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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
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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

27



 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. 

29

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

31

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.

32

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

35

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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Introduction to Coordination Compounds

Coordination Compounds also known as complex compounds

consist of a central metal ion or atom surrounded by Ligands.

Alfred Werner is considered the Father of Coordination Chemistry.

His theory of Coordination Compounds earned Noble Prize in 1913.

Examples : [Cu(NH3)4]
2+ , [Fe(CN)6]

4-



Bonding Theories of Coordination Compounds

Valence Bond Theory (VBT) :-
• VBT describes the formation of Coordination Compounds through the overlapping of Atomic 

Orbitals between metal ion and ligands .
• VBT considers the hybridization of metal and ligand orbital .
• VBT provides insights on the stability , reactivity and electronic structure of Coordination 

Compounds.
• It explains geometry of Coordination Compounds based on their hybridization of the orbitals .
• There are two types of compounds classified by VBT –

o Inner orbital complex 
Example: [Fe(CN)6]

4-

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

2+



Demerits of Valence Bond Theory

Valence Bond 

Theory fails to 

explain the 

conditions to 

outer and inner 

orbital 

complex.

No explanation 

for colours of 

coordination 

compounds 

and their 

magnetic 

properties.

There is no 

prediction given 

regarding the 

preference of 

geometry of the 

complex.

VBT can’t 
explain the 

reason behind 

the 

nonexistence 

of many 

complexes.



 Crystal Field Theory was 
first proposed by Bethe (in 
1929).

 CFT considers the 
electrostatic interaction 
between the metal and the 
ligands to explain colour
and magnetic properties of 
coordination compounds.

 There are some basic features of CFT –
 Ligands are considered as point like 

charge.
 Wave mechanical identity of metal’s 

atomic orbital has to be considered.
 There will be no covalent interactions 

between metal and ligand.

Crystal Field Theory

 Crystal Field Splitting:
• The electric field generated by the ligands cause the d-orbitals to split into two energy levels .

 Lower energy orbitals 
 Higher energy orbitals



Crystal Field Splitting :  The splitting of the d-orbitals mainly depend on 

the geometry of the coordination compounds.

For Octahedral geometry             

Lower energy orbitals will be  t2g :- dxy , dyz , dxz

Higher energy orbitals will be   eg :- dx
2-y

2 , dz
2

For Tetrahedral geometry          

Higher energy orbitals will be t2 :- :- dxy , dyz , dxz

Lower energy orbitals will be e  - dx
2
-y

2 , dz
2





Tetrahedral Crystal Field 
Splitting Diagram



JAHN- TELLER 

DISTORTION

Splitting of t2g

and eg

orbitals of an 

octahedral 

system due to 

Z-in 

(compressed) 

and Z-out 

(elongated).

In the Octahedral system , if the two trans – ligands lying 

along the z-axis are compressed or elongated compared to 

the other four ligands lying in the xy plane, then we get the 

tetragonally distorted octahedrons.



Splitting of t2g and eg

orbitals of an 

tetrahedral system due 

to Z-in (compressed) 

and Z-out (elongated).



Merits and Demerits of Crystal Field Theory

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 .

 The distortions in the geometry of 

Coordination Compounds can be 

explained by  CFT.

 CFT can explain the stereochemical                    

preferences.

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 

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 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 

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 structure of DNA



Relation between Supramolecular Chemistry 

and Coordination Compounds

 Coordination Compounds 

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.



Self Assembly

The spontaneous 

organization of 

molecules under 

near thermodynamic 

equilibrium 

conditions into 

structurally well-

defined and stable 

arrangements 

through non 

covalent bond 

The molecular 

components need 

complementary 

properties such as 

specific surface , 

characteristics , 

surface charge , 

polarizability and 

surface 

functionalities to self 

assemble.



Types of 

Self-

Assembly in 

Coordination 

Compounds

Polymeric self-assembly: Formation of 

extended polymeric structures through 

coordination bonds between metal centers

and ligands

Supramolecular cages and capsules: 

Assembly of discrete three-dimensional 

structures that can encapsulate guest 

molecule

.Coordination-driven self-assembly: 

Formation of complex structures through 

coordination interactions between multiple 

metal centers and ligands.



