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‘lR spectroscopy is an important analyticgl t.echnique which helps 1?ltge ,
identification of a compound. IR radiations lies m' the wavelengt.h r'amge g ,h b “;.
spectroscopy is based upon selective absorpthn pf IR radiations by t e mole
which induces vibrational-rotational transitions within the molecule. The§e vnb i
rotational transitions produce closely packed absorption bands characteristic tg
bonds and functional groups present in the molecule. -

IR instruments are of two types namely, dispersive instruments (spectropl'lotov
and Fourier transform infrared instrument (FTIR). The components of the instrum
are similar to that of the UV-visible spectrophotometer except the radiation sa
and detector. The radiation sources used are incandescent lamp, Nernst glowerl "
and the detector used are thermal and photon detectors. ;

-

IR spectrum of a compound is considered as fingerprint for its identiﬁc
Hence, it is used for identification and structural elucidation of the compounds. It|
be used to study isomerism in inorganic compounds. It is also used to study the pres
of water in the sample, symmetry of a compound etc. "

AR i i

IR spectroscopy is based upon the principle that, when a compound is exposed
IR radiations, it selectively absorbs the radiations resulting in vibration of the "jf
of the compound. It results in closely packed absorption bands which are charactert
to the functional groups and bonds present in the compound. Thus an IR spectt
of compound is considered as the fingerprint for its identification. e

IR spectroscopy is one of the most widely used analytical technique for identifi 1
and determination of compounds. The IR region is divided into four sections. 3

Region Range (p) : o
Photographic region Visibleto 1.2 i ’ 4
Very near IR region (Overtone region) | 1.2 t0 2.5 :
Near IR region (Vibration region) _ 2.5t025 : 2
Far IR region (Rotation region) 25t6300-4007 | 1
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A molecule in its ground state

vibrational energy level (v

) and rotationa

| energy level (g)- The
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posses three energy levels, electronic energy level (eE),

representation can be given as follows :

diagrammatic

Oy
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When the molecule absorbs energy, electron jumps from 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 transition take
place. These transitions occur between the rotational quantum levels within the same
vibrational level. As a result, changes take place in the rotational quantum number ().
The spectrum observed is called rotational spectrum obtained in far IR region or
rotation region (25 to 300 - 400 p).

When the electron absorbs still higher energy, vibrational transitions take place between
the vibrational quantum levels within the same electronic level. As a result, changes
take place in the vibrational quantum number (v). The vibrational-transitions are
accompanied with rotational transitions. The spectrum observed is called vibrational-
rotational spectrum obtained in near IR region or vibration region (2.5 to 25 p).

When the transition of the electron occurs from v = 0 to v, = 1, the frequqncy_' of
such resulting radiation is called fundamental vibrational frequency. When the trjmsxtxons
of the electron occurs from v = 0 to v, = 2, the frequency of such raaiation is
called first overtone frequency. Similarly, transition from v, = 0 to v = 3 gives second
overtone frequency.
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Regions of IR Spectrum :

When the electron absorbs energy sufficient to cause electronic transitions 'gn_
occur between the electronic quantum levels. (7 = 1y 2, 3y 00ss -V As. a resy
_changes take place in the principle quantum nurr}l?er (n). These transitions a
accompanied by both vibrational and rotational transitions. 'The spectrum observed |
called electronic band spectrum obtained in visible and UV region.

Vibrational-rotational spectra helps in prediction of energy required to disto
the bond length and bond angles from their equilibrium position and hence the flexibj
of the molecule. Vibrational rotational spectrum is given by hetero molecular diato i
molecule with permanent dipole moment and polyatomic molecules with or withoy
permanendipole moment. Homonuclear molecules does not show vibrational-rotatio_r
spectra as they do not have dipole moment. 1

Infrared spectroscopy involve vibrational-rotational spectrum which occur mainly dj
to vibrational and rotational transitions of excited electrons. The basic difference betweg
UV-visible and IR spectroscopy is unlike IR, UV-visible spectrum occurs due fg
all three transitions i.e, rotational, vibrational and electronic transitions. Electronig

transitions take place at higher energies, these are not seen in IR because IR radiations
are less energetic.

IR spectrum is a graph of band intensities on ordinate versus position of band on
abscissa. Band intensities can be given in terms of transmittance (T) or absorbance (A);
Position of band can be expressed in terms of wave number (V) or wavelength (A)
It is convenient to express position of band in terms of wave number as these exists
direct relationship between wave number (V) and energy (E).

- s
A
where,
E —  Energy of radiation
h - Planck’s constant
¢ — Velocity of light
A - Wavelength

ST |
E = hey 7 ( V‘_'.KJ 4

IR spectrum is usually plotfed using transmittance, hence, absorption band appeat
as dips rather tuan maxima. Each dip is called band or peak.

A molecule absorbs IR radiations of various wavelengths depending upon the nature |
- groups or bonds present in it and oi :

of characteristic absorption band indicates the presence of a particular function
group. IR spectra is divided into two regions. : :




(b)

- ot T
Analysis : [Unit - 1] 1.47
4 (@) Region 4000 - 1250 cm ™! : This region consists of absorption bands of vibrational

states of various types of bonds present in the molecule.

Fingerprint Region : Region less than 1250 c¢m™!

. consists of complex vibrational
and rotational

spectra of the complete molecule. This region is useful for

identificaton of the compounds since no two compounds can have identical IR
spectra under identical conditioins.

Region present below 1500 cm™! shows absorption bands due to bending
vibrations and stretching vibrations of C —~C,C~0OandC~N bonds. The number

of bending vibrations is generally more. This region is rich in absorption bands

due to bending vibrations hence, it is called finger"print region. Finger print region
is further divided into three regjons.

(i) Region 1500 - 1350 cm™!' : The presence of double peaks near 1380 cm™!

(medium intensity peak) and 1365 cm™ (strong intensity peak) indicates
presence of tertiary butyl group in the ,compound.

(i) Region 1350 - 1000 cm™! : Alcohols, esters, lactones, acid anhydrides and

phenols exhibit characteristic strong absorption bands in the IR region due
to C — O stretching.

(iii) Less than 1000 cm™ : The number of substituents and their position (ortho,

meta, para) in benzene ring can be determined from the characteristic
absorption bands in this region.

Example : 1. Absorption band in the region 750 - 700 cm™' indicates the presence
of mono substituted benzene.

