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% ntroaquction.

ce chemistry research is an interdisciplinary area on

ontiers of physical chemistry, chemical physics,

tal science and nanoscience. Residual unbalanced
exist on the surface of a solid. As a result of these
al forces, the surface of a solid has a tendency to
t and retain molecules of other species with which it
ught into contact. As these molecules remain only at

rface, their concentration is more at the surface than

bulk of the solid.
rm Adsorption’ was introduced by Kayser in 1881.

1enomenon of higher concentration of any molecular species
1 the bulk of a solid is known as Adsorption.




orption is to be carefully distinguished from |

rption. The latter term implies that a substance is
rmly distributed throughout the body of a solid or el

utd. Thus, while water vapours are absorbed by

] i Hz Hz Hz H
drous calcium chloride.
-Pt Pt Pt— o Pt Pt ﬁt-
adsorbed atoms or molecules can be held to the I ?;t'v """"" uj
B - t Pt Pt"
ce of a solid such as finely divided platinum + 1
| (Pt) by physical (Van der Waal’s forces) or i ‘”"”f’ge""""’"’"’

atomically on Pt surface

tcal forces due to residual valance bonds.




dsorbent & Adsorbale:

e solid that takes up a gas, vapour or a solute
m a solution, e.g., stlica gel, charcoal, clay etc.

o The gas vapour or the solute, which
surface of the solid, e.g., water




esorption & Absorption:

'he process of removal of adsorbed substances
rom the surface on which it is absorbed.

seption and reflacton af Hatt. The oolor of sofects

o When the molecules of a sub
uniformly distributed through out
another substance, the phenome

Absorption.

pear to have colors since they are able w selectively
1 reftact certain wavelengths af visiole light

Absorption



DIFFERENCE BETWEEN ADSORPTION AND AB

mulation of the molecular §p(evc*/[e§ at

wtace rather than in the bulk of the

or ///[rq/w[d is termed as A d§0117p)t/[01[71‘\

ermic Process

dily increases and reaches

b,

concentration of the bottom

hent is ditterent from that in bulk.

of

A

Assimilation of molect
the bulk of the solid A&
A b§0117p) tion.

—FH anoe *  Endothermic Process.
n r
Temperature
: Ratﬁ Of reaction * It occurs at a unitorm ]na e, L g
[ ]

—)

1t is constanit /th]ﬁaugfh

gﬁe*// adsorbs water vapourr:

water vapour —__|
"] A

anhydrous Cacl: — |
C A

[~ silica gel

Adsarption Absorption

10
v Anhydrous CaCl

4



> Heat of Adsorption:

v’ Attractive interaction takes place.
v Energy released.
v'Adsorption is an exothermic process.
v AH=(-) ve
The amount of heat evolved when 1 mole of an adsorbat
adsorbed on the surface of an adsorbent is called Molar H
Molar Enthalpy of Adsorption.

A‘



Adsorption in termms of Gibb
Felmholliz Fauation:

»AG= AH-T. AS
= (ﬁ) ve — 7/_'(3)) ve




d Types ofAc{:

~

Physical Adsorption or

Physisorption

hysical Adsorption occurs when
e adsorbate gas molecules are
eld by physical forces like Van
er Waal’s forces.

xample: H,, O, on charcoal

mj » Exte
[ il cramer et 57

PHYSKCAL ADSORPTION

Far tke Stky o - Teelure of Sclid Serlazes

(i

orption:

/

2

Chemical Adsorption

or Chemisorpition

Chemical Adsorption occurs
adsorbate molecule is held on the
surface by chemical forces as short
chemical bonding occurs by the sha
electrons.

Example: Hydrogen is chemisorbed on

i i i“‘—Bindingsite
W e e N

N e o N N
T N v B W X

LS

The chemical bond is formed between
adsorbate and adsorbent surface.

Chemical adsorption




Ditterence between Physisorption & Chemi

e, long range forces, vVan der Wwaal's
action.

urs at low temp and decreases with
VEASE L LEMpErature.

veases with increase in pressure of
orbate.

Multi- lﬂger

_,._,-.-;.’ '.:

s g"q" or®e © e

Physical adsorption Chemical adsorption

Reversible

Not needed




Physical adsorption

I+
» Adsorption increases as 1 ]|
I'lmOUTH'O)' \
temperature decreases. R
! A\
| L

/ Pressure \

» Magnitude of Adsorption increases with
increase in pressure.

