INFRARED ABSORPTION SPECTROSCOPY
IR radiation refers to broadly to that part of the electromagnetic spectrum between the visible

and microwave region i.e . 4000-667cm-1(2.5-1.5)
NEAR IR 0.8-2.5 u (12500-4000cm-1)

MID IR 2.5-1.5 p (4000-667cm-)

FARIR 1.5-200 p (-667-50cm-1)

The absorption of ir radiation can be expressed in term of wavelength Lor in wave number (s).
Mostly ir spectra of organic compound are plotted as % transmittance vs wave number. (v).
Wave-number (). = 1/ Ain (cm)

if wavelength is 2.5 p= 2.5 X 10“cm then wave number =1/2.5 X 10%cm =4000cm™

(1 =10 meter =10-*cm) so wavelength in (cm™) = 10000/ wavelength in micron p.

PRINCIPLE- The absorption of ir radiation cause an excitation of molecules from lower to
higher vibrational leval. Ir spectroscopy or vibrational spectroscopy is concerned waith the study
of ir radiadtion which result in vibrtional transition.

Energy of molecules = translational + vibrational +rotational energy.

The two atoms joined together by a chemical bond (may be single, double or triple bond), can be
composed as two balls joined by a spring. The application of a force like STRETCHING of one
or both the balls (atoms) away from each other or closer to each other (ii) BENDING of one of
the atoms either vertically or horizontally and then release of the force results in the vibrations on
the two balls (atoms). These vibrations depend on the strength of the spring and also the mode
(stretching or bending) in which the force is being applied. We know that at ordinary
temperature, molecules are in constant state of vibrations this is called natural frequency of
vibration. When the frequency of incident electromagnetic radiations is equal to the natural
frequency, the radiation is absorbed and vibrational levels of the molecule are excited and peak is
observed.

Criteria for a compound to absorb IR radiation .

1-Change in dipole moment

2-Applied IR frequency = natural frequency of vibration.

Otherwise compound don’t give peak in I.R.

Hooke’s law and Absorption of radiations
The band positions in the IR spectrum are presented in wave numbers ( & ) whose unit is the
reciprocal centimeter (cm™). 2 is proportional to the energy of vibration.

AE=hv=hc/A=hc O

Therefore, in principle, each absorption of radiation in the infrared region is quantized and
should appear as sharp line. However, each vibrational transition within the molecule is



Associated with number of rotational energy changes and thus appears as combination of
vibratioal -rotational bands.

The approximation to vibration frequency of a bond can be made by the application of Hooke’s
law. In Hooke’s law, two atoms and their connecting bond are treated as a simple harmonic
oscillator composed of two masses joined by a spring and frequency of vibration is stated as

Where » = the vibrational frequency (cm™)
¢ = velocity of light (cm/s)
K = force constant of the bond (dyne/cm)
m1 and m2 = masses of the two atoms
The quantity (m1 m2) / (m1 + m2) is often expressed as |, the reduced mass of the system.

TYPE OF VIBRATION.

Moloculalf vibrations

Stretching vibrations

| Bending vibrations
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(1) STRETCHING VIBRATION (2)- BENDING VIBRATION

These are vibration in which bond length is altered i.e. increased or decreased. There are 2 sub
types

(a)- Symmetrical stretching. in which two bond. Increased or decreased in length
symmetrically.

(b) Asymmetrical stretching in which when one bond length is increased the other one
decreases

(2)- BENDING VIBRATION

(a)_IN PLANE BENDING: in this vibration there is no change in bond angle. Bending of bonds
takes place within the same plane.

(1) SCISSORING: in which bond angle decreases.

(i) ROCKING: in which bond angle is maintained. But both bonds move within plane.

(b). OUT OF PLANE BENDING: outside the plane of molecules

(i) WAGGING: in which both atom move to one side of plane.
(it) TWISTING: in which one atom is above the plane and the other is below the plane.

Symmetrical Antisymmetrical Twisting
stretching stretching {deformation out-of-plane)

* +,f"\,-q/—-iz--

Wagging Rocking Scissoring
(deformation out-of-plane) (deformation in-plane) (deformation in-plane)

Modes of molecular vibrations:
If a molecules conatin n atom ,the total number of fundamental vibration can be expressed as

(3n-6); for non-linear molecules
(3n-5) linear molecule



DEGREE OF FREEDOM FOR (i) COy, (ii) H20, (iii) CsHs
For CO2 - itis a linear molecules n=3 DOF=3x3-5=4, for H,O= it is non linear So DOF=3

FOR CgHg it is non linear n=12 3x12-6=30 So DOF=30

FACTORS AFFECTING ABSORPTION BAND-
1- VIBRATIONAL coupling (between fundamental bands). Actul band are called as

fundamental and.
-CH- bond . (1) stretching -CH2- (2) stretching(s+a)

When asymmetric vibration ocuurs at slightly higher wave number compared to symmetric vibration known as
coupled vibration.

