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- 2. INFRARED (IR) SPEC]

2.1  Introduction

- : )St

- powerful and important analytical techniques mainly used
~ in the i’Lstructure elucidation” of organic com ound.s‘: The
. fechnique 1s based on the marked absorption of radiation
- by a chemical substance in the infrared region.
g: Infrared radiation is the electromagnetic radiation
- in the wavelength range that is adjacent to visible radiation.
- The name infrared is derived from the fact that radiation
" in this region is less (infra) energetic than that of visible
- red radiation. IR spectroscopy is based on the selective
absorption of IR radiations by a molecule which induces
~achange in its vibrational and rotational levels. Atoms or
atomic groups in a molecule are in continuous motion with
réspect to one another. IR absorption occurs when the
- frequency of the alternating electric field associated with
- the incident radiation matches the natural frequency of
. atoms or groups to bring about a possible change in the
vibrational or rotational frequency of the absorbing molecule.
:\ These vibrational-rotational transitions produce
. closely packed absorption bands called IR spectra that is

characteristic to the bonds and functional groups or atoms
. present in the molecule. The IR spectrum of a compound

e,

- isconsidered as a fingerprint for its identification since no
-’\_,,,-.._/W\.—Vvuuv———-———-":\’*-‘v.— ——
~ two compounds except optical isomers have identical

i

- spectra. Hence itis used for the identification and structural

e N N ST T T T ——

elucidation of compounds.

- Infrared Region

The IR region of the electromagnetic spectrum
extends from the red end of the visible region to the
- microwave region (0.7 to 500 pum or 14000 to 20 cm™).
It is further divided into smaller regions according to
- energetic proximity to the visible region.
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3.32
1. Near-Infrared Region
m the end of the visible

2.5 pm (4000
nges

This region extends fro
region (0.7 um or 14,000 cm™!) to about
cm™!). Low energy electron transitions as well as chan,
in vibrational and rotational levels take place in this region.
Near IR region is restricted to the study of compounds

containing OH, NH and CH groups.

2. Mid-Infrared Region

This region extends from 2.5 um (4‘(')00. cm”
about 50 um (200 cm™!). Since changes in the v1brat¥onal
levels of most molecules occur in this region, it is widely
used for the analysis of organic compounds.

-1) to

This region is subdivided into two regions,

(a)  Group Frequency Region
This region extends from 4000-1300 cm ! or 2.5-
7.69 um. In this region the principle absorption
- bands are assigned to vibration units consisting of
only two atoms of a molecule that are dependent
on the functional group that gives the absorption
band and not on the complete molecular structure.

Absorption bands between 4000-2500 cm™' are
characteristic of hydrogen stretching vibrations
with elements of mass 19 or less. This region helps
in the identification of the type of compound
(unsaturated, aliphatic, aromatic) present.

Frequency range from 2500-1540 cm! is called
the unsaturated region. Triple bond frequencies
occur from 2500-2000 cm~! and deuble bond
frequencies appear from 2000-1540 cm.

(b)  Fingerprint Region

This region extends from 7.69 pum (1300 cm™) to
50 um (200 cm™!). The major factors in the
spectrum i.e., single-bond stretching and bending

frequencies of polyatomic molecules that involve.

rotational vibrational transitions occur in this region.

The absorption bands in this region aid in establishing .

the identity of the compound hence it is called the
fingerprint region.

3. Far Infrared Region

This region ranges from 50 pm (200 cm™) to 500
pm (20 cm™). It contains bending vibratidns of atoms

heavier than mass 19 and additional vibrations in cyclic or
- particul s .
p ar structural variation within the category may help

unsaturated systems. The molecular vibrations in this region
are sensitive to changes in the overall structure of the

al Analytical Techniquys,

harmaceutic ' : iy
he absorptior bands in this region diffe,
molecule thus the s of the same basic compound. T,
for different 1§OIﬂEL study of o,rganometalhc or inorganj,
region is lcliseijv ﬁ‘c))rs; atoms are heavy and whose bonds g,
compounds

weak.
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Figure: IR Spectrum

Before running an infrared spectrum, information
about the compound or mixture that includes the physical
state, appearance, melting point, solubility, flame tests
should be obtained.

.After the spectrum is run, if the compound is
organic, the C — H stretching region is investigated to
determine if it is aromatic, aliphatic or both. Presence or
absen.ce Qf functional groups is ascertained by further
examlnatlf)n in the group frequency region. Once the
category is established, spectrum of the unknown i

compared wi
_ p with the spectra of appropriate compounds 10

find the
standard zxaq match from the available collections of
pectra and characteristic group frequencies.

If the .
€xact compound is not documented, then

in arrivi i
ng at possible answers and eliminating others.
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I ion in the infrared .
Absorption 1t Hharedregion is due to che
e yibrational an‘d rotational levels of 4 1n()lec$1dnges
it ed energy brings about cha e. The

; nges in the vihrat;

bSO ; ) € vibrational
Jnel‘g that degeﬂss ucIi) ©on masses of the constituent atoms
e - the bonds and - N
sireng .Ot ' arrangement of the atoms

constitutmg thef lI}‘lohacule‘. Vibrational motion induces the
i acement © the z.uorrl;s from their equilibrium positions
usin ('jlstomon in the bond length and bong angle
cranges in the bond length produce a change in the dipole

oment of the. mOIeCUIe.(heteronuclear) which will give
ise 10 absorption bands in the IR region,

The molecules of a sample are in the lowest
vibrational state. Upon absorption of radiation of Suitab?e
cnergy the molecules become excited to the second
cibrational energy.level where the amplitude of vibration
is greater: Absorption of IR radiation can occur only if the

gipole moment is different in the two vibrational levels so
a5 0 gIVE absorption bands.

A molecule in its ground state possess three energy
. . . =}
evels, electronic (eg), vibrational (vg,) and rotational (j).