2. Geometrical isomers of olefins can be distinguished in the region
970 - 700 cm'. Higher wave number indicate that the hydrogen
atoms in olefins are trans with respect to each other.

H H
Cis-isomer \C: C/ shows an absorption band at 700 cm™ (strong intensity
78 :
H
- A C/
band) and trans iSomer /C ~ UN\_ at970 - 960 cm™! (strong intensity band).
H :

(D)

Wavelength of Incident Radiation : The absorption of radiations by the molecule
occurs only when the frequency of incident radiation is equivalent to natural

frequency of vibration of the part of the molecule. The part of the molecule can

be an atom or group of atoms. After absorption of characteristic radiations, the
molecule vibrates with greater amplitude dL}C to absorbed IR energy.

. Chiple——
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. Dipole Moment and Symmetry of the Molecule : A molecule will

; giation only when there is a change in deOIe mo::\et:te d:o:s'omf .
ic charges +ve and -ve 0
ﬂ:n“oc?:\:c::e?:!:: to thg electric field of the IR radiations? in j",_
directions. As a result, spacing between the charged atoms (elecu)c fipol
the molecule also decrease. These charged atoms when vnbr.ated sor
radiation. The amount of IR radiation absorbed by the moleculg IS propor >
the rate of vibration. If the rate of vibration in charged atoms is fast, they g
intense absorption and vice versa.

Symmetrical diatomic molecules (O,, N,, etc) does not possess, dipole me
and hence, cannot absorb IR radiations. Even though symmetrical comgp

such as ethylene — C=— C — exhibits dipoles, they do not show any chang
dipole moment, upon C= C stretching.

If the symmetry of the compound is destroyed, it exhibits dipole mo
strong IR absorption.

H H Br H

Example : Ethylene | | and bromoethylene | |
HC=CH HC=CH

Substitution of bromine for hydrogen of ethylene destroys the symmetry. Stre c
of the double bond exhibits change in dipole moment and strong IR absorption &

place. If the atoms in the molecule are close to each other, the rate of chang
elec.tnc dipole is fast. This increases the frequency of vibration and inturn incret
the intensity of IR absorption.

When a polar molecule is exposed to IR ra
internuclear axis of the polar bond are see

diations, stretching vibrations along
and a change in dipole moment is seen resultin

n. Hence, electron distribution €
g In absorption of IR radiations.
tions In a Polvatom

2InNic .‘. ‘('.gfv, ;}i';".ﬁ’i:‘;\_ ! R

Polatomic molecules give fundament

related to degrees of freedom in a mole

al and overtone band
cule,

Is in IR spectra W

other. Since th ctiotr:s (coordinates X ¥ siS
15 *n’. Hence, t + ®TICE the ‘number of atoms in a nic 1
istn Hence, ﬂw number of degrees of freedom will be 3.n.ms n a polyatom




(a) Translational Motion T e
(b) Rotational Motion

i

(c) Vibrational Motion

In a non-linear polyatomic molecule, three degrees of freedom describe translational
motion and three describe rotational motion.

Degrees of freedom for transitional motion = 3
Degrees of freedom for rotational motion = 3

Hence,

Degrees of freedom for (Total number of degrees of | (Degrees of freedom (Degrees of freedorﬁ

vbrational motionof = freedom fora nonlinear _| frtranslational +  for rotational
“nonlinear polyatomic molecule polyatomic molecule) motion) motion)
= 3n-3 +3)
= 3n-6

In a linear polyatomic molecule rotation about the bond axis is not possible. Hence,
rotational motion is described by only two degrees of freedom. Further, 3 degrees of
freedom describes the translational motion. :

-

Therefore,

Degrees of freedom for (Total number of degrees of |(Degrees of freedom (Degrees of freedom

vibrational motion of = freedom for a linear  _ fortranslational + for rotational
linear polyatomic molecule polyatomic molecule) motion) motion)
= 3n-(3+2)
= 3n—35

A normal mode is defined as (3n — 6) or (3n — 5) degrees of freedom of vibrational
- motion depending upon the non-linearity or linearity of the polyatomic molecule
respectively. Normal modes of vibrations can be classified into two types :

(a) Stretching Vibrations : ‘
(i) Symmetric stretching vibrations
(ii) Asymmetric stretching vibrations
Chapter =3 ‘ - PULSE PUBLICATIONS




] O)‘ .m or Dotor;mtlon Vibrations :
(i) Scissoring deformation vibrations

(i) Wagging deformation vibrations

(i) Rocking deformation vibrations
(iv) Twisting deformation vibrations

(a) Stretching Vibrations : These type of vibrations involve movement
within the same bond axis such that the bond length changes without any ¢
in bond at regular intervals. Symmetrical molecules like O=C=0 4

IR active because no change in dipole moment is observed upon s
vibrations.

Non-cyclic systems show (n—1) stretching vibrations because, these vibr

describe one-dimensional motion. Bond angles change if acceleration d
gravity resist displacement. |

(i) Symmetrical Stretching Vibrations : In these type of vibrations, he

atoms A and B, move away or towards the central atom, without any ¢
in bond axis or bond angle. |

% Figure : ° o
Symmetrical

Stretching
Vibrations
(ii) Asymmetrical Stretching Vibrations : In these type of vibrations, 'l
atoms A and B, move with respect to central atom such that one moves ¢
and the other moves towards the central atom (85 3
8Figure:
Asymmetrical
Stretching
- Vibrations

~ (b) Bending or Deforma i : |
; tion V i .
movement of ato ibrations :

: : ms which are attac .
~ there is change in bond axis and bolrl:i‘.iato a common central atom, 3

- any change in their bond lengths, '?813 Of each individt‘lalv )




0) Scissoring Deformation Vibrations : In these type of vibrations, in e
bending of atoms occur wherein they move back and forth.

Figure: /; ' '
8 Scissoring . ° °
Deformation

Vibrations

(ii) Rocking Deformation Vibrations : In these type of vibrations, in plane

bending of atoms occur wherein they swing back and forth with respect to
the central atom.

‘% Figure : /o S o AN
=, O © 6
Deformation
Vibrations
<) (55

‘(iii) Wagging Deformation Vibrations : In these type of vibrations, out of
plane bending of atoms occur wherein they oscillate back and forth.