Coupled vibration occurs at slightly higher 3 and different wavelength required for isolated C-H
- led vibration of CH . o e
Similarly couple o » Broup occurs at different (V) wave number.
|
gxample: H.C-H,C—CH-CH,—CH, group —CH_, —CH._CH .
C-H stretching  CH, 2850-2960 (m;s) ,C-C

CH, 2880-2890 (m)

CH  2850-2880 (w)
C-H deformation CH,/CH, | 430-1470 (m)
c-C stretching C, 800-1300(w) 800-1300 (w)
Coupled vibrations are at higher ¥ wave number and of higher intensity

vibrational coupling

3

Symmetric Asymmetric

CH, 2900 Crr! 3000 Cnr'
-NH, 3300 Cm 3400 Crrr*
-NO, 1400 Crr? 1550 Cnr'
-CO, (carboxylic acid) 1400 Cm 1600 Cnr

Example:

Amides C=0O str (1600-1 700} vibrational coupling

N-H def (1600-1700)

Example: Aldehydes C—H str (2900) — (2900) appears down
C-H,,, (overtone)

2 Fermi resonance ( between fundamental and overtone)

Additional bands that appears at 2, 3 times the frequency of fundamental bands —> overtone bands
Example: In CO, the two bending vibrations are equivalent and absorbs at same v of 667 cm!

The overtone of this is 1337 cm!

Asymmetric stretching 1337 cm™

If the energy of overtone coincides with fundamental band a resonance occurs- Fermi resonance.

i.e., molecules transfer its energy from fundamental to overtone and back again, pushing two levels apart so that each ley

partly fundamental and partly overtone.

This gives rise to pair of transitions of Equal intensity.

For 1334 and 1337 — bands are formed at 1285.5-1388.3
Example: CH=0O C- H stretching— C-H deformation (doublet)
Example lactones, cycloketones, cyclopentanone (1746-1750)

In spectra of carbonyls such overtones are present at 3200-3500 which is two times the characteristic absorption frequ

C= O stretching.

Electronic effect

(@) Alkyl effect — (+I) lengthening of bond decrease ) ¥ (wave number)
HCHO — 1750 electron donating
CH,CHO —> 1745
Acetone (CH,~CO-CH,) —1715

®) Electronegative atoms (-I) — increase (T) ¥ (wave number)
Acetone (CH3COCH3) 1715 (electron withdrawing)
Chloro acetone (CICH,COCH,) 1725




(€) Conjugation decrease () 7 of C=0 and C=C
0]

Y>=<—° % : ALy,

R R
Inductive effect Resonance effect ()
eg. ester ep. Amides TV A s
(Stronger bond, (Weaker bond, q \ N %
high frequency Lower frequency) C,H> —C -
Y Cc=0 =
(@)
cl 1815 \ - \e\>
Inductive gr 1812, a - - ‘S\]
H . 1760
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\}lﬁogen bonding . (‘a . \
1. Stronger the H, bond greater is wave number ' % J
O-H 3600 cm” { :

j 0

N-H3400cm’
2. Stronger the H, bond greater the frequency shifts : _l/
Normal  H, bonded. / . \_\ ‘
O-H 3600 3300 \/"’
N-H 3400 3300
The H,bond can be regarded as resonance hybrid therefore H,bond involves lengthening of original O-H bond. Bond is weakened

(kd) so stretching frequency is decrease (¥).



rre

3. Intermolecular H, = broad bands, concentration dependent
[ntermolecular H, bonds — sharp bands, concentration Independent

= @ ~OH phenols: Strong H, bond — broadening

0----OH
mo1
CH,-C-CH-CH-CH, Enols: H, bonding is strong and because of protonation and increase in single bond character and longer

length — causes lowering of vibration (2800) () wave number.
0 (o) 0=l 0=
PPN
+
Use solvent CCl, CHCI,, CS, - (No H, effect)
Benzene or acetone — influence OH, NH absorptions
7. Carbonyl group/ aromatic ring has same effects like H, bond
Finger print region
8p-S0pm ( 1250-200)cm™ vibrational + Rotational
1. Doubletnear 1380 — 3°butyl
Singlet near 1380 — Gem dimethyl
1350 - Nitro
Primary alcohol/esters — 2 strong bonds — 1050 and 1350 (C-0)
Phenol (C-0)— 1200
Ethers (C-0) — 1070-1150
Cisalkenes (700)  Trans alkenes (960)
Mono substituted benzene (700-750)
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