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IntroductionIntroductionIntroductionIntroduction

 The use of  The use of  The use of  The use of absorption, emission, or absorption, emission, or absorption, emission, or absorption, emission, or 
scattering of electromagnetic radiationscattering of electromagnetic radiationscattering of electromagnetic radiationscattering of electromagnetic radiation    by by by by 
atoms, molecules or ions atoms, molecules or ions atoms, molecules or ions atoms, molecules or ions to study the to study the to study the to study the 
quantity, quality or physical processes of quantity, quality or physical processes of quantity, quality or physical processes of quantity, quality or physical processes of 
them. them. them. them.     

SpectroscopySpectroscopySpectroscopySpectroscopy

 Any procedures that uses light to measure  Any procedures that uses light to measure  Any procedures that uses light to measure  Any procedures that uses light to measure 
chemical concentrationschemical concentrationschemical concentrationschemical concentrations
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SpectroscopySpectroscopySpectroscopySpectroscopy

Interaction with radiation causes Interaction with radiation causes Interaction with radiation causes Interaction with radiation causes redirection redirection redirection redirection 
of radiation or of radiation or of radiation or of radiation or transitionstransitionstransitionstransitions between energy  between energy  between energy  between energy 
levels of atoms or molecules.levels of atoms or molecules.levels of atoms or molecules.levels of atoms or molecules.
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Interaction Interaction Interaction Interaction 
with light with light with light with light 

Redirection Redirection Redirection Redirection 

Transitions Transitions Transitions Transitions 

From lower to higher levelFrom lower to higher levelFrom lower to higher levelFrom lower to higher level From higher to lower levelFrom higher to lower levelFrom higher to lower levelFrom higher to lower level

Emission Emission Emission Emission Absorption Absorption Absorption Absorption 

Scattering Scattering Scattering Scattering 
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Absorption Absorption Absorption Absorption 

When light absorbed, When light absorbed, When light absorbed, When light absorbed, the structure the structure the structure the structure of a molecule or of a molecule or of a molecule or of a molecule or 
atom is excited to a atom is excited to a atom is excited to a atom is excited to a higher energy level.higher energy level.higher energy level.higher energy level.

Type of Type of Type of Type of 
excitationexcitationexcitationexcitation

Electrons Electrons Electrons Electrons 
promotionspromotionspromotionspromotions Vibrations Vibrations Vibrations Vibrations Rotations Rotations Rotations Rotations 

UV-VisUV-VisUV-VisUV-Vis IRIRIRIR MWMWMWMW
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Emission  Emission  Emission  Emission  
 Excited molecule or atom decay  Excited molecule or atom decay  Excited molecule or atom decay  Excited molecule or atom decay 
to a lower energy level by to a lower energy level by to a lower energy level by to a lower energy level by 
emitting radiation.emitting radiation.emitting radiation.emitting radiation.

Type of Type of Type of Type of 
emissionsemissionsemissionsemissions

Atomic/opticalAtomic/opticalAtomic/opticalAtomic/optical
emissionemissionemissionemission

AtomicAtomicAtomicAtomic
fluorescence fluorescence fluorescence fluorescence 

MolecularMolecularMolecularMolecular
fluorescence fluorescence fluorescence fluorescence 

    

Atoms excitedAtoms excitedAtoms excitedAtoms excited
by by by by ↑↑↑↑TTTT

Atoms excitedAtoms excitedAtoms excitedAtoms excited
by lightby lightby lightby light

Molecules  excitedMolecules  excitedMolecules  excitedMolecules  excited
by lightby lightby lightby light

Atomic emission Atomic emission Atomic emission Atomic emission 
spectroscopyspectroscopyspectroscopyspectroscopy

Atomic fluorescence Atomic fluorescence Atomic fluorescence Atomic fluorescence 
spectroscopyspectroscopyspectroscopyspectroscopy

Molecular fluorescence Molecular fluorescence Molecular fluorescence Molecular fluorescence 
spectroscopyspectroscopyspectroscopyspectroscopy
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MolecularMolecularMolecularMolecular
emissionsemissionsemissionsemissions

MolecularMolecularMolecularMolecular
fluorescencefluorescencefluorescencefluorescence 

