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Introduction to SpectroscopyIntroduction to Spectroscopy

Spectroscopy - The study of the 
interaction of electromagnetic 
radiation with matter



Introduction
• Spectroscopy is an analytical technique which 

helps determine structure.
• It destroys little or no sample.
• The amount of radiation absorbed by the 

sample is measured as wavelength is varied. 



Major Types of Spectroscopy
• Infrared (IR) spectroscopy measures the bond 

vibration frequencies in a molecule and is used to 
determine the functional group.

• Mass spectrometry (MS) fragments the molecule and 
measures the masses.

• Nuclear magnetic resonance (NMR) spectroscopy 
detects signals from hydrogen atoms and can be 
used to distinguish isomers. 

• Ultraviolet (UV) spectroscopy uses electron 
transitions to determine bonding patterns. 



Electromagnetic Radiation
• Electromagnetic radiation is energy in the form of a self-propagating wave 

consisting of oscillating electric and magnetic fields  orthogonal to each 
other and also to the direction of propagation.

•  Having a particle as well as a wave-like nature, electromagnetic radiation 
can also be considered to be energy carried by photons. 

• Electromagnetic radiation consists of radio waves, microwaves, infrared 
radiation, visible light, ultraviolet radiation, X-rays, and gamma rays (in 
order of increasing energy). 

• Needing no medium, all electromagnetic radiation travels at a constant 
speed of 299,792,458 meters per second through a vacuum, although its 
speed can be decreased when travelling through matter (for example, it 
travels more slowly through water than through air). Electromagnetic 
radiation allows humans to see, radio and cell phone signals to be 
transmitted, and food in a microwave to be heated.



Properties of electromagnetic  waves

– transfer energy from one place to another
– are transverse waves
– can travel through vacuum. They DO NOT require 

any medium to travel from one point to another.
– travel through a vacuum at the speed of 3 x 108 ms-

1.
– obey wave properties like reflection and 

refraction.
– carry no electrical charge as they are neither 

positively nor negatively charged. 
– obey the wave equation: v = fλ.





Wave and Particle Relationship



• The electromagnetic spectrum is the range of all possible 
frequencies of electromagnetic radiation. The 
"electromagnetic spectrum" of an object is the 
characteristic distribution of electromagnetic radiation 
emitted or absorbed by that particular object.The 
electromagnetic spectrum extends from low frequencies 
used for modern radio to gamma radiation at the short-
wavelength end, covering wavelengths from thousands of 
kilometres down to a fraction of the size of an atom. The 
long wavelength limit is the size of the universe itself, while 
it is thought that the short wavelength limit is in the vicinity 
of the Planck length, although in principle the spectrum is 
infinite and continuous.





ULTRAVIOLET/VISIBLE
SPECTROSCOPY



Absorption spectroscopy

• Absorption spectroscopy refers 
to spectroscopic techniques that measure 
the absorption of radiation, as a function of 
frequency or wavelength, due to its interaction 
with a sample. The sample absorbs energy, i.e., 
photons, from the radiating field. The intensity of 
the absorption varies as a function of frequency, 
and this variation is the absorption spectrum. 
Absorption spectroscopy is performed across 
the electromagnetic spectrum.



Electronic Spectroscopy

• Ultraviolet (UV) and visible (VIS) spectroscopy
• This is the earliest method of molecular 

spectroscopy.
• A phenomenon of interaction of molecules with 

ultraviolet and visible lights.
• Absorption of photon results in electronic 

transition of a molecule, and electrons are 
promoted from ground state to higher electronic 
states. 



UV / visible Spectroscopy
• The radiation which is absorbed has an energy 

which exactly matches the energy difference 
between the ground state and the excited state.

• These absorptions correspond to electronic 
transitions.
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UV Spectroscopy

I. Introduction
C. Observed electronic transitions

1. The lowest energy transition (and most often obs. by UV) is typically that 
of an electron in the Highest Occupied Molecular Orbital (HOMO) to the 
Lowest Unoccupied Molecular Orbital (LUMO)

2. For any bond (pair of electrons) in a molecule, the molecular orbitals are 
a mixture of the two contributing atomic orbitals; for every bonding 
orbital “created” from this mixing (σ, π), there is a corresponding anti-
bonding orbital of symmetrically higher energy (σ*, π*)

3. The lowest energy occupied orbitals are typically the σ; likewise, the 
corresponding anti-bonding σ∗ orbital is of the highest energy

4. π-orbitals are of somewhat higher energy, and their complementary anti-
bonding orbital somewhat lower in energy than σ*.