(iv) Twisting Deformation Vibrations : In these type of vibrations, out of piane
bending of atoms occur wherein they rotate around the bond which jbin;
the central atom C of molecule. Tl
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Factors Affecting Vibrational Frequency :

~ 1. Interactions Due to Vibrational Coupling : Vibrational coupling invo"_
interaction between two similar or different vibrating groups. Vibrations
coupling depends upon various factors like :

(@) When two atoms are bonded to a common central atom, the stretchin
vibrations of these two atoms show strong coupling.

(b) Coupling between bending vibrations is seen only when the two vib
groups are separated by a common bond. :

(c) Coupling is maximum when the vibrating groups have individual ener__
which are approximately equal in magnitudes. |

(d) If the vibrating groups are separated by two or more bonds, negligible ¢
‘no coupling takes place.

Example : Vibration coupling can be best explained by taking an example Of
triatomic molecule such as carbondioxide (CO,). As CO, is 2 lined
molecule (all the atoms lie on a single straight line) rotation about &

bond axis does not take place. Thus, rotation is described by
degrees of freedom. Therefore, -

. .

Degrees of freedom for  (Total number of degrees of (Degrees of freedom (Degrees of freed
alinearpolyatomic = freedom for a Inear fortranshtional +  for rotational
molecule ) polyatomic mo lecule) motion) motion)

: = 3n-3+2)
= 3p5- :
~ Normal Modes of Vibrations = 35 — 5

ATy “ F0 e £~ “Nhere e .
e b Dot el b

n = Number of atoms




| [Unit - 1] 1.53
As CQz is a.triatomic molecule i.e., n = 3, therefore normal modes of vibrations
for a linear triatomic molecule (CO,) is given as :

= 3In-5§
® 3Ix3~-§

98
- 4,

These normal modes of vibrations include two stretching and two bending
vibrations. Stretching vibrations further include asymmetric and symmetric
vibrations. Due to symmetrical stretching vibrations (in phase stretching),

C==0 bond contracts. It is a known fact that stretching vibrations require
more energy and hence occur at shorter wavelengths.

But due to coupling, absorption of symmetrical stretching vibrations occur at

longer wavelengths (lower frequency) when compared to C=—0O group of
aliphatic ketones. This mode of vibration causes no change in the dipole moment
of COQ, hence, it is inactive to infrared radiations. In asymmetric stretching

vibrations, one of the C= O contracts while the other stretches out of the plane.

- As a result, a change in dipole moment occurs which makes this mode of
vibrations infrared active. Absorption occurs at shorter wavelength (higher

frequency) when compared to C=— O group of aliphatic ketones. The variation

in absorption frequency seen in C= O group of CO, is due to strong interaction
or coupling existing between the vibrating groups.

2. Electronic Displacement Effects : In organic molecules, the electron displacement
takes place by four mechanisms namely, electromeric effect, hyperconjugation
effect, inductive effect and mesomeric effect. Out of these, four only inductive
effect is considered because it prominently effect influences the stretching
vibrations in IR spectroscopy.

Inductive Effect (I) - It is a permanent effect which involves induction of polarity
on the carbon atom and the substituents attached to it. This is seen due to
displacement of shared pair of electrons towards any of these two atoms on the

basis of their electronegativities.

Inductive effect can be well explained by taking the example of alkanes. In

alkanes, the carbon is covalently bonded to hydrogen atom. The shared electron

is symmetrically placed between carbon and hydrogen. Hence, inductive effect (I)

. is not observed. However, when one hydrogen atom of alkane is replaced by

| an electronegative atom X or Y with higher and lower electronegativity value

respectively, inductive effect is observed.

\
"5"“?‘3?.- i PULSE PUBLICATIONS




Examples of groups showing inductive effect :

(@)

(b)

5+ i : : T
C — Lesselectronegative

8- o s
X — Moreelectronegative

* 8- ' i
Sk C — Moreelectronegative
H,C-Y

S+ ;
Y —» Lesselectronegative

5+ 06— '
In first case i.e., H, - X IS more electronegative or electron attra o

than carbon atom.

Due to this, the shared electron pair is displaced towards more electroneg i
atom X and a small fractional charge is developed on the two atoms, Car
atom (C) acquires positive charge and X acquires a negative charge. Thls effe
is referred to as negative inductive effect or —I effect. |

3- O+
In the later case i.e., H,C-Y., Y is less electronegative or electron releas

than carbon atom. As a result, the shared electron is displaced away from h
less electronegative substituent (Y) towards the C-atom and a small fractiond
charge is developed. Carbon atom acquires a negative charge and Y- acqu}r'

positive charge. This effect is referred to as positive inductive effect or ¥
effect.

Groups showing positive inductive effect (+I) or electron attracting groups.
CH,->CH, CH,-> (CH,), CH - > (CH,),C -
Groups showing negative inductive effect (-I) or electron releasing groups.

C6H5<OH<I<Br<Cl<COOH<F<N02v

Example : Saturated aliphatic ketones such as acetone CH;—CO"

shows C=0O stretching absorption at 1715 c¢m™'. The absorP

frequency for other substituted aliphatic ketones varies from M ;
acetone due to the influence of inductive effect. ‘

(i) When o-carbon atom of acetone is substituted with a halogen atom
: au S ; # 8
ie,CH,-CO -CH, -C1 —0

, the vibrational frequency of C=

;mcreased. As aresult C=0Q absorption occurs at 1725 cm™.

rONS



(i) When both o and o’ carbon atoms are substituted with fo chiorine

atoms | €,C1-CH, ~CO-CH , =Cl , then a double negative inductive

effect is observed which gives rise to absorption of C==Q at 1740 cm"".

5 5*
In acetone . —CO-CH, the carbonyl group is bonded to two methyl

group and hence positive inductive effect is observed which gives rise to C=0
absorption at 1715 cm™'. In acetaldehyde CH, — CHO, the carbonyl group C= 0O

is bonded to first methyl group. Hence, the C=0 absorption occurs at shorter
wavelength i.e., 1730 cm™ when compared to acetone.

The above example infer that when inductive effect is more, frequency is greatly

lowered i.e., more the inductive effect stretching vibrations occur at longer
wavelengths.

Mesomeric Effect : It works aléng with inductive effect. In some cases, inductive
effect dominates mesomeric effect or vice versa.