Pressure




jrasesaden)
[ !
olid to Adsorption 1s the Adhesion of atoms, i i
1ons or molecules from a gas, liquid or wh 1)
dissolved a surface

— \ L

In adsorption, if the concentration of

a substance in the interface is high,
then 1t 1s called positive adsorption.

— \ -

— _——
If 1t 1s less, then it is called negative :I

adsorption.
- __—




Factors affecting on Adsorption:

More the surface area per unit mass of the
adsorbent, more wWill be the adsorption.

ropy > Adsorption decreases with accreasing entropl.

Easily liquefiable gases easily gets absorbed.

(a[///[D))V > S= (") Ve ﬁrﬁdSOi’Pi—ZﬁM// AH = (._) vV

ratuire > Adsorption Lncreases as temmperature decreases.

sold +gas —/———= =uoli

> Magnitude of adsorption increases with adsoption

desorption

LIWCVEASE L DIESSUYE.
Ay




S'or/JﬁOH Isobar i
/s a
graph $
efween fﬁe amount aq/ 4
sorbed (x/m)
m/ and the
I‘empera

fﬁe ac/
sorh
ate at constant p
ressure,

\

mt\*




dsorption Isothertm

<ocess ol ad§011710)/t/[01[71 is studied /L’//?U[‘"(O)IU[gfh gﬁﬁazph known as A d§0117p/t/[01[71 Is

{" vacancieLimited numbers s on the surface
f the adsorbent.

|fter saturation pressure Pg adsorption
oesn't occur anymore.

|t high pressure a stage is reached when all
he sites are occupied and further increase in
ressure doesn't cause any difference in
dsorption process.

|t high pressure, adsorption is independent
{ pressure.

/ ,,,,,,
ol o
/ A
/
[/ — 273K
\ |
o




1 Different types of Adsorptlon
Isotherm
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, Freundlich Adsorption
Z'L%,Q;’.lﬁei"m-ﬁ':eundlich gave this isotherm, which was an

ression that accounts for surface heterogeneity by multilayer adsd
onential distribution of active sites of adsorbent and their energié
orbate.

umptions:

urface roughness
Adsorbate — adsorbate interactions

nhomogeneity



(x/m)i

/ x/m= KP

} SRR = A 2T

w#m




LIMITA TIONS OF FREUNDLICH ADSORPTION
[ISOTHERM:
v'Freundlich equation is purely empirical

theoretical basis.
" The equation is valid only up to a certain press

invalid at higher pressure.
v' The constants k & n vary with temperature.

v Freundlich ‘s adsorption isotherm fails at high
concentration of the adsorbate.



Langmuir Adsorption Isotherm:

1916, Dr: Irving Langmuir derived an expression for the variation in th

SOJI“/[D)/U[(O)M with pressure on the basis of followin o a§§wf7nzp/t/[01/7z§

3assic assumptions
o 1he surface is homogeneous

o All sites are equivalent
o Mono-layer adsorption only
No 1nteractions between adsorbate molecules on adjacerr
o Heat of adsorption 1s constant and equivalent for afl.

\dsorbate molecules have tendency to get adsorb and
surface



Derivation

» consider a dynamic equilibrium between free molecules and those

bed on the fraction of the solid surface. At the state of adsorption
brium, in a chemisorption process, the rate of adsorption becomes equal
rate of desorption . If at this equilibrium, (0 )is the fraction of the

e of the adsorbent covered by the adsorbate molecule, then Rate of
ntion is equal to (1 -0) as well as the number of molecule stricking per
rea (1) and rate of desorption becomes proportional to (0) .

of adsorptiona (1 -0 )y =a (1-8).u a =

ortionality constant

of desorption a = 3.0 B =

ortionality constant

» equilibrium, rate of adsorption = rate of desorption e dsorbent .
-0 )u =p.6 o, au—abu = pOor, au= (B + au) or,8 = °

B + ap)  m—

(1L ) is the number of molecules striking per unit area, it is directly
rtional to pressure of the gaseous adsorbate .

u=k.P,then au/(f + au) = akp/ (p+ akp)=(ak /B).P/
tkP/B = aP /1+ aP

= aP /1+ aP Wherea=ak /| B = constant



Langmuir Volume and Langmuir
Pressure:

When maximum amount of gas adsorbed upon
the solid surface to form a mono- layer is called
Langmuir Volume.