5. Unshared pairs lie at the energy of the original atomic orbital, most often 
this energy is higher than π or σ (since no bond is formed, there is no 
benefit in energy)



Electron transitions



Types of Transitions

F our types of electronic transitions including:

σ το σ∗
π το π∗

η το σ∗

η το π∗

alkanes

Alkenes, carbonyl, 
alkynes, azo compounds

Oxygen, nitrogen, sulfur and 
halogen compounds

Carbonyl compounds



σ → σ∗ Transitions

• An electron in a bonding s orbital is excited to 
the corresponding antibonding orbital. The 
energy required is large. For example, methane 
(which has only C-H bonds, and can only 
undergo σ → σ∗ transitions) shows an 
absorbance maximum at 125 nm. Absorption 
maxima due to σ → σ∗ transitions are not seen 
in typical UV-VIS spectra (200 - 700 nm)



n → σ∗ Transitions

• Saturated compounds containing atoms with 
lone pairs (non-bonding electrons) are capable 
of n → σ∗ transitions. These transitions 
usually need less energy than σ → σ ∗ 
transitions. They can be initiated by light 
whose wavelength is in the range 150 - 250 
nm. The number of organic functional groups 
with n → σ∗ peaks in the UV region is small.



n → π∗ and π → π∗ Transitions

• Most absorption spectroscopy of organic 
compounds is based on transitions of n or π 
electrons to the π∗ excited state.

•  These transitions fall in an experimentally 
convenient region of the spectrum (200 - 700 
nm). These transitions need an unsaturated 
group in the molecule to provide the π 
electrons.  



Selection Rules of electronic transition
 Electronic transitions may be classed as 

intense or weak according to the magnitude 
of εmax  that corresponds to allowed or 

forbidden transition as governed by the 
following selection rules of electronic 
transition: 

 Spin selection rule: there should be no 
change in spin orientation or no spin 
inversion during these transitions.  Thus, 
S→S, T→T, are allowed, but S→T,  T→S, 
are forbidden. ( S=0 △ transition allowed)



UV / visible Spectroscopy

• The size of the absorbing system and the 
probability that the transition will take place 

control the absorptivity (ε).

• Values above 104 are termed high intensity 
absorptions  and are allowed transitions.

• Values below 1000 indicate low intensity 
absorptions which are forbidden transitions.



The n __ >  π* transition is lower in energy (λmax =290 nm) than 
the π __ >  π* transition (λmax =180 nm), but the ε of the 
former is a thousand times smaller than the latter. the n-
orbitals do not overlap at all well with the π* orbital, so the 
probability of this excitation is small. The π __ >  π* 
transition, on the other hand, involves orbitals that have 
significant overlap.                                                      



Broad UV Visible Spectrum

A

Wavelength  in nm (λ)

λmax

UV/visible bands are broad 
due to overlap of rotational 
and vibrational states of a 
molecule.



Types of Electronic Transition



The Beer-Lambert law

The Beer-Lambert law:
The Beer-Lambert law (also known as Beer's law) (as it 
applies to solutions of light-absorbing substances) states 
that the absorbance is directly proportional to the path 
length, l of the sample and its concentration, c:
A = εcl
where ε is the MOLAR EXTINCTION 
COEFFICIENT (with dimensions of dm3.mol-1cm-1) of 
the solute, c is the molar concentration (in moles.dm-3), 
and l, the path length, is measured in centimeters



UV / visible Spectroscopy

A = log(IO/I) = εcl

– A = Absorbance (optical density)
– IO = Intensity of light on the sample cell

– I = Intensity of light leaving the sample cell
– c = molar concentration of solute
– l = length of sample cell (cm)
– ε = molar absorptivity (molar extinction coefficient)

•The  Beer-Lambert Law is rigorously obeyed when a single 
species is present at relatively low concentrations.



Terminology

Io IT

A = abc

absorptivity

Path length

concentrationabsorbance



• The TRANSMITTANCE, T of the solution is 
defined as the ratio of the intensities of the 
transmitted beam, I to the intensity, Io of the 
incident beam: T = I/Io

• The ABSORBANCE, A of a solution is defined 
as A = -log10T. Since A is a logarithmic function, 
it is dimensionless.