\1 ———} JL:3} VE=3
Vibrational o
ICVCI:I —'—} Jb—z} Vl-i:2 n=2
I S—
/) level } J=1 } Ve =1

p— R
bi=2 b2

f'—f}jfl}%:nj

Figure: Diagrammatic Representation of
Different Energy Levels in a Molecule

Electronic
\  level

n=1

When the molecule absorbs energy, the electron
jumps from the lower energy level to the higher energy
level. Depending upon the energy of incident IR radiations,
various transitions may occur. When an electron absorbs
less energy, rotational transitions take place. These
transitions occur between the rotational quantum levels
Within the same vibrational level due 10 which c'hanges
t2ke place in the rotational quantum number (j)- The
Spectrum observed is called rotational spectrum WhICh 18
Obtained in far IR region or rotation region (25 t0 300 - 400 -

)
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When an electron absorbs still hlghcfbe:t‘z;iz’\i
vibrational transitions take place betw?en P :s;result,
quantum levels within the same clectronic level. ber (V)-
changes take place in the vibrational quantum numt

. -+ rotational
Vibrational transitions are accompamed with

i ibrational-

transitions. The spectrum observed 18 called ;’R  onor
o : : T

rotational spectrum which 18 obtained in near g

vibration region (2.5 to 25 W-

When the electron absorbs energy. sufficient 10
cause electronic transitions which occur between the
electronic quantum levels (n = 1,2, 3.... ete) changes
take place in the principle quantum number (n). These
transitions are accompanied by both vibrational and
rotational transitions. The spectrum observed 18 cal.led
electronic band spectrum and is obtained in UV and visible
region. ‘

Vibrational-rotational spectra helps in predicting the
energy required to distort the bond length and bond angles
from their equilibrium positions and hence the flexibility
of the molecule. Vibrational-rotational spectra 1s given by
heteromolecular diatomic molecules WMEEQIG
moment and polyatomic molecules with or without permanent
di?ole moment. Homonuclear molecules do not show

Vibrational-rotational spectra as they do not haye dipole moment.

Vibrations in a Diatomic Molecule 1/

The theory of yibrational rotational spectra can be
best explained by approximating a mechanical model that
Consists of two masses connected by a spring (diatomic
molecule). As a first approximation, the vibrations of a
diatomic molecule are considered as the vibrations of a
simple harmonic oscillator showing simple harmonic

motion resulting when one of these masses 1s disturbed
along the axis of the spring.

To understand the mode of vibrations better,

. . . LW o
consider the vibrations of a single mass (atom) attached
to a spring (bond) hung from an immovable object.

According to Hooke's law, if the mass 1s displaced
by a distance x from its equilibrium position by applying a
force along the axis of the spring, the restoring force F is
proportional to the displacement.
Fo-x

F=-kx .. (D

#
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Modern Pharmaceutical Analytical Tec}miuns
Potential energy curve for a simple ha"“Onic
oscillator derived from equation (4) S‘h()W'S that the potentiy,
energy is maximum when the spring is compressed o
stretched to its maximum amplitude A and decreaws
parabolically to zero at the equilibrium position,

Vibrational Frequency
The vibrational frequency Or motion of the Mag
as a function of time 7 can be derived from the classic,

Where F is the restoring force and & is the force | | echanics. According to Newton’s second law, |
constant that depends upon the stiffness of the spring. F =ma (s :
The negative sign indicates that the direction of restoring N o . ")

Where m is the mass and a is its acceleration. Sipee

force is opposite to the direction of displacement, thus ) :
restoring the mass to the original position. acceleration is the second derivative of distance wijg,
Potential Energy respect to time. It is expressed as,

Hooke's law implies that the potential energy of a d*x

particle exhibiting a simple harmonic oscillation increases : a="—_5
parabolically in either direction from the equilibrium f

equation (5) can be written

position. The potential energy of the mass and spring at )
equilibrium position or rest is assigned a value of zero. As i d x
the spring is compressed or stretched, the potential energy F=m. di? - (6)
of the system increases by an amount equal to the work
required to displace the mass. If the mass is moved from Substituting the above value of F in equation (1),
a position x to say x + dx, then the work done and hence
the change in potential energy dE is equal to the force F d%x
times the distance dx. Thus, M =T kx - (7)
dE = - Fdx - (2) .
o . The instantaneous displacement of the mass at time
Combining equations (1) and (2), t can be expressed as,
ds fad - (%% x = A cos 2nv, ¢ - (8)
Integrating equation (3) between the equilibrium . o
Where v _is the natural frequency of vibration and

A is the maximum amplitude of motion. The second

position, x = 0 and x,
derivative of equation (8) is given as,

E x
JdE =k | x dx
0 0 d*x
= 4T’V A cos 2mv, t . (9)
£o L ’
=5 - (4) On substituting equations (8) and (9) in equation
. (7) we have,
T — 47’V A cos 2nv, tm = — k A cos 21V, t
N A
g 4V m=k
i vi= Ii
" Antm
&~
Displacement s 1 k
: vV o SR e 10
m 2rn \Vm 3

Figure: Potential Energy Curve

. WAHNENG : Xerox/Photocopying of this book is a CRIMINAL act. Anyone found guilty is LIABLE to face LEGAL proceed@



oder” Pharmaceutical Analytical Techniques

in@Re soch sy Rhrlon abwe
o wfhotig SqrneBic vibs R

Where V,, is the natural frequenc

) d mass of the

Cing an of attached body. Tp |
;rpe quency however is mc'lependent of the energyeiga;ltraé
e gystem. Changes. IN energy causes a changeI; t;
amp]imdc A qf thf: vibration but does not aff  the
ﬁequency of vibration. U

Vibf?ftlonal energy for a diatomic molecule
consisting Of tWO MAsses m, and m, attached by a spring

Substituting the reduced mass  for a single mass m

_ _mumy

m, +m,

. (1)

Thus, the vibrational frequency of a diatomic
gystem is given by,

V.=
mo2n\p

L [kGmy +my)
© 2m m,m,

Wave number (V) can be estimated by a simple
addition to equaiton (12),

1 |k

(12 |

: Yy of the my i !
osci”ator which depends on the force constai(t:hca:;l lfli},

. corresponding abso

' (a) Strongcouplingbe
can be explained by modifying equation (10) and by |

' (b) Coupling between bending vibration

BN X e
90 oS @YY

actors Influencing Vibrational
Vibrational Coupling

The energy of 2 vibrati(?n N
rption maximum 1f

i i :ons in the Mo
coupled with other vibrations 11

e i below.
 influence such coupling ar e given

i ijons occur
tween stretching vibrations 0¢¢

e tw O
when there is an atom common to th A

_vibrations. _
g occur when

: ibrating
there is a common ond between the vibrating

groups.

 (c) Coupling betweena stretching and bending vibration

PP ing and
can occur when the bond that 15 fffiet_cﬂl_?b ‘lhc
shrinking is also one of the bonds involved 1
bending.

. (d) Interaction is When the individual

energies of the coupled groups are approximately
equal in magnitudes.

(¢)  Coupling is not observed between gw
by two or more bonds.

(f)  Vibrational coupling occurs between molecules of
same symmetry.

Vibrational coupling can be best explained by taking

- the example of a triatomic molecule such as carbon dioxide.

