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Theory for UV/vis 

Spectrometry

Molar Absorptivities

 Range 0 to 105

 Magnitude of  depends on capture cross 
section of the species and probability of the 
energy-absorbing transition.

  = 8.7 x 1019 P A

 P – transition probability

 A – cross-section target area, cm2
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Theory for UV/vis 

Spectrometry

Molar Absorptivities

  = 8.7 x 1019 P A

 P – transition probability

 A – cross-section target area, cm2

 

 Typical area for organic molecules are ~ 10-15 cm2

 P – range from 0 to 1 

 quantum allowed 0.1 to 1 (max = 104 to 105)

 Less than 103 – gives low intensity
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Theory for UV/vis 

Spectrometry

Absorbing Species

 Absorption of UV/vis radiation is a two 

step process:

 M + hv → M* (electronic excitation)

 M*  lifetime ~ 10-8 to 10-9 sec

 M* → M + heat (relaxation)
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Theory for UV/vis 

Spectrometry

Absorbing Species

 Relaxation occurs by:

– Conversion to heat

– Decomposition of M* (photochemical rxn)

– Reemission of fluorescence or phosphorescence
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Theory for UV/vis 

Spectrometry

Absorbing Species

 Absorption occurs by excitation of bonding 

electrons

 i.e.  correlates to type of bond in species

 Valuable in identifying functional groups
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Theory for UV/vis 

Spectrometry

Absorbing Species

 Three types of electronic transitions:

 -,  and n electrons

 -d and f electrons

 -charge transfer electrons
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Theory for UV/vis 

Spectrometry

 Absorbing Species that contain ,  and n 
electrons are:

– Organic molecules

– Organic ions

– Many inorganic anions

 Absorption of UV above the vacuum UV region 
is limited to functional groups (chromophores) 
that contain valence electrons at low excitation 
energies.
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Theory for UV/vis 

Spectrometry

Types of Absorbing Electrons

 Electrons of organic molecules 

contributing to absorption are:

– Those in bond formation between atoms

– Nonbonding or unshared outer electrons 

that are localized (i.e. oxygen, halogens, 

sulfur, nitrogen)
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Theory for UV/vis 

Spectrometry

Two atomic orbitals combine to produce:

– Low energy bonding molecular orbital

– High energy antibonding molecular orbital

Single bonds – sigma () orbitals

Double bonds – sigma () and pi () orbitals

Nonbonding electrons - n
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Theory for UV/vis 

Spectrometry
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Theory for UV/vis 

Spectrometry
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Theory for UV/vis 

Spectrometry
Electronic transitions are designated as 

  → *

 n → *

 n → *

  → *
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Theory for UV/vis 

Spectrometry

 → * Transitions

 Energy to promote a  transition is large 

needing far UV. 

 Examples:

 C-H bonds in methane seen at 125 nm. 

 C-C bonds in ethane at 135 nm.
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Theory for UV/vis 

Spectrometry

n → * Transitions

 Occur in compounds containing atoms 

with unshared electrons.

 Absorption region 150 to 250 nm
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Theory for UV/vis 

Spectrometry

Chem 4631



Theory for UV/vis 

Spectrometry

n → * and  → * Transitions

 Absorption region 200 – 700 nm

 Transition requires presence of 

unsaturated functional groups to provide 

 orbitals.
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Theory for UV/vis 

Spectrometry
Solvent Effects – See Lab Lecture 2

 Increasing polarity of the solvent:

– Shifts n → * transitions to shorter ’s (blue shift).

– Shifts  → * Transitions to higher ’s (red shift).

 Blue shift – from increase solvation of the 

unbonded electron pair, lowering the energy of 

the n orbital.

 Example: water or alcohol as solvents increases 

hydrogen bond formation.
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Theory for UV/vis 

Spectrometry
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Theory for UV/vis 

Spectrometry

Absorbing Species

 Three types of electronic transitions:

 -,  and n electrons

 -d and f electrons

 -charge transfer electrons
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Theory for UV/vis 

Spectrometry

Absorption involving d and f electrons

 Many transitions-metal ions absorb in 

UV or vis region.

 The lanthanide and actinide series give 

narrow well-defines peaks and are not 

affected by environment (shielding of f 

electrons).
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Theory for UV/vis 

Spectrometry

Absorption involving d and f electrons

 The transition metal ion and complexes 

give broad bands and are influenced by 

environment.
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Theory for UV/vis 

Spectrometry

Absorption involving d and f electrons

See Lab Lecture 2

 Two theories are proposed to explain the 

intense influence of environment on 

transition-metal ions.

– Crystal field theory

– Molecular orbital theory
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Theory for UV/vis 

Spectrometry

Absorbing Species

 Three types of electronic transitions:

 -,  and n electrons

 -d and f electrons

 -charge transfer electrons
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Theory for UV/vis 

Spectrometry

Charge Transfer Absorption

See Lab Lecture 2 

 Molar absorptivities for charge transfer 
complexes are very large (max > 10,000)

 Examples are inorganic complexes such 
as some complexes of Fe (II) and Fe (III).
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Atomic Spectroscopy
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Components of Optical 

Instruments
UV to IR

 Optical spectroscopy are based on:

– absorption

– fluorescence

– phosphorescence

– scattering

– emission

– chemiluminescence
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Components of Optical 

Instruments
UV to IR

 Basic components of spectroscopic 

instruments:

– stable source of radiant energy

– transparent container to hold sample

– device to isolate selected region of the 

spectrum for measurement

– detector to convert radiant energy to a signal

– signal processor and readout
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Components of Optical 

Instruments
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Components of Optical 

Instruments
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Components of Optical 

Instruments
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Components of Optical 

Instruments
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Assignment

• Read Chapter 6

• Read Chapter 7

• HW2: Ch. 6: 2-12, 14, 15, 18, 19 (extra 
credit) (Due 1-23)

• Go over Lab Lecture 2
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