Langmuir Volume = v,
Similarly, Langmuir Pressure is the pressure at
which one half of the Langmuir volume can be

adsorbed
Langmuir Pressure (P))=v,,,./2




| DISSOCLA TION OF A4 SINGLE SUBSTANCES (G
SOLID SURFACE:

| | 1T | |
AN/ N\ \ NN AN
5 S 5 5

he rate of reaction:-
-dP/ di= K. 8 = K. aP/ (1+aP) -

27




idsorption is very low:

When adsorption is high:

When adsorption is mode

\

P) ~ 1

1P/ dt= K. aP
=K. P!

st order reaction

xample:

issociation of HI

n Pt

%

( 1+aP)~ aP
- -dP/dt= K. aP/ aP
=K. P
o Zero order reaction
o Example:
Dissociation of HI
on gold.

N

AP/ di= K. pn > —

Where 1> n> 0

o The order of the
reaction will be
fractional one.

o Example:
Decomposition of
Stibine on




BET Adsorplion Isollierm -

Brunauer, , Emmet and Teller extended the LANGMU IR approach

ultimolecular adsorption i.e., the adsorption involves the formation of md

layers on the surface rather than a single layer.
The relation derived on this basis is expressed as-

Plv(P'—P)=1/(v,.C)+ (C-1)/ (v,.C)X P/P

This is often called BE'T Equation.
Where,

v= volume of gas adsorbed under pressure P
P’= Saturated vapour pressure at the same temperature.
= volume of gas adsorbed when the surface is covered with a Uni- molec

n

C= Constant for a given adsorbate, such that
c= ol EI-EL)/RT

Where, I, = Heat of adsorption in the first layer (always negati
E;= Heat of liquefication of the gas (always negativ: |



which when added to
lower its surface tension are called
ace Active Agents. It also acts as
rgents or soaps.

n when inorganic electrolytes such
aCl, KCI, KBr etc. are added to H,0
yntact with air, then surface tension
,0 increases. This is due to increase
)ncentration of the solute in the bulk
tion compare to that of H,O/air

face. Such substances are called
ace Inactive Agents.




> Adsorption on Solid Surface:

LEAVAGE OF 4 BIG CRYSTAL OF SOLID INTO SMALLER UNITS !

—B—‘B— Cleavage of A
. |
__‘1--‘-—-- Big Crystal —B—B
. ||
| 7
e ||



7ibbs Adsorption Isotherm:

This equation represents an exact relationship betweé
rption and change in surface tension of a solvent due
of a solute. This equation was derived by

v' Willard Gibbs (1878)
v and afterwards independently by <J. J. Thomson, 1




- The total energy content within a two component system is-G=n; pi;+n, i, ¥
Where, n,, n, are the number of moles of solvent and solute, u, and u,
potential and y = surface tension, S= area of the surface.

The associated change in free energy dG becomes dG=dn, u, +dn, u, + ydS-----------
Since, G is an exact differential, then dG = u, dn, + u, dn, +ydS+n,du, + n, du, + S dy --
Substracting (i) from (ii) we get-n, du, + n, du, + S dy = 0-------------—--- (iii)
iithin the bulk of the solution, suppose there are n,° moles of solute and n,° moles of solvent presé
bulk of the solution Gibbs- Duhem relation is valid. Then, n,° du, + n,° du, =0
du; = - (n,°/ns°) du,
Substituting this value in equation (iii) we get- n,(-n,°/n,° Xdu,)+ n,du, + S dy =0
du, (ny-ny Xny%/n)+Sdy=0
Sdy=(n; X nzo/nlo -n,) dp,
Now, u, =u,°+RTIna,
du,=RTdIna, _—
Sdy=(n;, Xn,°/n-n,)RTdIna,
dy/dina,=-1/SRT (n,-n; X n,°/n,°)

quantity 1/S RT (n,-n; X n,°/n,°%) is called Surface excess (I'2)
dy/dina,=-RTT2
y/(da,/a,)= - RTT2
dy/da,=-RT/a,T'2

33
a dilute solution,

dy/dc, = - RT/(:2 2




@ Applications of Adsorption:

o(Gas masks
o Chromatographic
o Controlling humidity
o Heterogeneous catalyst
o Forth flotation process
o Production of high vacuum
o Curing diseases
o Removal of coloring matter
o Purification




1 this chapter, we know about adsorption, factors upon which it
rence between physical and chemical adsorption the order of vari
esses. Surface chemistry research is an interdisciplinary area on the
ical Chemistry, chemical physics, materials science, and nanoscienc
idustrial processes and technology has grown over the years and will
7 In future. Residual unbalanced forces exist on the surface of a solid.
1ese residual forces, the surface of a solid has a tendency to attract an
cules of other species with which it is brought into contact. As these m
in only at the surface, their concentration is more at the surface than in
lid. Solids, when finely divided, have a large surface area and, therefore, s
property to a large extent. Colloids, on account of their extremely small

n1sions, process enormous surface area per unit mass and are, therefore, goo
rbents. The examples are charcoal, silica gel, alumina gel, clay, etc.