Conjugation Effect : Conjugation decreases the wave number of absorption.
Oxygen atom of esters is more electronegative than nitrogen atom of amides.
Hence, one pair of electron pair of nitrogen atom of amides participate more

in conjugation thereby decreasing the absorption frequency of C=0O group of
amide. '

Compound Wave number (cm™)
Benzamide 1663
Phenylacetate 1730

Hydrogen Bonding : Hydrogen bond is atype of electrostatic interaction between
molecules that have hydrogen atoms and electronegative atoms like F, N, O etc,. .
Bonding takes place when hydrogen atom is attached to an atom having.more
electronegativity and very small dize. This interaction is nothing but a dlpo.le-
dipole interaction caused by the electron withdrawing proper;ies of the electronegative
atom. Hydrogen bonding is of two types.

" (a) Intermolecular Hydrogen Bonding : The hydrogen bonding which takes

~ place between molecules (same or different) is l_mown as intermolecular
hydrogen bonding. ' e
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' Examples

R — OH----O —— R (Same molecule)

H

(1)

(i) R — OH----O — H (Different molecule)

H

(b) Intramolecular Hydrogen Bondi.ng : The hydrogen bonding which tz
place between different groups within a molecule.

Example‘: Salicyli.c acid - Bonding takes place between —COO

and — OH groups of salicylic acid.
COOH

»

OH

For hydrogen bonding to occur, one molecule should be a proton donor and:
another should be a proton acceptor. Examples of proton donors are carbonyl

(C=0), hydroxyl amine (NH, — OH), amide CO-NH, etc. Examples
proton acceptors are oxygen (O), nitrogen (N), halogens (X) and ethylgn_;

linkages (— c= c— ). Hydrogen bonding alters force constants of both

groups (proton donor and proton acce

ptor). As a result, the vibrational frequenci®®
of these groups are also altered.

The solvent used in the preparation of the sam
the sample. This change occurs due to dip

within-the solvent and also between solvent and solute. Therefore, solvents &%
selected with care. Solvents that exhib

it hydrogen bonding are callé®
associating solvents. (Examples : Acetone, benzene and alcohol etc). Solvel®
that do not exhibit hydrogen bonding are ‘called non-associating solvert™
(Examples : CCl,, CHCI, and CS,). These solvents are used commonly. |
Groups such as hydroxyl (—
vibrational frequencies when ex
are altered when the above grou

ple solution influences spectrum
ole-dipole interactions that €x%

OH) and amine (— NH2) show characte ,
Posed to IR radiations, However, these frequ '
Ps exhibit hydrogen bonding. i
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frequency of the group involved in bondin

“Hydrogen bonding in a alcohols (—
- because, oxygen of alcohols is mo

| © o [Unit-1157
OH) is stronger than that in amines (— NHz)
re electronegative than nitrogen of amines.
OH) group is lowered more in IR spectrum
NH,) group of amines.

Thus, vibrational frequency of (—
of alcohols when compared to (~—

Strength of hy'drog-en bonding is inversely proportional to the change in
funda}mental vibrational frequency of the compound involved in bonding.
i.e., if the hydrogen bonding is strong, then, the fundamental vibrational

g is lowered and the absorption band

obtained is broader and more intense and vice versa, |

IR technique helps to distinguish inter and intramolecular hydrogen bondings.
The IR spectrum of a compound involved in intermolecular hydrogen bonding
shows hydrogen bonded absorption bands and unbonded absorption bands. In
such compounds, the hydrogen bonded and unbonded absorption bands change

~with dilution of the compounds. Specifically, the frequency of hydrogen bonded

absorption band is lowered and hence the absorption peak obtained is broader
and more intense. The unbonded absorption band is increased (frequency is
increased) and hence absorption band obtained is sharp as the dilution increases.

Example . In alcohols, upon dilution, some of the hydrogen bonds are broken
and some remain intact. As a result, the bonded (— OH) absorption
decreases and sharp and well defined peak at 3600 cm™' is obtained due

to- unbonded (— OH) groups. Dilution does not affect intramolecular
hydrogen bonding. e :

In concentrated solution, hydrogen bonding is strong and hence broad bonded
absorption band is obtained at lower frequency.

Intense hydrogen bonding is seen in chelates and enols because the bonds are
not easily broken on dilution and free (— OH) stretching is not seen. Therefore,
broad and intense bands are observed at lower frequencies.

Components of IR spectrometer

Radiation Sources Monochromator and Sample handling system Detectors
| collimating systems | l
o e A gl e P
Incandescent Nernst ~ Globar High Solid Liquid Gas Thermal : hoton
lanp glower  source  pressure samples samples  samples detectors detectors
mercury arc
o Sk sl voemes i b ]
Prisil’ Grating Mirror Thermocouple Bolometer Pyroelectric Goh-y Photo.
Conductive conductor
' : monochromator  monochromator detector  ce :
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'mu Sources : Radiation so
whose emissions are equivalent to

IR

urces used in IR spectroscopy are hot ba
black body radiator. An ideal radiation P

should have the following characteristics.

(a) Intensity of incident light should be high.

(b) Tt should emit continuous radiations.

(c)
(d)

Types of Radiation Sources : The various radiation sources used are as follows : -

(a)

(b)

Should be free from any fluctuations.

Should not show exhaustion on continuous usage.

Incandescent Lamp : Incandescent lamp consists of a closely wounde
nichrome coil enclosed in a glass covering. Upon heating a black oxide film
is formed on the nichrome coil which gives acceptable emissions of [R
radiations. Temperature of about 1100°C can be obtained using nichrome:
coil incandescent lamp. 1

Advantages :

(i) The tncandescent lamp is simple, durable and does not show exhaustion. '_ ‘

(i) It is a reliable source for accurate determinations in inexpensi e
spectrometer or filter photometer and non-dispersive process analyzers. =

(i) It can withstand a 'temperature of about 1100°C without requiring wa :
cooling system.