MolecularMolecularMolecularMolecular
phosphorescence phosphorescence phosphorescence phosphorescence 

Transition of Transition of Transition of Transition of 
Same spinSame spinSame spinSame spin

Transition of Transition of Transition of Transition of 
different spindifferent spindifferent spindifferent spin
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Ground stateGround stateGround stateGround state
Singlet stateSinglet stateSinglet stateSinglet state

Opposed spinOpposed spinOpposed spinOpposed spin
Triplet stateTriplet stateTriplet stateTriplet state
ParallelspinParallelspinParallelspinParallelspin

           

Excitation Excitation Excitation Excitation 
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Scattering Scattering Scattering Scattering 

Redirection of light due to its interaction with matterRedirection of light due to its interaction with matterRedirection of light due to its interaction with matterRedirection of light due to its interaction with matter 

Types of Types of Types of Types of 
scatteringscatteringscatteringscattering

Rayleigh Rayleigh Rayleigh Rayleigh 
scatteringscatteringscatteringscattering

Brillouin Brillouin Brillouin Brillouin 
scatteringscatteringscatteringscattering

Raman Raman Raman Raman 
scattering scattering scattering scattering 

Scattering with Scattering with Scattering with Scattering with 
same same same same λλλλ

Scattering is shifted Scattering is shifted Scattering is shifted Scattering is shifted 
by 0.1 to 1 cmby 0.1 to 1 cmby 0.1 to 1 cmby 0.1 to 1 cm-1-1-1-1

Scattering is shifted Scattering is shifted Scattering is shifted Scattering is shifted 
by 4000 cmby 4000 cmby 4000 cmby 4000 cm-1-1-1-1

Due to vibrations in Due to vibrations in Due to vibrations in Due to vibrations in 
photons of transparent photons of transparent photons of transparent photons of transparent 

solidssolidssolidssolids

Due to vibrations in Due to vibrations in Due to vibrations in Due to vibrations in 
molecules or optical molecules or optical molecules or optical molecules or optical 

photons in solidsphotons in solidsphotons in solidsphotons in solids
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 Electromagnetic Radiation

Light is electromagnetic radiation (EMR)Light is electromagnetic radiation (EMR)Light is electromagnetic radiation (EMR)Light is electromagnetic radiation (EMR)

Electric fieldElectric fieldElectric fieldElectric field Magnetic fieldMagnetic fieldMagnetic fieldMagnetic fieldPerpendicularPerpendicularPerpendicularPerpendicular
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ight  EMREMREMREMR

Wave theoryWave theoryWave theoryWave theory Particle theoryParticle theoryParticle theoryParticle theory

EMR EMR EMR EMR 
•Undergoes Undergoes Undergoes Undergoes sinusoidal sinusoidal sinusoidal sinusoidal 
oscillationsoscillationsoscillationsoscillations
•Travel through a vacuumTravel through a vacuumTravel through a vacuumTravel through a vacuum
•Has a wavelengthHas a wavelengthHas a wavelengthHas a wavelength    

EMR EMR EMR EMR 
•is made up of is made up of is made up of is made up of packets of energy packets of energy packets of energy packets of energy 
called photons or quantacalled photons or quantacalled photons or quantacalled photons or quanta 
•a photon depends upon a photon depends upon a photon depends upon a photon depends upon 
the frequency of radiationthe frequency of radiationthe frequency of radiationthe frequency of radiation 
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QUANTUM MECHANICS

•                             Electromagnetic radiationElectromagnetic radiationElectromagnetic radiationElectromagnetic radiation

• Properties of waves:Properties of waves:Properties of waves:Properties of waves:

�Wavelength Wavelength Wavelength Wavelength (lambda-(lambda-(lambda-(lambda-λλλλ))))

� FrequencyFrequencyFrequencyFrequency ( ( ( (νννν))))

� Speed Speed Speed Speed (equal to speed of light)(equal to speed of light)(equal to speed of light)(equal to speed of light)
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Properties of Waves

WavelengthWavelengthWavelengthWavelength ( ( ( (λλλλ)))) is the distance between identical points on 
successive waves.

AmplitudeAmplitudeAmplitudeAmplitude is the vertical distance from the midline of a 
wave to the peak or trough.
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Properties of Waves

FrequencyFrequencyFrequencyFrequency (νννν) is the number of waves that pass 
through a particular point in 1 second (Hz = 1 cycle/s).