. If no coupling occurs between the two C==0 bonds, an
- absorption band will result at the same wave number as

" that for the C==0 stretching vibrations in an aliphatic

__ 1 |k
V= one\p
5.3 10r12\/z |
R |
Where,

v = Wave number (cm™)
¢ = Velocity of light (cm/sec) .
m,, m,= Mass of atoms (2)

k = Force constant (dynes/cm)

The behaviour of a molecular vibration is analogous
to the mechanical model described above. Hence the -
vibrational frequency of any molecular system 1s.calcu1ated ,,
from equation (12) after substituting the re_specpve rqass}els :
of the two atoms for m, and ;. The quantity k is the
force constant of the chemical bond which defines the

stiffness of the bond.

ketone (1700 cm™'). But experimentally, carbon dioxide
exhibits two absorption maxima at 2350 cm™" and 667cm™!
respectively.

CO, is a linear triatomic molecule (n = 3), therefore

~ it has (3 x 3) — 5 = 4 normal modes of vibrations, which

v

includes two stretching and bending vibrations.

Stretching vibrations further include asymmetric and
symmetric vibrations.

0 C 0] O C O
O~—@—0O O—@—<=0
Symmetric vibrations Asymmetric vibrations

Furthermore, coupling between these two may
occur as the bonds involved in vibration are associated
with a common carbon atom. Due to symmetrical

. stretching vibrations, the C==0O bond contracts. It is a

. known fact that stretching vibrations require more energy
. and hence occur at shorter wavelengths.
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Intermolecular and intramoleculaI hydrogen bonding
nte’

; ical
But due to coupling, absorption of symmetrica

stretching vibrations occur at longer wav ; -
compared to C =0 group of aliphatic ketones. This mo -
of vibration causes no change in the dipole 'mo‘ment ?n
CO,, hence it is inactive to infrared radiations. o
asymmetric stretching vibrations, one of the C=

contracts while the other stretches out of the p.lanc. As a
result, a change in dipole moment OCCULS wh?ch makes
this mode of vibration infrared active. Absorption occurs
at shorter wavelength (2350 cm™') when compared to

C=0 group of aliphatic ketones. The variation 1n
absorption frequency seen in C =0 group of CO, 18 due
to strong interaction or coupling existing between the
vibrating groups.

The remaining two vibrational modes of carbon

dioxide involve in plane and out of plane scissoring. The
two vibrations are identical in energy and thus produce a
single absorption band-at 667 cm.

2; Electronic Effects

Electronic effects like inductive, mesomeric,

conjugation etc., affect the frequency shifts from the
normal position of absorption due to changes in the bond
strength and force constant.

Introduction of an alkyl group causes positive
inductive effect which results in the lengthening or
weakening of the bond causing the absorption to take place
at a lower wave number. For example, formaldehyde
(HCHO) shows absorption band at 1750 cm™' whereas

oaceta]dehyde (CH,CHO) exhibits at 1745 cmL.

;)? Introduction of electronegative atoms in a molecule
[éﬂduces negative inductive effect that results in absorption
taking place at higher wave number. For example, acetone
7(CH3COCH3) gives absorption band at 1715 cm™! whereas
chloroacetone (CICH,COCH,) exhibits the same at 1725 cm™.

Mesomeric effect works 1n a similar manner as

Coy

inductive effect while conjugation lowers the wave number

N of absorption.

3 Hydrogen Bonding

Hydrogen bonding gives downward frequency

shifts. Stronger the hydrogen bonding, greater is the

absorption shift towards the lower wave number.

elengths when

~ concentration

. with the energies of abso

d from the IR absorpti(?n bands,
¢ hydrogen bonds give broad
d to the sharp and well defined
lar hydrogen bonds.

can be distinguishe
Generally, intermolecula
absorption bands compare
bands given by intramolecu

er intermolecular hydrogen b0n§§ afie
MOTCO\c/l ,endent. Upon dilution, the intensities of
such bands de?:I:'easc and eventually they disappear.

Intramolecular hydrogen bonds are il}—wm of

concentration. /

Types of Molecular Vibrations
ve positions of atoms are

lati
In a molecule, the re. .
not fixed but fluctuate continuously because of different

types of vibrations and rotations about the bonds.

mic and triatomic molecules, the
rations is easy to define and relate
rption. However for polyatomic
becomes difficult because they
tres and interact among

In simple diato
number and nature of vib

molecules such analysis ‘
have large number of vibrating cen
themselves.

Molecular vibrations fall into two basic categories,

stretching and bending. When the molecules vibrate, the

covalent bonds behave as tiny springs connecting the
atoms. The atoms in a molecule vibrate back and forth

about an average value of interatomic distance. Thus the
vibrational motion is quantized and various stretching and
bending vibrations of a bond occur at certain quantized

frequencies. The energy required for stretching vibrations
is more than bending vibrations. Therefore, stretching
»———/\_/——/—\—/_M .

vibrations occur at shorter wavelength (higher wave

number) than bending vibrations that require less energy
——
and occur at longer wavelength (lower wave number).

1. Stretching Vibrations

These type of vibrations involve the movement of
atoms within the same bond axis such that the bond length

changes without any change in bond angle at regular
intervals. Symmetrical molecules like O= C==0 are not
IR active because their dipole moment does not change
upon stretching vibrations.
Stretching vibrations are subdivided into two types,
(a)  Symmetrical Stretching Vibrations
In this type, the movement of atoms with respect
to the central atom is in the same dirgction such
that the ngth increases or decreases
symmetrically without any change in the bond angle

or bond axis.
—
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pigure: Symmetrical Stretching Vib
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(0 . Vi
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away and the other mo tap

‘ Oone
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(&
N
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Figure: Asymmetrical Stretching Vibrationg

2 Bending or Dﬁﬁlﬂlﬂ\ti,% Vibrations

In this the position of atomsg change with

(o the original bond axis, such that there is a chan Zisp;;:t
pond axis and bond angle of each individua] atomgwitr}llouet
any change in their bond lengths.

These are further divided depending on in-plane and
out-of-plane bending of atoms.

-

(a) Scissoring Vibrations G .

In this type of vibrations, in-plane bending of atoms

occur wherein they approach each other or move
apart.