35
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Infroduction 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(NH;),]%*, [Fe(CN)]*



e

‘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
o Outer orbital complex
Example: [Fe(OH2),]?*

oofleceeecloclel T T
N/



alence Bond

heory fails to
explain the
gonditions to

\ :
quter and inner
ofbita
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

- N\

= Crystal Field Theory was * There are some basic features of CFT —
first proposed by Bethe (in " Ligands are considered as point like
1929). charge.

* CFT considers the * Wave mechanical identity of metal’s
sllzrizrasinie | mor e atomic orbital has to be considered.
between the metal and the * There will be no covalent interactions

ligands to explain colour
and magnetic properties of
coordination compounds.

y

between metal and ligand.

= 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




_The splitting of the d-orbitals

the geometry of the coordination compounds.

For Octahedral geometry ——

Lower energy orbitals will be t2¢ :-d,, , d,, , d

Xy » Yyz » Mxz

Higher energy orbitals will be eg:-dz?- 2, d?

X y

QFor Tetrahedral geometry ——

Higher energy orbitals will be t2 :- :-d,, , d,, , d

Xy » Myz » Mxz

Lower energy orbitals will be e -d?2 %, d?

X-y




Octahedral Crystal Field Splitting Diagram

label for degenerate d,.,> and d,* orbital

'dZT' A (eg)
d.22
B LAY
Dol § s
2 A
average energy of d orbitals with 5
ligands Y o
dxy dy, dyz g
herical
(Spherical crysta field) (Octahedral crystal field)

label for degenerate d,, d,, dy, orbitals



Tetrahedral Crystal Field
Splitting Diagram




JAHN- TELLER In the Octahedral system , if the two trans — ligands lying

DISTORTION 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 1,4
and eg
orbitals of an
octahedral
system due to

/-IN
(compressed)
and Z-out
(elongated).

Compressed Elongated




XIS

Flattened tetrahearol




Merits

v’ Spectral properties of coordination
compounds can be clearly explained by
Crystal Field Theory.

v' Crystal Field Theory can interpret the
magnetic properties of Coordination
Compounds.

v" The distortions in the geometry of
Coordination Compounds can be
explained by CFT.

v 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.



Introduction

Supramolecular chemistry
also known also as “chemistry

beyond molecule” deals with
the study of molecular
assemblies and the
interactions that govern their
formation , stability and
function

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 m-it 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




Cytosine hydrogen bonds preferentially
with guanine.

supramolecular assembly through
hydrogen bonding interactions that form
between the bases. Thymine can hydrogen
bond preferentially with adenine.

Me

—

-+ 0 N

_<

o}




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.




The spontaneous
organization of
molecules under
near thermodynamic
equilibrium
conditions into
structurally well-
defined and stable
arrangements
through non
covalent bond

Self Assembly

The molecular
components need
complementary
properties such as
specific surface,
characteristics ,
surface charge,
polarizability and
surface
functionalities to self
assemble.

Figure 1. (a) Chemical structure of rodcoil molecules. (b) Electron
micrographs and electron diffraction patterns (inset) show formation

of ordered mushroom assemblies. (c) Schematic of the layering and
polar ordering of the mushroom assemblies. Adapted with permission
from ref 6. Copyright 1997 AAAS.




Types of
Self-
Assembly in
Coordination
Compounds

Polymeric self-assembly: Formation of
extended polymeric structures through
coordination bonds between metal centers
and ligands

upramolecular 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

Structural Coordination

Frameworks Features of Compounds as
(MQES)- MOEs:- Building Blocks:-
Definition:-

' 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.