Chromophores

• Any isolated covalently bonded group that 
shows a characteristic absorption in the 
ultraviolet or visible region is known as a 
chromophore.Some examples of 
chromophores are nitro,nitrile, 
ethylenic,acetylenic,carbonyl etc. .



UV / visible Spectroscopy



Common Chromophores
Carbonyl Compounds

π

π*

n

π π*
170 nm

ε = 100

allowed

n π*
290 nm

ε = 10

forbidden EE



AUXOCHROME



 Effect of Auxochromes

■ Auxochrome - a functional group that does 
not absorb UV/Vis but shifts peaks to 
longer wavelengths and increases 
intensity.e.g.-OH,NHR,Cl etc.

■ Auxochromic substituents have at least one 
pair of n electrons capable of interacting 
with π electrons which stabilizes the π* 
state thereby lowering its energy 
(bathochromic shift)
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UV Spectroscopy

III. Chromophores
A. Substituent Effects

General – Substituents may have any of four effects on a chromophore
i. Bathochromic shift (red shift) – a shift to longer λ; lower energy

ii. Hypsochromic shift (blue shift) – shift to shorter λ; higher energy

iii. Hyperchromic effect – an increase in intensity

iv. Hypochromic effect – a decrease in intensity

200 nm 700 nm

ε
H

ypochrom
i c

Hypsochromic

H
yp

er
ch

ro
m

ic

Bathochromic
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UV Spectroscopy

III. Chromophores
A. Substituent Effects

1. Conjugation – Alkenes
The observed shifts from conjugation imply that an increase in 
conjugation decreases the energy required for electronic excitation 

From molecular orbital (MO) theory two atomic p orbitals, φ1 and φ2 from 
two sp2 hybrid carbons combine to form two MOs Ψ1 and Ψ2* in ethylene

Ψ2∗

πΨ1

φ1 φ2



37

UV Spectroscopy

III. Chromophores
A. Substituent Effects

2. Conjugation – Alkenes
When we consider butadiene, we are now mixing 4 p orbitals giving 4 
MOs of an energetically symmetrical distribution compared to ethylene

Ψ2∗

πΨ1 Ψ1

Ψ2

Ψ3
∗

Ψ4
∗

∆E for the HOMO  LUMO transition is reduced



UV Absorption of Conjugated Alkenes

π

π*

λmax 175 217 258

ε 15,000 21,000 35,000

E

Increasing conjugation gives:
•  longer wavelength absorption
•  more intense absorption



β-Carotene

11 double bonds

λmax   460 nm (ε 139,000)



Solvent effects 

π -> π* transitions leads to more polar excited 
state that is more easily stabilized by polar 
solvent associations (H-bonds). The π* state is 
more polar and stabilized more in polar solvent 
relative to nonpolar one, thus in going from 
nonpolar to polar solvent there is a red shift or 
bathochromic shift (increase in λmax, decrease in 
ΔE). 



Solvent effects
For n -> π* transition, the n state being more polar, 

is much more easily stabilized by polar solvent 
effects (H-bonds and association), so in going 
from nonpolar to polar solvent there is a blue 
shift or hypsochromic shift (decrease in λmax, 
increase in ΔE). 



Solvents and Cells for UV Spectroscopy

Solvent Cutoff (nm)

95% ethanol 205

Water 190

n-hexane 201

200 nm 400 nm 800 nm
uv visible

quartz Glass or plastic

Sample cell

solvent



✩Light sources
✩wavelength selector
✩sample compartment
✩detector
✩recorder or signal processor

InstrumentationInstrumentation



Light sourcesLight sources

• Deuterium lamp (UV)
• Tungsten lamp (Visible/IR)
• Xenon arc lamp (UV/VIS) high 

intensity
• Argon lamp (vacuum UV)
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UV Spectroscopy

II. Instrumentation and Spectra
A. Instrumentation – Sample Handling

1. Virtually all UV spectra are recorded solution-phase

2. Cells can be made of plastic, glass or quartz

3. Only quartz is transparent in the full 200-700 nm range; plastic and glass 
are only suitable for visible spectra

4. Concentration (we will cover shortly) is empirically determined

A typical sample cell (commonly called a cuvet):
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UV Spectroscopy

