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Objective and Outcome

* Objective:

To make students aware about Infrared spectroscopy
and its application in pharmaceutical industry

e Qutcome:

Students should be able to understand and explain the
Interaction of matter with EMR of IR range and its
applications in pharmaceutical industry.
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Contents:

Introduction :

Theory of IR absorption spectroscopy (modes of vibration of atoms in

polyatomic molecules, stretching and bending vibration)
Interpretation of IR spectra, quantitative analysis, routine maintenance,
Dispersive and FT-IR instrumentation

Application to pharmaceuticals.



Introduction:

Spectroscopy : Interaction of EMR with matter
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Elactronic transiticns

Interaction of EMR with matter
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[ |.R. spectroscopy is referred as rotational and vibration spectroscopy ]




Infrared ray as EMR

6. 400°F 2150°F B50°F
ST wm 2 um 4 um 10% um
In gemeral, discussions o
Short mfrared wavelengths are
wave cateporized a5 either short,
precise description of these
wanelengths 15 m Microns, =
unit of measure that 1z
1000= of 3 millmeter.
Gamma X Rays Tltraviolet Radio
Ravws Ravs Waves
| | | | | | | ] |
1 pm 1 nm 1 km
10-% 10-* nm 107 um 10% mm 10% um
11
nfrared Wavelength (um)
700 4o 1,000,000 nm 780 2500 25000 303030
] I
Near-Infrared | Mid-Infrared | Far-Infrared
e PR ) : | .o ! Fingerprint region.
| oN : e : =0 : o .l Vibrations of y
Combioationand : Ne 1 o oM oo molecules conlaining
\ i I ONO 1 O , heavy aloms,
Overionebands ;  CH | XYz Stretching ! bending ! Molecular skeleton
| stretching | stretching |\ L Y king | vibrationsiorsions
| | ' bending ' 1 and crystal
: 250 2000 1500 ! lattice vibrations
H Thermal Infrared 44 12820 4000 400 33
I ] IIIIIII| 1 IIIIIIII | lIIIIIII I 1 IIIIIII 1
100 nm 1,000 nm 10,000 nm 100,000 nm 1,000,000 Wavenumber (cm)
=1 um = 10 um = 100 um = 1,000 um
Wavelength =1 mm
FUNCTIONAL GROUP REGION FINGERPRINT REGION
- e =K =

4000 cm' - 1300 cm! 1300 cm™' - 400 cm™’



|.R. Spectroscopy : Principle

» Molecules are made up of atoms linked by chemical bonds

* The movement of atoms and the chemical bonds like spring and balls (vibration) * This

characteristic vibration are called Natural frequency of vibration.
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* When energy in the form of infrared radiation is applied then it causes the vibration

between the atoms of the molecules

spring force spring force
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stretched compressed

Infra red rays

Chemical Compound



[ Applied infrared frequency = Natural frequency of vibration ]

W O OO

stretched compressed

[ Absorption of IR radiation takes place J

¥

[ Peak Is observed]

Different functional groups absorb characteristic frequencies of IR
radiation. Hence gives the characteristic peak value.



Criteria for a compound to absorb IR radiation:

1. Correct wavelength of radiation




{ Criteria for a compound to absorb IR radiation

2. Change in dipole moment
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Molecular Vibrations and its types
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Diatomic and polyatomic molecular vibrations




INSTRUMENTATION




Fourier Transfer IR (FTIR)

Principle:
1) Light from source is split by central mirror into 2 beams of equal intensity

2) Beams go to two other mirrors, reflected by central mirror, recombine
and pass through sample to detector
3) two side mirrors. One fixed and other movable

a) move second mirror, light in two-paths travel different
distances before recombined

b) constructive & destructive interference
C) as mirror is moved, get a change in signal



Working of FTIR




Interpretation of I.R. Spectrum

1. Each stretching and bending vibration occurs with a characteristic frequency as
the atoms and charges involved are different for different bonds
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Interpretation of IR Spectra

2. The x-axis of the IR spectrum is in units of wave numbers, n, which is the number

of waves per centimeter in units of cm? (Remember E = hn or E = hc/l)
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Interpretation of IR Spectrum

In general: Lighter atoms will allow the oscillation to be faster — higher energy
This is especially true of bonds to hydrogen — C-H, N-H and O-H

Stronger bonds will have higher energy oscillations

Triple bonds > double bonds > single bonds in energy
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Interpretation of IR spectrum

As opposed to chromatography or other spectroscopic methods, the area of a IR
band (or peak) is not directly proportional to concentration of the functional

group producing the peak
- /

The intensity of an IR band is affected by two primary factors:
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L[ | ! Typically, stretching will change dipole moment more than
4000 3800 3e00 2400 3200 3000 2800 bending




Interpretation of Infrared Spectrum

It is Important to make note of peak intensities to show the effect of these factors:

/ «  Strong (s) — peak is tall, transmittance is low (0-35 %) \

Medium (m) — peak is mid-height (75-35%)

«  Weak (W) — peak is short, transmittance is high (90-75%)

«  *Broad (br) — if the Gaussian distribution is abnormally broad

\ (*this is more for describing a bond that spans many energies)/




Interpretation of Infrared Spectrum

[ The four primary regions of the IR spectrum ]

Bonds to H Triple bonds  Double bonds Single Bonds
1[:3" L 1 :.__ 1 1 1] il fﬂ’ﬂﬁ\ L | L m;“_h L L L
e o] B A IV, TN g
. [ f
f V

o , Fingerprint
ol Region

0-H A C=C Cc=a C-C
h N-H C=EN C=N C-N
-H A Ce= -0
10 uU

4000 cm™ 2700 cm* 2000 cm-! 1600 cm? 600 cm-



Interpretation of Infrared Spectrum
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Interpretation of Infrared Spectrum
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