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Spectroscopy is the use of the absorption, emission, or scattering of electromagnetic
radiation by matter to qualitatively or quantitatively study the

 
matter or to study 

physical processes. 

Absorption: A transition from a lower level to a higher level with transfer
 

of energy 
from the radiation field to an absorber, atom, molecule, or solid.

Emission: A transition from a higher level to a lower level with transfer
 

of energy 
from the emitter to the radiation field. If no radiation is emitted, the transition from 
higher to lower energy levels is called nonradioactive

 
decay.

Scattering: Redirection of light due to its interaction with matter. Scattering might 
or might not occur with a transfer of energy, i.e., the scattered radiation might or 
might not have a slightly different wavelength compared to the light incident on the 
sample. 

SPECTROSCOPY



Frequency,
 

 ν
 

(nu), is the number of wavecycles that pass through a point in 
one second. It is measured in Hz, where 1 Hz = 1 cycle/sec.

Amplitude is the magnitude of change in the oscillating variable with
 

each
oscillation within an oscillating system. 



ELECTROMAGNETIC SPECTRUM

The relationship between the light velocity, wavelength, and frequency is given below. 

E = hν ν= c / λ E =  hc
 

/λ

h= 6.62618x10-34

 

J·s





A molecular energy
 

state
 

is the sum of an electronic, vibrational, rotational, 
nuclear and translational component.

E = Eelectronic
 

+ Evibrational
 

+ Erotational
 

+ Etranslational
 

+ Enuclear



Ultraviolet and visible (UV-Vis) absorption spectroscopy is the measurement of the attenuation 
of a beam of light after it passes through a sample or after reflection from a sample surface.

Ultraviolet and visible light are energetic enough to promote outer electrons to higher energy 
levels. Ultraviolet

 
(UV) spectrometry is the spectrometry of electronic transitions. 

What kind of organic structure gives rise to UV absorption?
• It should be no surprise that the molecule should contain a structural unit with 
nonbonded

 
(n) electrons or π-electrons. Such a unit giving rise to a UV absorption 

band is called a chromophore. Chromophore is used to describe any structural feature 
which leads to absorption in the UV-Vis

 
region and includes groups in which

π→π*, n→π*, n→σ* transitions are possible. 

• The term auxochrome is used to designate groups possessing non-bonding electron 
pairs which are conjugated with a π–bond system; an example is a hydroxyl 
or amino group attached to an aromatic ring system.

UV-VIS SPECTROSCOPY





Various possible electronic transitions in an organic molecule 













When sample molecules are exposed to light having an energy that matches a possible
electronic transition within the molecule, some of the light energy

 
will be absorbed as the 

electron is promoted to a higher energy orbital.
 

An optical spectrometer records the 
wavelengths at which absorption

 
occurs, together with the degree of absorption at each 

wavelength.

Absorption spectrum of isoprene 



Absorption of light through an optical filter 

• Dilute solutions must be used
• Most commonly used solvents are water, ethanol, hexane and cyclohexane

Beer-Lambert law A = ε × b × c
A

 
=

 
measured absorbance

ε
 

=
 

wavelength-dependent molar absorptivity
 

coefficient with units of M-1

 

cm-1

b= length of light path through the sample in cm
c= analyte

 
concentration in molarity

 
units



UV-Vis spectrum of an unsaturated aldehyde in ethanol

ε
 

= 36,600 for the 395 nm peak
 

and 14,000 for the 255 nm peak 

C=1.42.10-5

 

M solution

A = ε × b × c 





Various possible electronic transitions in an organic molecule 



Some Simple Chromophores and Their Light Absorption Characteristics 

Only molecular moieties likely to absorb light in the 200 to 800 nm region 
are pi-electron functions and hetero atoms having non-bonding valence-shell 
electron pairs. Such light absorbing groups are referred to as chromophores. 





conjugation generally moves the absorption maxima to longer wavelengths 

Polyene spectra displayed in the center diagram, it is clear that each additional double
bond

 
in the conjugated pi-electron system shifts the absorption maximum about 30 nm

in the same direction 

The Importance of Conjugation



Increased conjugation brings the HOMO and LUMO orbitals closer together. 
The energy (ΔE) required to effect the electron promotion is therefore less, 
and the wavelength that provides this energy is increased 



Generally speaking, non-polar solvents and non-polar molecules show least effect.
Thus care must be taken to avoid an interaction between the solute and the solvent.  

Effect of Solvent on Absorption Spectrum



40000

20000

60000

80000

100000

400
0

350 450 500 550 600 650

500

250

750

1000

1250

270
0

250 290 310 330 350

200

100

300

400

500

270
0

250 290 310 330 350

6

3

9

12

15

270
0

210 290 310 330 350230 250

M
ol

ec
ul

ar
 A

bs
or

pt
iv

ity
 (ε

)

Wavelength (nm)

β-Carotene
Cafeine

Aspirin

Acetone



The light source is usually a deuterium discharge lamp for UV measurements 
and a tungsten-halogen lamp for visible and NIR measurements 

Components of a typical UV-Vis Spectrometer 



INFRARED (IR) SPECTROSCOPY
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Of greatest practical use is the limited portion between 4000 and 400 cm-1 which is
mid IR. There has been some interest in the near-IR (12820-4000 cm-1) and 
the far IR region, 400-33 cm-1

 

.





In order to be IR active, a vibration must cause a change in the dipole moment
of the molecule

C=O       ICl                                   H2     N2    Cl2

    absorb in IR                                 do not absorb in IR



Only two IR bands (2350 and 666 cm–1) are seen for carbon dioxide, instead of four 
corresponding to the four fundamental vibrations. 

In the case of CO2, two bands are degenerate, and one vibration does not cause a 
change in dipole moment. 

Stretching and bending vibrational modes for CO2



κ
 

=1/2πc 

higher mass of atoms = lower frequency
Example: C–H (3000 cm-1) > C–Cl

 
(700 cm-1) > C–Br (550 cm-1)

higher bond strength = higher frequency
Example: C≡C (2200 cm-1) > C=C (1650 cm-1)











Group Frequencies



the most useful information obtained from an IR spectrum is what functional groups 
are present within the molecule 









IR Sample Preparation



IR Spectrum of Butanal













Amines



IR Example, C2 H4 O2



Solution 1



IR Example 2, C6H7N



Solution 2



1. Infrared spectroscopy provides valuable information about
molecular weight.      melting point.

 
conjugation.

 
functional groups.

2. A strong signal at 3400 cm–1

 

in an IR spectrum indicates the presence
of  which group?

3. A strong signal at 1700 cm–1

 

in an IR spectrum indicates the presence
of which group?

4. What is the relationship between wavelength and wavenumber
 

?

5. For a molecule to absorb IR, the molecule's vibrations should
 

cause
a change in …………    ………… of the molecule.

6. Vibration frequencies in IR spectroscopy depends on.................. and ..................

IR Study Questions



7.
 

What is the identity of the compound responsible for the following infrared spectrum?

8. Is it possible to distinguish Ethanol and Propanol  from each other by using
Infrared spectroscopy?

9. Why is the oxygen-hydrogen absorption of CH3

 

OH such a broad band in the infrared?

Br
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