(b)  Rocking Vibrations

In this type, in-plane bending of atoms occur ’

wherein they swing back and forth in the safme
Taintaining the bond angle.
'WM

5o 0

[0 (B)

3.37

® L —
ONOG

atoms .
atom 3g Move with

entral atom

pme—

(¢)  Wagging Vibrations

. pending of
In this type of vibrations, ouf'of’planie above Of
atoms occur wherein they ‘?W”/m.
below the plane with respect to the CEREE—=="

+ W/l?*’

+= Above the plane
— = Below the plane

Twisting Vibrations

(d)

In this type of vibrations, out-of-plane bending of
atoms occur wherein they twist around the bond
which joinsr the central of the
atom moves above the while the other moves
below the plane with respect to the central atom.

GIEEC

Modes of Vibration

The total possible number and kinds of vibrations
in a molecule can be calculated if the number of atoms in
the molecule is known. For a molecule containing N
number of atoms, three coordinates (x, y and z) are
required for each atom to completely specify the position
and orientation of the molecule in space at a particular
instant. Therefore, for each molecule 3N degrees of

. freedom exists, where each coordinate is a degree of

freedom for the molecule.

Every molecule is associated with three kinds of
motion,

i Translational motion of its centre of gravity i.e.,
motion of the entire molecule through space

2. Rotational motion around its centre of gravity

3.

Vibrational motion due to motion of each of its
atoms relative to the other atoms.

Therefore, the total number of degrees of freedom
for a molecule is given as,

[WaR Fre " i —< 2 CRIMINAL act. Anyone found guilty is LIABLE to face LEGAL proceedings.
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Degree O
- o dom for
F freedo .
; pegree O ©- . eds -
Total number of Degree of tr.oedcim . o uansmnona] mtauond] 1o
: = - vibrationa . | |
E o jonal motion 1s co
- translatl -y
o N i therefor® ,]
1 constantly in motion 11 space-
e ' i ecule are - | |
Since all the atoms 1n a mOlC(:: f freedom. defin€ ther Otat{ondl.motlpn_ Thel'efore
ees O are required {0 of possible vibrations in a molecy

nother three degrees of freedorr;
vibrational motion that repr

and requires three of the 3N degr
sent the numoe

For non-linear molecules, a
the degrees of freedom required for
is given by, .

ot o= -3- -
Degree of freedom for vibrational motion = 3N
=3N-6 . . hence rotation about the bogd axis is ngy
a/sing s Stra]ghtbhntet:{eir rotational motion. Thus the number o
&

. toms lie in .
In case of linear molecules, all the a fficient to descri

possible. Therefore only two degrees of freedom is su

vibrations is given by,
N-3-2

Degree of freedom for vibrational motion = 3
=3N-5.
normal mode of vibra

s for water (H,0) whic

tion.
h is a non-linear triatomic molecyle

Each of the 3N — 6 and 3N — 5 vibrations is called

@
& For example the possible number of vibrational mode
oX is3x(3)-6=3 ot vibrational modes are 3x(3)~5=4
Hox et domie e oo triato@;}:; lggl;lti;r;h: ?lgrrllumber of possible vibrational modes are
mi od]

\
l& and for hexane (C{H,,) whichis a linear molecule conta

3 x(20) -5 =55. ot gor
4 9 .

2.3 Principle ?0* yF e
change in the vibrational and rotational levels in a molecule. These
n of a molecule with respect to the

Absorption of IR radiations corresponds to a g ;
\X!changes are characterized by changes in the rate or direction of vibration of a portion o
bout its centre of gravity.

.\P‘“ remaining molecule or a change in the rotation of the molecule a
o‘)ﬁ\ IR spectroscopy is based on the principle that when a com ound is exposed to IR radiations, th‘e atqms selectively
ibration of the molecule. The multitude of v1brat19qs_ occurring
m s characteristic of the functional groups’and

absorb the radiations of specific wavelength resulting in vibre
simultaneously produce a highly complex absorption spectrum t

0
\dg) bonds that constitute the molecule and also its overall configuration.

A Requirements for IR Radiation Absorption
Ve
The two important criteria for a molecule to,absorb IR radiation are,

e ,
P .
)@/gﬁo Frequency of Applied Radiation “\‘\\ (\La& /g‘oﬂ
Atoms or atomic groups in a molecule are in continuous motion with respect to one another. Every bond and
atom in a molecule thus possesses an inherent natural frequency of vibration that is characteristic to the energy

\:\@&
> portion of the molecule. When a compound is exposed to IR radiation, a portion of the incident radiation is
absorbed at specific wavelengths. Absorption occurs only when the frequency of the electric field assoeiated

Q @
o \&  aosordedat el
o with the incident radiation is equal to the natural frequency of vibration thus causing a change in the rate of

rotation and amplitude of vibration of the absorbing molecule.

hat 1

2. Dipole Moment
A molecule will absorb IR radiation only when its absorption causes a change in its dipole moment. The positive

S e char.geg omdc:atoms of the mOI?CUIe experience forces in opposite directions due to the electric
field of the IR radiations. As a result, the spacing between the charged atoms (electric dipoles) of the molecule

A : oy &
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radiation changes its Polarity peri 1i
Odic

spacing between the electric g oy o
also changes Periodically Whic} ]%
yibrations. When these Charged a0, \ r
absorb IR radiation. The amount “‘s. Vibrate
absorbed by the molecule js of IR ¢

- s S Proportion;
of vibration. If the rate of vibration in cl]{ll t

is fast, they exhibit intense 'lbmrpl‘
< N 8l

ally, the
Molecyle
esults ip
they
adiation
O the rate
arged atomg

yersa. on and vyige
symmetrical diatomic molecules (0 N
not possess electric dipole, They Cun2‘ 2 €le.) do

by IR radiations and hence do
spectra. Symmetrical compo

ANnot be exciteq
not give IR absorption
unds such ag ethylene
__C = C— exhibit dipoles, but ¢o not

. show any
change 1n the dipole 1

I .
stretching. Since there s no g;f:]lgc lllrll) (::Fd-': -
moment, the bond doeg not absorb R ,-z: & ltpole
However if the Symmetry of the com 0:12:1;01.1:
destroyed, it exhibits dipole moment anc‘l) absoﬂ;s
strong IR absorption. B

For example, substitution of bromine for hydrogen
of ethylene destroys the symmetry around the
double bond. Stretching of the double bond now
generates a change in the dipole moment

] and strong
IR absorption takes place.

If the atoms in the molecule are close to each other,
then the rate of change of electric dipole is fast.
This increases the frequency of vibration and in
turn increases the intensity of IR absorption.

