /2/2



��DISSOCIATION OF A SINGLE DISSOCIATION OF A SINGLE 
SOLID SURFACE:SOLID SURFACE:

 +    S     S      S +    S     S      S
S      S S      S 

A

S     S     SS     S     S
S     SS     S

LE SUBSTANCES (GAS) ON A LE SUBSTANCES (GAS) ON A 

     S     S S      S       S     + PS      S       S     + P
S       SS       S
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 adsorption is very low: adsorption is very low: When adsorptionWhen adsorptionion is high:ion is high: When adsorption is moderWhen adsorption is moder

--dP/ dt= K. PdP/ dt= K. Pnn

Where  1> n> 0Where  1> n> 0

oo The order of the The order of the 

reaction will be reaction will be 

28

reaction will be reaction will be 

fractional one.fractional one.

oo Example: Example: 

Decomposition of Decomposition of 

Stibine on Stibine on 

Antimony.Antimony.



BET  Adsorption  IsothBET  Adsorption  Isoth
Brunauer, Brunauer, , Emmet and Teller extended the L, Emmet and Teller extended the L

multimolecular adsorption i.e., the adsorptiomultimolecular adsorption i.e., the adsorptio
layers on the surface ralayers on the surface ra

The relation derived on thiThe relation derived on thi
P/v (PP/v (P00 –– P) = 1/ (vP) = 1/ (vmm. C) +. C) +

This is often called BThis is often called BThis is often called BThis is often called B
WherWher

v= volume of  gas adsorv= volume of  gas adsor
PP00= Saturated vapour pressu= Saturated vapour pressu

mm= volume of  gas adsorbed when the surface i= volume of  gas adsorbed when the surface i
C= Constant for a givenC= Constant for a given

c= ec= e(E1(E1--

Where, EWhere, E11 = Heat of  adsorption in the = Heat of  adsorption in the 
EELL= Heat of  liquefication of  t= Heat of  liquefication of  t

Isotherm  Isotherm  ::
ded the LANGMUIR approach by postulatingded the LANGMUIR approach by postulating

tion involves the formation of  many molecultion involves the formation of  many molecul
ace rather than a single layer. ace rather than a single layer. 

 this basis is expressed as this basis is expressed as--
) + (C) + (C--1)/ (v1)/ (vmm. C). C)×× P/PP/P00

led BET Equation. led BET Equation. 
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led BET Equation. led BET Equation. 
here,here,

adsorbed under pressure Padsorbed under pressure P
essure at the same temperature.essure at the same temperature.

face is covered with a Uniface is covered with a Uni-- molecular Layer.molecular Layer.
ven adsorbate, such that ven adsorbate, such that 

--EL)/RTEL)/RT

 the first layer (always negative) and the first layer (always negative) and
 of  the gas (always negativ of  the gas (always negative).e).



Adsorption on Liquid Adsorption on Liquid 

surface:surface:chch substancessubstances whichwhich whenwhen addedadded toto

lowerlower itsits surfacesurface tensiontension areare calledcalled

rfacerface ActiveActive AgentsAgents.. ItIt alsoalso actsacts asas

tergentstergents oror soapssoaps..

ainain whenwhen inorganicinorganic electrolyteselectrolytes suchsuch

NaCl,NaCl, KCl,KCl, KBrKBr etcetc.. areare addedadded toto HH22OO22

contactcontact withwith air,air, thenthen surfacesurface tensiontension

22OO increasesincreases.. ThisThis isis duedue toto increaseincrease

concentrationconcentration ofof thethe solutesolute inin thethe bulkbulk

lutionlution comparecompare toto thatthat ofof HH22O/airO/air

erfaceerface.. SuchSuch substancessubstances areare calledcalled
rfacerface InactiveInactive AgentsAgents..

uid uid 
toto

ledled

asas

chch

OO

MM

ofof

prpr

thth

mm

30

ionion

sese

ulkulk

/air/air

ledled

mm

ofof

prpr

bubu



Adsorption on Solid Adsorption on Solid 
 CLEAVAGE OF A BIG CRYSTAL OF SOLI CLEAVAGE OF A BIG CRYSTAL OF SOLI

REASE SURFACE AREA. REASE SURFACE AREA. 

B    B    BB    B    B

B    B    BB    B    B Cleavage of B    B    BB    B    B

B    B    BB    B    B

B    B    BB    B    B

Cleavage of 

Big Crystal

lid Surface:lid Surface:
OLID INTO SMALLER UNITS IS DONE TO OLID INTO SMALLER UNITS IS DONE TO 

B    B    BB    B    B

B    B    BB    B    B
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B    B    BB    B    B

B    B    BB    B    B



Gibbs Adsorption Isotherm:Gibbs Adsorption Isotherm:

This equation represents an exaThis equation represents an exa
sorption and change in surface tensorption and change in surface ten

of a solute. This equatof a solute. This equat
��Willard GibWillard Gib

�� and afterwards independenand afterwards independen�� and afterwards independenand afterwards independen

 exact relationship between the  exact relationship between the 
e tension of a solvent due to presene tension of a solvent due to presen
uation was derived by uation was derived by 
 Gibbs  Gibbs (1878) (1878) 
dently by dently by J. J. ThomsonJ. J. Thomson, 1888., 1888.
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dently by dently by J. J. ThomsonJ. J. Thomson, 1888., 1888.



erivation:erivation:
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Applications of Adsorpti

ooGas maGas ma

oo ChromatogChromatog

oo Controlling hControlling h

oo HeterogeneouHeterogeneouoo HeterogeneouHeterogeneou

oo Forth flotationForth flotation

oo Production of hiProduction of hi

oo Curing diseCuring dise

oo Removal of coloRemoval of colo

oo PurificaPurifica

sorption:

s masks s masks 

atographic atographic 

ing humidity ing humidity 

eous catalyst eous catalyst 

34

eous catalyst eous catalyst 

ation process ation process 

of high vacuum of high vacuum 

 diseases  diseases 

 coloring matter  coloring matter 

ification ification 



Conclusion:Conclusion:

om this chapter, we know about adsorptioom this chapter, we know about adsorptio
fference between physical and chemical adfference between physical and chemical ad
ocesses. Surface chemistry research is an ocesses. Surface chemistry research is an 

hysical Chemistry, chemical physics, materhysical Chemistry, chemical physics, mater
 industrial processes and technology has  industrial processes and technology has 
ow in future. Residual unbalanced forces ow in future. Residual unbalanced forces 
 these residual forces, the surface of  a so these residual forces, the surface of  a so these residual forces, the surface of  a so these residual forces, the surface of  a so
olecules of  other species with which it is olecules of  other species with which it is 
main only at the surface, their concentratimain only at the surface, their concentrati
 solid. Solids, when finely divided, have a  solid. Solids, when finely divided, have a 
is property to a large extent. Colloids, onis property to a large extent. Colloids, on
mensions, process enormous surface area mensions, process enormous surface area 
sorbents. The examples are charcoal, silicsorbents. The examples are charcoal, silic

ption, factors upon which it depends, its tption, factors upon which it depends, its t
al adsorption the order of  various chemical adsorption the order of  various chemic
 an interdisciplinary area on the frontiers  an interdisciplinary area on the frontiers 
aterials science, and nanoscience. Its impaterials science, and nanoscience. Its imp
has grown over the years and will continuehas grown over the years and will continue
ces exist on the surface of  a solid. As a reces exist on the surface of  a solid. As a re
a solid has a tendency to attract and retaina solid has a tendency to attract and retain
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a solid has a tendency to attract and retaina solid has a tendency to attract and retain
t is brought into contact. As these molecut is brought into contact. As these molecu
tration is more at the surface than in the btration is more at the surface than in the b
ve a large surface area and, therefore, showve a large surface area and, therefore, show
, on account of  their extremely small , on account of  their extremely small 
rea per unit mass and are, therefore, goodrea per unit mass and are, therefore, good
 silica gel, alumina gel, clay, etc. silica gel, alumina gel, clay, etc.
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1. Intnoducion 

Agneultune 
nd livelhood on one hand, but olution due to it 

a numben o envinonmen al and heuth Can 1ead 0 

hazands. The notune of Dollutants ond the 
behave in evinomental ane of 

SOunce af econome develo prnent 

of Ngn impontance. 
Agnicutane pollution is defind as the pronomena af 
dnage, Cortaminadion and egnadation of enuinoment 

nd eeosyem, nd heh hazads due to the 
Pnoduct5 of Ranming naciiceg . Ihe ne lationShip 

gniettune wih he botie and biotice kactons 
of eniOnmen fonms 

" pnesSune (P); StneSs 

of envinon met 

itS nesouces. 

