
B.Sc. Sem.- 6, CC CH 604, Unit-2 

(A) IR Spectroscopy 
• Introduction 

• Molecular vibrations(fundamental vibrations of AX2 type molecule) 
• Characteristics of IR Spectroscopy 
• Sample technique. 
• Finger print zone 
• Effect of IR in geometrical isomerism 
• IR Spectra and H- Bonding 
• Factor affecting on >C=O group frequencies 
• Differentiate two compound by  the IR frequencies 
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(B)   
Problem pertaining to the structure elucidation of organic 

compounds using UV, IR & NMR spectroscopic technique.  

(one out of two) 
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Infrared Spectroscopy 
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Electromagnetic Radiation 

The propagation of electromagnetic 
radiation in a vacuum is constant for all 
regions of the spectrum (= velocity of 
light): 

c =  ×  

1 Å = 10 –10 m   1 nm = 10 –9 m   1 m = 10 –6 m 
Another unit commonly used is the wavenumber, which is linear with energy: 

Work by Einstein, Planck and Bohr indicated that electromagnetic radiation can be 
regarded as a stream of particles or quanta, for which the energy is given by the 
Bohr equation: 
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UV X-rays IR g-rays Radio Microwave 

Visible 

Frequency,  in Hz 

Energy (kcal/mol) 
300-30 300-30 ~10-4 > 300 ~10-6 

~1015 ~1013 ~1010 ~105 ~1017 ~1019 

Wavelength,  
10 nm 1000 nm 0.01 cm 100 m ~0.01 nm ~.0001 nm 

nuclear excitation 
(PET) 

(Inner) core 
electron 
excitation (X-ray 
cryst.) 

Outer 
electronic 
excitation (p 
to p*) 

 

molecular 
vibration 

molecular 
rotation 

Nuclear Magnetic 
Resonance  NMR (MRI) 

The Electromagnetic Spectrum  
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Molecular spectra 
There are three basic types of optical spectra.  

 
1.Electronic or Vibronic spectra (UV-
visible-near IR) 
(transitions between a specific vibrational and rotational level 
of one electronic state and a vibrational and rotational level of 
another electronic state) 

2.Vibrational or Vibrational-rotational 
spectra (IR region) 
(transitions from the rotational levels of one vibrational 
level to the rotational levels of another vibrational level in 
the same electronic state) 

3.Rotational spectra (microwave region) 
(transitions between rotational levels of the same 
vibrational level of the same electronic state) 

Electronic state B 

Electronic state A 

Vibrational  level ’ J’ Rotational  level 

J”  Rotational  level Vibrational  level ” 
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Infrared (IR) Spectroscopy 
 IR deals with the interaction of infrared radiation with matter.                                

(ņċય અને IR િવțકરણ વƒેની આંતરŉțકયા સાથે સંકળાયેલ છȳ.) 

 The IR spectrum of a compound can provide important information about its 
chemical nature and molecular structure. (પદાથɴનો IR વણɴપટ એ પદાથɴની ŉકȥિત અને બધંારણ 
ની અગûયની માિહતી આપ ેછȳ.) 

• Most commonly, the spectrum is obtained by measuring the absorption of IR 
radiation, although infrared emission and reflection are also used. (પદાથɴનો IR વણɴપટ 
એ IR િવțકરણનુ ંઅવશોષણ, ઉûસજɴન અન ેપરાવતɴન થી મેળવાય છȳ.) 

• Widely applied in the analysis of organic materials, also useful for polyatomic 
inorganic molecules and for organometallic compounds. (કાબɴિનક પદાથɫ અને 
બǢપરમાúવીય અકાબɴિનક અણઓુ અને કાબɴધાȜûવક પદાથɴના અăયાસ માટે ઉપયોગી છȳ) 
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1 nm = 10 -9 mtr 

1 nm = 10 -3 x  10 -6 mtr 

    800 nm, 

=  800 x 10 -9 mtr  

=  800x 10 -3 x 10 -6 mtr  

=  800x 10 -3 m(micron) 

=  0.8 m 

 = 0.8 x 10 -4 x 10 -2   mtr 

=  0.8 m = 0.8 x 10 -4    cm 

1 m = 10 -6 mtr 

1 m = 10 -4 x 10 -2   mtr 

1 m =  10 -4   cm 

1 nm = 10 -3   m 

Unit conversion 
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= 800 nm, 
=  0.8 m  
= 0.8 x 10 -4 x 10 -2   mtr 
= 0.8 x 10 -4    cm 1 m = 10 -4 x 10 -2   mtr 