Disadvantages :

(i) As the nichrome coil is enclosed in a glass cover, it cannot give far 5‘:7
radiations and has poor spectral emissions. "

(i) The intensity of IR radiations emitted b

. y the incandescent lamp is less
compared to other radiation sources. :

N§rnst Glower : Nernst glower consist of a hollow rod made up of fused
mixture of rare earth metal oxides like thoria, yttria and zirconia. The rod

about 1 to 3 mm in diameter arid 20mm in length. One end of the rod 51
mounted uprlgh.t on a base plate by cementing it to a short ceramic tubé:
The ot._hfer end is sealed with short platinum wires through which current
flows into the rod. The rod is surrounded by a helical heater. Nemnst gloWe"

has negative temperature ¢ i ‘
oefficient of resistanc s
; : € st be mat®
conductive by preheating with th and hatits. (i ing

€ help of these helical heaters. Overheatifi®

:fn:)htnen'tg l:fyv :;r:::t t:opret‘;ented by providing a ballast, which controls
; : , \%Y rou ! - “,J[,,;
resistor, consisting of two _thiihithe i2mp. (A ballast is an iron YRR
It has a positive temperature co

)- The

ron filaments in a hydrogen atmospi®
efficient i.e., its resistance increases W&
overheating of the lamp due to €XC€
(present at the -base plate) which turns
mes conductive. The energy output
Which decreases above 10p.

an increase in temperature




i

ant ’

(i) ‘I‘.he intensit).r of radiations emitted by Nernst glower is 3 times tc; that of
nichfome coil incandescent lamp and global source.

(i) It emits wide range of radiatio i ' i sity
ns without any fluctuations in intensi
over prolong period of time, " .

(i) It does not get oxidized by air.

Disadvantages :
() Nernst glower are extremely fragile.

() chey require heaters for preliminary heating to make them conductive
in order to overcome the negative coefficient of resistance.

(¢) Globar Source : It consists of a silicon carbide rod with a diamter of 6-8 mm
and length 50 mm. It is enclosed in a brass tube which is provided with a
water cooling system and a provision for emission radiations. It is
electrically heated and does not require any preliminary heating like that of
Nernst glower. It can be operated to a temperature of about 1300°C
(temperature is controlled with a variable transformer). The radiations emitted
by a globar source is equivalent to 80% of a black body radiator. The property
of globar source lies between Nernst glower and incandescent lamp. Its
intensity of radiation is less below 10 um but high above 15 pm.

Disadvantages :

(i) It undergoes exhaustion with time i.e., it’s resistance increases. This
can be ‘avoided by increasing the voltage of global source.

(ii) Less intense than Nernst glower.

(d) High Pressure Mercury Arc : Black body type radiators cannot be used in far
IR region above 50y, as their radiations decreases with fourth power of
wavelength. In this region, high pressure mercury arc is used which consists
of a double - jacketed quartz lamp filled with mercury vapour under pressure.

At shorter wavelengths, the heated quartz jacket gives out intense radiations
equivalent to that of blackbody sources. At longer wavelengths, the radiations

are given by the mercury vapours filled in the jacket.

Monochromator and Collimating System : The radiation source emits IR rays

of varying frequencies. Since, the sample absorbs IR radi?tions of a deﬁn}te :
frequency, the radiations of desired intensity are selected using qlono_chro_n?gtqn,
These selected radiations are then rendered parallel by the collimating system

which comprises of mirrors and slits.

Types of Monochromator : The monochromators are of 2 types

(a) Prism monochromator

~ (b) Grating monochromator | "
W : | o Ui RO



Yo X

r : Prisms made up of alkali metal h
KBr, etc., are used as they are transparent to IR \rgdiationsb Q
can be used in near IR region 10.8 - 3p only. Prism made y
ﬂ'uoride (LiF) can be used in near IR region (1 - 5p). Crystalline
are widely used which shows high dispersion in the region betweg
and satisfactory dispersion upto 2.511. They are used for mid IR ;
Crystalline KBr and CsBr are used in far IR region (15 - 40p).

~ (a) Prism Mohochromato

Prism monochromators are of two types :

(i) Single-pass Monochromator :

8 Figure :
Single-pass
* Monochromator

Littrow
mirror (L)

Entrance slit (E) Condensing

Radiation
source (R)

In a s.ingle-pass monochromator, a single beam of light from
radla}tlon source (R) enters into the sample cell (not shown). ‘-:
passing through the sample, it passes through the entrance slit (
and strikes the condensing mirror (C), which directs the radiation
the prism (P). The prism disperses the radiation. This disper
radlatlo.n strikes the littrow mirror (L), and is reflected back to
condensing mirror via prism and finally exits through the exit slit (Ez)'i

(i) Double-pass Monochromator : In a double-pass monochromato
: z;ngzle light beam from the radiation source undergoes four p
of, th,eBii4?ltthJough the prism as shown in the figure. The double P
i gb eam through the monochromator results in its
ution before it reaches the detector thereby, producing fairly &

results compared to single-pass monochromator. : e

5 : : ; : : =
recaution : The prism material used in IR are water soluble alkall ™

halides except quartz a
nd are susceptible to scratchi T
: tching. They M=
protected from moisture and kept in a desiccator. 4. 1

5
<
8
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(b) Grating Monochromator : Gratings consists of a series of parallel, equally
spaced lines or grooves on a plane surface. They are made up of glass or
plastic with highly polished surface of aluminium. When radiations strike,
the surface of gratings, interference of light rays occur. The ability of gratings
to resolve into individual spectral line depends upon the number of lines of

grooves per inch. Dispersion power of grating is governed by law of diffraction.
It is given by the equation :

nh = d(sini+sinr)
where, |
n — Order (numerical)

A — Wavelength of radiation

d - Distance between two successive grooves.
sini — Angle of incidence of IR radiation
sinr — Angle of diffraction

Grating having 20 grooves/ mm are used in far IR region. Gratings with
different number of grooves or lines are used to cover wider wavelength
range in order to minimize their overlap.

Advantages of Grating Monochromators :

1. Gratings give higher and linear dispersions compared to prism
monochromators. : ’

2. Grating monochromators are used over wide wavelength ranges.

PULSE PUBLICATIONS



Unlike prisms, gratings can be constructed with materials like
which is resistant to atmospheric moisture.

4. They provide light of narrow wavelength.
5. Tﬁey are rigid and provide long service.

(¢) Mirrors : In IR spectrophotometry concave mirrors which are made
metals.or glass coated with aluminium are used. Plane reflecting nirrg

: . . o 3 é'

also used. These mirrors are used for collimating and for focussing rag |

b

-
Sample Handling System : IR spectroscopy helps in identificatig
determination of solids, liquids and gases.