a loo knowm as PSR loopi 

on ewinonment> fnom 

yorie 

thet 

aetivitieg chonges in the Stote condition 

" State (s) Condition of Ahe nesent envionment and 

" Respose (R) 65 Sho b 
On the 

Ahe 

agniea 

ehongint envinonmental eonditions . 
40 the Stessed 

Thene iS a need fo neiable infopmaticn about 

oun envinonmen , COmposit ion and Pnoperties of 
agnicutunel Polution, and thein made 

ef aeiom t0 undengigrñd pollui Cn hazonds thad nest 
neSwted dne to 



dtud o s Sbian es pnesent n the 

Ahita ivieS qive se to POuutont S 

daay mi yeld enops can be badiy atfecied. 
aeeheE ases nd the? hanmful ai bonne 
PaneS. soe o Ahese oilutan and desenibe 

ain the 



nd tobacco Cnop 

Pnoduced which comtnibute the 
3t con Cause damage age damage to mant Plont spe e ies 

nbengnape, A0mato , onion, Potato,nadisn, 

6 Gneenhoe nages 

These 

Rage-3 
ozone fommadion, 

goses absonb infnaned nadiations of Sunlignt 
which ane ne fle CAed back ino Ahe atnosphe ne and 
In this way mainiain the Eanth's tempenatune, Ihis 
Praoees is Kno wn as Aneen houge effeeAbut due tO 
imblonCe betweern Ahe Sounces nd SinKs of these 
Aases. thein concentna tion in the atmospnene 

whieh is 

Sulla Dioxide 

Sueh 

a potential thneat 
40 O Eanth's Polution and no the e the majon connibuton cf Chonges in and Climate. These Aoges not on teet bui also eotibute to Ahe poduetion of these gases IA iS an impotam fact imporat faeA Ahat 207. of Ahese gases ane Pnodue ed thnough agnicWtune potti on. This gases mainy eud incude Canbon dioxide Co),nitnos exide, nd me thane, w 

vecomin in the atmo sphent 
agnicutre 

ItiS a priman PouPant emitted in the ain dineel and is a mixtune of Sulfb and OxHger 
compounds. This gas is maing Poduced b combuioh 

prcduce from wetlands 

Ë foSSi fuels , coal, oilS and 04her indugtnial heatng 



fage-4 

Pocesses. so beam is Ahe most aflect ed CnoD cue 
o Surun dioxide Polutien. eecouge ef i4S sotubil 
ond hydna'on pnopen ,it is e 
by the si omat a of Dtants 

easity 

4Wo ommg of inJan, milden 6e acute fonm and 
sevene on chnonie inguny In case of Ingentneo \esionS one Seen on boAh sides of the 1eat 
4he veins and mangins oeeuning due t0 the uptake of high sn dioxide cone enations n a S honte ai me peniod whie in chone ingunt 

(engen 

d this Carn lead to 

on ernposune o the Sul?nn dioXide coneentnations 
peniod,whieh leads t0 Chionosis . 

CYOOp P\arts Sueh as alfa(eabanIet,nadisn,sPinch and 40baeCO ane sensitive A0 ths gas. ItiS also Ahe main neagon of acidic nain that doages the nO04 ond Sho04 Sstem of Plant speeies and dnais 
fnom Ahe soil and the enops 
dioxide goses eact A0 Onoduce sulan tnioxide) 

. OxeÄ and Suifan 
hich eunthe neaeiS with ate vapomS presen tn the ain 40 form Supun'e aeid on aeid nain, 

cause indineeS domages 
Sulfunic acid and gune ug acid boBh Csn 

+0 4ees nd plants. 

4hene iS 

impon4ant mninenals and mutnientS 



3. Impact of Agnicutune on Ain Qual'ti 

This pont focaSes upon the impaet of agnCutngk 
4ehnoo on oain pouion. Di ftenent Pnocesses 
ane cannied out in 4his eield , whicn bad 
affec4ed 4he envinonment 

Agnieuelune Bunningi 
eoning Yoom agnicutne fnociees ond is Connied 
Ot o eleam ance f land ,Shnubs. pStS PestS 
ond nod uetion of bete Quaitt cnoPs bt getting nunientS Anom Ahe and. The ot pnoduetS of thiS pnoeess ineludi'ng centa'n Chemieal SubtanceS Snoke nd Danticwate maten which Pollute the an and 

Page- 5 

bunning waste matenial 

Riee Field 

health, This aso eleases canbon dixde canbon monoxide Ond Sulfun dioxide, which not apeee atmOSphene but aUsO ne Ahe eOpS 

methane 

a Souree of Methane nag 
The eields im whicn niee s nown ane o0ded wih waten,whieh ane an i impont 4ant 30unee 

gag pNOduction. Ihese fields Rovonaole condi4ions 40 the methanogenie baetenid 
Praovide 

tke humiditt CganiC Subsanees nd envinonmeh when Gnganic mauen 
Ot the convension 

timited in oxHgen supor 
iS nogenie baetena 



of 4hese Subtonee ino methane aas whieh 
tBmatei owes atn. 
) pantiCulate Matten -

THis the mixene of Sulfate , eagtongonie 
and elemental Conbon, Sod Compound S. dust nitnate 

Ond Smnaul dnopets oR liad . Tnein diameten n0nges 
Pnom 25 Mm t0 (l0 um .It ean auy be nesulted 
eom wind eno sion,Aiuage pnoCe ss penfomed 40 
Pne Pane lond Con agnieutunat punposes, bt 
bunning of eops and Con be Ronmed daning the neaei'ons of suftn nd ntnogen oxideg . 
Theg badi affected the vege ation b intenfen -ing with thne pestieides .Besides this , alkaine dut 
mat inenease 4he alkalinit o! ahe ewlt'vating \ond, inhab inhibitinghe enops gnowth and death 

Use of FertiizeS? 

Page -6 

Fentiizens ane addedO soil t0 ineneased 
ond nutnient quantit¥ ot the soil fos betten 
eop ProduetiOn . These con be ehemicad on minana 

potassium 
in these fetilizens. 

(e presert 

Thet 

feri 

s pnimon nuntnien+s 
have a imomtant noe A in the pnoduction of con . If ineneased qu antitt o Chemical feitilizéns is appied 40 

plontS,it affec+s the ain and neleages nitnogen. 

fentillzens and a niaOge, Phos phoraouy ond 



4. waden Poitudion bH Agnicutune 
Aeeonding 40 ahe 
Praoteetion 

40 4he necent ne ponts of EnvinonmEntal 

Poge-t 

HQeneg (on) , agnicutun e is the sole 
neason Pon Ahe d'stanbomce of miveS and SteeA 
Stnems ef iveRS one ace unotel the hind 
(angest Sounce of Pond.laKe and nesemvi 0m 
PollwtiOn . In onceondonce with the dato published 
b Naionat summant of Assessed waten Repgn + 
in 2010 ,apPnoxmatet 537. of giobau nivens go 

nd Steams haue been declane wnit Son the 

designed se 
It wOd had been essien to evalate hne 

mpact Of agniewtune System iP the constituennt 

activiies of agnicutume had neguon ond quantiaie 

impnession. This Cowld be a heping hond in dee iding 

Ahe degigns fon movated System Ahat nOd tunn 

agniewtunal pnaetices ond on 
enhanee Ane. 
C aniaiing the 

helping 

4he ewinOmental Qonsequenles. Howe 

ve, t is not tnue in his caye, The nelation Ship of 

boBh aauaie ond agnieultune sStem sgstems is 
eneote 

qwte compi:eted , and the mesh het 

has tidimensional asPectS, The most imeontant 

intenaeion in ths nelationShip is beteen cateh 

menn t rea 'Ond the nee eving wase . The wohole 

eondh sun face, whieh is wsuat agnanan on 



page- 8 

qiew tunal constitutes catehment basin fon 

the natal watens aDate COmmunitieS 

etvit oing on in catChment anea wuLd 
ffeet he matu wates. Fon the SaKe o 

cndenstomaing, Ahis nelationship co+ Ahis nelationship Can be eompamed 
the neladion ship belween home and the wast e 

dongs ¿oing on in home would 
be depieted in Cotents of waste aete Containe 

The ts Royad Commission c Envinonmeniau Polution 

Agnicutne and Pouudion in 949. The nepont diseussed the 
imÙaeis of vanious CounibuttoY35 sed in agnicutu pnaetiees Sueh as fertilizes and pestieides, howeven 

at Doesentpolltiom has taken mde pegpee ive 
because of the ineneased undesstanding of the 

Cn 
evalune qnond zeNo ePfects oP agniCultne neceiving-wale immaeate lond Seape is seleete oith e no pevios gn Cutme settiement,suelo 

imnnaeulate anea is Chose eO So that 
e\Ona that lown'Sheg is gon aecoding postiCnlas envionmentol Cornditiong of that anea. 

t0 the 

-his wowd in tann heip in natma seecien of 
Plant vnietions nd ihS landScae would no 

odn eio plant Species in that Sppeieie area. ea de bs composed o nieh eellwose, ignin, nd ACnnis ane thne piman enengH Sounees of Stneas Shade d bt fonest coVenia 

Published thne tn nepont &seSsed Called 

Pun caioning of eompie sstem 

abie A0 Wthst and the hansh eondition oY the 



Ngniettune as a 

Ge tone ging insiqn into ahe walen Aoution 

wiew 

Destnoer; 

biovoqica 

ef oahen bioicqical and ehysie togical d'siun 
banees eauged b agnicultune on this Planet. 

ngnicutUne distunbes & nadunal Soii and nunient 
censention aO me enani sm IH displace s the 
sounces Cf wood debois, +eominates pnedat os 
\ike wolve s and beamS o pnoteet the domeg+iC 

alten the Compier weed stoeK and mat compre ter 

Page-9 

On oven 

bicigical cnd physioioqical liood sysem i 
A0 Premode innigdion and dnainage System 

MOneove, ma cae hge altenat'on in 
lt t 

Pnet pnedaton nelationshi p by fovoning 
fish peacies due t0 wnden development of de fensive 

Aable fae Ahat agnieultune 
ignoned 

n onder 

mechaniSm Suen Speeieg have SPet tess eVolution 

time ond hence comot be kept in natcUSOl 

aauaie habits Sueh a maintaining Ponds , wet 

meadowS,and Rens. In Shont,agniCultume ha 

ecolegical Aneining 
no po Sitives e?feet on 

the pnoduetion 

nd biodivens'tt of audrc habiats . Lond S peapeg 
Pose a Seniou selecies and wed fon agnicliune 

4neat t0 waten dt biodivensit. Vet it iS an inevi 
Com neven be 

d IiiS estimated that in neY+ 50 ean s 

Punthe lo hectanes of matunaU land Seape 

will be used fom aqnicultune . 



yPes c Impocrs by Agncwune cn ates 

Page-10 

The aiseSS ment cé varicus imaets o 0grcutre 
en waien Sy51ems is nct eas because he nela 

water bodiess aite Compcated c descr Oed 
cntien . henenauy vanicus agnieuiune activies 
t2e app"Catiom Chemical Perntili zens ,iveSoeK aa 
POur bnegding,aguacutne,and nun 

PCPiCn ane nesnsiie fon ineneased Cheméal 

Cxger demand (Con ) amnmonia-N ntnoge 
eleed into 

nd prcsohcnus LevELy whch ane 
the neeeiving waten Sysem. 