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.2




Applications of MOFs

Gas storage Sensing and

and Catalysis Drug Delivery Detection
separation

Carbon

Water Energy capture

Harvesting storage and
storage




“*Molecular Recognition

EEEEEEf*’ ’Eb_the ability

mple of Host-Guest system MOLECULE



Significance \
Jj
Coordination
Compounds
on Molecular
recognition

Selective
Binding in Chelation
Host-Guest Effect
Chemistry

Chiral
Recognition

Recognition of
biomolecules
by
Metalloprotie
ns

Steric and
Electronic
effect
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Coordination Compounds as Building Blocks
in Supramolecular architectures

Synthesis and study of crown — ether appendel Tetraplatinum(ll)
Macrocyclic chemosensors for cation detection

Six Hg(Il) 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
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CONCLUSION D

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.

E
- \) =) o



\&/ Bibliography

*Gary L. Miessler & Donald A Tarr. Inorganic Chemistry , Third Edition.

¢ Asim K Das & Mahua Das Fundamental Concepts of Inorganic
Chemistry , Volume 4

** Jonathan W. Steed and Jerry L. Atwood Supramolecular Chemistry ,
Second Edition

“*https: / /en.m.wikipedia.org /wiki/Supramolecular_chemistry



ACKNOWLEDGMENT

the almighty for the blessings to me to successfully complete the project work.

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

| am also thankful to all faculty members and support staff of Chemistry Department.
Gushkara Mahavidyalaya. forconstant help .Last , but never the least. | also keep on
record the moral & emotional support provided by my parents, family and my friends

through out the period.



is licensed under CC BV O D

oY

.\


https://kellerac.deviantart.com/art/Flask-594032617
https://creativecommons.org/licenses/by-nc-nd/3.0/

THE UNIVERSITY OF BURDWAN
GUSHKARA MAHAVIDYALAYA

Dissertation on Nuclear Magnetic Resonance Spectroscopy
« UNIVERSITY ROLL NO. : 200311000051

« REGISTRATION NO. : 202001004831 OF 2020 TO 21

« SEMESTER : 6

OURSE CODE : DSE-4




NMR
SPECTROSCOPY

B.Sc 6™ Semester Chemistry Hons Examination -2023
DISSERTATION ON “NMR SPECTROSCOPY”
By
Sumit Sil
Roll No:- 200311000051
Registration No:- 202001004831 of 2020-21
Course code - DSE 4
Under the guidance of
Dr. Bholanath Sarkar
Dr. Pialee Roy
Diptiman De

Sk. Saifuddin

The Department of Chemistry, Guskara Mahavidyalaya,
Guskara




Introduction

Types of Spectroscopy

Historical Perspective

Basic Theory

Nuclear Spin

Change in Spin State in the Presence of Magnetic Field
Clasical Description of NMR
Larmor Frequency

Population Density

Population Excess

Concept of Chemical Shift
Defination of Chemical Shift
Refarance for 'H-NMR Spectroscopy

INDEX

Factor Affecting Chemical Shift

Anisotropic Effect

Diamagnetic Anisotropy

NMR Spectroscopy for EtOH (in low resolution)
NMR Spectroscopy for EtOH (in high resolution)
Spin-Spin Coupling(Splitting)

NMR Instrumentation

Application of NMR Spectroscopy

Conclusion

Reference

Acknowledgement




INTRODUCTION

* Nuclear Magnetic Resonance (NMR) 1s a spectroscopy technique
which 1s 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.

* Itis used to study a wide variety of nuclei:
e 1H
. 19F
. 13C
o I5N
. 31p



« Absorption spectroscopy

» Electrochemical impedance spectroscopy:

TYPES OF « ESR Spectroscopy
SPECTROSCOPY

« Emission spectroscopy

« Fluroscence spectroscopy

» Infrared spectroscopy

* Mossbauer spectroscopy

* Nuclear magnetic resonance spectroscopy
« Raman spectroscopy

« UV-visible spectroscopy




HISTORICAL PERSPECTIVE

Purcell and Bloch —
Nobel prize in Physics — 1952
for the discovery of NMR.