The speed (The speed (The speed (The speed (cccc) of the wave ) of the wave ) of the wave ) of the wave = λλλλ    x    νννν
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Maxwell (1873), proposed that visible light consists of 
electromagnetic waves.

Electromagnetic Electromagnetic Electromagnetic Electromagnetic 
radiationradiationradiationradiation is the emission 
and transmission of 
energy in the form of 
electromagnetic waves.

Speed of light (Speed of light (Speed of light (Speed of light (cccc) in vacuum = 3.00 x 10) in vacuum = 3.00 x 10) in vacuum = 3.00 x 10) in vacuum = 3.00 x 108888 m/s m/s m/s m/s
= 3.00  x 10= 3.00  x 10= 3.00  x 10= 3.00  x 1010 10 10 10 cm/scm/scm/scm/s                    

AllAllAllAll electromagnetic radiation
CCCC    = λλλλ    x    νννν
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λλλλ x  x  x  x νννν = c = c = c = c

λ = c/ν

λ = 3.00 x 108 m/s //// 6.0 x 104 Hz 

λ = 5.0 x 103 m

Radio 
wave

λ = 5.0 x 1012 nm

λλλλ

νννν

A photon has a frequency A photon has a frequency A photon has a frequency A photon has a frequency of 6.0 x 10of 6.0 x 10of 6.0 x 10of 6.0 x 104444 Hz.  Hz.  Hz.  Hz. 
Convert this frequency into wavelength (nm).  Convert this frequency into wavelength (nm).  Convert this frequency into wavelength (nm).  Convert this frequency into wavelength (nm).  
Does this frequency Does this frequency Does this frequency Does this frequency fall in the visible region?fall in the visible region?fall in the visible region?fall in the visible region?
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Energy (light) Energy (light) Energy (light) Energy (light) is emitted or absorbed in is emitted or absorbed in is emitted or absorbed in is emitted or absorbed in 
discrete units (quantum).discrete units (quantum).discrete units (quantum).discrete units (quantum).

         E = h          E = h          E = h          E = h x    ν    ν    ν    ν    = h c/ = h c/ = h c/ = h c/ λλλλ

Planck’s constant (h)
                h = 6.63 x 10                h = 6.63 x 10                h = 6.63 x 10                h = 6.63 x 10-34-34-34-34 J J J J••••ssss

c = speed of light = 2.998 x 10c = speed of light = 2.998 x 10c = speed of light = 2.998 x 10c = speed of light = 2.998 x 108888 m s m s m s m s-1-1-1-1
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E = h x E = h x E = h x E = h x νννν

E = 6.63 x 106.63 x 106.63 x 106.63 x 10-34-34-34-34 (J (J (J (J••••s) s) s) s) x 3.00 x 10 3.00 x 10 3.00 x 10 3.00 x 10 8888 (m/s (m/s (m/s (m/s) ) ) ) / 
                         0.154 x 10                         0.154 x 10                         0.154 x 10                         0.154 x 10-9-9-9-9 (m) (m) (m) (m)

E = 1.29 x 10 E = 1.29 x 10 E = 1.29 x 10 E = 1.29 x 10 -15-15-15-15 J J J J

E = h x c /E = h x c /E = h x c /E = h x c / λ λ λ λ

    When copper is bombarded with high-energy electrons, 
X rays are emitted. Calculate the energy (in joules) Calculate the energy (in joules) Calculate the energy (in joules) Calculate the energy (in joules) 
associated with the photons if the wavelength of thewavelength of thewavelength of thewavelength of the
 X rays is 0.154 nm X rays is 0.154 nm X rays is 0.154 nm X rays is 0.154 nm.
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Electromagnetic Spectrum

A continuum of all electromagnetic waves arranged according 
to frequency and wavelength.



