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Introduction and  principles 
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IR regions

The mid IR region is of greatest practical use to the
organic compounds.

(overtones region) 
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Use of IR spectra

 Identification of functional groups on a molecule – this is a 
very important tool in organic chemistry.

 Corresponding with a known sample’s IR spectrum 
confirms the identity of the compound.

 Since absorbance follows Beer’s Law, can do quantitative 
analysis.

 IR alone cant determine the structure
 Some signals may be ambiguous.
NOTES:-

1. Since most “types” of bonds in covalent molecules have 
roughly the same energy, i.e., C=C and C=O bonds, C-H 
and N-H bond; ;they show up in similar regions of the IR 
spectrum.

2. Remember all organic functional groups are made of 
multiple bonds and therefore show up as multiple IR bands 
(peaks)
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Infrared Spectroscopy

Background

• Absorption of IR light causes changes in the vibrational 
motions of a molecule (from V0 to V1 …………. Vf)

• The different vibrational modes available to a molecule 
include stretching and bending modes.

• The vibrational modes of a molecule are quantized, so 
they occur only at specific frequencies which 
correspond to the frequency of IR light.

• When the frequency of IR light matches the frequency of 
a particular vibrational mode, the IR light is absorbed, 
causing the amplitude of the particular bond stretch or 
bond bend to increase.
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Simplified Infrared Spectrophotometer
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n =  wavenumbers  (cm-1) =
1

l
wavelength  (cm)

n = frequency  =   n C C = speed of light 
=  3 x 1010 cm/sec

wavenumbers are directly proportional to frequency

or

cm/sec
cm

=
sec
1(   ) = n = C

l
1

l
C

The unit used on an IR spectrum is 
Wavenumbers n
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Y axis might be Transmittance (T) or Absorbance (A); the
T is most common 

Spectrum
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Absorbance Vs  Wavenumbers
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Absorbance Vs  Wavenumbers



14-١٦



14-١٧



14-١٨

Degrees of freedom and molecular vibrations

Linear molecule  D.o.F= 3N-5
[CO2  (3X3-5)=4]

Non-Linear molecule  D.o.F= 3N-6

[H2O  (3X3-6)=3]
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Part 1“B”
Introduction and  principles 
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DO ALL COMPOUNDS ARE CLASSIFIED
!!!AS IR ACTIVE ?

NO !!

Raman
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 Only Polar bonds are IR active and can show a clear 
absorption in the IR spectrum

 Symmetrical nonpolar bonds do not absorb in the IR. 
This type of vibration is said to be IR inactive.

 For a bond to absorb in the IR, there must be a change in 
dipole moment during the vibration.

 For these non polar compounds Raman spectroscopy 
can do the job

IR Absorption Conditions
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M o st 
p o la r

L e a st
p o la r

C h a n g e  in
d ip o le

M o st  
In te n se

L e ss  
In te n se

C h a n g e  in
d ip o le

Increasing polarity means more absorption
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Factors that influence in determining the locations of
the spectrum peaks various 

1. Atomic Masses

Frequency decreases with increasing atomic 
mass.
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Two factors affect the IR absorption according
to Hookes law

1- bond strength (Directly proportional)

2- Atomic mass (Inversely proportional)

Hooke's law
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1

2
k
mr

mr 
m1m2

m1m2

IR Stretching Frequencies of two bonded 
atoms:

 = frequency
k = spring strength (bond stiffness)
mr = reduced mass (mass of largest atom) 

What Does the Frequency, ,  Depend On?



14-٢٨
٢٨

2. Bond Strength

Frequency increases with increasing bond energy.

3. The coupling between bonds different groups.

4. stereochemistry effects.

5. Solvents, Temperature and Sample 
state.
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Band Intensity
1- The greater the dipole moment, the greater 
change in dipole moment when a band stretches.

2- The greater the change in dipole moment,  
the more intense the absorption band.
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POSITION REDUCED MASS

BOND STRENGTH

(STIFFNESS)

LIGHT ATOMS HIGH 
FREQUENCY

STRONG BONDS HIGH 
FREQUENCY

STRENGTH CHANGE IN 

‘POLARITY’

STRONGLY POLAR 
BONDS GIVE INTENSE 

BANDS

WIDTH HYDROGEN BONDING STRONG HYDROGEN 
BONDING GIVES 
BROAD BANDS

INFRARED ABSORPTION BANDSINFRARED ABSORPTION BANDS
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Describing IR Absorptions

IR absorptions are described by their frequency and appearance.

 Frequency () is given in wavenumbers (cm-1)

 Appearance is qualitative:  intensity and shape

 conventional abbreviations:

vs very strong

s strong

m medium 

w weak

br broad

sh sharp  or  shoulder
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Don’t get confused=Don’t miss-match
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broad

narrow

Hairy beard
Carboxylic acid
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Part “2”
  Absorption regions
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In general, the IR spectrum can be split into four regions for

interpretation:

 4000  2500 cm-1: Absorption of single bonds formed by hydrogen

and other elements e.g. OH, NH, CH

 2500  2000 cm-1: Absorption of triple bonds e.g. C≡C, C≡N

 2000  1500 cm-1: Absorption of double bonds e.g. C=C, C=O

 1500  400 cm-1: This region often consists of many different,

complicated bands, called the fingerprint region.

It is rarely used for identification of particular

functional groups.