II. Instrumentation and Spectra
A. Instrumentation 

1. The construction of a traditional UV-VIS spectrometer is very similar to an 
IR, as similar functions – sample handling, irradiation, detection and 
output are required

2. Here is a simple schematic that covers most modern UV spectrometers: 

sa
m

pl
e

re
fe

re
nc

e

de
te

ct
or

I0

I0 I0

I
log(I0/I) = A

200 700
λ, nm

monochromator/
beam splitter optics

UV-VIS sources



Woodward-Fieser Rules for 
Conjugated Dienes

• Base Value
– heteroannular 214 nm
– homoannular  253 nm

• Additions for:
– alkyl group or ring residue  5 nm
– double bond extending conjugation 30 nm
– exocyclic double bond  5 nm



Exocyclic/Endocyclic

endocylic exocyclic



Calculate the λmax  for the following compounds

214 (base)
+ 15 (3 ring residues)
+ 5 (1 exocyclic C=C)
-----------
234 nm calc.
Observed 235 nm.

253 (base)
+ 15 (3 ring residues)
+ 5 (exocyclic C=C)
------------
273 nm calc.
Observed 275 nm
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UV Spectroscopy

IV. Structure Determination 
A. Dienes

2. Woodward-Fieser Rules - Dienes
The rules begin with a base value for λmax of the chromophore being 
observed:

acyclic butadiene = 217 nm

The incremental contribution of substituents is added to this base value 
from the group tables:

Group Increment

Extended conjugation +30

Each exo-cyclic C=C +5

Alkyl +5 

-OCOCH3 +0

-OR +6

-SR +30

-Cl, -Br +5

-NR2 +60



Woodward Rules for a,b-
unsaturated carbonyl compounds

• Base values
– acyclic or 6-membered ring 215 nm
– 5-membered ring 202 nm

• Additions for
– double bond extending conjugation  30 nm
– alkyl group or ring residue α  10 nm

β  12 nm
        γ  18 nm

exocyclic double bond   5 nm

O



1-Acetylcyclohexene

CH3

O

• 215 (base)
• 10 (α substituent)
• 12 (β substitutent)
• -----
• 237 nm
• Obs. 232 nm.

α

β
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UV Spectroscopy

IV. Structure Determination 
B. Enones 

1. Woodward-Fieser Rules - Enones
Some examples – keep in mind these are more complex than dienes

cyclic enone = 215 nm
                2 x β- alkyl subs. (2 x 12) +24 nm

239 nm

Experimental value 238 nm

cyclic enone = 215 nm
extended conj. +30 nm
β-ring residue +12 nm
δ-ring residue +18 nm
exocyclic double bond + 5 nm

280 nm

Experimental 280 nm

O

R

O



54

UV Spectroscopy

IV. Structure Determination 
B. Enones 

1. Woodward-Fieser Rules - Enones
Aldehydes, esters and carboxylic acids have different base values than 
ketones

Unsaturated system Base Value

Aldehyde 208

With α or β alkyl groups 220

With α,β or β,β alkyl groups 230

With α,β,β alkyl groups 242

Acid or ester

With α or β alkyl groups 208

With α,β or β,β alkyl groups 217

Group value – exocyclic α,β double bond +5

Group value – endocyclic α,β bond in 5   or 
7 membered ring

+5
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UV Spectroscopy

IV. Structure Determination 
B. Enones 

1. Woodward-Fieser Rules - Enones

Group Increment

6-membered ring or acyclic enone Base 215 nm

5-membered ring parent enone Base 202 nm

Acyclic dienone Base 245 nm

Double bond extending conjugation 30 

Alkyl group or ring residue α, β, γ and higher 10, 12, 18

-OH α, β, γ and higher 35, 30, 18

-OR α, β, γ, δ 35, 30, 17, 31

-O(C=O)R α, β, δ 6

-Cl α, β 15, 12

-Br α, β 25, 30

-NR2 β 95

Exocyclic double bond 5

Homocyclic diene component 39

C C Cβ
β α

C C CC

β α
C

γδ
δ

O O



Applications of UV and Visible 
Spectroscopy

• In structure determination : UV-VIS 
spectroscopy is used to detect the presence of 
chromophores like dienes, aromatics, 
polyenes, and conjugated ketones, etc. 