Richard Robert Ernst-Nobel
prize in Chemistry-1991

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



* 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(p)

B A SI THEOR’ 7 Only certain nuclei have non-zero magnetic moment. In others the “Net magnetic
C momentum” can be zero

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

Both (P) and (pn) 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 = [y] = (n)/(P)




A SIMPLE WAY TO FIND OUT NUCLEAR SPIN-
EVEN/ODD RULE

Example:
ATOMIC MASS ATOMIC NUMBER NUCLEAR SPIN
EVEN EVEN ZERO 1=0,12C,, 14O,
EVEN OpD Muttipte of 1 I=integer,'N,(1),1°B4(3),2H,(1)
OpD EVEN oRopp  Mutipte of 1/2 |=halfinteger,

'H,(1/2),7°C(1/2),'°N,(1/2)
1704(5/2),%%$,,(3/2),""'B5(3/2)

NUCLEAR SPIN




- —
SPIN STATE IN PRESENCE
OF MAGNETIC FIELD

[z B
E=hv=(h/211)B,Y

~ [

T |E=hv v=(B,Y)/2m
Resonance
condition

Bo S e o

Increasing field strength B,

The energy gap between the spin states corresponds to radio
frequency region



OPULATION DENSITY

« EACH LEVEL HAS A DIFFERENT POPULATION (N), AND THE DIFFERENCE
BETWEEN THE TWO IS RELATED TO THE ENERGY DIFFERENCE BY THE
BOLTZMMAN DISTRIBUTION

h=6.624 x 103* J.sec

N
—upper—-AE/KT—a-hv/kT k=1.380 x 10 J/K .molecule

N
lower T= absolute temperature (K)



OPULATION 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 1s called the population excess.

The spins in the excited state return back to ground state by
(a) spin lattice relaxation and
spin-spin relaxation




B,(T) | v AE(J) |Ny/Ng| T°C
(MHz)
235 | 100 | 6.7x102 |17 ppm| 17
470 | 200 |22.5x10%*|57 ppm| 17
7.0 300 |33.5x10% (85 ppm| 17
235 | 100 | 6.7x1026 | 28 | -100
13 | +100

Higher the magnetic field
strength - higher the
sensitivity and resolution

Lower the temperature -
higher the sensitivity




LARMOR FREQUENCY

A 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

Precessing spin about the applied
magnetic field direction

Spinning
nucleus



v=(B,Y)/2m

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 1s not true. Hydrogens in different chemical environment give different resonance frequencies
in the NMR.




It 1s inconvenient to refer to proton frequency as 398.432 MHz

O (IN Hz) = Vigmple = Vieference (Spectrometer
dependent)

5 - (vsample — vreference) *10¢

spectrometer frequency
pPmM)

(IN

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




REFERENCE FOR 'H-NMR SPECTROSCOPY

* Tetramethylsilane (TMS) is used as a reference H SC CH
* The chemical shift of TMS is lower than most protons in organic /
molecules, so it is taken as zero S‘

 All the protons in TMS are equivalent and hence only one signal for
all the 12 protons — high signal intensity H C

CH

 TMS i1s a liquid and miscible with most solvents
* It 1s also volatile and hence easy to remove

* It 1s inert and does not react with the sample



Mel
MeBr
Me(Cl
MeF

TMS=0.0

2.2
2.6
3.1
4.3

CH,=0.23 (all in ppm)
MeOH

MeF
MeNO,

3.4 Me(Cl
4.3 CH,Cl,
4.3 CHCI,

3.1
5.2
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 hon-uniform in space — anisotropic

Example: m electron cloud of aromatic ring, C=C
and C=0 type — most common feature of organic
molecules



Circulating elect 3 ™
irculating electrons : /
) 0 ff ™\ F ™
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DIAMAGNETIC ANISOTROPY



Anisotropic effect of sigma bond

1.12
H
>|\%l\ H
1.62

4.23
- NO,
>|\%'\N02 >|\%'\H
4.43

3.37

OH

>|\%10H >I\%I\H

3.93

Interesting case of [18]annulene

-3.0

Examples of effect of anisotropy on chemical shift

!
TR 814867

' gy




NMR
SPECTROSCOPY
FOR ETOH

IN LOW RESOLUTION:

)

| | ) | )

1
6 5 4 3 2 1 0
Chemical shift 8/ppm

gy



IN HIGH RESOLUTION:




T
SPIN-SPIN COUPLING (SPLITING)

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.

If n numbers of equivalent
Protons of the same group do protons interact or couple
not inferact among with the protons on adjacent
themselves. C atom, the resonance peak
splits into (n+1) signals.