) ImpoS on Sunface waten Guait 
)Inpacts cn Enniehment CE wte 

t) Impacts on publi Heath 

Agnicutune and ne Anal Anal sea O'sasten: 
The viond's D9est ename ct nien tond 
waten syStEm desto¬d o eneess've agnieultne naetiees iclowEd oy Pocn yncnaaemnent is Anal sea ond ks ånninage basine .Athougn waten quaity in that ameo nd many ctnen impagus hod 
bt nnieitune giill nemaing the maon comn 
butorsTo4a anea of the basin is I.gxio6 Km? whie he 'nnig0dfd anea S G5.6 % (1985) 



5. Climate ehonge and Agnicutune 

Page-1i 

elimare Change is neftenned A0 as enanges nd t0 
vanialiog hat ceewn in climate and pensist 
for a longen penicd of time ninging Anom 

mant decodeg The neason Por 
Ahis Chongeg in climate ean be mant; it Can 
be due t0 nadna pnocese Oceunming in the 
eonth's admospnene on antho Pogenie Chonges . Agnieutune ha btaned a centa noÁe wniie 
Studying ihe Poren'al ei teCAS of emate change. et change In ihe 4wen ier h centundobal wanming is mainiy because of the anihnopo genicad ineneae in nHon .A highg Coneenination gnenhouse gayes PnodueeS nadiaive toncing wnieh tends O a 
the Suyfaee of the eath. The inere ased Conce 
nnation of qneenhouse gageg nas led t0 1neneased 0ming oP the eanth due t0 Positive nadiativel 
forsees, Ineneased emission of Canbon dioxide 
iS cttribated t0 the enponsi on m land used fov 

pnning of oeen plantS and {onests . Exponsion ognieutune has neSulted in soi degnadation deenease in 
Soil mgonie con bo ond nitnogen ,and inenease 
emissiOn of admospnenie eanbon dioxide,nitnie 
oxide and methane eitheo b Conven ting natna 
management Prraetices . Hi gh Coneentnation 

gaiculune na neswted in soil and 

SyStemg ndo agnicatuna 
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o! COnbon dioxide and methane nas the moSt 
Sgni ieant eontnibution t0 the he wanming. Canbon 
diox'de nelease in mostl because of mienobiat 
decomposi4lon O bunningot soil onganie maeen 

md plant IiHen .Mehane emiSs!on, due to ente 
nie fenmeriOn, is one of the most Signif'eant Sounee of in4 emiSsion nom agniculte 1* mosStit acCOuntS for 4 -5 % OP the wOld 

cnthnopo genie gas emisson .Methane contnibutes 
46 an estimated 3.7 4imes o lobal 

wanmint of canbon dioxide .ca Use of nitogen 
fetilzens in oiee erops is the majon Contnibuton 
OP methane in atmosphee.It nas been Studied 

that eHa emission foTn fentilized nice enops 

iS 3 tO 5 times moe as compaed to unfentilizeA 

CoSop heips i ineneased eop POduetion, but 

4hese benefius eost us significant envinonmen tal 
(OSS SuCh as ineneased atmoS Phenie N0 0nd 

Othe eactrve nitnogeg goses in atmosphe ne 
Inentased ,o emission iS due 40 the use 

of diRPenent temili zens and Sod;um-,ntncgen 

ond Potossium-Conta'ning Pestieides . Diffenent 
micndbes%, on baclenia 4rOnsfonm nitnoge.Podassi 

-contaning pestiides .Diffenent mienobeg on 
baeienia nans fonm mitnogen in sou Canbon level 
and pooviding potecion t0 the natunal 
habit tS 



6. Soil Pollution 

Soil POLution is the Pnesence ot toxiC Compoud 

(nd matenias, Xenobiotie Chemials ,min enals on 

O4hen tS nadaaeive SubstomCe,on ogents 
diffeent Ahat ane nesponchie fen eausing 

aiseases in the so. These PouttantS have negatu 
effect On ploS �humns and amoSphene. The 

mOst eommnon soil con Aaminats co be categonized 
ino foun ypes. 

(a). Agnicwtunal QollutantS 
(b) Indutr Pouutonts 
(C). Municipa polutant S 
(d). Nueiean PoutNtS 
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heavt 

soil Can be poluted by a lange numben of poMcc POllu tors, beside waste disPoSal on land; lhe Dollutant Con be aneWtunel Cn nduStiaL Ahat Can eaueo 
(ond Pouutiom. In this ehaptenwe il oit eniA diseuss emg {hose polluarts that ns ihod oniginate Pnom ognicultunau opacties.The polticn P agnCultne anea in 
aikfenemt countnies S due AO the overge o 
fetiizens, pestieiaes, neniedes ,inseeticid ea.ec. 
A huge qu antit o hemiCais appied O 
cois,whieh mesuts in thne inenease 1evel o 

metaS sueh s cad min ,A aYsenieJ 

have ineneased draastieot anound the qlobe 
and ead ne use and vaniett of pestieideg 
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on0dcton Tnis lorge Eization of pestie'des Ynesited in thein misuse hs posint enwinomentou Pouion and heath 

has 

senous 

isKSPestieides Can be 
(ombinadion of aiflenent Subtanees that ane 

Ont Sub tonee o 

tnended Pon Pneveniio,destnuc 4ion ,on nepeluing 
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meet the nequied need of 
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neSult6 in Seniou complicat'ons .petieideg 
ond it5 by naduCAS genenated aften thein deg 
Qnad ation NY eseape into the envinonment 
sot on riens , wtimatert \eading o 40 the aceuma 
tlon of 40Yie Subtance on eombination of 
ifPersernt Subtnees that ane intended fo 
Proeven aion , destouetiOn, on nepeuin nt 

pest .o oneQA conse auentlt,the use of Such 
coYNAaminated Cnops eauses pesticideg ane 
Subtpes of pensisAent ongonie Poltuamts, whie h 

The proeSence O OCPs in dFfenent SoiS 
MCuding cultivaed nd vegetabie p'eldS is dereered even ofte the ban an their usein r83. 

Oe moNe bi0aceumuative ond 



Tne Possibie CCmmeal j'lis 
euivation c nl encps in E2Ce ESEnts 

r.om this +echniaue nave bnought sedicug 

enops nas naised the concenn on hein aiet 
Ond he Potential effeets on healih and 

hene is an ineneaSed hmet of Potemial 

COf Acod pncductS having fonen ney 
Thne n'sK & of 1enetr cut modified cnops te 

e obsenee bannesAO ihe Spnead of 



pmansenes 
PRodotion . This Can be due 40 

SSes 

5genie gnes to he weedt speeie bt enoe nansgen 
Such as hgbnidaizotion . neneie engineenin 
(ead to inenease in the possibiitt 

. Chene fow is an impo Of 
eseape of Anansgene 

k Padhat Pom the tnan sgene 
Omn biote en 

On gene ftow thnough serua 

SS wes .cnps 

on 

is Pensol 

gene 

thein wid nelatieg " 
e eak Pnom e nopsto similaro wildytJPe 

Species can be 
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enuinonment 

Ponegin 

enop s 

Over 
See c, o 

SNeSSeS, Can \ead t0 n peie tab(e 

Poien 
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an 

Spnead of these spnead 

breaK out in the eiNAn 

eause ecologieal niskS . These 
genes nes'stant 40 bio tiC and abioiC 

Such ag nice, s0yabean, ond 
miles have Ahein wild-tte sPeeies and heed 

elatives pnesentS O ietie in the agnicutunal 

ecosystem. Tne nele age of Ahe atien gene vaiey 

inio envinoment will neswlt inn Cnossing 

ith wild-Pe spec tes . DiS pessal of tansgene 

Pening- ehanaetens that enhaee sunviai and 

DePond uetioY t0nild o weed PoPotOns Suehn ae 

o! tnongenie herieide-esistamt 
Can act a Seniog thneat in 

tOesCa pe 

On hybri aization hese 

Sequenees OP 
ane ContCAminated ith 

enuinonmentak 

comngweedS and noneg sentia Diant 
4adi{ionoal con, canola and 

OVe 

supenvn 
Soybean 

DNAAhat ae deied fnom vanietiee. 



