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ELECTROMAGNETIC SPECTRUMELECTROMAGNETIC SPECTRUMELECTROMAGNETIC SPECTRUMELECTROMAGNETIC SPECTRUM
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INTERACTION
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MATTER
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TYPES OF SPECTROSCOPYTYPES OF SPECTROSCOPYTYPES OF SPECTROSCOPYTYPES OF SPECTROSCOPY

� Atomic Absorption Spectroscopy 

� Atomic emission spectroscopy

� Attenuated Total Reflectance Spectroscope

� Electron Spectroscopy.

� Gamma-ray Spectroscopy.

� Infrared Spectroscopy.

� Laser Spectroscopy.

� Mass Spectrometry. 

� Multiplex or Frequency-Modulated Spectroscopy

� Raman Spectroscopy 

� X-ray Spectroscopy 
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SPECTROSCOPY

� WAVELENGTH = It is distance between two 

adjacent crest or trough. Units are m or nm

� FREQUENCY= It is number of waves passing 

through a point in unit time. Units are Hz

� WAVENUMBER= It is number of waves in unit 

distance.  Units are m-1 or cm-1
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WAVELENGTH

� Distance between two adjacent crest or trough. 
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ENERGY

� E = hE = hE = hE = hνννν

� where

E = energy

h = Planck's constant = 6.626 x 10-34 J·s

ν = frequency
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ENERGY

� c = c = c = c = λνλνλνλν

� where

c = speed of light = 3 x 108 m/sec

λ = wavelength

ν = frequency

� Rearrange the equation to solve for frequency:

ν = c/λ
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ENERGY

� Next, replace frequency in the first equation 

with c/λ to get a formula you can use:

E = hν

E = E = E = E = hchchchc/λ/λ/λ/λ
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ENERGY

� If Wavelength is 633nm.

� E = 6.626 x 10-34 J·s x 3 x 108 m/sec/ (633 nm 

x 10-9 m/1 nm)

E = 1.988 x 10-25 J·m/6.33 x 10-7 m E = 3.14 x -

19 J

Answer:Answer:Answer:Answer:

The energy is 3.14 x -19 J.
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RELATIONSHIP OF UNITS

� 1nm = 10-9m

� 1m = 109 nm

� 1eV = 1.6022 x 10-19J
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PROBLEMS

� If a light of 500nm passes through a material, 

calculate energy in eV and J produced? Also 

calculate frequency and wave number?
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SOLUTION

�Wavelength =500nm = 500x10-9m

� E = E = E = E = hchchchc/λ/λ/λ/λ

� E = 6.626 x 10-34 J·s x 3 x 108 m/sec/(500 x 

10-9 m)

� 3.975x 10-19 J
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JOULE TO EV

� E = 3.975x 10-19 J

� 1eV = 1.6022 x 10-19J

� So,

� E = 3.975x 10-19 /1.6022 x 10-19

� E = 2.480 eV
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FREQUENCY AND WAVE NUMBER 

� ν = c/λ

�Wave number = 1/λ
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BEER-LAMBERT LAW

� Two separate laws governing absorption are

usually known as lambert’s law and beer’s law, in

the combined form they known as the beer’s-

lambert law.

� Lambert’s Law: Lamberts law states that when

monochromatic light passes through a transparent

medium, the rate of decrease in intensity with the

thickness of the medium is proportional to the

intensity of the emitted light.
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BEER-LAMBERT LAW

� According to Lambert,

� A α b

�Where 

� b = path length
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BEER-LAMBERT LAW
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BEER-LAMBERT LAW

� According to Beer-Lambert

� A α C.b

� A = ε.C.b

�Where

� A = absorbance

� C = Molar Concentration

� b = Path length

� ε = Molar absorptivity
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UNITS OF MOLAR ABSORPTIVITY

� ε = A/C.b

� ε = 1x dm3/mol x cm

� 1 dm3 = 1000cm3

� ε = 1000 cm3 /mol.cm

� ε = 1000cm2. mol-1
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TRANSMITTANCE

� Transmittance: T = I / Io                       Eq. 1

�We can convert this ratio into a percentage by 

multiplying by 100 to get Percent Transmittance 

(%T):

� % Transmittance: I / Io X100 

� Thus if the intensity of the light exiting our 

sample is 76 and the intensity of the light 

entering our sample is 100, then the 

Transmittance would be 0.76 and the % 

Transmittance would be 76%. 24



ABSORBANCE

� Absorbance: A  =  -log1 T

� Absorbance: A =  -log10 I / Io 

� Or                  A = log10 Io/I                  Eq. 2

� Absorbance is a direct measure of how much 

light is absorbed by our sample. If you play with 

the formula in your calculator you will find that 

absorbance can take on values between 0 (at 

100% Transmittance) and about 2.0 (at 1% 

Transmittance); 25



MAXIMUM AND MINIMUM TRANSMITTANCE
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MAXIMUM AND MINIMUM TRANSMITTANCE
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MAXIMUM AND MINIMUM ABSORBANCE