Examples of Self-Assembly 

in Coordination 

Compounds

Metal-organic 

frameworks (MOFs):
Crystalline materials with a 

porous structure formed through 

self-assembly of metal ions or 

clusters and organic linkers

Supramolecular 

helicates:

Coordination complexes with 

helical structures formed through 

the self-assembly of metal ions 

and chiral ligands 

Self-assembled 

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 

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.

Nodes: Metal ions or 

clusters that act as 

the 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.

Coordination bonds: MOFs are 

constructed using coordination 

compounds as building blocks, 

combining the metal nodes and 

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.

Metal-Organic 

Frameworks 

(MOFs):

Definition:-

Structural 

Features of 

MOFs:-

Coordination 

Compounds as 

Building Blocks:-



Gas storage 

and 

separation 
Catalysis Drug Delivery

Sensing and 

Detection

Energy 

storage 

Applications of MOFs

Water 

Harvesting

Carbon 

capture 

and 

storage



Molecular Recognition

 Molecular recognition refers to the ability 

of molecules to selectively interact and 

bind with specific complementary 

molecules or ions.

 Host Guest Chemistry : Inclusion 

complexes , clathrates and cryptands are 

example of Host-Guest system. 



Significance 

of 

Coordination 

Compounds 

on Molecular 

recognition

Selective 

Binding in 

Host-Guest 

Chemistry

Chiral 

Recognition

Recognition of 

biomolecules 

by 

Metalloprotie

ns

Chelation 

Effect

Steric and 

Electronic 

effect



Significance 

of 

Coordination 

Chemistry in 

Supramolecul

ar Chemistry

The bonding of coordination compounds 

plays a crucial role in the formation and 

stability of supramolecular architectures. 

Supramolecular architectures refer to 

large-scale assemblies formed through 

non-covalent interactions between 

molecules or molecular components. 

These architectures can exhibit unique 

structural, electronic, and functional 

properties that are distinct from those of 

individual molecules. Here are the key 

significance of coordination bonding in 

supramolecular architectures

Structural 

stability

Control of 

Assembly

Hierarchical 

Assembly

Diversity of 

Architecture

s



Design of Coordination Compounds for Functional 

Materials

The design of coordination 

compounds plays a crucial role in the 

development of functional materials 

with tailored properties and 

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:

Luminescent Materials

Magnetic Materials

Catalytic Materials

Conducting Materials

Porous Materials



Synthesis and study of crown – ether appendel Tetraplatinum(II) 

Macrocyclic chemosensors for cation detection

Six Hg(II) coordination compounds containg 2-((pyridine-3-

ylmethylene)amino)phenol and              4-((pyiridin-4-

ylmethylene)amino)phenol

Organometallic polyphosrous complexes as diversified building 

blocks in Coordination compounds

Coordination Compounds as Building Blocks 

in Supramolecular architectures







Future Scope of 

Coordination 

Compounds and 

Supramolecular 

Chemistry

Advance 

supramolecular 

architectures

Molecular 

Recognition 

and Host –
Guest 

Chemistry

Supramolecul-

ar Catalysis

Biomedical 

Applications
Supramol-

ecular

Electronics

Responsive 

and Stimuli-

Responsive 

System

Functional 

Materials



CONCLUSION

Coordination compounds play a pivotal role in supramolecular 
chemistry as they serve as versatile building blocks for the 

construction of complex supramolecular architectures. The unique 
properties of coordination compounds, arising from the 

coordination of metal ions with ligands, make them highly 
attractive for creating functional supramolecular systems.
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INTRODUCTION

• Nuclear Magnetic Resonance (NMR) is a spectroscopy technique 
which is based on the absorption of electromagnetic radiation in the 
radio frequency region 4 to 900 MHz by nuclei of the atoms.

• Proton Nuclear magnetic resonance spectroscopy is one of the most 
powerful tools for elucidating the number of hydrogen or proton in the 
compound.