5'nce 4he late 1900S 

Health ond Agnicutune 

ght gnt in tne ogicutunal seceron fon impnoving 
Sofet Condiions ol eanmens ond 

epeop\e oking in Ahe agnicutunal seceto 
healih and 

Lce chonges ineue inmpnoverent in technoloat 
wsed, awaneness of health hazad S 
individuoUs, and paopesed pensona pnoteeAh 

Pr0teCion Act ti396) and won Ken 
4eeAioTm standered 
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nont 
Fcd Qucitt 

mant Changes have been 

REqlatoT° PPYOa eheg taken in onder tO 
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hozardS that Con be caused due to 
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TOUR DIARY

 

                                                     

 

 

 

 

 

 

 

 

 

 

 



                    

“It is the largest as well as busiest
railway junction of northeast
  

 

                                                                                 
 

“MIRIK LAKE”

“

naturally fed by spring and rainwater and it 
almost remains full all year round”

                                                                   

                                                      Time – 11.45a.m 

                          “GOPALDHARA TEA GARDEN” 

“GOPALDHARA TEA ESTATE is a tea garden in 
the MIRIK CD Block of DERJEELING district in 
The Indian State of West Bengal. 
GOPALDHARA TEA ESTATE ‘One of 
DERJEELING Pride’ is one of the highest tea 

estates in DERJEELING producing DERJEELING TEA.”  

 

Time – 1.15p.m 

      “NEPAL BORDER” 

“It is located on the way to MIRIK. 
It is known as PASHUPATI PHATAK 
NEPAL-INDIA BORDER” 



                                         Time – 1.30p.m 

      “PASHUPATINAGAR MANDIR” 

“PASHUPATINAGAR is a small border 
town on the Indo-Nepal Border. It is 
located on the way to MIRIK.              

                                         

“MALL” Time – 7.00p.m 

“MALL is the Heart of DERJEELING Town. CHOWRASTA is situated on the ridge 
of the DEJEELING HILL and is now focal centre of tourist attraction and a 
popular spot for the residents.” 

                                                  DATE – 21/11/2023  

                                                                                     Time – 6.00a.m 

                                                                                                       
“TIGER HIL” 

“TIGER HILL is located in DERJEELING in the 
Indian State of West Bengal. It has a 
panoramic view of MOUNT 
KANCHANJUNGA.” 

                                                                                                                          



                   

                              Time – 6.30a.m 

 “SUNRISE AT TIGER HILL” 

“A Sunrise at TIGER HILL is an 

impressive experience.” 

 

                                                                     
Time – 6.30a.m 

 “KANCHENJUNGA VIEW 
AT TIGER HILL” 

“KANCHENJUNGA, 
WORLD’S third highest 
mountain, with an 
elevation of 8586 metres. It 
lies in the border region between NEPAL & SIKKIM State of INDIA. 
The mountain is part of GREAT HIMALAYAS RANGE.” 

 

                                Time – 8.00a.m 

        

          “GHUM MONASTERY” 

 

“OLD GHUM MONASTERY is 
popular name of YIGA CHEOLING. 
The Monastery is known for its 15 
feet high status of the Maitreya 
Buddha.”  



                                   Time – 8.30a.m 

               “BATASIA LOOP” 

“The BATASIA LOOP is a SPIRAL Railway 
created to lower the gradient of ascent of 
the DERJEELING HIMALAYAN RAILWAY in 
DERJEELING District of WEST BENGAL, 
INDIA At this point the track Spiral around 
over itself through a tunnel over a Hilltop.”                                                  

                                                                     

                                                                                              Time – 12.15p.m 

                                 “HAPPY VALLEY TEA ESTATE” 

“It is DERJEELING’s second oldest tea garden. Spread over 177 
hectares, it is situated at a height of 2100 metres above sea level, 3 
kilometres north of DERJEELING.” 

 

Time – 2.00p.m 

PADMAJA NAIDU HIMALAYAN 
ZOOLOGICAL PARK” 

Padmaja Naidu (also called 
DERJEELING ZOO) is 27.3 ha. Zoo in 



the town of DERJEELING. The Zoo was opened in 1958 & average elevation of 
7000 feet, is the largest High Elevation Zoo in India.” 

Time – 2.00p.m 

Time -  2.50p.m   

“HIMALAYAN MOUNTAINEERING 
INSTITUDE” 

“THE HIMALAYAN MOUNTAINEERING 
INSTITUDE was established in DERJEELING, 
INDIA on 4 nov. 1954 to encourage 
mountaineering as an organised sport in 
INDIA. And the founder is TENZING 
NORGAY. 

 

Time – 3.20p.m 

“BENGAL NATURAL HISTORY MUSEUM” 

“THE BENGAL NATURAL HISTORY 
MUSEUM  is a Museum in 
DERJEELING, WB, that exhibits a vast 
range of natural artifacts and fossils. 
The museum is home to 820 
specimens of over 400 species of 
birds including 110 species of eggs, 
35 species of snake .”  



                                  DATE – 22.11.2023 

                          Time – 7.00a.m 

           “GHUM STATION” 

 

“GHUM is the INDIA’S highest  
Railway Station which is 
altitude 2258 metres.” 

 

 

 

Time – 1.00p.m 

“LOVER’S MEET VIEW POINT” 

 

“Overlooking the confluence of 
TEESTA &RANGEET River fron 
lover’s point,WB. TEESTA is the 
major river on the right and 
RANGEET on the left.” 



                            Time – 2.00p.m 

                                   “DELO PARK” 

“DELO PARK is a flower garden and with spectangular views of 
KALIMPONG Town, TEESTA River and surrounding. It’s altitude is 
1704 metres.” 

 

 

 

Time – 6.00p.m 

          “LAVA” 

“LAVA is a small hamlet 
situated 30 kilometres east of the 
town of KALIMPONG through 
ALGARAH in KALIMPONG District 
of the State of West Bengal, 
INDIA.” 

                                                                                        

 



                                DATE – 23/11/2 

  “ HOUSEHOLD SURVEY AT LAVA”           Time-7.00a.m 

  

 



 

                                                                                                         
 



                                                                                                                Time – 11.00a.m 

“RISHAP” 

“RISHAP is a Lepcha village primarily. It’s just 9km from lava and 32 km away 
from KALIMPONG.”                                                               

Time – 11.50a.m 

         “PINE FOREST” 

“Amazing view of road the forest covered  

With pine. It is on the way to LAVA.”    

                               Time – 1.00p.m 

        “LAVA MONASTERY” 

                                                                                        

 

“LAVA MONASTERY is also 
known as   KAGYU THEKCHEN 
LING MONASTERY. It is Buddhist 
Monastery situated in Lava, WB, 
INDIA.”                         



                                                 DATE – 24/11/2023     

Time – 10.30a.m 

  “CHELKHOLA RIVER” 

“It is situated on the east bank of 
river NEORA just 50 kilometres road 
distance from Siliguri.”  
 

 

 

 

                                                      Time – 11.32a.m 

       “AMBEOK TEA GARDEN” 

“AMBEOK TEA GARDEN Village is 
located in GORUBATHAN 
subdivision of DERJEELING District 
in WEST BENGAL, INDIA.” 

 

 

 

 

 

                                                    DATE – 25/11/2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                 Time – 7.36a.m 

        “GORUMARA NATIONAL PARK”        
 

“Located in the DOOARS region 
of the HIMALAYAN foothills, it is 
a medium-sized park with 
grassland and forest. 
GORUMARA NATIONAL PARK 
was established in 1992.”   
 

 

                
 

 

 

 

 

 

 

 

 

 

 

 

 

        



 

 

 

 

 

 

“LAVA HIGH SCHOOL”                                 “ ROCKS OF LAVA” 

 

“LAVA BRANCH OF DERJEELING                            “WATER TANK”                             

DISTRICT BANK” 

 

                                                 “ DRAIN” 

 



 

 

      “LAVA RURAL MARKET COMPLEX” 

 

       

 

 

 

 

 

 

 

 

 

 

                                                      “ HOUSES OF LAVA” 
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make the report named "Cyclonic Activity Measure 

Through Climatic Strength And Vulneralbility: A 
Case Study Of Gosaba CD Block In South 24 

Parganas`". 
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LOCATION 
West Bengal is a one of the most cyclone prone area in India. Our selected cyclone prone study 
area is Gosaba Block in Canning subdivision of South 24 Parganas district of West Bengal. 
Gosaba CD Block is located at 22°09 55"N, 88°48°28°E. It is bounded by Sandeshkhali-II CD 
block in the north, Basanti CD block in the west and Sundarbans forests in the east and south. 
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This report aims to provide a extensive analysis of the cyclonic problem faced by the Gosaba CD 
block. The objective of the field survey are to study how to taken the prepare, mitigate and 
management of the cyclone prone study area. It will examine the impact of cyclones on the 
socio-economic composition of the region, the vulnerability of the local communities, and the 
existing measures in place to mitigate the cyclonic risks. Additionally, the report will propose 
strategies and recommendations to improve the resilience of the Gosaba CD block to future 
cyclonic events. 



METHODOLOGY 

2 

The methodology adopted in the present study and divided into pre-field, field and post-field 
stages. 

Pre-Field: Before visiting the field various data and information are collected from 
different sources. Known the detail characteristics of the study area, different journals, 
books, information from internet are also used. 

" Field: Field work is the most important part of the total study. Various field data are 
collected on the spot, such as the land use data, the soil characteristics, vegetation type 
and also observed for deternining the existing landuse. Some meaningful photographs of 
the field were taken for ground truth verification. 