� If absorbance is maximum then,

� Transmittance will be minimum mean 100% 

light is absorbed. So we ca say,

� I = Io/100

� Putting this value of “I” in eq 2

� A =  log10 Io/I                      eq 2

� A = log10 Io/Io x 100

� A = log10 100     =     2
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MAXIMUM AND MINIMUM ABSORBANCE
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MAXIMUM AND MINIMUM A & T

� So range of A IS 0-2

�Minimum A is 0

�Maximum A is 2

�Minimum T is 0

�Maximum T is 1 or 100%
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DEVIATIONS FROM LAW

� Beer-Lambert law deviate from ideal behavior 

at high concentration of sample.

� Ideal behavior is increase in A with 

concentration in linear way. 

� But at high concentration it will not happened. 
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REASONS OF DEVIATION

� Beer-Lambert law is followed under some 

conditions and these conditions are, 

� 1- Sample should not interact mutually. Each 

sample particle whether atom or molecule 

should behave independently. 

� Sample solution should be completely clear so 

that no diffraction or scattering of light occure.
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DEVIATION

�When concentration of sample is high in 

solution these conditions are not followed.

� At high concentration sample start interaction 

with each other and generate intermolecular 

forces. 

� Due to high concentration scattering of light 

occurs. 
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MOLECULAR ENERGY LEVELS

� Electronic Energy Levels

� Vibrational Energy Levels

� Rotational Energy Levels
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ELECTRONIC TRANSITIONS (ET)

� ET occurs from lower electronic energy level to 

higher electronic energy level, or from 

vibrational or rotational of lower electronic to 

vibrational or rotational of higher electronic 

level. 

� UV-Visible light is required for these 

transitions.
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ELECTRONIC TRANSITIONS (ET)

�Molecular electronic transitions take place

when electrons in a molecule are excited from

one energy level to a higher energy level. The

energy change associated with this transition

provides information on the structure of a

molecule and determines many molecular

properties such as colour.
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ELECTRONIC TRANSITIONS

� The electronic transitions in organic

compounds and some other compounds can be

determined by ultraviolet–visible spectroscopy,

provided that transitions in the ultraviolet (UV)

or visible range of the electromagnetic

spectrum exist for this compound.
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VIBRATIONAL TRANSITIONS (VT)

� VT occurs from lower vibrational to upper

vibrational, or from rotational of lower

vibrational to rotational of upper vibrational.

� vibrational spectroscopy is a branch of

molecular spectroscopy concerned with

infrared and Raman spectra of molecules in

the gas phase.

� IR radiations are required for these transitions.
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ROTATIONAL TRANSITIONS (RT)

� RT occurs from one rotational to other 

rotational energy level. 

� A rotational transition is an abrupt change in 

angular momentum.

�Microwaves are responsible for these 

transitions.
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SPECTRUM SHAPE 

� Broad band for Electronic transitions. e.g. UV-

Visb. Spectroscopy.

� Peak for Vibrational transitions. 

e.g. IR Spectroscopy.

� Line for Rotational transitions. 
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UV-VISIBLE SPECTROSCOPY
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VACUUM UV REGION

� 10-200nm light is absorbed by air (N2 and O2).
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UV-VISIBLE SPECTROSCOPY

�Basic PrincipleBasic PrincipleBasic PrincipleBasic Principle

� Quantized absorption of UV-Visible radiations 

leading to electronic excitations.
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TYPES OF ELECTRONIC TRANSITIONS
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TYPES OF ELECTRONIC TRANSITIONS
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TYPES OF ELECTRONIC TRANSITIONS
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TYPES OF ELECTRONIC TRANSITIONS
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EXAMPLE

� CH3OH

� C2H5OH
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� C=C

� C-C
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CHROMOPHORES

� Chromophores are any structural features 

which are responsible for absorption of light in 

UV-Visb. Region.  
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AUXOCHROMES

� Auxochromes are not chromophore but their 

presence with chromophore, shift the 

absorption towards longer wavelength. 

67



68



69



70



71



72



73



74



75



76



77



ABSORPTION MAXIMA (ΛMAX)

� The absorption maximum (maxima is plural of

maximum) of a compound is where the

compound absorbs UV or visible light the most.
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UV-VISIBLE SPECTROPHOTOMETER

INSTRUMENTATION 
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WAVELENGTH SELECTION DEVICE

� Filters

� Prisms

� Gratings
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FILTERS

� Filters are colored glass pieces.

� They allow only particular color to pass through 

them.

� Remaining part is absorbed by filters
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CONSTRUCTION OF GRATINGS

� Gratings are made by drawing parallel grooves 

on glass plate.

� In old time gratings were made from diamond 

tipped tool to mark grooves on glass.

� Now a day grooves are marked by LASER.

� Such gratins are called Holographic gratings. 
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