• Detection of conjugation

• Extent of conjugation

• Distinction between geometrical isomers



Chem 422 Chapter 16 - 57

INFRARED SPECTROSCOPY
• Useful range from about 2.5 µm to 50 µm. 
• Infrared used to determine the major functional groups present.  
• Quantitative measurements possible but subject to large amount of error.
• Atoms or groups of atoms in molecules are in continuous motion with 

different modes of vibration relative to each other.
• Absorption of radiation changes amplitude of vibration but not frequency.



INFRARED SPECTROSCOPY

• Infrared radiation stimulates molecular 
vibrations.

• Infrared spectra are traditionally displayed as 
%T (percent transmittance) versus wave 
number (4000-400 cm-1).

• Useful in identifying presence or absence of 
functional groups.
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Vibrational Spectroscopy
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The vibrational spectra appear as bands rather than lines. When vibrational spectra of gaseous 
diatomic molecules are observed under high-resolution conditions, each band can be found to 
contain a large number of closely spaced components— band spectra. The structure observed is 
due to that a single vibrational energy change is accompanied by a number of rotational energy 
changes. The form of such a vibration-rotation spectrum can be predicted from the energy 
levels of a vibrating-rotating molecule.

–> “vibrational-rotational bands”

Vibrational spectra (III): Rotation-vibration transitions



Dipole Changes During Vibrations Infrared 
radiation is not energetic enough to bring 
about electronic transitions. Absorption of 
infrared radiation is thus confined largely 
to molecular species that have small 
energy differences between various 
vibrational and rotational states. In order 
to absorb infrared radiation, a molecule 
must undergo a net change in dipole 
moment  as a consequence of its 
vibrational or rotational motion.



The dipole moments is determined by the 
magnitude of the charge difference and 
the distance between the two centers of 
charge. No net change in dipole moment 
occurs during the vibration or rotation of 
homonuclear species such as O2, N2, or Cl2; 
consequently, such compounds cannot 
absorb in the infrared and are called 
infrared inactive.



• Vibrational Transitions: Vibrational energy levels 
are quantized, and for most molecules the 
energy differences between quantum states 
correspond to the mid-infrared region.

• Types of Molecular Vibrations: Vibrations fall 
into the basic categories of stretching and 
bending. A stretching  vibration involves a 
continuous change in the interatomic distance 
along the axis of the bond between two atoms. 
Bending vibrations are characterized by a change 
in the angle between two bonds and are of four 
types: scissoring, rocking, wagging, and twisting. 



B.  Infrared (IR) Spectroscopy 

1. Types of Motion

- Upon absorption of light in the infrared region of the
  electromagnetic spectrum by organic molecules 
  results in molecular motion





Some names for bending vibrations



Vibrational Modes for a CH2 Group



Number of vibrations

 

• Vibration: centre of gravity unchanged 

• N nuclei, each move along x,y,z

• Nonlinear molecule: 3N-6 modes 
e.g.H2O has 3x3-6=3 fundamental 
vibrations.

• Linear molecule: 3N-5 modes e.g.CO 2 

has3x3-5=4 fundamental vibrations.



3652cm -1    3756cm-1                         1596cm-1 
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Vibrational Modes

Nonlinear molecule with n atoms usually has 3n - 
6 fundamental vibrational modes.

=>



Infrared Spectrum 
of Carbon Dioxide



• The theoretical number of fundamental vibrations (absorption 
frequencies) will seldom be observed

–> overtones (multiples of a given frequency), combination (sum 
of two other vibrations) or difference (the difference of two 
other vibrations) tones increase the number of bands

–> the following effects will reduce the number of theoretical 
bands:

• frequencies which fall outside the measured spectral region 
(400-4000 cm –1  )

• bands which are too weak
• bands are too close and coalesce
• occurrence of a degenerate band from several absorptions of the 

same frequency
• lack of change in molecular dipole

Why not 3N-6/3N-5 bands in IR spectrum?



Hooke’s law

F = force, restoring back to equilibrium 
position

k = characteristic stretching  constant

x = displacement from the equilibrium 
position

A Model: Picture the atoms of a diatomic molecule as point masses connected by springs 
(bonds).