Narrow sample cells (0.1 — 1 mm) made up of NaCl, KBr, ThBr are used.
chloride cells are used for aqueous and moist samples. Cells made up of|

and polyethylene can be used, but teflon shows absorption bands due to C=

and C—F . Polyethylene cells can be used when absorption frequency i
than 600 cm™'.

IR spectra varies with the physical state of the sample as molecular fore

attraction and absorption frequency is different for different physical states.
therefore mandatory to indicate the state of sample in the IR spectra.

Example : IR spectra of stearic acid in solution shows broad peaks makis

difficult to characterize them whereas IR spectra of stearic aci
solid film shows definite peaks.

Precaution : Sample cells made of alkali metal

halides are polished with b
powder to remove moisture absorbed by |

the sample cells.
(a) Solid Samples : Solid sam

ples can be analyzed using IR spectroscop!
the following ways : -
(i) Solution of solid i
(i) Sample film | : ]

(iii) Mull method

(iv) Pressed pellet technique |

+ L
3
Byt

(i) Solution of Solig :
inert solvent and th

~ Examples .  ccy 4and CS,
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B e i pounqs which are insoluble in CCl, and CS,,
. y acetonitrile and acetone can be used. Solvent and
solute interaction must be taken into consideration especially for
compounds having the property of hydrogen bonding,
Disadvantage : Solid sam
undesirable product.

(i) Sample lf‘ilm tIn thjs technique, an amorphous solid sample is dissolved
Into a suitable volatile solvent. A drop of this solution is placed in a cell
made of NaCl or KBr. The solvent is evaporated by gentle heating,

which leaves a thin film on the surface of the cell. The resultant film is
used for qualitative analysis.

(iii) Mull Method : In this technique, a thick paste of finely powdered
sample and mineral oil is sandwiched between two salt plates (NaBr/KBr).
The particle size of the sample must be chosen such that the reflections
and refractions due to particles are reduced. This can be achieved by
reducing the particle to a size which is less than the experimental

wavelength or placing the particles in a medium whose refractive indices
are close. '

For the organic com

ple may react with the solvent resulting in

Mineral oil widely used is nujol oil but, it shows absorption maxima at
2915 cm™, 1462 cm™, 1376 cm™! and 719 ecm™' which interferes with
sample absorbance. This interference can be avoided using
hexachlorobutadiene with nujol oil which absorbs in the regions of 1630 -
1510, 1200 - 1400 and 1010 - 760 cm™', permitting recording of IR spectra
of only the sample. This method is applied for qualitative analysis.

Use : Mull technique is used for crystalline compounds.

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

(iv) Pressed pellet Technique : In this technique, a tablet of x g of finely
powdered solid sample with 100x g of good quality KBr is prepared
under pressure of about 25,000 psi. Alkali halides like CsI, CsBr are added
to get longer wavelengths. Pressing of KBr is done in a mini press. The
tablet formed have dimensions of 1 — 2 mm thickness and | cm diameter
and are transparent to IR radiations.

- Use : This technique can be applied in the quantitative analysis. The ratio
of weight of sample to internal standard in each pellet gives accurate

quantitative determination.

‘Advantages : ' s

(i) Absorption band due to mineral oil (mulling agent) can be avoided.

(ii) KBr pellet can be stored and re-used.

(i) Spectrum obtained from this technique helps in easy characterization

when compared to mull method.
- - PULSE PUBLICATIONSS




(b)

(iv) Variable path length cell

Disadvantages : T 3

% . a cm_ 3?.‘
i bsorption spectrum always shov-vs a band at
o :;;r:xyl ((gH) group of the moisture which is present in the sampje,

(i) Inorganic crystalline complexes may undergo d.ecompositi"‘_:
polymorphic changes due to exposure to heat and high pressure y
forming a pellet. ]

(iii) Bromide ion (Br ") of the KBr may substitute the ligand of the ing
molecules.

be powdered along with KBr.

Liquid Samples : Liquid samples are freed from moisture and impurit

and analyzed at room temperature. Appropriate concentrgtion of the sol i
and cell length gives reproducible and accurate information about the s

thickness is 0.01 — 0.05 mm with transmittance of 15 and 20%.

High viscous liquids are sandwiched between two salt plates of NaBr or KBr -
the sample cannot be introduced directly in a pre-assembled cell. (The sam

thickness can be assessed by a spacer between the salt plates).
Various types of liquid sample cells available are

(i) Mountable cell

(i) Demountable cell

(iii) Flow through cell

(v) Mini cell or bavity cell

(i) Mountable Cell :
thin gaskets made u
gasket is wetted with mercury,
gasket expands producing a tig

The Sam}}le can be introduced in these cells with the help of hypoder™
needle without disrupting the s : 0

the cell is accurately measured with the help of interference fringes ;
labelled on the cell. : :

(i) Demountable Cell :

L
S
%

)

It consists of two salt plates (windows) separated

p of teflon or metals like copper or lead. The mé®
so that, when it penetrates the metal,
ht seal. The windows and gaskets are 7o
nently assembled in a stairiless steel hol




- (iii) Flow-through Cel) :

(iv) Variable-path length Cell :

AR, G © PULSE PUBLICATIONS

These cells are helpful in continuous analysis of
hrough cells provides precision and ease of sample
tive sample dnalysis is required. IR spectrometers
gh cells when coupled with column chromatograph
rmination of functional groups present in column

liquid samples. Flow t
handling where repeti
employing flow-throu
can be used for dete
effluent.

: engt It consists of two salt plates arranged
parallely in a cylindrical stainless steel chamber and a scale. The above

assembly is Iiped with teflon to provide a tight seal. The scale on the cell
and the vernier scale can measure the cell thickness of + 0.005 mm.
The pathlength of the cell can be adjusted from 0.005 to 5 mm.

Variable-pathlength cell has two advantages :

(a) Reference compensation and differential analysis : Absorption
bands due to solvent or reference can be avoided by adjusting
the pathlength of reference beam of spectrometer (reference
compensation). Small difference in concentration of two samples
can be determined by adjusting the pathlength of variable cell. This
help in analysing the minor sample components which cannot be
analyzed using sample cells of fixed pathlength.

(b) Pathlength of the cell can be adjusted to get the proper intensity of
weak absorption band.

The weak absorption signals of the liquid cannot be analyzed in the
presence of strong absorption signals. Therefore, by adjusting variable
pathlength cells, weak absorption signal intensity can be obtained from
its exact IR absorption region.