When a polar molecule is exposed to IR radiations,
stretching vibrations along the internuclear axis of

the polar bond are seen. Hence, electron distribution
changes and a change in the dipole moment is seen

resulting in the absorption of IR radiations.
Instrumentation

Radiation Sources

Radiation sources used in IR spectroscopy are hot

bodies whose emissions are equivalent lack body

radiator. The various radiation sources used are,

Incandescent Lamp

Incandescent lamp consists of a closely wounded |

. . . ing. on
nichrome coil enclosed in a glass covering. Up

heating, a black oxide film is formef1 s tht; |
nichrome coil which gives acceptable emissions of

Vs 37
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IR radiations. Thg inte

give far IR

e ot
is less compared to_others. “.%.‘Il?ﬁm
radiations and has low :M__,

(SM ’
SO

Nernst Glower

N

1 made up of
Nernst glower conh‘isl”/‘ru Iw%?ria.
fused mixture of rare earth metal oxides ll, 'b§ nomn-
yttria and zirconia. Nerst glower rCInflt:nLl e
conducting at room temperature and SOV —

o aitable externa
heated (between 1000-1800°C) by 5““""?];‘%@’;
means to make it conductive in_nature. I'he

;1 : -10pL.

output from Nernst glower ranges 1n begween . 48
L3N )

I.  The intensity of radiations emitted js 3 times

. e e ; e nd
more than that of 1pcandesgenl lamp a

globar source.

Advantages

2. Itemits wide range of radiations without anzli
fluctuations in intensity over prolong perio
of time.

3. It does not get oxidized by air.
Disadvantages

1. Ttis extremely fragile.

—.

2. It require heaters for preliminary heating.
3. Requires frequent repairs.

Globar Source

It consists of a silicon carbide rod about 50 mm
long and 6-8 mm in diameter. It can be operated to
a temperature of about 1300°C. The radiations
emitted by globar source is equivalent to 80% of a
black body radiator. Its intensity of radiation is less
below 10 pm but high above 15 pum.

Disadvantages

1. It undergoes exhaustion with time i.e., its

resistance increases. This can be overcome
by increasing the voltage.

2. Itis less intense than Nernst glower.

High Pressure Mercury Arc

For radiations in far IR region, high pressure
mercury arc is used which consists of a double -
jacketed quartz lamp filled with mercury vapour
under high pressure. At shorter wavelengths, the
heated quartz jacket gives out intense radiations
equivalent to that of black body sources.
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Monochromator and Collimating Systems
e frequencie

The radiation source emits IR rays of varyl ncie
nsity are selected usmng

Monochromators are of 2 types i-¢.,
. ansparent to IR radiati
are transp dmtnons.

Prism Monochromator ed as they . .
ke NaCl, KBr etc- are‘mide up of Jithium flu(?l‘lde ('LIF‘) can be ygeg

) only. Prisms MACE L0 7 1 ow high dispersion in the reg,

sed W 1, Crystalline KBy ang

R regiol

Prisms made up of alkali metal halides li :
ar IR region (0.8-3u :
are widely U

e NaCl prisms
02.5 M

Quartz prisms can be used in ne
in near IR region (1-5 ). Crystallir d for mid 1
between 5-15 p and satisfactory dispersion up t

CsBr are used in far IR region (15-40p).

They are use

Prism monochromators are of two types,

Single-Pass Monochromator

()

Littrow

mirror (L) | Prism EP)

' =, I
Exit slit (E,) I
Radiation Entrance slit (E,)
source (R)

Condensing mirror (@)

Figure: Single-pass Monochromator
from the radiation source (R) enters into the

In a single-pass monochromator, a single beam of light

sample cell (not shown). After passing through the sample, it passes through the entrance slit (E,) and

strikes the condensing mirror (C), which directs the radiations towards the prism (P). The prism disperses
d back to the condensing mirror via prism and

the radiation that strikes the littrow mirror (L) and is reflecte
finally exits through the exit slit (E,).

(i) Double-Pass Monochromator

Condensing
mirror (C)
Plane mirror & v
2! D)o
o i ;e Rag
7) So, l"?/fo
Ce %
®)

Figure: Double-pass Monochromator
In a double-pass monochromator, a single light beam from the radiation source undergoes four passes (.
of the light beam through the

2, 3, 4) through the pI.'iSII] as shown in the figure. The double pass
monochromator results in its better resolution before it reaches the detector thereby producing fairly good

results compared to single-pass monochromator

Anyone found guilty is LIABLE fo face LEGAL proceedings. |
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) G ranng mator

10 gefer Page No. 3.19.
MirroTs
IR spectrophotometry’ concay )
e made UP of metaly or gl rorS Which
a}umimqm are used. These Mitrre arated Wwith
collimating and for focussing the radiati)used for
. ns.
gample Handling System/sampli“g Techning
es
R spectroscopy helps in the e
de[erminatioﬂ of solids, liquids and gases

Narrow sample cells (0.1-1mm

3

ntification and

i cells are us
sgue0” . rr.101st N P.01yethylene cells can bzdu focrl
when gbsorption frequency is less than 60 - se

IR spectra varies with the physical state of the

e sample in the IR spectroscopy.

definite peaks.
@ Solid Samples

spectroscopy by the following ways,
(i) Solution of Solid

in liquid sample cell. Some of the solvents
which are used in IR spectroscopy are CCl,,
CHC13, CHSCOCH3, cyclohexane etc. To avoid
absorption band due to single solvent, two
solvents having complimentary absorption
regions are used (E.gs: CCl, and CS,).

Disadvantages

resulting in undesirable spectra.

2.  This method cannot be used for all solids

because suitable solvents are limited and there

is no single solvent which is transparent in

the entire IR region.

(i) Sample Film

: e |
In this technique, an amorphous solid sampie

is dissolved in a suitable volatile solvent

.41

. ) m /
, ThBr are used. Silver chloride ade up of NaCl,

ample- It is therefore mandatory to indicate the state of

gxample: IR spectra of stearic acid in solution |
hows proad peaks making it difficult to characterize them |
whereas IR spectra of stearic acid in solid film shows |

Solid samples can be analyzed using IR

In this technique, the solid sample is dissolved
in an inert solvent and the solution is analyzed

1. Solid sample may react with the solvent

(iii)

@v)

drop of this solution is placed in NaCl or KBr
sample cells. The solvent is evaporated DY
gentle heating, which leaves a thin film on the
surface of the cell. The resultant film is used
for qualitative analysis.

Mull Method

In this technique a thick paste of fiqely
powdered sample and mineral oil (nujol oil) 18
sandwiched between two salt plates (N aBr/KBr).

Mineral oil widely used is nujol oil, but it shows
absorption maxima at 2915 cm, 1462 cm ™,
1376 cm™ and 719 co™’ which interferes with
sample absorbance. This interference can be
avoided using hexachlorobutadiene with nujol
oil which absorbs in the regions of 1630 - 1510,
1200 - 1140 and 1010 - 760 cm™' thus
permitting the recording of IR spectra of only
the sample. This method is applied for
qualitative analysis of crystalline compounds.