1 m =  10 -4   cm 

= 1 / (0.8 micron) 

= 1 / (0.8 x 10-4   cm) 

= 10000 / 0.8    cm) 
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NEAR INFRARED MEDIUM INFRARED FAR INFRARED 

Wavelength,  

Wave numbers 

Energy (kcal/mol) 

800 nm,  
0.8 m,  

2500 nm,  
2.5 m,  

2,00,000 nm, 
200 m,  

15000 nm,  
15 m,  

12500 cm-1 4000 cm-1 50 cm-1 667 cm-1 

Infrared region 
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•  Molecule are not rigid(અણુ ņઢ નથી.) 

IR વણɴપટ નો િસþધાંત (PRINCIPLE OF IR SPECTROSCOPY) 
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The IR Spectroscopic Process 
1. IR ďપેકŗોďકોપીમાં અવલોકન થયેલ  Ɗાંટમ મીકȴિનકલ શિƇ ďતરએ 

પરમાણુ કંપન છȳ. 

2. આપણે આંદોલનન ેઉĎમા તરીકȴ સમ˪એ  છીએ. 

3. બ ેપરમાણુઓ વƒે સહસયંોજક બંધ, બે પરમાણુને જોડતા કંપન કરતી  
Ȝďŉંગ. બંધલંબાઈ સરȳરાશ બંધ અંતર.  

4. સાદા țƫપરમાúવીય અણુમોડેલ ƫારા  સમ˪ શકાય  
VioletEsteemedApe-mobile.mp4

• Molecular vibrations  
 અણુમાંના પરમાણુના ďથાનને દડા તરીકȴ અને રાસા. બંધના 
ďથાનને Ȝďŉંગ જેવી રચના સાથે સરખાવી શકાય છȳ. અણુ ņઢ 
નથી તેથી આંદોલન કરતો હોય છȳ 
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• How many vibrations are possible (=fundamental vibrations)? 

આંદોલનો ની સંíયા  ??? 

A molecule has as many degrees of freedom as the total degree of freedom of its 
individual atoms.(અણુના કȟલ મƇુતાના અંશો, તેમા ંઆવેલા પરમાણુઓના કȟલ મƇુતાના અંશો બરાબર હોય છȳ) 

Each atom has three degrees of freedom (corresponding to the Cartesian 
coordinates), thus in an N-atom molecule there will be 3N degree of freedom.       
દરȳક પરમાણુ Ńણ મƇુતાના અંશો ધરાવે છȳ. તેથી N પરમાણ ુધરાવતા અણુ માં કȟલ 3N   મƇુતાના અંશો હોય છȳ) 
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Translation – ďથાનાંતરીય   
 The movement of the entire molecule while the positions of the atoms relative 
to each other remain fixed  (સમĽ અણુ ગિત કરȳ છȳ. óયારȳ પરમાણુઓની એકબી˩ના 
સંદભɴમાં Ȝďથિત િનિƶત રહȳ છȳ)   
 3 degrees of translational freedom. 

Vibrations – relative positions of the atoms change while the average position 
and orientation of the molecule remain fixed. (પરમાણુઓના સાપેǌ ďથાન બદલાય છȳ પરંતુ સરȳરાશ 
અંતર અને Ȝďથિત અચળ રહȳ છȳ)  

Rotational transitions –Ōમણીય   

 Interatomic distances remain constant but the entire molecule rotates with 
respect to three mutually perpendicular axes (આતંર પરમાúવીય અંતર અચળ રહȳ છȳ 
પરતંુ આખો અણ ુપરďપર લબં Ńણ અǌના સંદભɴમાં ફરȳ છȳ)  
 3 rotational freedom (nonlinear), 2 rotational freedom (linear). 
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Fundamental Vibrations 

  3N = Translation + Rotational transitions + Vibrations 

  Vibrations = 3N – (Translation + Rotational transitions  
ďથાનાંતરીય Ōમણીય  આંદોલનો 
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There are two different types of vibrational modes: 
(1) Stretching vibrations: 4000-667 cm-1 (2.5 -15 m) 
(2) Bending vibrations: 1550-500 cm-1 (6.5 -20 m) 
 
Vibrations can either involve a change in bond length (stretching) or bond 
angle, bond axis (bending) 