The pathlengh of the cell can be adjusted, thus, it does not require a
number of cells having different thickness and fixed pathlength. :

Mini Cell or Cavity Cell : The mini cell consists of a fluted (threaded),

two-piece plastic body and a pair of specially designed silver chrloride

(AgCl,) window disks. The windows are fitted into one of the pieces
2

of the plastic body while the second piece is screwed with first one to

form a tight seal.

The AgCl, windows has a circular depression of about 0.025 mm or 0.1
mm, the f:ircumference is inclined towards centre and the rim of the
win’dow is flat, thus providing an efficient seal. AgCl, flows only

under pressure providing a tight seal. | |
The pathlength of the cell can be varied by adjusltilng the windows in
the following three ways : NS : b




(¢) Gas Samples : Gas sample cells consists of a glass or metal cyling

4. Detectors : Types of Detectors
(a) Thermal detectors

(b) Photon detectors

TIONS

(a) The back of one salt window facing the back of anoth,
for a conventional smear.

' i h that the back is facing ¢
(b) One salt window is placed su'c' t
n depression of the other plate giving a 0.025 mm pathle

(c), Both the plates are so arranged that the circular deprace
: each other giving a pathlength of 0.05 mm.

up of halogen salts such as NaCl, }(Br etc. The cells are bo’ut 10 ¢ "
in length. Cells are equipped with internal gold-plated or stainlesg g
.components and gold-surfaced mirrors. These components causes 7
reflection of the radiation thereby increasing effective path}ength of
several times longer than the actual cell length. :

The gas sample is introduced into the cell through a stop.cock under g ’
of 5 - 50 mm of Hg. Gas contains small number of analyte atoms ang
large sample cells which allow more number of molecules are used. 0
cells allow analysis of substances in concentration of ppm or less.

Advantages :

(i) Gas samples are used to determine the concentration range of poll

in air, analysis of atmospheric gases, process instrumentat ;
impurities.

v

(iij The eluates from gas chromatograph can be analysed usin
spectroscopy by employing heated cells.

Disadvantages :

(i) High pressure in the gas cell may cause broadening of absorption
(i) Analysis of gases by IR s

pectroscopy is less commonly emple L
to its low sensitivity. '

(iii) Only dried gases can be

analysed because the moisture ¢0
gives absorption bands which

interferes with the analysis.

(i) Thermocouple : i
(ii) Bolometer : : : 4 E
(iii) Pyroeleétrié detector
(iv) Golay cell

" (i)’ Photo conductive detector
(ii) ‘Semiconductor detector,
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(a) Thermal Detectors : When IR radiations fall on a thermal detector, its
temperature increases due to heating. The increase in temperature

pro.duces potential difference which is proportional to the amount of radiations
falling on the detector.

% Figure :
Thermocouple

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).

(i) Thermocouple :

Light barrier

~ » Metal B

Cold Junction Infrared Rad iations

(i)

{hlmer -3

Hot Junction
> Metal A

It is the most widely used detector in IR spectrophotometry. Its
working is based on the fact that when two different semiconductor
metal wires are connected and kept at différent temperatures, a potential
difference is developed between them which causes the flow of current.
The thermocouple is enclosed in a steel casing which consist of a window
made up of KBr or Csl. This is done to prevent the energy loss. The
thermocouple consist of two wires of different metals A and B, welded
together at both the ends. One end of the thermocouple is exposed to IR
radiation and is called as hot junction. The other end is maintained at
constant temperature (i.e., thermally insulated) and not exposed to the
radiations, this end is called as cold junction. When the IR radiations fall
on the hot junction its temperature increases which develops an electric
potential difference between the two junctions. The magnitude of potential
difference generated is proportional to the amount of IR radiation falling

on the hot junction.

Bolometer : Bolometer is based on the principle that for every one
degree rise in temperature, electrical resistance of a metal increases.
A bolometer is based on Wheatstone bridge arrangement. Wheat stone
bridge has 4 arms. One arm of the bridge consists of a metal of unknown
resistance and the resistance of other 3 arms is known. When the bridge
is balanced no current flows through the galvanometer, When the
bridge is unbalanced due to exposure of light or heat, current flows
through the galvanometer due to change in resistance of the metal. The
resistance of unknown can be determined by the formula,
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In bolometer, two arms of the bridge are made up of p.laél_m;:(r)lrsst;]; |
coated with lamp black. One arm is expose‘d to radiations (m' Ic e
and the other arm is protected from radiations (reference strip). bt ]
platinum strips are connected to a sensitive gal\‘/ar?ometer, then to a -
in Wheatstone Bridge arrangement. When radiations fall on the_ exﬁang&
platinum strip, the temperature of the strip increases, resu!tlng in comes :
in degree of resistance of the conductor and the bridge bec ol
unbalanced. Change in electrical resistance causes the cur.rent to u‘ghl»-
through the galvanometer. The amount of current ﬂowmg th"g the?
galvanometer is proportional to the amount of radiations fa.lll.ng ond
exposed platinum strip. The response time of bolometer is 4 millisecond.

Pyroelectric Detector : Pyroelectric detector consists of a thin plate 0%

: : ent)
Pyroelectric crystal (crystals which show permanent dipole momefis
of 0.25 to 12mm? in size.

: odes
The crystal is placed between two electr
which are connected to an

! barium titanate, lead z
(LiTaOs), lithium niob

: ate (LiNbO i
deuterated triglycine sulphate (DTGS)
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Use : Pyroelectric detectors are increasingly used in Fourier transform
Spectrometer as they require rapid responses.

Advantages :

. Pyroelectric detector has faster response time (10u sec.) when
compared to other detectors.

2. These detectors res

suitably modulated
radiations.

ponse only to those radiations that have been
or chopped but, unresponsive towards steady

(iv) Golay Cell : Golay cell consist of a metal cylinder, one end of which is
sealed by a rigid blackened metal plate (2mm?) while the other end is
sealed by a flexible silvered diaphragm which acts as mirror. The metal
cylinder is filled with xenon gas. The blackened metal plate is exposed to IR
radiations. The heat produced due to absorption of radiation causes the
gas present inside the cylinder to expand and deform the flexible
diaphragm. The deformation of the diaphragm is amplified by placing a
lamp in the detector. From the lamp, light is made to fall on the diaphragm
which inturn 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 resultant effect
being the change in output of the detector. The si gnal received by the phototube

is modulated according to the intensity of the radiation falling on the cell and
is displayed on the readout device. :

Advantages :
1. Golay cell can be used over wide wavelength range.