Disadvantage

Grinding of the crystalline sample may lead
to degradation and polymorphic changes.

Pressed Pellet Technique

In this technique, a small amount of finely
powdered solid sample is mixed with about
100 times its weight of powdered potassium
bromide. The mixture is passed under a mini
press and compressed at high pressure
(25,000 psig) to form a small pellet of about
1-2 mm thick and 1 cm in diameter. The
resulting pellet is transparent in the IR region.

Advantages

I,

Absorption bands due to mineral oil can be
avoided.

KBr pellets can be stored for longer periods.

Spectrum obtained from this technique helps

in easy characterization when compared to
mull method.

Disadvantages

%

The absorption spectrum always shows a band
at 3450 cm™ due to hydroxyl (OH) group of

the moisture which is always present in the
sample.
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Inorganic crystalline complexes may undcrg[o
decomposition or polymorphic changes due
exposure to heat and high pressure while forming

a pellet.
Bromide ion of the KBr may substitute the ligand

of the inorganic molecules.

Applicable to only those substances which can be

powdered along with KBr.
Liquid Samples

The samples which are liquid at room temperature
are directly introduced in the sample cell such that
the sample thickness is 0.01-0.05 mm with a

transmittance of 15-20%.
Viscous liquids are sandwiched between two salt
plates of NaBr or KBr as the sample cannot be
introduced directly in a pre-assembled cell.

Gas Samples

Gas sample cells consist of glass or metal cylinder,
about 10 cm to 1 m long and are made up of NaCl,
KBr etc. These are equipped with internal gold plated
or stainless steel metal components and gold-
surfaced mirrors. These components cause multiple
reflection of the radiation thereby increasing the
effective path length of the cell several times longer
than the actual cell length. The gas sample is
introduced into the cell through a stop cock under

a pressure of 5-50 mm of Hg.

Disadvantages
1.  High pressure in the gas cell may broaden the

absorption peaks.
Analysis of gases by IR spectroscopy is less
commonly employed due to its low sensitivity.

Moisture should be avoided as it interferes with

=~

the analysis.

Detectors
Thermal Detectors

When IR radiations fall on a thermal detector, its
temperature increases due to heating. This increase
in temperature produces a potential difference
which is proportional to the amount of radiations

falling on the detector.
The properties which are measured in thermal
detectors are expansion of solid, gas or fluid (Golay

cell), electrical resistance (thermistor), voltage

induced at the junction of two dissimilar metals
(thermocouple and thermopile) and electric
polarization (pyroelectric detectors).

utical Analytical TeChqueg
—

Metal B

Infrared radigs;
Hotjunlétione Tadiation
Cold junction Metal A

ure: ThermocouP le
. e most widely used_detfactor in IR
Itist hotometry- Its working is based on
spectrop that when two differem
the ' fa(Cit i o metal wires are connecteg
semicon ;:t both ends and kept at differep,
togcthcft res, then an electric current flows
tempef;l1 ;em" The thermocouple is encloseq
@ougevacu ated steel casing which consisgg
1r; :nwindow made up of KBror Csl to prevep
:nergy loss by convection. One e‘nd- of the
thermocouple is exp_osed to IR radiation anqg
is called as hot junction. Tl?e other end calleg
cold junction is ma:ntalneq at constan;
hen the IR radiations fall op

temperature. W ] .
the hot junction, 1ts temperature increases

which results in the development of an electric
potential difference between th.e two‘ junctions,
The magnitude of potential difference
generated is proportional to the amount of IR
radiations falling on the hot junction.

Fig

(i) Bolometer

Figure: Bolometer

It is based on the principle that electrical
resistance of a metal increases for every one
degree rise in temperature. A bolometer is
based on Wheatstone bridge arrangement.

In bolomf?ter two arms of the bridge are made
up of Platl_num strips coated with lamp black.
One arm is exposed to radiations (indicator
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radiations (reference Strip). The tw
‘ o plﬂlinu
m

strips are initially connected
ga‘lvanonwtcr’thcn 10 a batter Am a4 sensitive
bridge arrangement. Whep, l.y » whcmsumc
?hc exposed platinum slripr.l,dlilll()ns fall on
m.crea'ses, resulting in a ch;,;, :l.s.lcmpcrmurc
of resistance of the conduct(!»c N the degree
the bridge unbalanced ang C"R which makes
o flow through the gulvan(m:.utcs Ehc current
of current flowing through t;;Lr;.1 he amount
is propormmal 10 the amount Ed!Vangmctcl.
falling on the exposed plat of ra(.llali()ns
response time of bolometer i;n: 1:]';]& 'P- The
(iit) Pyroelectric Detector Dams
Pyroelectric detector consists of a thj
of pyroelectric crystal (which lr? flake
Permanent dipole moment) of (.25 1Zhowi
in size. This crystal flake is plac.egl-b lmm~
two electrodes which are connecte; \'Nc.cn
external electric circuit. When the cr :t() ld‘n
expc_)sed to IR radiations, it absorgs: Ee;
leading to a change in its dipole momer{t. This
change resu]?s in the generation of electrical
charges which are attracted towards the
electrodes. Accumulation of charge at the
electrodps creates a potential difference hence
producing electric current in the external
circuit. Various pyroelectric crystals used are
barium titanate, lead zirconate, lithium tantalate
(LiTa0O,), lithium niobate (LiNbO,),
triglycerine sulphate (TGS) and deuterated
triglycerine sulphate (DTGS).

Use

Pyroelectric detectors are increasingly used
in Fourier transform spectrometer as they

require rapid responses.

Advantages

1. It has faster responsc time (10psec)
when compared to other detectors.

2. It can be used with radiations that are

chopped at high frequency order (10° Hz).
Disadvantages
1. [Expensive.

yto

nd onl
2. These respo tably modu]ated or

that have been sui
chopped but ar¢ un
steady radiations-

responsiv

those radiations

e towards |

(b)

(iv) Golay Cell
tal cylinder

f a small me :
he cylmder

One end of t
ed metal foil (2 mm’)
ed by a flexible
acts as a mirror.