EXARTAm 

Post-Field: post field work is the final stage of project work. In this phase data are 
represented through proper table, charts, diagrams, map etc. use the statistics and 
cartography techniques, tabulation, mapping and interpretation of data also have done in 
this phase after getting all thc nccessary information. The map, cartograms, interpretation 
have becn completcd through propcr quantitative and qualitative method. 
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VEGETATION 
Mangroves are main woody plants that in habit the upper 
intertidal zones of salt water area, primarily in tropical and sub 
tropical coastal regions with in 30 degree of the equator and form 
low diversity forests. Mangroves from a characteristics saline 
wood land or shrub land habitat, called mangrove swamp, 
mangrove forest, mangrove or mangal, in coastal depositional 
environments where fine sediments often with high organic 
content collect in areas protected from high energy wave action. 
They occur both in estuary and along open coastlines. 

SOIL 

Large grasses and Ipomoea colonisation indicates that 

the dune became stabilized. Casurina trees and cactus 

shrubs colonized in the palaeodune field. 

The soil of this region can be generally classified into five groups depending on the texture of the 
soil: (a) clay soil (b) heavy soil (c) sandy loam (d) sandy and (e) silty soil. The salinity of the soil 
is determined by the amount of rainfall occurred and fresh water received from the upper 
catchment area and the salinity of the tidal water channels from the south. On an average , the 
entire area may be divided into low salinity up to 8 PPT- northern part, and high salinity from 8 
PPT to 20 PPT-southern part of Sundarban. The soils are fertile owing to continuous silt 
deposits. Salinity of surface soils is high during dry season but is reduced to tolerable limits 

because of dilution by the leaching effects of rain water. 
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Abstraet 

Sikkim lies in the Eastern Himalayas betvween 27° to 28° North latitude and 88° to 89° East 
longitudes. Its North Border is connecting with the vast stretch of Tibetan Plateau, Nepal in the 
West, Bhutan and Cumbia valley of Tibet in the East and Darjeeling District of West Bengal in 
the South. Sikkim climate varies from the Sub-tropical To the Alpine depending upon the altitude. 
The populace of Sikkim comprises of 14 hill tribes and many plainsmen communities. According 
to FIBL & IFOAM Year Book 2018, India's rank 9th in terms of World's Organic Agricultural 
land and Ist in terms of total number of producers. During 2017-18, India produced around 1.70 
million Continuing traditional farming and farmers have certain level of knowledge and skills for 
organic farming. The Large Cardamom, red cherry pepper, cymbidium orchids, ginger, Sikkim 
mandarin ete. Farmers prefer traditional arbitrational way but farners are now adopting improved 
technologies in organic farming system and thus adding Value to the crops which hold the promise 
to become niche commodities for national and international markets. 
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stale. 

Back in 2003, Sikkim offfcially took the decision to go organic. In the coming years, 
Sikkm made a transfornational shifi fron using 
Chemicals and Peslicides, to imposing a complete ban 
on themn. 

In January 2016, Prime Minister Narendra 
Modi declared Sikkim as India's first, fully organic 

Departmcnt of Horticulture was established in 
2009 as onc of the foremost professional course 
departments of Sikkim University, offering integratcd 

B.Sc. - M.Sc. in Horticulture of 6 years' duration. In 
the ycar 2013, the department started M.Sc. 
(Horticulture) and Ph.D. (Horticulture) with four specializations viz. Fruit Science, Vegctable 
Science, Floriculture, and Plantation, Spices, Medicinal and Aromatic crops.[1] 
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5) 
6) 
7) 
8) 
9) 
10) 

2. OBJECTIVES 

The horticulture department of Sikkim University mainly focuscd in organic farming, 
climate change residue and devclopment of add a day varicty of crops production. 
To attention the improvement of social and economic nature in food productions. 
To improve a nutritional quality in food. 
To improvement long term fertility of soil preparation. 
Increased a genctic diversity of crops.(2] 
Promote morc usage of natural pesticide in soil improvemcnt. 
To incrcase the production and productivity of fruits, vegetable and spices crops. 
To provide high quality of plants, crops to the farmers. 
To encourage the farmer to take up cultivation of fruit, vegetable and spices. 
Horticultural machines are used to help with the cultivation and care of plants, fruits and 
vegetables.(3] 
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3. Review of Literature 

There is a nced to promote seed villages to increase the area under specific crops. This may 
help to improve quality of secd material. Improving soil fertility by maintaining and building a 
fertile living soil through the application of organic matter inputs in the form of green manures, 
compost and farmyard manure and adopting cover crops and crop rotations and intercropping and 
by implementing low soil disturbance tillage. 
Adding organic matter can also increase the activity of carthworms, which in turn can also improve 
soil aggregation. If organic matter is retained in the soil, the number of microbes (like as bio 
pesticides, sun bacteria, Rhizobium bacteria etc.) in the soil increases to growth and nutritive value 
of the crops. 

Sikkim is the first state in the world that is 100% organic: All of its farmland is certified 
organic. The policy implemented a phase-out of chemical fertilizers and pesticides, and achieved 
a total ban on sale and use of chemical pesticides in the state. The transition has benefitted more 

than 66,000 farming families. 

3.1. HORTICULTURE DEPARTMENT: -

Horticultural activities the State comprise of activities that aim at promoting production 
of fruits such as Sikkim mandarin, pear, kiwi, papaya, banana as well as traditional vegetables 
such as bean, garden pea and other vegetables like tomato, Cole crops, radish, etc. Other cucurbits 
such as chayote, potato and spice crops 
like large cardamom, ginger, turmeric, 
cherry pepper and flowers such as 
cymbidium orchids, rose, lilium, 
gladioli, anthurium, carnation, gerbera, 

alstroemeria and zantedeschia. The 
activities relating to promotion of non 
traditional practices like bee keeping, 
mushroom cultivation, plantation of 
bamboo and medicinal plants have been 
intensified to add greater 
diversification. The significance of 
horticulture in improving land use, promoting crop diversification, generating employment and 
providing nutritional security to people has been recognized by and large by common man, general 
public, framers and programmed implementers. Hence, horticulture features as an important arca 
in the overall policy framework for development in the State.[4] 

Cultivation of fruits, particularly Sikkim mandarin is a traditional practice in the State. The 
resurgence of orange cultivation after this major setback has strengthened the confidence of 
farmers. The emerging issues of climate change has posed greater challenges to horticulture 
development strategy, compelling all to give a serious thought to evolve with strategies for pest 
and discase management through organic protocol. Changes in time tested cropping patterns and 
shift in cropping line is a glaring reminder of the climate change impacts. As a first step towards 
mitigating these challenges, efforts are directed to redesign the ongoing horticulture programmers 
to introduce greater resilience to these emerging needs. 
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3.2. BASIC CONCEPT IN HORTICULTURE: -

Improvement in the biological properties of soil is the main focus in organic horticulture. 
Conservation of energy and resources in production system. Control of pests, diseases, and weeds 
is achieved largely by the development of an ecological balance within the system and by the use 
of bio-pesticides, bio-control agents and adopting good agricultural practices. Recycling of all 
wastes and manures within a farm. 

3.3. ORGANIC FARMING: -

Organic farming, agricultural system that uses ecologically based pest controls and biological 
fertilizers derived largely from animal and plant wastes and nitrogen-fixing cover crops. Modern 
organic farming was developed as a response to the environmental harm caused by the use of 
chemical pesticides and synthetic fertilizers in conventional agriculture, and it has numerous 
ecological benefits. 

3.4. COMPONENTS OF ORGANIC FARMING AWD SOIL IMPROVEMENT 

TECHNICS: 

Important components of organic farming are biological nitrogen fixation, crop rotation, 
residues of crops, bio pesticides, biogas slurry etc. Vermicomposting has emerged as a major 
component [5] 
In organic farming which is very effective in enhancing soil fertility and growth of crops in al 
Sustainable way. 

The various components of organic farming are: -

1. Chop Rotation: -

For practicing sustainable agriculture there should be rotation of crops on the same land 
over a Period of two years or more for maintaining soil fertility and control of insects, weed and 
Diseases. For example, use of legumes in rotation improves soil fertility. 

2. Crop Residue: 

Has great potential of using residues of crops and straw of cereals and pulses in recycling 
of Nutrients during organic farming. Crop residues when inoculated with fungal species improve 
Physicochemical properties of soil and crop yields. 

a. Onganic Manure: -

Organic manure is obtained from biological sources (plant, animal and human residues). 
Organic manure helps in increasing crop growth directly by improving the uptake of humid 
Substances and indirectly promoting soil productivity by increasing availability of major and 
Minor plant nutrients through soil microorganisms. 

a) Bulky organic manure. Which includes Farm Yard Manure (FYM), 
compost and grecn managing. 

b) Concentrated organic manure. (6] 
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4 Waste: 

Industrnal waste: Industrial by products such as spent wash & coir waste can be used as manure. 
Municipal and Sewage waste: It is an important component of organic waste. 

5. Bio Fertiizers: -

Bio fertilizers; are microorganisms that have the capability of increasing the fertility of soil 
for example by fixing atmospheric nitrogen and through mycorhiza fungi and phosphate 
Solubilizcs; These are ccofriendly and sustainable way of achieving soil fertility. Bio fertilizers 
have biological nitrogen fixing organism which help them in establishment and growth of crop 
plants and trees, enhance biomass production and grain yields. 

3.5. ORGANIC FARMING CROPS: -

3.5.1.1. 