IR Absorption Regions
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The four primary regions of the 
IR spectrum

4000 cm-1 2700 cm-1 2000 cm-1 1600 cm-1 600 cm-1

O-H
N-H
C-H

C≡C
C≡N

C=O
C=N
C=C

Fingerprint
Region

C-C
C-N
C-O

Bonds to H Triple bonds Double bonds Single Bonds
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Base Values
(+/-10 cm-1) 
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The C-H  Stretching Region
Base Value = 3000 cm-1
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Hybridization and S-character affect bond length; 
consequently the bond strength
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Shortest 
  Bond

Srongest
  Bond

Higher
Wave no

Longest
  Bond

Weakest
  Bond

Lower
Wave no
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Hexane

Alkane
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1-Hexene

Alkene
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Toluene
Aromatic
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1-Hexyne
Alkyne
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Aldehyde

Nonanal
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Absorption regions
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The O-H Stretching Region

 O-H       3600 cm-1 (alcohol, free)
 O-H       3300 cm-1 (alcohols & acids,  H-bonding)
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Effect of  Hydrogen-Bonding on O-H Stretching

1-Butanol
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Cyclohexanol
pure solution

Alcohol
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Carboxylic acid

Butanoic Acid
pure solution
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Absorption regions
    (3)
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The N-H Stretching Region

 N-H 3300 - 3400 cm-1

 Primary amines give two peaks
 Secondary amines give one peak
 Tertiary amines give no peak
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1-Butanamine

Primary amine
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N -Ethylbenzenamine

Secondary amine



٦٥

N,N -Dimethylaniline

Tertiary amine







٦٨ 

Part “4”
Absorption regions
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The Triple Bond Stretching Region

 The cyano group often gives a strong, sharp peak 
due to its large dipole moment.
 The carbon-carbon triple bond gives a sharp peak, 
but it is often weak due to a lack of a dipole. 
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Propanenitrile
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1-Hexyne
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The Carbonyl Stretching Region

٧٢

 This region stretches from about 1800 to 1650 cm-1 .

 The base value is 1715 cm-1 (ketone).

 The bands are very strong !!! due to the large C=O dipole 
moment.

 C=O is often one of the strongest peaks  in the spectrum.



How to distinguish between 
aldehyde and ketone?
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How the Factors affect C=O
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Carbonyl stretching is 
affected  by

1.Conjugation and Inductive effect
2.Angle strain
3.Hydrogen bonding
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1] Conjugation 
by resonance, conjugation lowers the energy of a double 
or triple bond.  The effect of this is readily observed in the 
IR spectrum:

O

O

1684 cm-1 1715 cm-1

C=O C=O
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4-Methyl-3-penten-2-one

C=O : 1715 - 30 = 1685
C=C : 1650 - 25 = 1625

Ketone conjugated
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Factors  that influence the C=O absorption

Inductive and Resonance effects on the Carbonyl 
Frequency  
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• Less Double bond 
character

• Longer bond
• Weaker bond

• Lower Wavenumber

• More Double bond 
character

• Shorter bond
• Stronger bond

• Higher Wavenumber
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More electronegative
Less donating

Less resonance
Less single bond

character
Higher Wavenumber

Less electronegative
More donating

Greater resonance
More single bond

character
Lower Wavenumber
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More single bond
character

Lower Wavenumber

Less single bond
character

Higher Wavenumber
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2] Effect of HB on carbonyl stretching
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Conjugation of C=O with C=C

 Conjugation of a carbonyl with a C=C  bond shifts values 
to lower frequencies.

 For aldehydes, ketones and esters, subtract about 25-30 
cm-1 for conjugation with C=O.

 Conjugated ketone = 1690 to 1680 cm-1

 Conjugated ester    = 1710 to 1700 cm-1

 C=C becomes quite strong!!

Why?

1- intensity       2- ʋ
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Angle Strain raises The Carbonyl Frequency3]
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Conjugation and Ring Size Effects
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1720 cm-1

1750 cm-1

1775 cm-1
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2-Butanone

Ketone
Base = 1715

Carbonyl containing compound
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Aldehyde   
Base = 1725

Nonanal
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Acid Chloride
Base = 1800

Dodecanoyl Chloride
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Ester
Base = 1735

Ethyl Butanoate
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Carboxylic acid
Base = 1710

2-Methylpropanoic Acid
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Amide
Base = 1690

Propanamide
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Propionic anhydride

Anhydride
Base = 1810 and 1760

1820

1750



14-٩٩
٩٩

C=O : 1715 - 30 = 1685Aromatic Ketone 
conjugated

Acetophenone
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The C=C stretching region

 C=C double bond at 1650 cm-1 is often weak or not even seen.
 C=C benzene ring shows peak(s) near 1600 and 1475 cm-1 , one or 

two at each value  - Conjugation lowers the value. 

 When C=C is conjugated with C=O it is stronger and comes at a 
lower frequency.
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1-Hexene

Alkene
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Toluene
Aromatic
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The C-O stretching region

 The C-O band appears in the range of 1300 to 1000 cm-1.

 Look for one or more strong bands appearing in this range!

 Ethers, alcohols, esters and carboxylic acids have C-O bands.
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Ether
Base = 1100

Dibutyl Ether
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Anisole

Aromatic Ether
Base = 1100
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Cyclohexanol

Alcohol 
Base = 3600
Base = 1100
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2-Methylpropanoic Acid

Carboxylic acid 
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Ethyl Butanoate

Ester
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The N=O stretching region

 N=O stretching :  1550 and 1350 cm-1 asymmetric and 
symmetric stretching.

 Often the 1550 cm-1 peak is stronger than the other one.
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2-Nitropropane

Nitroalkane
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The C-X stretching region

 C-Cl 785 to 540 cm-1, 
often hard to find amongst the fingerprint bands!!

 C-Br and C-I 
appear outside the useful range of infrared spectroscopy. 

 C-F bonds can be found easily, but are not that common.
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Chlorobenzene
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