Golay cell consists O
filled with xenon gas.
iss sealed with arigid blacken
while the other end is seal
silvered diaphragm which
The blackened metal plate is exposed 1O IR
radiations. The heat produced due toO
absorption of radiation causes the gusprcsem
inside the cylinder to expand and deform th'e
flexible diaphragm. Light from the lamp 1s
made to fall on the diaphragm which in turi
reflects it onto the phototube. when the
diaphragm is at rest no light passes through
it. However when the diaphragm flexes,
varying amounts of light reaches the
phototube. The signal received by the
phototube 18 modulated according to the
intensity of the radiation falling on the cell and
is displayed on the readout device.

Advantages
1. Tt can be used over wide wavelength
range.

2. It has a faster response time (107 sec)

compared to bolometer and thermocouple.
Disadvantage

Itis expensive and bulky. hence less convenient
to use.
Photon Detectors
When photons from IR radiations fall on the
semiconductor, the interaction produces electrons
and holes (internal photoelectric effect). The
energetic photons strike the electrons of
semiconductor causing its excitation and render it
conductive from non-conducting state.

The most commonly used semiconductors are lead
sulphate, lead telluride or germanium which do not
conduct at low energy state but conduct electricity
when excited to high energy state.

1) Photoconductivity Cell

Photoconductive detectors are made up of
photosensitive materials like cadmium
sulphide, lead sulphide etc., supported on glass
and enclosed in an evacuated glass casing.

When IR radiations fall on the detector, the
electrical conductivity of the photosensitive

/
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material increases due to excitation of electrons. b)_’ th"; I
produced which is proportional to the amount of inciden
sensitive and has good speed of response (0.5 msec).

o radiations fall on it but becomeg "
id change in its electrical resistang,

(JI) Se’ﬂll('()ﬂdll(.'f()rDFTL’CT()’S
ses arap . ime requij
onse time is the time requireq to

A semiconductor is a material that behaves as an insu!ator when n
conductor when exposed to radiation. Exposure to radiatlop cau s oD
and therefore produces a very rapid response to the IR signal.
change the semiconductor from an insulator to a conductor. - - itsivity CHRTEES sighificay
Semiconductor detectors work on the basic principle that the elecm(t::gnqi)n the detector to a higher energi
when the energy of a single photon of IR radiation displaces an elec
level

' : an evacuated sealed g,
These detectors are made by depositing a layer of semiconductor matt?\l;li?;’ O’Fhese detectors are verygfass:
envelope. Exposure to radiation produces a rapid change in the conduc -

and very sensitive with response time as short as 1 nsec.

25 Working
IR spectrophotometers are of the following types,

1. Dispersive Instruments
] . i beam and double be
Dispersive instruments utilize prisms or gratings. These are further classified as single am

IR spectrophotometers.
(@ Single Beam IR Spectrophotometer

[ Readout H Delector ~€
system l

>

Radiation | Sample -
source cell ' .
Entrance slit Mirror

Figure: Single Beam IR Spectrophotometer

In single beam IR spectrophotometer, radiations from the radiation source is allowed to fall on the sample cell.

The sample absorbs the radiations and transmits some of it via the entrance slit onto the mirror. Radiations from
the mirror are directed towards the prism and then towards a rotating littrow mirror. The littrow mirror selects
the desired wavelength, reflects it back to the mirror and through the exit slit onto the detector. The detector
sends signals to the readout device which gives the transmittance of the sample as a function of its wavelength.

Disadvantages
1. The emission intensity of radiation source is not uniform, which results in deformed IR absorption spectra
In such cases, pure spectrum

2. The IR spectrum of the sample solution shows extra bands due to solvent.
of the sample is obtained by substracting the resultant spectrum from the spectrum of the solvent.
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N Dl,,;ble Beam IR Spectrophotometer

v

Littrow
mirror (L

device

Figure : Double Beam IR Spectrophotometer

In (.iotxbl‘e beam IR spectrophotometer, Nernst glower is used as & radiation sourc
by it split into two beams which are identical in their intensities. The beam pair is
mirrors M, and M, where they undergo further reflection. After being reflected by mirror M,
passes Fhrough the sample cell while the other beam (reflected by mirror M) passes thro
Two mirrors M, and M reflect the transmitted light beam from the sample (:3611 to the rota
The transmitted beam from the reference cell is also passed onto the rotating sec

During one half of its rotati

beam, while in the other half rotation, the reference beam is reflected and the sample

two beams are of equal inten

The sample beam now undergoes reflection by mirrors M.,
entrance slit (E,) into the monochromator consisting of mirror M

undergoes dispersion. The dispersed beam is again reflected bac‘il
wavelength. The selected beam exits through the exit slit (E,) and falls on the detector-

is then passed onto the readout device. In the next rotation,
m which undergoes similar process. The alternate samp

transmits the reference bea
reaching the detector is amp
a function of its wavelength

3. Non-Dispersive Instruments

Non-dispersive IR spectrometers uti

Fourier Transform In yfrared Spectro

FTIR spectrome

26 Applications

M,

4 Sample M,
adiations emitted
the mirror M, on
,one of the beam
ugh the reference cell.
ting sector mirror (R)-

e (S). The r
reflected by

tor via mirror M,.

and blocks the reference
beam is pblocked. As the

sity, any change in their intensity would lead to an imbalance in the detector signal.
M, and M,. The beam is then passed through the

, prism (P) and Littrow mirror (L) where it
to M, which selects the beam of desired
Signal from the detector
the rotating sector blocks the sample beam and
le and reference signal

lified and sent to the readout device which records the transmittance of sample as

on, the rotating sector mirror reflects the sample beam

lize interference filters, tunable laser sources or interferometer.

meter

ter has been discussed under FTIR spectroscopy.

1. Analysisof Organic Compounds
@) Identification of Organic Compounds

IR spectra of two organic

compounds cannot be identical unless they are optical isomers because no two

e same spectrum of absorption bands. However, two enantiomers of the same

organic compounds produce th
ectra. Thus, IR spectroscopy cannot differentiate between two enantiomers.

compound give identical IR

Sp:
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The IR spectra depends upon the physical state of
the sample, solvent used to dissolve the sample and
concentration of the solution.

A particular functional group gives absorption band
in a definite region depending upon the molecules
surrounding it. This in turn leads to variation in the
intensity of absorption band that may be either
strong, moderate or weak.

Structural Elucidation of Compounds

Molecular structure of unknown compounds can
be determined from IR spectrum. IR spectroscopy
plays an important role in determining the type of
functional groups by observing the position of the
absorption bands. If the spectrum does not contain
an absorption band characteristic of a particular
functional group, then the substance does not

contain that group.

Example : Presence of strong absorption band at a
frequency of 1717 cm™! indicates the presence of

carbonyl group.