As a first approximation use Hooke’s Law

F = -kx



=
1

2πcν K
µ

larger K,
higher frequency

larger atom masses,
lower frequency

constants

2150 1650 1200

C=C   >   C=C   >   C-C=

C-H  >  C-C  >  C-O  >  C-Cl  >  C-Br
3000         1200        1100           750            650

increasing K

increasing µ



INFRARED SPECTROSCOPY

POSITIONPOSITION REDUCED MASSREDUCED MASS

BOND STRENGTHBOND STRENGTH

(STIFFNESS)(STIFFNESS)

LIGHT ATOMS HIGH LIGHT ATOMS HIGH 
FREQUENCYFREQUENCY

STRONG BONDS HIGH STRONG BONDS HIGH 
FREQUENCYFREQUENCY

STRENGTHSTRENGTH CHANGE IN CHANGE IN 

‘‘POLARITY’POLARITY’
STRONGLY POLAR STRONGLY POLAR 

BONDS GIVE INTENSE BONDS GIVE INTENSE 
BANDSBANDS

WIDTHWIDTH HYDROGEN BONDINGHYDROGEN BONDING STRONG HYDROGEN STRONG HYDROGEN 
BONDING GIVES BONDING GIVES 
BROAD BANDSBROAD BANDS



Chapter 12 75

Summary of IR 
Absorptions

=>
=>



Effects on IR bands
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:

• Conjugation will lower the observed IR band for a carbonyl from 20-40 cm-1 
provided conjugation gives a strong resonance contributor

• Inductive effects are usually small, unless coupled with a resonance 
contributor (note –CH3 and –Cl above)

O

O

1684 cm-1 1715 cm-1

C=O C=O

C
H3C

O
X X = NH2 CH3 Cl NO2

1677 1687 1692 1700 cm-1

H2N C CH3

O

Strong resonance contributor

vs. N

O

O

C
CH3

O

Poor resonance contributor
(cannot resonate with C=O)

Infrared Spectroscopy



Effects on IR bands
1. Hydrogen bonding

• Hydrogen bonding causes a broadening in the band due to the creation of 
a continuum of bond energies associated with it

• In the solution phase these effects are readily apparent; in the gas phase 
where these effects disappear or in lieu of steric effects, the band appears 
as sharp as all other IR bands:

Gas phase spectrum of
1-butanol 

Steric hindrance to H-bonding
in a di-tert-butylphenol

• H-bonding can interact with other functional groups to lower frequencies

OH

C=O; 1701 cm-1

OO
H

Infrared Spectroscopy



Effects on IR bands
1. Steric effects – usually not important in IR spectroscopy, unless they reduce the 

strength of a bond (usually π) by interfering with proper orbital overlap:

• Here the methyl group in the structure at the right causes the carbonyl 
group to be slightly out of plane, interfering with resonance

1. Strain effects – changes in bond angle forced by the constraints of a ring will 
cause a slight change in hybridization, and therefore, bond strength

• As bond angle decreases, carbon becomes more electronegative, as well 
as less sp2 hybridized (bond angle < 120°)

O

C=O: 1686 cm-1

O

C=O: 1693 cm-1

CH3

O O O O O

1815 cm-1 1775 cm-1 1750 cm-1 1715 cm-1 1705 cm-1

Infrared Spectroscopy
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Infrared Spectroscopy
IR Absorptions



 Trends
a. Hydrogen Region: 3330 - 2700 cm-1

c. Double Bond Region: 1900 - 1500 cm-1

b. Triple Bond Region: 2300 - 2000 cm-1

O – H(alc)  3650 - 3200 cm-1

O – H(CA)  3300 - 2500 cm-1

N – H(amine) 3500 - 3250 cm-1

N – H(amide) 3500 - 3400 cm-1

C(sp3) – H  2960 - 2850 cm-1

C(sp2) – H  3150 - 3050 cm-1

C(sp) – H   3300 cm-1

C C(alkyne)  2260 - 2100 cm≡ -1

C N(nitrile)    2260 - 2220 cm≡ -1

C = O(ald) 1740 - 1690 cm-1

C = O(ket) 1750 - 1680 cm-1

C = O(est) 1750 - 1735 cm-1

C = O(CA) 1760 - 1710 cm-1

C = O(am) 1690 - 1630 cm-1

C = C  1680 - 1620 cm-1



Structural unitStructural unit Frequency, cmFrequency, cm-1-1

Bending vibrations of derivatives of benzeneBending vibrations of derivatives of benzene