2. It has a faster response time (1 centisec) compared to bolometer
and thermocouple.

Disadvantage : Due to expensiveness and bulkiness, it is less convenient.

(b) Photon Detector : These are based on the principle that when IR radiations

fall on the semiconductor a proportional change in electrical property of
conductor is seen. 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 renders it conductive from nonconducting state.

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

(i) Photoconductive Detector : These are based upon the variat.ion of _e]?ctric
conductivity of the cell when exposed to electromagr}etlc radle-mons.
Photoconductive detectors are made up of photosensitive materials of
the cadmium sulphide, lead sulphide etc. :
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IR instruments can be classified as :
e

" R
)
%

"  When IR.radiations fall on the detector, the electrical cq

the detector increases due t0 excitaton of ele-c.tron. by the inc
During the process, current is produced which is proportiona|
amount of the incident IR radiations.

(i) Semiconductor Detectors : T}.\ey are semiconductor of p-n‘j;
type in which p-type material (in which holes carry current) is p
on n-type material (in which electrons carry cur‘rent) in the for |
thin layer. Absorption of radiations by the dev1f:e generates cup
voltage or both due to electron-hole pairs which are separateg
internal electric field. ;

When the current supply is zero i.e., open circuit conditions, the te i
voltage increase with increase in light intensity. When the voltage
zero i.e., short-circuit condition, the current increases with increase
light intensity. When the current produced is negative and the volt
produced is positive, detector delivers a signal to the output
readout system: ‘ ;

When a semiconductor detector is exposed to light, the current prc u.{
in it is proportional to the intensity of light incident on it, ‘which is rea
from low impedence galvanometer or microammeter. Semiconducte
detector is operated either in low impedence current or high impedend

voltage amplifier. The highest sensitivity or lowest noise is obtainedi
short-circuit mode. 3

~ Example : Indium antimonide is a p-type material applied as a thin
on a n-type material producing a diffused p-n junctiof i
single crystal indium-antimonide. The sensitivity of detectot
upto a wavelength of 5.51. Response time is less than LS
This semiconductor is mounted as an integral part of
type vacuum bottle cooling unit in the conductor.
produced due to current can be prevented by the use of liqui

- nitrogen or Joule-Thomson coolers with compressed nitrog?
gas. p

; 4
The other semiconductor detectors are lead-tin telluride detector, mél'f‘{

cadmium telluride detector etc.

P

ypes ol IR Instrume;

| Dispersiye instruments :
(a) Single beam IR spectrophotometeir

’(‘b)‘ Double beam IR Spectrophotometer
Nonfdi’s;p,e’fsivg instrument :

Fourier transform infrared (FTIR) sbectromete
) | or.
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Rt Dlspgrsw—e. I_nstl"uments + Dispersive instruments utilize prism or grating whereas
pOn- 1Spersive instruments utilize interference filters, tunable laser sources or
interferometer. ‘ :

(a) Single Beam IR Specgrophotometer $

% Figure : \
Singlf Beam IR : 60°prism
Specto- _ :
photometer Littrow

mirror

Readout <o |
system Detector |

A A

X

TA

| Exit slit

[ITTTTTTTTTTTTT

Sample l
cell |

Radiation
source

AR

Mirror

YY

Y Y

Entrance slit

In single beam IR spectrophotometer, the radiation from the radiation source
are allowed to fall on the sample cell. The sample absorbs the radiation and
transmits some of it via the entrance slit onto the mirror. The radiation from
the mirror are directed towards the prism and then to the littrow mirror. The
littrow .mirror reflects the incident beam back to the mirror and through the
exit slit onto the detector. The detector sends signal 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, the resultant
effect being deformed IR absorption spectra.

2. The IR spectrum of the sample solution shows extra bands due to
solvent. In such cases, the pure spectrum of the sample is obtained by.

substracting the resultant spectrum from the spectrum of the solvent.

If the intensity of radiations emitted by the source is known, then the amount

of radiations absorbed by the sample can be known with the help of detector

reading.
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(b) Double Beam IR Spectrophotometgr :

SFigu've: 3
- Double Beam 4
IR Specto- Littrow 4
photometer mirror (L) 4
e~ ¥ |
N
‘Readout N 2
= Detector -4 = £ |
device < §
a 10 "
=
— ¢
—
: ".
= |
—~— 3
po ~— P
— :- :
= f
.:'-.Ms ;
e~ o
= ]
=
’_\‘ gt
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> = &
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4

In double beam IR spectrophotometer
- source (S). The radiations emitted b

identical in their intensities. This ide

M1 on mirrors M2 and M3 where

Sample M, I

4
¥

» Nernst glower is used as a radiatiof
y it are split into two beams Which_
ntical beam pair is reflected by the mif®
they undergo further reflection. Af*
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by mirrors M,, M, and M. The beam is then passed through the entrance slit
(EZ.I) into the monochromator (consisting of mirror M__, prism P and Littrow
mirror L) where it undergoes dispersion. The dislgersed-beam is again
reflected back to M, which selects the beam of desired wavelength. The
selected beam exits through the exit slit (E,) and falls on the detector. Signal
from the _detector is then passed onto the readout device. In the next rotation,
the rotatl.ng sector blocks the sample beam and transmits the reference
b‘eam which undergoes similar process. The alternate sample and reference
slgpal reaching the detector is amplified and sent to the readout device
which records the transmittance of sample as a function of wavelength.

2. Non-Dispersive Instruments : Fourier Transform Infrared (FTIR) Spectrometer

—5 Figure :

Transform
Infrared
Spectrometer

Moving mirror]

Helium-Neon laser :,

1
N Beam 3 Interfero-
) splitter | “va._ D gram
= —— = > Detector —»—jComputer]
Mirror s g
b g Fixed
Radiation i Airme
source P28 Sample cell
Concave mirror W
IR spectrum
Fourier transform infrared (FTIR) spectrometer consist of the following
components:
(a) IR Radiation Source (b)  Beam Splitter
(c¢)  Fixed Mirror (d) Moving Mirror
(e) Collimating mirrors | : (f)  Sample holder
(g) Helium-Neon laser (h)  Detector
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