• It is used to study a wide variety of nuclei:

• 1H

• 19F

• 13C

• 15N

• 31P



TYPES OF 
SPECTROSCOPY

• Absorption spectroscopy

• Electrochemical impedance spectroscopy:

• ESR Spectroscopy

• Emission spectroscopy

• Fluroscence spectroscopy

• Infrared spectroscopy

• Mossbauer spectroscopy

• Nuclear magnetic resonance spectroscopy

• Raman spectroscopy

• UV-visible spectroscopy



HISTORICAL PERSPECTIVE
Discovery of NMR Phenomenon in 1945.

The first published “high resolution”
NMR spectrum of ethanol at 30 MHz

Purcell and Bloch –
Nobel prize in Physics – 1952

for the discovery of NMR.

Richard Robert Ernst-Nobel 

prize in Chemistry-1991



BASIC THEORY

• NMR-Nuclear Magnetic Resonance

• Dealing with magnetic properties of atomic nuclei

• Atomic nucleus has mass and it spins on its own axis

• Due to the spin, it possesses angular momentum(P)

• Due to the charge and the spin it possesses magnetic momentum(μ)

• Only certain nuclei have non-zero magnetic moment. In others the “Net magnetic 
momentum” can be zero

• Only nuclei with non-zero magnetic moment are “magnetically active”

• Both (P) and (µ) are vector quantities and also quantized

• The ratio of magnetic momentum to angular momentum is called “Gyromagnetic ratio”.

• It is very characteristic of a given nuclei. It is a constant for a given nucleus.

•Gyromagnetic ratio = [γ] = (µ)/(P)



NUCLEAR SPIN

NUCLEAR SPIN

ZERO

MULTIPLE OF 1

MULTIPLE OF 1/2

A SIMPLE WAY TO FIND OUT NUCLEAR SPIN-

EVEN/ODD RULE Example:

I=0,12C6,
16O8,

I=integer,14N7(1),10B5(3),2H1(1)

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

ATOMIC NUMBER

EVEN

ODD

EVEN OR ODD

ATOMIC MASS

EVEN

EVEN

ODD



Increasing field strength B0

+1/2   β

-1/2   α

E=hv=(h/2π)B0ϒ
v=(B0ϒ)/2π
Resonance 

condition

E = hv

CHANGE IN SPIN STATE IN PRESENCE 
OF MAGNETIC FIELD

B0

B0

The energy gap between the spin states corresponds to radio 

frequency region



POPULATION DENSITY

• EACH LEVEL HAS A DIFFERENT POPULATION (N), AND THE DIFFERENCE 

BETWEEN THE TWO IS RELATED TO THE ENERGY DIFFERENCE BY THE 

BOLTZMMAN DISTRIBUTION

𝑁𝑢𝑝𝑝𝑒𝑟𝑁𝑙𝑜𝑤𝑒𝑟=e-ΔE/kT=e-hv/kT

h=6.624 x 10-34 J.sec

k=1.380 x 10 J/K .molecule

T= absolute temperature (K)



POPULATION EXCESS

Using equation, one can calculate that at 298 K(25°C), for an 
instrument operating at 60 MHz there are 1,000,009 nuclei in the 
lower (favored) spin state for every 1,000,000 that occupy the upper 
spin state.

This excess of 9 nuclei is called the population excess. 

The spins in the excited state return back to ground state by 

(a) spin lattice relaxation and 

(b) spin-spin relaxation



Higher the magnetic field 

strength – higher the 

sensitivity and resolution

Lower the temperature –
higher the sensitivity



LARMOR FREQUENCY

Precessing spin about the applied 

magnetic field direction

ω0 – Larmor frequency
Spinning 

nucleus

The interaction of magnetic field with nuclear magnetic moment 

induces the nuclear magnetic moment to preces about the applied 

magnetic field with certain frequency called Larmor frequency



ν=(B0ϒ)/2π
From the above equation one infers that all the hydrogen nuclei in a molecule, say ethanol should have 

the same resonance frequency, irrespective of its chemical nature, at a given magnetic field.

But this is not true. Hydrogens in different chemical environment give different resonance frequencies 

in the NMR.