Singlet
Doublet
Triplet
Quartet
Quintet
Sextet
Septet




NMR

Amplifier

RF Generator : —

Detector

s

Sample Holder

Recorder
Sweep Generator (Oscilloscope)



APPLICATION OF NMR

SPECTROSCOPY

'H 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

e  Tumours
e MRI



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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L)

L)

» Organic spectroscopy by William Kemp

4

L)

» Instrumental method of chemical analysis by
Wchatwal

L)

*

R/
*

Infroduction to Spectroscopy by Donald L. Pavia

L)

4

R/
*

Instrumental methods of analysis by Willard

L)

e

*%

hitps://www.iitm.ac.in/

https://www.slideshare.net/solairajananant/nmr-
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/nmr-applications.shiml
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http://sydney.edu.au/science/chemistry/facilities/nmr/nmr-applications.shtml
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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 1s quite vivid. So to have a
better movement towards a better tomorrow, the
progress of NMR spectroscopy 1s just needless to
say.
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/ Introduction

The term 'Polymer' in Greek means 'many parts’.

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




What is Polymer®?

Polymer is a high molecular weight

compound containing many many

repeating unit join in a regular fashion.

nCH,=CH,

Ethylene

Polymerization

- Jou—an
n

Polyethylene




Monomers

» Simple reactive species, contain some
functional group, join together to form
Polymer.

Example:
0 CH2=CH2 (Mono functional Momoner)
o CH2-OH
| { Bi functional Momomer}
CH2-OH



Polymerization

4

» An overall process by which a Polymer is
formed from its Monomer.

aP Q
QJ
@ g

Monomers

Polymerization

B Y A Y arVE oSV g

Polymer




Classification of Polymer

v Q - Classification Based on Source

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 B
/' main chain, have no side chain . N SR
Example - PVC, Nylon "

B) Branched Chain Polymer: Have some Y
branches along with the main chain. \
Example - LDPE o

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
/dttractive 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.

RRRRRRR
‘ i B) Syndiotactic Polymer: Side chain
Isotactic follow alternative order.

RRRRRRR

C) Atactic Polymer: Follow no order.

Syndiotactié

RRRRRRR

Atactic




Classification Based on Monomer °

A) Homo Polymer: Obtained from one
type of Monomers.
Example - PVC

A-A-A-A-A-A

B) Co- Polymer: Obtained from two
different monomer.
Example - Nylon 6,6

A-§-A-8-A-B




Co Polymer *(S)\(

|

. | !
Random Co Alternate Co Blocked Co Branched Co

Polymer Polymer Polymer

A-B-B-A-B-A-A-A-B-A

Polymer

A-B-A-B-A-B-A-B
Random copolymer Alternating copolymer R A

Graft Comb Star Brush
Polymer Polymer Polymers Polymer
A_A_A_A_EE_A_A_A_A Comb polymer % %?%fg\

Star polymer Brush polymer

o= )

Graft copolymer




Classification based on Synthesis

A) Addition Polymer: Obtained from one
7 type of monomer by addition reaction.

Example: Ethylene --> Polyethylene

B) Condensation Polymer: Obtained from
two different types of monomer by

Condensation Reaction.

] ]
nHO —C—(CH2)4s—C—0OH + nH2N—(CHz2)¢ —NHz ——— &
Adipic acid Hexamethylene diamine

0 0
I [
_C_(CHZ}J_C—NH(CH'z)ﬁ—NH + 2 nH20 r
n




Kinetics of Addition Polymerization'

Q It follows four step:

4

’

po

k
RM, - +RM,, - S dead polymer

\_

IIgZR. } decomposition
R- +ME>RM1 } initiation
RM, - +M£’§RM2 : \
RM, - +M2RM3 .
RMs; - +M£’$RM4 -

> Propagation

. k
RM (_y) - +M-RM, J

N

termination

/

I
=5



Kinetics of Condensation Polymerlzatlo

a Mechanism :
HO—(CH,),,—O OC—(CH,),—COOH

l -H,0 O
HO—(CH,),,—O—C—(CH,),—COOH

~~COOH will attack at this side ~~OH will attack at this side

diol + dicarboxylic acid — polyester + H,O
HO—(CH,),,—OH + HOOC—(CH,),—COOCH —
HO—(CH,),,—00C—(CH,),—COOH + H,O

d[polyester] d[diol] d[dicarboxylic acid]
Rate - - d' % dt

Then Rate (R) = - A< = k{2

where k is rate constant.