Botanical Name: Sachem edule (Jacq.) Sw. 
Family: Cucurbitaceae 

Introduction 

smooth. 

ISKUS 

� Common Names: Iskush (Nepali), Chayote (Hindi) 

Iskus Chayotc (Sechium edule) is a member of the family Cucurbitaceous vegetable. The name 
chayote is derived from the vine's Indian name, 
Chacha. It is a popular vegctable in N-E hilly 
region commonly callcd squash and grows 
abundantly without much carc and attention in 
high hills of Meghalaya, Manipur, Mizoram, 
Nagaland and Sikkim. Chayote is a perennial 
rooted cucurbit, with climbing vincs and leaves 
resembling those of the cucumber. Its vine can 
grow as high as 12 meters. Its leaves are heart 

shape, 10-25 cm wide and with tendrils on the 
stem. The flowers are cream-colored or 

somewhat green that comes out bencath a leaf or 
branch. It is a monoccious plant but male and 
female flowers borne in separate places. If the 
vine is male, the flowers are in cluster; if female, 
the flowers are slitary. The light green, pcar 
shaped fruit, with dcep ridges lengthwise, may 
weigh as much as one kilogram, but most often is 
from 170-340 grams. The chayote fruit differs from its multi-seeded relatives, in that it contains 
only a single, flat cdible sccd. Fruits may be slightly grooved, and its skin may be prickly or 
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Scientific Name: Lycopersicon esculentum 
3.5.1.2.. TOMATO 

Family: Solanaceae Centre of Origin: Peruvian and Mexican regions 
Common name: Tamatar (Hindi), Rambeda (Nepali) Introduction Tomato is one of the most important "protective foods" because of its nutritive value and widespread production. It is 

the world's third largest vegetable crop after 
Special 

potato and sweet potato, but it tops the list of capped vegetables. Tomatoes are used for soup, salad, pickles, ketchup, puree, sauces etc. It was introduced in India by the Portuguese. It is now 
the most important and remunerative vegetable 
in India. Uttar 

Karnataka, Bihar, Orissa are the major tomato 
Pradesh, Maharashtra, 

growing states. Because of suitable climatic conditions of Sikkim, tomato can be 
agro grown throughout year. 

3.5.1.3. TREE TOMATO 
Scientific Name: Cyphomandra betacea Sendt Family: Solanaceae 

Introduction 

Centre of origin: Probably be the Andes of Peru Common name: Rukh rambeda (Nepali) 

The fruits closely resemble a tomato; hence its name is the best known of about 30 species of Cyphomandra. Although it looks almost like a medium sized tomato, but the tree tomato is not a true tomato. The name tamarillo' was adopted in New Zealand in 1970 and become the standard commercial designation for the fruit. It must have been carried at an carly date to East Africa and Asia, as it is well establishcd in the Nilgiri hills and in the hills 
of Assam. It is cultivated in Venezuela, 
Malaya, California, Argentina, Florida and 
high lands of Costa Rica, Guatemala, Puerto 
Rico, Hawaii, Jamaica and New Guinea. 
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Tree tomato is grown in Kitchen Garden throughout the hilly areas of Sikkim. The fruit made into 
Charri', 'achar' etc. the introduction of this crop in the hilly areas of Sikkim, Nepal and Bhutan 
is still not known. 

� Scientific Name: Solanum melongena L. 
3.5.1.4. BRINJAL 

� Family: Solanaceae 
� Centre of Origin: India 

Introduction 

Brinjal is a native of India and one of 
the most popular vegetables grown 
throughout the country especially in 
North East Region. There are many 
wild relatives of brinjal and are being 
grown in their kitchen garden. The 
unripe fruits are used as a cooked 
vegetable alone or mixed with other 
vegetables. There is no reliable 

statistics available regarding the area 
under this crop in India. It is adapted to 
a wide range of climatic conditions 
from North to South and West to East. It is grown as summer crop in hilly regions. Brinjal is used 

in a variety of culinary preparations. Pickles and industrially processed food are also produced 
from brinjal. 

3.5.1.5. BROCCOLI 

V Scientific Name: Brassica oleracea var. italic 
Family: Brassicaceae 

Introduction 

Centre of Origin: Mediterranean Region 
� Common name: Hario Gobhi (Nepali) 

The name 'broccoli' refers to the young 
shoots which develop in spring on same 
species of the genus Brassica ('brocco' is 
Italian fora shoot). In Italy, these have been 
used as vegetable from early times but their 
economic importance become appreciable 
only since the thirties of the century when 
this vegetable became popular in the 
U.S.A. 

Sprouting broccoli is sometimes briefly 
called broccoli, through this name is also 
used for broccoli rape and for winter 

Page & of16 



cauliflower (winter broccoli or heading broccoli), In India, its cultivation is negligible and limited to kitchen garden but now it is becoming incrcasingly popular in hotels in Mumbai, Kolkata, Delhi and Chennai. It is mostly cultivated in the hilly region of Himachal Pradesh, Uttar Pradesh, Jammu and Kashmir, Nilgiri hills and northerm plains of India. Sikkim has the suitable weather for its cultivation and, therefore, there is a tremendous scope for its cultivation and supply of broccoli to different parts of the country and even export too.[7] 
3.5.1.6. 

� Scientific name- Persea americana 
Family- Lauraceae 

AVOCADO 

Center of origin - originated in the highlands bridging south-central Mexico and 
Guatemala. 

Introduction 
Common names -butter fruit, pomsi 

Avocado trees are partially self-pollinating, and are often propagated through grafting to maintain consistent fruit output. Avocados are presently cultivated in the tropical and Mediterranean 
climates of many countries. Mexico is the world's leading producer of avocados as of 2020, 
supplying nearly 30% of the global harvest in that year. 
The fruit of domestic varieties have smooth, 
buttery, golden-green flesh when ripe. 
Depending on the cultivar, avocados have green, 
brown, purplish, or black skin, and may be pear 
shaped, egg-shaped, or spherical. For 
commercial purposes the fruits are picked while 

immature and ripened after harvesting. The 
nutrient density and extremely high fat content 
of avocado flesh are useful to a variety of 
cuisines and are often eaten to enrich vegetarian 
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3.6. LAB EQUIPMENT'S: -

An autoclave is a machine that uses steam under 
Introduction: pressure to kill harmful bacteria, viruses, fungi, and 

spores on items that are placed inside a pressure vessel. 
They are used to decontaminate specific biological 
waste and sterilize media, instruments, and lab ware. 

Always use personal protective equipment (PPE) 
when using an autoclave. Wear a lab coat, heat 
resistant gloves, and safety glasses. 

Uses: 

Precaution: 

AUTOCLAVE MACHINE 

Uses: 

Precaution: 

Be sure arms are covered by a lab coat and longer 
heat-resistant gloves to prevent burns from heat and 
steam. Inspect the door gasket (scal) for any cracks 
or bulges. 

Hot air ovens are electrical devices which use dry 
heat to sterilize. They were originally developed 
by Louis Pasteur.[1] Generally, they use a 
thermostat to control the temperature. Their 

Introduction: double walled insulation keeps the heat in and 
conserves energy, the inner layer being a poor 
conductor and outer layer being metallic. There is 
also an air-filled space in between to aid 
insulation. 

HOT AR OVEN 

These are widely used to sterilize articles. 
Hot air ovens are used for testing food products, 
pharmaceutical items, and other consumable 
materials to check their temperature stability 
during the shelf life. Hot Air Oven plays a 
significant role in the sterilization process as it is 
also known as Hot Sterilizer. 

You should not heat close the temperature 
unless you use authorized equipment. 
With quality testing equipment, you will get 
pressure relief 

You have to make sure that the oven you use 
will remain clean and free of germs. Make 
sure you should not use any plastic material to 
avoid melting. 

Auocive machine 

(CNIIO 

HOT AIR OVEN 
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Introduction: 

Uses: 

Precaution: 

Introduction: 

Uses: 

Precaution: 

WATER PURIFICATION SYSTEM 

Water purification is the process of removing 
undesirable chemicals, biological contaminants, 
suspended solids, and gases from water. The goal 
is to produce water that is fit for specific purposes. 
Most water is purificd and disinfected for human 
consumption (drinking water), but water 

purification may also be carried out for a variety 
of other purposes, including medical, 
pharmacological, chemical, and industrial 
applications. 
Water purification also meets the needs of 
medical, pharmacological, chemical, and 
industrial applications for clean and potable 
water. The purification procedure reduces the 
concentration of contaminants such as suspended 
particles, parasites, bacteria, algae, viruses, and 
fungi. 

Do not run water of over 35°C through the 

filter cartridge. 
Do not run water of over 50C through the unit 
under any conditions. 
Do not store the filtered water. - First thing 
each morning, run water through Pure water" 
for 10 seconds before using or drinking. 

BOD INCUBATOR 

BOD Incubator also known as Biological 
Oxygen Demand incubator. In microbiology 
laboratories, it is broadly used for cell culture 
and fungal growth, BOD test, fermentation, 
crop and physiology, and various 

pharmaceutical tests etc. 

BOD incubators are especially useful for 
determining levels of organic matter and 
nitrogen in waste water samples. 

Always disconnect the BOD incubator 
from the socket when it is not in use. 

Clean the BOD incubator regularly to 
maintain its working performance. 

80 
NCUBATOR 

18 
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WATER BATH 

Introduction: A water bath is preferred over an open lame 
when heating lammable substances. It is 
cmploycd to enable some chemical reaction 
with a high temperature. 