MonosubstitutedMonosubstituted 730-770 and 690-710730-770 and 690-710

Ortho-disubstitutedOrtho-disubstituted 735-770735-770

Meta-disubstitutedMeta-disubstituted 750-810 and 680-730750-810 and 680-730

Para-disubstitutedPara-disubstituted 790-840790-840

Infrared Absorption FrequenciesInfrared Absorption Frequencies



   Fingerprint region

• The region 1500-900cm -1 is called fingerprint 
region

•  Complicated and contain many signals-picking 
out functional group signals difficult

• This part of spectrum is unique for every 
compound,and so can be used as a fingerprint

• Thus fingerprint region is used to compare the 
identity of two compounds

• This region can also be used to check if a 
compound is pure



 Sample Spectrum
1.Cyclohexanone



Francis A. Carey, Organic Chemistry, Fourth Edition. Copyright © 2000 The McGraw-Hill Companies, Inc. All rights reserved.
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Wave number, cmWave number, cm-1-1

2. Infrared Spectrum of 2-Hexanol2. Infrared Spectrum of 2-Hexanol2. Infrared Spectrum of 2-Hexanol2. Infrared Spectrum of 2-Hexanol

H—CH—C

O—HO—H

OHOH

CHCH33CHCH22CHCH22CHCH22CHCHCHCH33



Example 

• Propanone and 2-propan-1-ol are constitutional isomers. 
Show how to distinguish between them by IR spectroscopy.

Answer: 
• Propanone,  C=O stretching, 1630-1820 cm-1 
• 2-propen-1-ol, O-H absorption, 3200-3600 cm-1  



InstrumentationInstrumentation

schematic diagram of a double beam double-grating infrared spectrophotometer 

1.  Radiation source         2.  Monochromator

3. Solvents, sample cells, samples 4.  Readout / Recorder



Nernst Glower heated rare earth oxide rod (~1500 
K)

1-50 µm
(mid- to far-IR)

Globar heated SiC rod (~1500 K) 1-50 µm
(mid- to far-IR)

                 INFRARED SOURCE



Solvents
1. Must be transparent in the region studied: no single solvent is transparent 

throughout the entire IR region

2. Water and alcohols are seldom employed to avoid O-H band of water . 

3. Must be chemically inert (does not react with substance or cell holder).

   CCl4, CS2, or CHCl3; may be used but we should consider its IR spectrum

SOLVENTS, CELLS, SAMPLES

Cells
-  NaCl or KCl cells may be used (moisture from air and sample should be 

avoided: even with care, their surfaces eventually become fogged due to 

absorption of moisture)

-  Very thin (path length = 0.1 to 1.0 mm)

- Sample concentration = about 0.1 – 10%



Samples 

1. Solid KBr disk (1 mg solid sample + 100 mg KBr pressed into a disk)

               Mull: 1 mg solid sample suspended in Nujol (heavy liquid hydrocarbon)

2. Liquid  Neat (thin film of liquid between two NaCl plates solution in CCl4 and put 

in special NaCl cells.

 

3. Gas  IR spectrum is obtained directly by permitting the sample to    expand into 

an  evacuated special cells.



INTERPRETATION OF INFRARED SPECTRA
• An element of judgement is required in interpreting IR spectra but you 

should find that it becomes relatively straightforward with practice.
• It is often possible to assign the peaks in the 1600-3600 cm-1 region by 

consulting tables or databases of IR spectra.  When making an 
assignment, give both the type of bond and the type of vibration, e.g. O-H 
stretch or C-H bending vibration.  

• The most useful regions are as follows:
• 1680-1750 cm-1:C=O stretches feature very strongly in IR spectra and 

   the type of carbonyl group can be determined from the 
   exact position of the peak.

• 2700-3100 cm-1: different types of C-H stretching vibrations. 
• 3200-3700 cm-1: various types of O-H and N-H stretching vibrations.
• Too many bonds absorb in the region of 600-1600 cm-1 to allow confident 

assignment of individual bands. However, this region is useful as a 
fingerprint of a molecule, i.e. if the spectrum is almost identical to an 
authentic reference spectrum then the structure can be assigned with 
some confidence.



Main uses of Infrared Spectroscopy

• Is especially useful for qualitative analysis
• functional groups
• other structural features
• establishing purity 
• monitoring rates
• measuring concentrations
• Distinction between inter and intramolecular 

hydrogen bonding
• Check the purity of a sample
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