750nm-400nm

400 nm-1 nm 25 m 25 m 25 m 25 m –––– 2.5 m  2.5 m  2.5 m  2.5 m 

1 mm-25 m

> 1 mm
1 nm -1 pm

< 1 pm< 1 pm< 1 pm< 1 pm
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BandBandBandBand Hz Wavelength (nm)Wavelength (nm)Wavelength (nm)Wavelength (nm) Type of transitionType of transitionType of transitionType of transition

Gamma Gamma Gamma Gamma 
rayrayrayray 1010101020202020-10-10-10-1024242424 < 1 pm< 1 pm< 1 pm< 1 pm Nuclear Nuclear Nuclear Nuclear 

X-RayX-RayX-RayX-Ray 1010101017171717-10-10-10-1020202020 1 nm -1 pm1 nm -1 pm1 nm -1 pm1 nm -1 pm Inner electronInner electronInner electronInner electron
UltraviolUltraviolUltraviolUltraviol
et, UVet, UVet, UVet, UV 1010101015151515-10-10-10-1017171717 400 nm-1 nm400 nm-1 nm400 nm-1 nm400 nm-1 nm Outer electronOuter electronOuter electronOuter electron

                Visible Visible Visible Visible 4-7.5 x 104-7.5 x 104-7.5 x 104-7.5 x 1014141414 750 nm 750 nm 750 nm 750 nm –––– 400 nm 400 nm 400 nm 400 nm Outer electronOuter electronOuter electronOuter electron
                near-near-near-near-
infraredinfraredinfraredinfrared 1x101x101x101x1014141414-4x10-4x10-4x10-4x1014141414 2.5 m 2.5 m 2.5 m 2.5 m –––– 750 nm 750 nm 750 nm 750 nm Outer electron molecular Outer electron molecular Outer electron molecular Outer electron molecular 

vibrationsvibrationsvibrationsvibrations
Infrared, Infrared, Infrared, Infrared, 
IRIRIRIR 1010101013131313-10-10-10-1014141414 25 m 25 m 25 m 25 m –––– 2.5 m  2.5 m  2.5 m  2.5 m Molecular vibrationsMolecular vibrationsMolecular vibrationsMolecular vibrations

microwavmicrowavmicrowavmicrowav
eseseses 3x103x103x103x1011111111-10-10-10-1013131313 1 mm-25 m1 mm-25 m1 mm-25 m1 mm-25 m Molecular rotations, electron Molecular rotations, electron Molecular rotations, electron Molecular rotations, electron 

spin flipsspin flipsspin flipsspin flips

radio radio radio radio 
waveswaveswaveswaves < 3x10< 3x10< 3x10< 3x1011111111 > 1 mm> 1 mm> 1 mm> 1 mm Nuclear spin flipsNuclear spin flipsNuclear spin flipsNuclear spin flips

Spectral bands of incoming solar energy and atmospheric effectsSpectral bands of incoming solar energy and atmospheric effectsSpectral bands of incoming solar energy and atmospheric effectsSpectral bands of incoming solar energy and atmospheric effects    
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The structure of the atoms and molecules cause The structure of the atoms and molecules cause The structure of the atoms and molecules cause The structure of the atoms and molecules cause 
some wavelength to be absorbed and some to be some wavelength to be absorbed and some to be some wavelength to be absorbed and some to be some wavelength to be absorbed and some to be 
reflectedreflectedreflectedreflected

Atoms at room temperature are usually in their Atoms at room temperature are usually in their Atoms at room temperature are usually in their Atoms at room temperature are usually in their 
lowest electronic energy state known as thelowest electronic energy state known as thelowest electronic energy state known as thelowest electronic energy state known as the
    ground stateground stateground stateground state    

Absorption and Emission of Electromagnetic radiationsAbsorption and Emission of Electromagnetic radiationsAbsorption and Emission of Electromagnetic radiationsAbsorption and Emission of Electromagnetic radiations
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Electrons atoms can move from one Electrons atoms can move from one Electrons atoms can move from one Electrons atoms can move from one 
energy  level to a higher one if; energy  level to a higher one if; energy  level to a higher one if; energy  level to a higher one if; 

1.1.1.1.  They absorb the right amount of  They absorb the right amount of  They absorb the right amount of  They absorb the right amount of 
energy energy energy energy 

2. There are vacant higher energy levels 2. There are vacant higher energy levels 2. There are vacant higher energy levels 2. There are vacant higher energy levels 

AAAA

BBBB

CCCC
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Energy TransitionEnergy TransitionEnergy TransitionEnergy Transition