CLASICAL DESCRIPTION OF NMR



It is inconvenient to refer to proton frequency as 398.432 MHz

DEFINATION OF CHEMICAL SHIFT

δ (in Hz) = νsample – νreference (Spectrometer 

dependent)

δ =. (νsample – νreference) ∗106

spectrometer frequency (in 

ppm)

Chemical shift expressed in δ is a dimensionless quantity and 
also does not depend on the spectrometer frequency



REFERENCE FOR 1H-NMR SPECTROSCOPY

• Tetramethylsilane (TMS) is used as a reference

• The chemical shift of TMS is lower than most protons in organic 
molecules, so it is taken as zero

• All the protons in TMS are equivalent and hence only one signal for 
all the 12 protons – high signal intensity

• TMS is a liquid and miscible with most solvents

• It is also volatile and hence easy to remove

• It is inert and does not react with the sample



FACTORS AFFECTING CHEMICAL SHIFT

Electrone gativity , indactive and resonance effects

TMS=0.0        CH4=0.23    (all in ppm)

MeI 2.2

MeBr 2.6

MeCl 3.1

MeF 4.3

MeOH              3.4

MeF 4.3

MeNO2 4.3

MeCl 3.1

CH2Cl2 5.2

CHCl3 7.2



ANISOTROPIC EFFECT

Spherical electron density – induced magnetic field

will be uniform in space – isotropic effect

For example  –s electron

Non-spherical electron density – induced magnetic

field will be non-uniform in space – anisotropic

Example: π electron cloud of aromatic ring, C=C

and C=O type – most common feature of organic

molecules



DIAMAGNETIC ANISOTROPY





NMR 
SPECTROSCOPY 
FOR ETOH

In low resolution:



In high resolution:



SPIN-SPIN COUPLING (SPLITTING)

THE PASCAL’S TRIANGLE

Protons of the same group do 
not interact among 

themselves. 

If n  numbers of equivalent 
protons interact or couple 

with the protons on adjacent 
C atom, the resonance peak 

splits into (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. 

Singlet                               1
Doublet                         1        1
Triplet                       1        2         1
Quartet                 1      3        3        1
Quintet              1     4        6         4      1
Sextet           1      5     10      10       5      1
Septet       1      6    15       20      15     6       1     



7.Read out system

NMR 

INSTRUMENTATION



APPLICATION OF NMR 
SPECTROSCOPY

• IH NMR used for structural elucidation of organic and inorganic solids

• determines the physical and chemical properties of atoms

Application in medicine….
• Anatomical imaging

• Measuring physiological function

• Flow measurement and angiography

• Tissue perfusion studies

• Tumours

• MRI



Application in medicine...

BRAIN

Distinguishing grey matter & white matter

Imaging posterior fossae, brain stem, spinal cord

Detect demyelinating lesions, tumour, haemorrhage, infarctions

ABDOMEN

Metabolic liver disease

Focal areas of inflammation in chronic active hepatisis

KIDNEY

Distinguishing renal corta & medulla

To evaluate transplanted kidney

PELVIS

Differentiate between benign prostatic hyperplasia & prostatic carcinoma
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CONCLUSION

The total project on NMR spectroscopy has 
influenced me a lot. In today’s developing world 
gives us today a chance of stepping ourselves 
towards a better tomorrow. After the whole 
project, the utility and the fundamental function of 
NMR spectroscopy is quite vivid. So to have a 
better movement towards a better tomorrow, the 
progress of NMR spectroscopy is just needless to 
say.



ACKNOWLEDGEMENT

This project would have not been in complete without the 
support of certain people. I consider it as my privilege to 
express gratitude & respect to all those who guided & 
inspired me in The completion of this project dissertation. 
First. I would like to Thank the almighty for the blessings to 
me to successfully complete the project work.

I express profound gratitude & sincere thanks to my 
Supervisors Dr. Bholanath Sarkar, Dr. Pialee Roy. Diptiman 
De and Sk Saifuddin. Department of Chemistry. Guskara 
Mahavidyalaya, for their patience, motivation and 
support.

I am also thankful to all faculty members and support staff 
of Chemistry Department. Guskara Mahavidyalaya. for 
constant help.

Last, but never the least. I also keep on record the moral & 
emotional support provided by my parents, family and my 
friends through out the period.



