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Theory for UV/vis 

Spectrometry

Molar Absorptivities

Range 0 to 105

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

e = 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

e = 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 (emax = 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)

Chem 4631



Theory for UV/vis 

Spectrometry

Absorbing Species

Relaxation occurs by:

– Conversion to heat

– Decomposition of M* (photochemical rxn)

– Reemission of fluorescence or phosphorescence

Chem 4631



Theory for UV/vis 

Spectrometry

Absorbing Species

Absorption occurs by excitation of bonding 

electrons

i.e. l 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:

-p, s, and n electrons

-d and f electrons

-charge transfer electrons

Chem 4631



Theory for UV/vis 

Spectrometry

Absorbing Species that contain p, s, 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 (s) orbitals

Double bonds – sigma (s) and pi (p) 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 

s→ s*

n → s*

n → p*

p→ p*
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Theory for UV/vis 

Spectrometry

s→ s* 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 → s* 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 → p* and p→ p* Transitions

Absorption region 200 – 700 nm

Transition requires presence of 

unsaturated functional groups to provide 

p orbitals.
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Theory for UV/vis 

Spectrometry
Solvent Effects – See Lab Lecture 2

Increasing polarity of the solvent:

– Shifts n → p* transitions to shorter l’s (blue shift).

– Shifts p→ p* Transitions to higher l’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:

-p, s, and n electrons

-d and f electrons

-charge transfer electrons

Chem 4631



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:

-p, s, 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 (emax > 10,000)

Examples are inorganic complexes such 
as some complexes of Fe (II) and Fe (III).
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Fluorescence Spectroscopy
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Molecular Luminescence 

Spectrometry

Transition type

Fluorescence seldom seen for l’s lower 

than 250 nm, because at these l’s 

predissociation or dissociation occurs.

Seldom see s*  → s transitions for 

fluorescence

Fluorescence due to p*  → p and p*  → n 

processes
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Molecular Luminescence 

Spectrometry

Structure

Fluorescence more common in 

compounds having aromatic functional 

groups with low energy p → p* 

transition levels.
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Molecular Luminescence 

Spectrometry

Structure

Fluorescence higher with increasing 

number of rings.
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Molecular Luminescence 

Spectrometry

Substitution on the rings also affect fluorescence:

Groups with non-bonding electrons enhance 

fluorescence

-NH2, -OH, -F, -OCH3, -NHR and –NR2

Groups with electron withdrawing groups quench 

fluorescence

-COOH, -NO2, -NH-CO-CH3, -Cl, -Br, -I
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Molecular Luminescence 

Spectrometry
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Molecular Luminescence 

Spectrometry
Effects on Fluorescence

• Very rigid structures are more likely to 

fluorescence.

• Complexing will increase fluorescence.
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Molecular Luminescence 

Spectrometry
Effects on Fluorescence

• Fluorescence decreases with increasing 
temperature – more collisions.

• Fluorescence decreases with solvents containing 
heavy atoms, (increases rate of triplet 
formation).

• Fluorescence decreases with dissolved oxygen 
(has paramagnetic properties, promotes 
intersystem crossing to triplet state).
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Molecular Luminescence 

Spectrometry
Effects on Fluorescence

• Fluorescence increases with more 

resonance forms
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Molecular Luminescence 

Spectrometry

Quantum yield –

# of fluorescence photons / # of absorbed 

photons (or # of excited molecules)
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Molecular Luminescence 

Spectrometry

Quantitative Analysis using Fluorescence

F = Io fF f(q)  g(l)  (1 - e-ebc)

fF - quantum efficiency

f(q) - geometric factor (usually 90o)

g(l) - efficiency of detector as function of 
wavelength
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Molecular Luminescence 

Spectrometry

Quantitative Analysis using Fluorescence

When e-ebc < 0.5 then 

F = 2.3 Io fF f(q)  g(l)  e-ebc
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Molecular Luminescence 

Spectrometry

Applications

Fluorescence and phosphorescence 

methods more sensitive than absorbance 

methods since Intensity is measured 

independently of the source, Po.

However precision and accuracy are 2-5 

times less than for absorbance methods.
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Molecular Luminescence 

Spectrometry

Applications

Determination of Inorganic Species

Non-transition metal ions form 

fluorescing chelates over transition 

metals because transition metals tend to 

be paramagnetic and deactivation is 

more likely by internal conversion.
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Molecular Luminescence 

Spectrometry
Fluorometric Reagents
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Molecular Luminescence 

Spectrometry

Applications

Determination of organic species

Used for enzymes, coenzymes, medical 

agents, plant products, steroids, vitamins, 

food products and more. 

Widely used technique for a vast range of 

organics.
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Molecular Luminescence 

Spectrometry

Applications

Lifetime Measurements

To study luminescence decay rates need 

mode-lock lasers to produce pulses of 

radiation with widths of 70-100 ps for 

excitation and fast-rise time PMTs for 

detection.
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Molecular Luminescence 

Spectrometry
Applications

Lifetime Measurements

Chem 4631



Molecular Luminescence 

Spectrometry

Analysis of Gases

Used for determining atmospheric 

pollutants, i.e. ozone, nitrogen oxides, 

sulfurs.

Example. Determination of nitrogen monoxide

NO + O3 → NO2* + O2

NO2* → NO2 + hv (l = 600-2800 nm)
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Molecular Luminescence 

Spectrometry

Analysis of Gases

Used for determining atmospheric 

pollutants, i.e. ozone, nitrogen oxides, 

sulfurs.
Example. Determination of atmospheric sulfur compounds

4H2 + 2SO2→ S2* + 4H2O

S2* → S2 + hv (l = 384 and 394 nm)
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Assignment

• Read Chapter 6

• HW2: Ch. 6: 2-12, 14, 15, 18, 19 (extra 
credit) (Due 1-29)

• Go over Lab Lecture 2

• Read Chapter 15

• Read Chapter 16 & 17

• HW 3: Ch. 16: 7, 8, 11 and Ch. 17: 2, 4, 5 

(Due 1-31)

• HW4: Ch. 15: 1, 2, 4, 5, 9, 13 (Due 2-2)