On rearrangement, - ﬁl:]—] kat

: . ¢ d[C] et
On integration, -[Co'_-[C_]z - ,=ok‘”
1

1
I T
(oW [




Extent of reaction

O Extent of Reaction (P):
/

Number of Monomer unit take part in polymer formation

Total number of Monomer Unit taken intially

NO_N! ac Ny N,

p: T — o — — -—  e—

NO No NO No




Number average degree of Polymerization

QO

2 Total number of monomer taken initially
n

"~ Number of monomer present after time t.

xn=_N°_
N



Carothers Equation

( . . . = - NO_Nf — iy
By simplifying the equation p = Mo~ Ry 1= N
Ny _ No 1
it g =
Again the number-average value of the degree of polymerization (X, ) can be
written as

e N
Xn=_0 1

- 1
N, = ; g or, Xn < 1-p
This equation is called the Carothers equation.

\_ _/




Molecular Weight of Polymer ‘

O A) Number average Molecular Weight:

4 :
_ Total weight of Polymer
" " Total number of different monomer present with in the Polymer
__ n M +n2M2 + n3M3+....
- n,+n2+n3+..
> M; N;
M, =

>N



0 B) Weight average molecular weight:

Number
of
molecules

Molecular weight



Poly Dispersity Index

=

9 Q PDI = =

n

=

Generally, M > M_
So, PDI >1
If M =M,, then PDI =1(Homogeneous Polymer)

If M, >M,,, PDI>1 (Heterogeneous Polymer)



Glass Transition Temperatureor Tg

Q The temperature below which a polymer
is hard and above which it is soft.

V% 0D fbﬂJ 54-4(

O e S 4
( Hod) (wzv:pff;w'ul) \ (fluid)
T g

Y




Free Volume Theory

0 Sometimes during polymerization, some
chain are entangled, due to this
/entanglement, the volume of polymer

increase. O V=V +V; [V=Volume Occupied by the polymer
r N\ V= Free volume due presence of entanglement
V= Volume occupied by the Polymer, due to their existence]

Straight polymer chain

Entangled polymer chain So the excess volume occupies by the Polymer called

Free Volume.

\Entanglement B e

P e T
e e

\_ Polymer chain entanglement Y. Jwﬁ

~ il N
m
m

\ Free volume of polymer originates from chain entanglement y




Tgin terms of Free Volume

O 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 '

E
O Scientist Williams, Landle and n= AerT o
Ferry proposed an equation how were 0, A, B, R and T are viscosity, material constant, activation energy, gas
“' ' ! /

viscoelastic property depend upon wnstant and the absolute temperature respectively.

e By taking log the equation becomes

E
logn = logA + RT

' ' ms
O Itis Valid for Newtonian fluid Doolittle equation for entangled polymer syste
whose molecular weight is very

Wy
= + T
low, but for polymer, due to High logﬂ logA B(Vf )

ISR e M SRRl iwhere B is constant, Vy and V are the occupied volume and free volume

not applicable. ,
fespectively.



Polymer Solvent

O A) Good Solvent: Polymer Solvent interaction is much
stronger compare to Solvent-solvent interaction.

AH=(-)ve,. AS=(+)ve

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

AH=(+)ve. AS=(-)ve W




Application 0
L Polythene: A widely used and common item, plastic bags and containers are in fact a polymer made of
polythene.

0 LDPE: Low-density polythene is used for making various parts of machines, pipes, tubes, plastic bottles.
a ADPE: Due to its high density and crystalline structure, it is used for food packaging, fuel tanks wiring and cable

O 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.

O Nylon: Nylon fibers are used for making water- resistant clothing like raincoats and umbrellas. They are also
used in carpets, parachutes, ropes, and textiles.

0 Rubber: Rubber is commonly used for making tires,though is also important for making machine parts,
lubricants, gloves, and so on.

U 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."

U Polypropylene: It is used for automotive industry, furniture, laboratory apparatus, textiles.
a4




Synthetic Polymer- ¢
A long term threat to Environment

0 gSynthetic 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.




O 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.

:m: O 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

O 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

O Itis proven that the orange peel derived biocomposite film is
more biodegradable.

JL
/ Plyabo ate

t;z E Polyester
o o

LIMONENE




Use of Eggshell as biofiller

O 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

Reducing demand for non-renewable
fossil raw materials.

Low greenhouse gas emission.

Usage of agricultural and forestry
wastes to a full degree.

Biodegradation.

No toxicity and no health hazards.

Low price.

Vs

Reality

Increasing demand for renewable raw
materials. Competition with food production.

Potential growth of greenhouse gas emission.

Partial use of agricultural and forestry
wastes **

Biodegradation is time-consuming and
leaves traces *

Potential health hazards and toxicity of
micro- and nanoparticles releasing
during the biodegradation.

Still remain too expensive.



Conclusion

0 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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