A + hv  A + hv  A + hv  A + hv  →→→→ A A A A****

AAAA****
Unstable Unstable Unstable Unstable 
Relaxes within 10Relaxes within 10Relaxes within 10Relaxes within 10-6-6-6-6-10-10-10-10-9-9-9-9ssss

AAAA****→→→→ A + hv (H or/and EMR) A + hv (H or/and EMR) A + hv (H or/and EMR) A + hv (H or/and EMR)

E0  =  Eelectronic  +  Erotational  +  Evibrational 

Eelectronic

Evibrational

Only Only Only Only the absorption of radiation in the absorption of radiation in the absorption of radiation in the absorption of radiation in 
the the the the visible and ultra-violetvisible and ultra-violetvisible and ultra-violetvisible and ultra-violet region of  region of  region of  region of 
the electromagnetic spectrum can the electromagnetic spectrum can the electromagnetic spectrum can the electromagnetic spectrum can 
cause cause cause cause Eelectronic. 
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Excited state atoms obtained by Excited state atoms obtained by Excited state atoms obtained by Excited state atoms obtained by 

Obtained byObtained byObtained byObtained by

Absorption ofAbsorption ofAbsorption ofAbsorption of
EEEE

Bombardment Bombardment Bombardment Bombardment 
with particles with particles with particles with particles ↑↑↑↑ voltage   voltage   voltage   voltage  Heat by flameHeat by flameHeat by flameHeat by flame
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A

λ

Absorption spectrumAbsorption spectrumAbsorption spectrumAbsorption spectrum  T T T T
OrOrOrOr
%T%T%T%T

λ

Transmission spectrumTransmission spectrumTransmission spectrumTransmission spectrum

a continuous spectrum except 
that it is upside down relative 
to the absorption spectrum.  

A plot of the amount A plot of the amount A plot of the amount A plot of the amount of of of of 
radiation absorbed by a radiation absorbed by a radiation absorbed by a radiation absorbed by a 
sample sample sample sample versus the versus the versus the versus the 
wavelength of the wavelength of the wavelength of the wavelength of the 
radiation radiation radiation radiation 
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A

A*

Absorption Emission

Emission  Emission  Emission  Emission  

Excited atoms generated by the use of 
thermal or electrical energy return to the 
ground state because the ground state is 
the lowest energy state 

em

λ

Emission spectrumEmission spectrumEmission spectrumEmission spectrum
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    give quantitative results give quantitative results give quantitative results give quantitative results 
can be used for the identification of  identification of  identification of  identification of 
elements elements elements elements based on the peak wavelength 
which is unique for each element.unique for each element.unique for each element.unique for each element.

Emission  Emission  Emission  Emission  

advantage of emission spectraadvantage of emission spectraadvantage of emission spectraadvantage of emission spectra
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• Measurement of 
atoms atoms atoms atoms in the UV-
visible region 

atomic atomic atomic atomic 
spectroscopy spectroscopy spectroscopy spectroscopy 

• Measurement of 
moleculesmoleculesmoleculesmolecules    in the UV-
visible region 

UV-visible UV-visible UV-visible UV-visible 
spectrophotometry spectrophotometry spectrophotometry spectrophotometry 
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Atomic spectroscopyAtomic spectroscopyAtomic spectroscopyAtomic spectroscopy UV-VIS spectrophotometryUV-VIS spectrophotometryUV-VIS spectrophotometryUV-VIS spectrophotometry

1 Atoms must be in free gas 
phase in the ground state. 

Samples are usually in solution

2 Absorption spectrum formed is 
a line spectrum.  .

Absorption spectrum formed is 
a continuous spectrum. 

3 Sources of radiation are 
spectral line sources.  

Sources of radiation emit all 
the wavelengths in the given 
region

4 Highly limited, only elements 
(metals) can be analysed.

Large numbers of molecules 
and complex ions can be 
analysed.