Vibration Types  આંદોલનો  ના ŉકાર  
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Calculating stretching frequencies આંદોલનોની આˤિત  
Hooke’s law : 

 = 
1 

2pc  K 
 

 : Frequency in cm-1 

c    : Velocity of light => 3 * 1010 cm/s 

K   : Force constant => dynes /cm 

   : masses of atoms in grams 

   = m1 m2 
m1 + m2 

= M1 M2 
(M1 + M2 )(6.02 * 1023) 

C—C     K = 5* 105 dynes/cm 
C=C       K = 10* 105 dynes/cm 
CC       K = 15* 105 dynes/cm 

2pc = 1.8876 x 10 11 = 18.876 x 10 10 

 = 1 

 K 
 2pc 

N = 6.02 * 1023 

 60.2 * 1022 = 7.758 * 1011 = 77.58 * 1010 
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Calculating stretching frequencies 

C=C 

 = M1 M2 
(M1 + M2 )(6.02 * 1023) 
 

= 
(12)(12) 
(12 + 12)/N = 6/N  Experimental  1650 cm-1 

 = 1   K 
 

2pc  

 = 1  10* 105 

6/N 
=  1682 cm-1 

(18.876 * 1010) 

 =  10* 105 

6 
=  1682 cm-1 

(18.876 * 1010) 

(77.58 * 1010) 

 =  10* 105 

6 
=  1682 cm-1 4.11 

C=C       K = 10* 105 dynes/cm 
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 = 1/2pc   K 
 

C—H     K = 5* 105 dynes/cm  = 1/2pc  5* 105 

.923/N 
= 3032 cm-1 

 = M1 M2 
(M1 + M2 )N = 

(12)(1) 
(12 + 1)N 

= 0.923/N 

 Experimental  3000 cm-1 

C—D     K = 5* 105 dynes/cm  = 1/2pc  5* 105 

.923/N 
= 2228 cm-1 

 = M1 M2 
(M1 + M2 )N = 

(12)(2) 
(12 + 2)/N 

= 1.71/N 
 Experimental  2206 cm-1 
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a  . N XA XB 

d2  
+    b  

3/4 

K = 

a & b = Constant 
N =  Bond Order 
XA & XB  = Eelectronegativity of A & B atom 
d = Bond distance 
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 As a covalent bond oscillates – due to the oscillation of the dipole of the molecule 
– a varying electromagnetic field is produced સહસંયોજક બોÿડ ઓસીલેટ થાય છȳ - પરમાણુના 
țƫŇુવના ઓિસલેશનને કારણે  િવિવધ ઇલìેŗોમîેનțેટક ǌેŃ ઉûપÿન થાય છȳ 
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IR beam from spectrometer 

EM oscillating wave 
from bond vibration 

“coupled” wave  

When a wave of infrared light encounters this oscillating EM field generated by the 
oscillating dipole of the same frequency, the two waves couple, and IR light is 
absorbed óયારȳ ઇÿŊારȳડ ŉકાશના તરંગો સમાન આવતɴનના ઓસીલેટɄગ țƫŇુવ ƫારા ઉûપÿન થયેલ આ ઓસીલેટɄગ  EM 
ફȝĈડનો સામનો કરȳ છȳ, ûયારȳ બે તરંગો જોડાય છȳ અન ેIR ŉકાશ શોષાય છȳ. 

The coupled wave now vibrates with twice the amplitude  આ તરંગ હવે બમણા કંપનિવďતાર સાથે 
વાઇŋેટ થાય છȳ 

Dr. S.G.PATEL, Asso. Prof., Sci. College, 
Himatanagar  



Absorption  of IR         (change in dipole moment)2 

Only bonds which have significant dipole moments will 
 

Only bonds which have significant dipole moments will 
absorb infrared radiation.માŃ એવા બોÿøસ કȴ જેમાં નɪધપાŃ țƫŇુવી 
ǌણો હોય ઇÿŊારȳડ રȳțડયેશન શોષી લ ેછȳ 

DIPOLE MOMENTS 
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Bonds which do not absorb infrared include: 

• Symmetrically substituted alkenes and alkynes 

C C RR

R

R R

R

• Many types of C-C Bonds 

• Symmetric diatomic molecules 

H-H      Cl-Cl     

બોÿડ કȴ જે ઇÿŊારȳડને શોષતા નથી તેમાં નીચેનાનો સમાવેશ થાય છȳ:  
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