Tithi Mondal
B.Sc 6th Semester Chemistry Hons Examination-2023

Department of Chemistry
University Registration Number: 202001004836 of 2020-21

University Roll Number: 200311000056



Dissertation  Followed by Power Point Presentation

Course Code - DSE-4

Topic: Polymer Chemistry

Presented by Tithi Mondal



Contents of this template
1)Introduction
2) Definition of Polymer
3) Monomers
4) What is Polymerization
5) Classification of Polymer    

 Classification based on source

 Classification based on structure

 Classification based on molecular forces

 Classification based on stereochemistry of Monomers

 Classification based on Monomers

 Copolymers

 Classification based on Synthesis

6)Kinetics of addition polymerization
7)Kinetics of condensation polymerization
8)Extent of reaction
9)Number average degree of Polymerization
10) Carothers Equation

11) Molecular weight of Polymer
12)PDI
13) Glass Transition Temperature
14) Free Volume Theory
15)Tg in terms of Free Volume
16) WLF Equation
17) Polymer Solvent
18) Application of Polymer
19) Synthetic Polymer - a long term threat 
to Environment
20)Green Polymer Chemistry and Biobased 
Plastics- Dream vs Reality
21) Conclusion



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 

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.

Introduction



 Polymer is a high molecular weight 

compound containing many many

repeating unit join in a regular fashion.

What is Polymer?



 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 

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.

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
 Extent of Reaction (P):

𝑷 = 𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐌𝐨𝐧𝐨𝐦𝐞𝐫 𝐮𝐧𝐢𝐭 𝐭𝐚𝐤𝐞 𝐩𝐚𝐫𝐭 𝐢𝐧 𝐩𝐨𝐥𝐲𝐦𝐞𝐫 𝐟𝐨𝐫𝐦𝐚𝐭𝐢𝐨𝐧𝐓𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐌𝐨𝐧𝐨𝐦𝐞𝐫 𝐔𝐧𝐢𝐭 𝐭𝐚𝐤𝐞𝐧 𝐢𝐧𝐭𝐢𝐚𝐥𝐥𝐲



Number average degree of Polymerization
  𝑿𝒏 = 𝐓𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐦𝐨𝐧𝐨𝐦𝐞𝐫 𝐭𝐚𝐤𝐞𝐧 𝐢𝐧𝐢𝐭𝐢𝐚𝐥𝐥𝐲𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐦𝐨𝐧𝐨𝐦𝐞𝐫 𝐩𝐫𝐞𝐬𝐞𝐧𝐭 𝐚𝐟𝐭𝐞𝐫 𝐭𝐢𝐦𝐞 𝐭.



Carothers Equation





Molecular Weight of Polymer
 A) Number average Molecular Weight:

 𝑴𝒏 = 𝐓𝐨𝐭𝐚𝐥 𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐏𝐨𝐥𝐲𝐦𝐞𝐫𝐓𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐝𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐭 𝐦𝐨𝐧𝐨𝐦𝐞𝐫 𝐩𝐫𝐞𝐬𝐞𝐧𝐭 𝐰𝐢𝐭𝐡 𝐢𝐧 𝐭𝐡𝐞 𝐏𝐨𝐥𝐲𝐦𝐞𝐫= 𝐧𝟏𝐌𝟏+ 𝐧𝟐𝐌𝟐 + 𝐧𝟑𝐌𝟑+.....𝐧𝟏+𝐧𝟐+𝐧𝟑+....



 B) Weight average molecular weight:

 𝑴𝒘 = 𝑊1𝑀1 + 𝑊2𝑀2 +. . . . .W1 +W2+. . . . .
As,  𝒏 = 𝐖𝐍

So, 𝑴𝒘= n1M1²+ n2M2²+.....n1M1+ n2M2+.....



Poly Dispersity Index

 𝑷𝑫𝑰 =  𝑴𝒘 𝑴𝒏
Generally, Mw> Mn

So, PDI > 1

If  Mn= Mw, then PDI = 1 (Homogeneous Polymer)

If Mw>Mn , PDI>1 (Heterogeneous Polymer)



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 

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 

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, 

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 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 

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 **

 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.

Vs



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 

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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