Uscs: 

Precaution: 

Uses: 

It can be used for reagent warming, substrate 
melting, or cell culture incubation. The water 
bath is the preferred heat source for heating 
flammable compounds because it allows some 
chemical processes to OCcur at high 

Precaution: 

temperatures. 
Do not heat a bath flujd above its flash 

point. 
Water level should be regularly 
monitored, and filled with distilled water 

only. 

LAMINAR AIR FLOW 
Introduction: Laminar airflow, also known as laminar air flow 

(LAF), is a device, designed to prevent the 
equipment and working environment from 
particles. Laminar airflow units create particle-free 
working environments by sucking air through a 
filtration system and exhausting it across a work 
surface in a laminar air stream. They provide an 
excellent clean air environment for a number of 

cleanroom requirements. 

Disinfectants can be added to prevent 

growth of organism. 

Laminar air flow systems are used in various 
applications such as life science research, 
mushroom cultivation, microbiology, IVF, IUI and 
histopathology/ pathology lab, plant tissue and cell 

culture and pharmaceutical and electronics industry 
and many more. 

The laminar flow cabinet should be 
sterilized with the UV light before and after 
the operation. 
The UV light and airflow should not be used 
at the same time. 

" No operatipns should be carried out when 
the UV ligt is switched on. 
The operatot should be drawing 

WATER DATY 
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Sikkim has distinct advantages of continuing traditional farming and farmers have certain level 
of knowiedge and skills for organic farming. The state also possesses range of agro-climatic 
conditions and unique Commodities indigenous to the farning viz., large cardamom, ginger, red 
cherry pepper, Sikkim mandarin etc. 

4. Summary:" 

And an cmerging new class of educated farmers wanting To make agriculture a professionally 
viable vocation. For mountain states like Sikkim, this offers hopes of improving soil health of 
largely marginal hill farmlands, reducing cost of inputs and developing cash crops and agro 
enterprises with an aim to offer opportunities of employment to a section of its people. Therefore, 
in 2003, the State Government advocated the idea of making Sikkim An organic state. It was part 

of a larger concept of making Whole of North Eastern region as wholly organic zone of India. The 
decision of Govermment of Sikkim to go organic was based on the premise that farming in this 
hilly [8] 

State was traditionally low external input driven and it will be to the benefit of not only to the 

SIXty-two thousand farming families of the state but also to maintain quality of environment of the 
state. Government saw comparative advantages in promoting organic farming because use of 
chemical fertilizers and pesticides was still mini- mal at farmer's level and therefore it will be 
relatively easy for them to shift to organic or improve their already known organic ways of farming 
(Anonymous, 2003). 

Sikkim has about 15.689% of cultivable area out of the total geographical area of 709,600 hectare. 
It is estimated that more than 60% of the populace of the State is dependent on Agriculture. The 
average size of holding is 3.9 ha/person; however, the cultivated land is only 0.74 ha/person 
(Anonymous, 2010). 

Major Challenges of Organic Horticulture 

Maintain production in a long-run with nutrient 

Maintain production in a long-run with nutrient and Carbon budgeting. 
Sustain production under the changing climatic con 
Dictions and increased competition for land, labour, 
Water and energy for other economic uses. 
Material supply chain to augment productivity. 
Develop the cost-effective production technologies for organic horticulture. 
Ignorance of right stage of harvesting and value addiction, which results in low price for 
their produce. 
Inadequate attention towards value chain managemnent to prevent losses and to ensure 
supply during 
Odd periods. 
Creation of value chain infrastructure like pre-cooling 
Units, cold stores, refrigerated transportation system, 
Packinghouses, modernized market places. 
Establish market information system for intelligent 
Marketing of truthfully labelled produce to fetch better Price 
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5. Conclusion 
Sikkim has an amazing natural environment, with a rich variety of fauna and flora within a 

very small gcographical area. Indecd, such is the variety, that the area is termed asa biodiversity 
"hotspot"-one of only two in India (and 34 worldwide). Although Sikkim comprises only 0.2% 
of the land area of India, it contains an astounding 26% of the nation's biodiversity (including 
4,500 species of flowering plants, 550 species of birds and more than 600 species of butterílies). 
Unless Organic Farming is adopted there is a continuous threat to the State's Biodiversity of flora 
and fauna with the intensive chemical agrihorti - sylviculture system in the biodiversity 
"hotspot" of Sikkim. [9] 

Organic farming yields more nutritious and safe food. The popularity of organic food is growing 
dramatically as consumer secks the organic foods that are thought to be healthier and safer. Thus, 
organic food perhaps ensures food safety from farm to plate. The organic farming process is more 
eco-friendly than conventional farming. Organic farming keeps soil healthy and maintains 
environment integrity thereby, promoting the health of consumers. Moreover, the organic produce 
market is now the fastest growing market all over the world including India. Organic agriculture 
promotes the health of consumers of a nation, the ecological health of a nation, and the economic 
growth of a nation by income generation holistically. India, at present, is the world's largest 
organic producers (Willer and Lernoud, 2019) and with this vision, we can conclude that 
encouraging organic farming in India can build a nutritionally, ecologically, and economically 
healthy nation in near future. 

Horticulture encompasses a remarkable range of technologies, from sacks of soil that allow 
landiess vegetable gardeners to enrich their diet and income to the automated efficiency of 
controlled greenhouses, sorting machinery that can sense texture or color, and packaging that 
combats post-purchase waste by informing customers when produce is at peak ripeness. 
Horticulture, which offers employment and advancement opportunities at all educational levels, 
finds itself in a time of transformation.[10] 
Horticulturists apply their knowledge, skills, and technologies used to grow intensively produced 
plants for human food and non-food uses and for personal or social needs. Their work involves plant propagation and cultivation with the aim of improving plant growth, yields, quality, nutritional value, and resistance to insects, diseases, and environmental stresses. They work as 
gardeners, growers, therapists, designers, and technical advisors in the food and non-food sectors 
of horticulture.[11] 

Today, increasing production in horticulture through area expansion is gradually making way for 
concern like enhanced productivity, ecofriendly production, safe and nutritionally rich produce, volume for processing, value addition and value chain management, international competitiveness, intellectual property issues, sustaining production under changing climate etc... Despite several 
challenges and constraints, there are also successes in various sectors of horticulture.[12] 
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Glimpses of India’s Wildlife  

 The natural wealth of the Indian subcontinent has remained unique, mysterious and fascinating 
for nature lovers.  

  India's wildlife is both rich and varied. More than 4% of India's land is under forest cover. 
Variety of India's wildlife can be seen in the 90 National Parks, 482 wildlife sanctuaries and 23 
tiger reserves established by the Government of India in an attempt to conserve this vital 
resource.  

 According to one study, India along with 17 mega diverse countries is home to about 60-70% of 
the world's biodiversity. 

 India, lying within the Indomalaya  eco-zone, is home to about 7.6% of all mammalian, 12.6% of 
avian, 6.2% ofIndia, lying within the Indomalaya  ecozone, is home to about 7.6% of all 
mammalian, 12.6% of avian & 6.2% of reptilian.  

 For Wildlife Enthusiasts, India is the perfect place to see wild animals in their natural habitat.  

Endangered Species 

 Asiatic Black Bear  

 Asiatic Lion  

 Asiatic Wild Dog/ Dhole  

 Banteng  

 Blue Whale  

 Capped Leaf Monkey  

 Chiru /Tibetan Antelope  

 Wild Cat  

 Fin Whale 

 Ganges River Dolphin  

 Golden Leaf Monkey 

 Great Indian Rhinoceros  

 Hispid Hare  

 Indian Elephant  or Asian Elephant  

Project Title: Glimpses of India’s Wildlife in context of world



 Indus River Dolphin 

 Andaman Shrew 

 Asian Arowana  

 Kashmir Stag / Hangul 

Conservation of the Species: 

 In recent decades, human encroachment has posed a threat to India's wildlife. 

  Since India is home to a number of rare and threatened animal species, wildlife management in 
the country is essential to preserve these species. 

 Article 48 of the Constitution of India specifies that, "The state shall endeavour to protect and 
improve the environment and to safeguard the forests and wildlife of the country" and Article 
51-A states that "it shall be the duty of every citizen of India to protect and improve the natural 
environment including forests, lakes, rivers, and wildlife and to have compassion for living 
creatures." 

 The system of National Parks and protected areas, first established in 1935, was substantially 
expanded.  

 In 1972, India enacted the Wildlife Protection Act 

  In 1972, Project Tiger & Project Elephant started in 1992  

  Further federal protections were promulgated in the 1980s.  

  Forest Rights Act was established in 2008 

 Along with over 500 wildlife sanctuaries, India now hosts 15 biosphere reserves & 25 wetlands. 

  India contains 172, or 2.9%, of International Union for the Conservation of Nature and Natural 
Resources (IUCN)-designated threatened species. These include the Asiatic lion, the Bengal tiger, 
and the Indian white-rumped vulture. 

 The most endangered Indian top predator of 2010, the dhole is on edge of extinction. Less than 
2500 members of the species remain in the world. 

 There are 39 Project Tiger wildlife reserves in India covering an area more than of 37,761 km². 

 

 

 































Description of some National Parks in India  

 

 

Bandipur & Nagarhole National Parks, Karnatak 

 Special Features: Veritable paradise for wildlife. Moderate climate and diverse geographical 
features. Dry & tropical mixed deciduous forests 

 Location: Situated within Chamarajanagar  

 district  of Karnataka, halfway down  

 the Mysore-Ooty highway.  