5 Wavelengths of measurements 
are known and can be simply 
looked up in books.

Need to sometimes scan the 
absorption spectral in order 
to obtain wavelength for 
maximum absorption.
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T = I / IT = I / IT = I / IT = I / I0000 %T = T x 100%T = T x 100%T = T x 100%T = T x 100 

A = - log TA = - log TA = - log TA = - log T = - log= - log= - log= - log I / II / II / II / I0000

IIII0000    is the incident radiant power or intensity
IIII is the radient intensity that remains
bbbb is the path length

We can describe how the light is absorbed by either the 
transmittance or the absorbance:

How compounds absorb ultraviolet (UV) or visible light?
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THE THE THE THE BEER-LAMBERTBEER-LAMBERTBEER-LAMBERTBEER-LAMBERT LAW LAW LAW LAW
� For a light absorbing medium, the light intensity falls 

exponentially with sample depth.sample depth.sample depth.sample depth.
� T = transmittance.
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Sample concentrationSample concentrationSample concentrationSample concentration
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THE BEER-LAMBERT LAWTHE BEER-LAMBERT LAWTHE BEER-LAMBERT LAWTHE BEER-LAMBERT LAW
� For a light absorbing medium, the light intensity falls 

exponentially with increasing sample concentration.
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The Beer-Lambert law is more useful because the relationship 
between absorbance and concentration is linear.

THE BEER-LAMBERT LAWTHE BEER-LAMBERT LAWTHE BEER-LAMBERT LAWTHE BEER-LAMBERT LAW
TAcbA 10log−== λε

� The negative logarithm of T is called the absorbance (A) 
and this is directly proportional to sample depth (called 
pathlength, b) and sample concentration (c). 

� The equation is called the Beer-Lambert lawBeer-Lambert lawBeer-Lambert lawBeer-Lambert law.
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� A plot of A versus c is called a Beer-Lambert plot.
� � is called the molar absorption coefficient and has units of dm3 mol-

1 cm-1

�  b is the path length of the cuvette in which the sample is contained 
(in cm)

� In the UV-VIS region, the maximum value of � observed is ~105  dm3 
mol-1 cm-1, which is found in many natural pigments  (e.g.chlorophyll) 
and in sunscreens.

THE BEER-LAMBERT LAWTHE BEER-LAMBERT LAWTHE BEER-LAMBERT LAWTHE BEER-LAMBERT LAW

cbA λε=

0000
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Parsol 340 (10Parsol 340 (10Parsol 340 (10Parsol 340 (10-4-4-4-4 M in MEOH) M in MEOH) M in MEOH) M in MEOH)

0000
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THE BEER-LAMBERT LAWTHE BEER-LAMBERT LAWTHE BEER-LAMBERT LAWTHE BEER-LAMBERT LAW

TAclA 10log−== λε

Beer-Lambert plot for Parsol 340 in ethanolBeer-Lambert plot for Parsol 340 in ethanolBeer-Lambert plot for Parsol 340 in ethanolBeer-Lambert plot for Parsol 340 in ethanol

y = 13245x + 0.0351
R2 = 0.9995
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β-CAROTENE

LYCOPENE

NHO
H

O PARACETAMOLPARACETAMOLPARACETAMOLPARACETAMOL

HIGHLY HIGHLY HIGHLY HIGHLY ‘‘‘‘CONJUGATEDCONJUGATEDCONJUGATEDCONJUGATED’’’’    
MOLECULES ARE COLOUREDMOLECULES ARE COLOUREDMOLECULES ARE COLOUREDMOLECULES ARE COLOURED
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1. At 1. At 1. At 1. At ↑↑↑↑c, the linear relationship betweenc, the linear relationship betweenc, the linear relationship betweenc, the linear relationship between
 A and c does not hold good. A and c does not hold good. A and c does not hold good. A and c does not hold good.

2. Absorbtivity depends on the refractive index 2. Absorbtivity depends on the refractive index 2. Absorbtivity depends on the refractive index 2. Absorbtivity depends on the refractive index 
of the medium which is a function of concentration.of the medium which is a function of concentration.of the medium which is a function of concentration.of the medium which is a function of concentration.

3. Association, dissociation or reaction with the 3. Association, dissociation or reaction with the 3. Association, dissociation or reaction with the 3. Association, dissociation or reaction with the 
solvent distort linearity. solvent distort linearity. solvent distort linearity. solvent distort linearity. 