Study of Rates of Reactions

The rate and extent of reaction can be determined

by analyzing the IR spectra of sample at different
intervals during the reaction. The rate of
disappearance of a particular absorption band of a
reactant or the rate of increasing absorption bands

due to the formation of product can help in

determining the reaction rate.

Example : In the oxidation of alcohol to carbonyl

compound, there is a gradual disappearance of an

absorption band of OH at 3600-3650 cm™' and
appearance of an absorption band C=0 at 1680-

1760 cm™.
Determination of Purity of Sample

IR spectrum of a sample can be compared with

that of the pure compound to detect the presence
of impurities. The spectrum of an impure sample

does not show sharp bands, has many additional

bands, and is generally blurred.

Example : Presence of blurred absorption band of
ketone in the IR spectrum of alcohol indicates the
presence of ketone as impurity in alcohol. Moreover,

the sample gives an absorption band at 1720 cm-!
which is the characteristic frequency of carbonyl

group indicating the presence of ketone as impurity.

(e)

IR spcclroscopy he
jsomers-

AT
(1) I“un(:ri(m(l/ [somel

The analysis of functional isome
ds having the same molecy],,
(c<)mPf’l:,rL],[ different functional groups) cain
formullf.l d out using IR SPECIIOSCOPY as the
b.e'catflefuncliona] groups of two functiony
.‘mfezzt‘give different absorption spectra,
i1) l(; Z‘l—r:mn.\‘ [somers or Geometric Isomers
! ers can be identified if spectry
of both are available. T/’a.nS—lSOmers are more
symmetric and the vibrations may or may not
change the dipole moment gf the compound,
thus IR spectra of Trans-isomer is simple
isomer. Trans-isomers appear

compared to ¢is- o
at a higher frequency range than cis-isomers

Cis-trans 1s0m

(nearly 5-10 cm™! higher).

If a heteroatom (like O, N, S etc.), is present
then trans-isomer has 20-40 cm™! higher
frequency than cis-isomer.

Rotational Isomers or Conformers

Conformers are the compounds that can be
interconverted by rotation about a single bond.
They differ slightly in their energy content and
hence require sensitive techniques for
identification. In general, difference in
frequency of 1 cm™! corresponds to energy
of about 3 x 107 kcal/mole. Hence, high
resolution IR spectrophotometer is required

for their identification.

(iif)

Example : Conformers of ethanol and
o-haloketone esters can be assessed

using IR spectroscopy.

(iv) Tautomerism
IR spectroscopy helps in the identification of
tautomers due to the presence of different

absorption bands in their spectra.

Example : Thiocarboxylic acid exhibits
tautomerism wherein the keto group is in
equilibrium with enol group. Thiocarboxylic
acid tautomers are identified by the presence
or absence of bands characteristic of O— H

or S—H and C=0'6r' €=S§.

| WARNING : Xerox/Photocopying of this book is a ORIMINAI.:» ‘ac‘_'t».; A‘ﬁyo_ne foqh&f guilty s L ABLE to face LEGAL % m ngg




iues
—

ing

®

©

pdern PRATIZCETCR) Analytical Techngqy,
M es

o ——

C e O _—H . components
- —C= ) d colouring e
g = | © 5 Fl;yc;}u:rréguzizn;i ?Eod materials can also
— WHIGILBrS == scopy-
Enol form ik identified using IR spectroscOPY
Keto form @  Analysis of Paints and Varnishes fectance
: e
Figure: Thiocarboxyjje acid Paints and varnishes are anal_ysgdagisfat;ed h IR
Miscellaneous Applications analysis wherein the Samplef ifgltftr reflected by the
4 d the amount ¢ This
ape and Symmetry o radiations an IR instrument.
@ Shap v of a Molecule paint is allow;d to enter t:fnt on automobiles OF
The shape and Symmetry of 4 molecy] helps in identifying the pa the surface. —
determined by IR spectroscopy ¢ can be appliances without destroying >
' L ifacts 2
Examples (€)  Examination of Painfings and Artif s ¢ -
is employed in the examination O -
i he struct . IR spectroscopy 1S em . din ’
v ;l;ne fact th:trief ?\IfCI)\I (1)2 Cim be determined from | old I;aimings and artifacts. mformatlt;‘; r:iggirnen;gs =
o 218 alinear molecule_ it wil] i d on the painting, -
exhibit two bands Jike CO,, if it is bc;r:t \l:]ll(lel the varnish use rextile of the canvas -

H,0 it will exhibit three bands. In practice IR
spectra of NO, produces three bands at |

positions 750, 1323 and 1616 ¢! i gicnr:
its bent structure. indicating

(ii) IR spectra has also been used to elucidate the
strucFure of large molecules like xenon
fluorides which possess various types of

symmetry. The IR spectra of Xer, XeF 4 and
XeF has elucidated their linear, s

and octahedral structure respectively.

Detection of Water in a Sample

IR spectrum can detect the presence of water in a

sample. If the sample contains lattice water, it can
be detected by three characteristic bands in the regions
3600-3200 cm™, 1650 cm™ and 600-3000 cm.

If the sample contains water coordinated to a metal

ion it can be detected by an additional band at

890-660 cm™'.
In Pharmaceutical Industry

Applications of IR spectroscopy in pharmaceutical
industry can be seen as follows,

(i) Detection of impurities

(i) It helps in determining the corpposition and
the amount of product present in the sample.

(i) Identification of samples in rescarch centres

(iv) Waxes like beeswax, carnauba wax and other

waxes can be identified by IR spectroscopy
e of impurities like cheaper -

for the presenc
petroleum wax.

. ®  Assessment of Brain Function

quare planar |

present in the paint and the
can be obtained by IR spec
used to detect fake masterpieces.

troscopy that can be

i ijon with neural
i f haemoglobin concentration W :
ete] N function which

activity helps in assessing the brain
is possible with near infrared spectroscopy (NIRS).

NIRS and optical topography are sometlrpes used

as synonyms, but optical topography mvol\_'es

detection of spectroscopic reflection and scattering
from multiple measurement point and the results
are obtained in the form of a map whereas NIRS
involves fewer measurement points. '}

- 2.7 Fourier Transform Infrared (FTIR)
Spectroscopy ‘

Principle

FTIR spectroscopy is a versatile tool in
- pharmaceutical sciences with wide range of applications.
- Itoperates on a different principle called Fourier transform.
- Fourier transform is a mathematical operation
- demonstrated by Jean Fourier. It converts the frequency

- domain into time domain. The mathematical expression
. for Fourier transform is,

F(w)= IF (x)e"™ dx

—oa

Where,
® = Angular frequency

x = Optical path difference
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