 Prime Attractions:  

 Year of Designation as National Park:  

In 1973, it became one of the first of India's Tiger Reserves. 

 

Corbett National Park 

 Special Features: First national park of India. Hilly & reverie , valleys, plateaus and ravines. 
Deciduous forests consisting 110 tree species. Lower areas are mainly populated by Sal, Pine, 
Shisham and Khair trees.  

 Year of Designation as National Park:  

Formerly known as Hailey National Park , 

established by Jim Corbett in 1936 

 Location : 63 Kms southwest of Nainital, Uttaranchal 

 Area : 52,082 hectares 

 Prime attractions : Tigers, Leopards, Crocodiles,  

Sloth Bear, Himalayan Black Bear, Dhole, Jackal, 

 Yellow Throated Martem, Himalayan Palm Civet, Indian Grey Mongoose. 

 

 



Kanha National Park 

 Special Features: The number of tigers has doubled and barasingha have crossed the 450 mark. 
Deciduous forests, surrounded by valley  & plateaus. 

 Year of Designation as National Park:  

As National Park  in 1955 & 

 as Tiger Reserve in 1975 

 Location : Forests of the Central high  

lands of Mandla and Balaghat districts  

in Madhya Pradesh 

 Area : 940 sq. kms. 

 Prime attractions : Barasingha, cheetal sambar, black duck, barking deer, gaur, hog deer, 
chausingha, bison, boar, tiger, leopard, hyena and wild dog.  Nearly two hundred bird species 
such as storks, teals, pintails, egrets, peafowl, partridges, doves, pigeons, cuckoos, eagles, kites, 
etc. 

Kaziranga National Park 

 Special Features: Listed in World Heritage Site  

 Year of Designation as National Park: 1985 

 Location : Districts of Golaghat & Nagaon in Assam 

 Area : 429.93 sq.kms with an additional area of 429.40 sq.kms 

 Prime attractions : One Horned Rhinoceros, Asiatic elepahnt, Asiatic  wild buffalo & Royal 
Bengal Tiger. 

Dudhwa  National Park 

 Special Features: Forty-seven species of mammals are  

found at Dudhwa; of these thirteen species are endangered.   

The only place in the world inhabited by 5 species of deer 

 Year of Designation as National Park: 1st February 1977 

 Location : Near Palia in Lakhimpur-Kheri District in foothills of Himalaya in Terai region in Uttar 
Pradesh  

 

 

 



 Area : 490 sq.kms  

 Prime attractions : Hog deer, swamp deer, barking deer, sambhar, wild boar, leopard, tiger, 
rhino. 

Gir National Parks 

 Special Features: It’s ecosystem nurtures 450  

species of plants, 350 species of birds,  

32 mammal species & 24 reptiles 

 Year of Designation as National Park: Established in 1965 

 Location : Gir, 42 kms from Junagadh in Gujarat 

 Area : 1421.13 sq. kms  

 Prime attractions : Chital, chowsingha, Asiatic  Lions, Leopard, Lion, sambhar, bluebul  

Sunderbans National Park 

 Special Features: A UNESCO World Heritage site,  

one of the world’s largest delta & the mangrove 

 Year of Designation as National Park:  

 Location : Piyali, West Bengal 

 Area : 1330.10 sq. kms  

 Prime attractions : Bengal Tiger, Ridley Sea Turtle, porpoise, wild boar, pangolin, Gangetic 
dolphin. 

Some of the Bird Sancturies in India 

 Keoladeo National Park/Bharatpur Bird Sanctuary: 

 Special Features: Designated as UNESCO World Heritage Site in 1985 

 Location:  Bharatpur, Rajasthan 

 Area: 29 sq. kms  

Prime attractions: Sambar, Chital, Nilgai, Boar, Migratory Birds 

 Kumarakom Bird Sanctuary  

 

 



 Special Features: Situated on the banks of Vembanad Lake. Famous for its avian population. 
Known as an ornithologist's paradise.  

 Location : 12 kms. from Kottayam, Kerala  

 Area: 14 acres  

 Prime attractions: Siberian Cranes, Waterfowls, Cuckoos 

 Sultanpur Bird Sanctuary  

 Special Features: Lush green lawns, trees, shrubs and masses of Bougainvillea.  

 Location: Sultanpur, Haryana 

 Area: 143 sq. kms  

 Prime attractions: Migratory Birds, Kingfishers, Blue Bulls 

 Thattekad / Salim Ali  Bird Sanctuary  

 Special Features: Situated on the banks of the Priver river 

 Location : 13 kms. from Kothamangalam, Kerala 

 Area : 25.16 sq. kms  

Prime attractions : Rare Mottled Wood Owl, Spot-bellied Eagle Owl, Malayan Night Heron. 

 Kaundinya Bird Sanctuary  

 Special Features: Covered with rugged high hills and deep valleys. Two streams, the Kaigal and 
the Kaundinya flow through the sanctuary. The southern tropical type of forests.  

 Location : 50 kms. from Chittor, Andhra Pradesh 

 Area : 358sq. Kms  

 Prime attractions : Cheetal, Four horned Antelope,  

Sambhar, Mouse Deer, Hare, Porcupine, Wild boar,  

Jungle Cat, Jackal, Sloth Bear, Panther, Jungle Fowl,  

Pea Fowls and Elephants. 

 Kawal Sanctuary  

 Special Features: Variety of flora including dry deciduous teak forest and bamboo trees.  

 

 

 



 Location : 50 kms. from Mancherial, Andhra Pradesh 

 Area : 893sq. Kms  

Prime attractions : Sloth Bear, Panther, Tiger and variety of birds like Peacocks, Patridges, Quails, 
Vultures, Eagles, Kites, Owls, Mynas, Pigeons, Tree - pies, Kingfishers. 

Biosphere Reserves 

 

 

 

 

 

 



CONCLUSION 

It will be worthwhile to mention that in the 31st meeting of the Standing Committee for National Board 
for Wildlife (NBWL), held between August 12-13,, 2014, as many as 173 projects were listed for 
clearance from 24 states of India. A total of 130 projects were cleared, but were eventually struck down 
by the Supreme Court of India on the grounds that the current constitution of NBWL is a violation of law 
(PA Update, 2014-15: 12-22). Again, in a single NBWL meeting,  held on January 21, 2015, at least 34 
project proposals, cutting across 12 states have been approved; including those for road, rail, oil drilling, 
pipeline, canal construction–all being within the declared boundary of 27 wildlife sanctuaries, four 
national parks, one tiger reserves and two bird sanctuaries, among others. All these projects involve 
diversion of forest land within ‘Protected Area’ for non-forestry purpose. 

Besides, at least 15 proposals from 10 states got clearance for diversion of forest land within 10 km 
radius of national parks and wildlife sanctuaries, which according to EIA norm should not have been 
given permission. The range of projects included construction of jetty in water ways and highway on 
land, storage facilities, irrigation, canal construction, road, mining, thermal power, hydrocarbon 
exploration. 

The gamut of development projects being cleared may be indicative of country’s rapid growth, but it 
also poses a question—what is the future of wildlife in India? Thanks to illegal poaching, Sariskaand 
Panna tiger reserves in Rajasthan and Madhya Pradesh respectively were recently declared “tiger-less”. 
Buxa Tiger Reserve in West Bengal also has no tiger now.A recent news on death of “lions” in large 
number in Gujarat attracted national media attention. Also the illegal poaching or human-induced 
deaths as witnessed in Manas Wildlife Sanctuary, causing decline in rhino population. But on the other 
hand, deliberate and predicted deaths of Indian Elephants on railway tracks in north Bengal. Stories of 
these deaths that were five times more since the railway line was broadened also attracted eyeballs. 
Has any action been taken to prevent such colossal loss of wildlife—legally or illegally? Very recently, 
Government of India had again cleared another railway project connecting North Bengal to Sikkim via 
Rongpo, diverting 86 ha of forests land. These wildlife species are all listed under Schedule I of Indian 
Wildlife Protection Act and should have been given highest protection status. Land is not the only place 
with wildlife crisis. Hundreds of dead sea turtles have recently been spotted on Odisha coast. It is 
alleged that uncontrolled trawling operation made the coast a cemetery for Olive Ridley turtles. 

The 48 projects recommended for clearance in January 2015, if undertaken, will convert 2,144 ha of 
forest land within the Protected Area. But in some cases, forest area has not been clearly defined and 
maneuvered in such language as “afforestation of boundary of Protected Area for exclusion of part of 
limestone bearing mineral zone” in Kamur Wildlife Sanctuary, Bihar. The title at least does not indicate 
“what the limestone bearing area is” that is referred to within the sanctuary. In June 2015, NBWL had 
again cleared 18 new projects and deferred four projects without rejecting a single one. These include 
six projects within five tiger reserve areas (PA update, August, 2015). One can recall how years ago, 
dolomite mining was totally banned in Buxa Tiger Reserve, although mining history dates back 50 years 
before the tiger reserve was notified. 



The forest cover in India has a target to reach 33 per cent of land area but forests within the Protected 
Areas have special significance in terms of biodiversity and wildlife conservation. Years back, a study by 
Zoological Survey of India on tiger reserves of India revealed how tiger reserves have contributed 
towards efforts of conservation of biological diversity in the country by protecting keystone species and 
forests. One has to remember that till date 70 per cent of biodiversity has been recorded from the 
forested area in the world. 
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