Limitations of the Beer Lambert LawLimitations of the Beer Lambert LawLimitations of the Beer Lambert LawLimitations of the Beer Lambert Law
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at high concentrations
if there is scattering of light due to 
particulates in the sample
if the sample fluoresces or phosphoresces
if the radiation is not monochromatic
if there is stray light

Non-linearity of Beer-Lambert’s law Beer’s

law is linear in most cases, except:
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High concentration results in non-linearity because:

 Strong electrostatic interactions between molecules
Might cause  changes in refractive index
 In a system in chemical equilibrium, equilibrium may 

shift at high concentrations

Concentration Effects
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InstrumentationInstrumentationInstrumentationInstrumentation

ContiniousContiniousContiniousContinious
OrOrOrOr
DiscontinuousDiscontinuousDiscontinuousDiscontinuous  

Optical FiltersOptical FiltersOptical FiltersOptical Filters
Monochromators Monochromators Monochromators Monochromators 
Interferometers Interferometers Interferometers Interferometers 

Sample holderSample holderSample holderSample holder
cuvettecuvettecuvettecuvette  

Photo tubesPhoto tubesPhoto tubesPhoto tubes
 PMT PMT PMT PMT’ssss
Silicon photodiodesSilicon photodiodesSilicon photodiodesSilicon photodiodes    

Computer displayComputer displayComputer displayComputer display
Digital or analog readoutDigital or analog readoutDigital or analog readoutDigital or analog readout
Strip chart recorderStrip chart recorderStrip chart recorderStrip chart recorder
Integrator Integrator Integrator Integrator 



44

SourceSourceSourceSource

Continuous sourcesContinuous sourcesContinuous sourcesContinuous sources Discontinuous (discrete) Discontinuous (discrete) Discontinuous (discrete) Discontinuous (discrete) 
sourcessourcessourcessources

Produce spectra over broad 
band

Produce only specific 
wavelengths 

Deuterium Arc Lamp

Tungsten Lamp

A Hollow cathode lamp 
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Sample HolderSample HolderSample HolderSample Holder
                   Receptacle for Sample                   Receptacle for Sample                   Receptacle for Sample                   Receptacle for Sample. 
MaterialMaterialMaterialMaterial
• Quartz, Fused Silica (Using over 190nm)
• Glass (Using Over Visible Region)



46

CLASS PROBLEMSCLASS PROBLEMSCLASS PROBLEMSCLASS PROBLEMS

1.  In a UV-VIS study of commercial alcoholic drinks, it was 
found that an alcopop sample had an absorbance of 0.21 at 
its �max (630 nm) in a 1 cm cuvette.  Given that the molar 
absorption coefficient of the dye is 50,000 dm3 mol-1 cm-1, 
what is the dye concentration and what colour is the dye 
likely to be?
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cbA λε=

� = 50,000 dm3 mol-1 cm-1b = 1 cmA = 0.21

c = A

ε b

c = 
0.21

50,000 dm3 mol-1 cm-1 x 1 cm 

c = 4.2 x 10-6 mol  dm-3

�max (630 nm) is Red
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ColorColorColorColor Wavelength (nm)Wavelength (nm)Wavelength (nm)Wavelength (nm) Frequency (THz)Frequency (THz)Frequency (THz)Frequency (THz)

RedRedRedRed
OrangeOrangeOrangeOrange 
YellowYellowYellowYellow
GreenGreenGreenGreen
BlueBlueBlueBlue
VioletVioletVioletViolet

780 - 622 
622 - 597
597 - 577
577 - 492
492 - 455
455 - 390

384 - 482
482 - 503
503 - 520
520 - 610
610 - 659
659 - 769
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Quantitative Analysis
• A < 1A < 1A < 1A < 1

– If A > 1:
• Dilute the sample
• Use a narrower cuvette 

– (cuvettes are usually 1 mm, 1 cm or 10 cm) 

• Plot the data (A v C) to produce a calibration ‘curve’
• Obtain equation of straight line (y=mx) from line of ‘best fit’
• Use equation to calculate the concentration of the unknown(s)
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Quantitative Analysis

Calibration curve showing absorbance as Calibration curve showing absorbance as Calibration curve showing absorbance as Calibration curve showing absorbance as 
a function of metal concentrationa function of metal concentrationa function of metal concentrationa function of metal concentration

y = 0.9982x
R2 = 0.9996
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