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The visible region of the spectrum comprises photon energies of 36 to 72 
kcal/mole, and the near ultraviolet region, out to 200 nm, extends this energy 
range to 143 kcal/mole.
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Molecular Orbitals – Review (cont’d)



π Molecular Orbitals of Ethene (Ethylene)
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The σ(sp2–sp2) framework is irrelevant



π Molecular Orbitals of 1,3-Butadiene 



π Molecular Orbitals for Benzene



Electronic Excitations in Organic Molecules 

Two of the 6 transitions are in the Visible spectrum.  Which ones?  Why?



Chromophore Example Excitation λmax, nm ε Solvent

C=C Ethene π __> π* 171 15,000 hexane

C≡C 1-Hexyne π __> π* 180 10,000 hexane

C=O Ethanal
n __> π*
π __> π*

290
180

15
10,000

hexane
hexane

N=O
Nitro-

methane
n __> π*
π __> π*

275
200

17
5,000

ethanol
ethanol

C-X
X=Br
X=I

Methyl 
bromide
Methyl 
Iodide

n __> σ*
n __> σ*

205
255

200
360

hexane
hexane



σ → σ* Transitions:
Methane (which has only C-H bonds, and can only undergo σ σ* transitions) 
shows an absorbance maximum at 125 nm.
n → σ* Transitions:
Saturated compounds containing atoms with lone pairs (non-bonding 
electrons) are capable of n → σ* transitions. These transitions usually need less 
energy than σ → σ* transitions. They can be initiated by light whose 
wavelength is in the range 150 - 250 nm. The number of organic functional 
groups with n → σ* peaks in the UV region is small.
n → π* Transitions:
Most absorption spectroscopy of organic compounds is based on transitions of 
n or π electrons to the π * excited state. This is because the absorption peaks for 
these transitions fall in an experimentally convenient region of the spectrum 
(200 - 700 nm). These transitions need an unsaturated group in the molecule to 
provide the π electrons.
Molar absorptivities from n → π* transitions are relatively low, and range from 
10 to100 L mol-1 cm-1 . π → π* transitions normally give molar absorptivities 
between 1000 and 10,000 L mol-1 cm-1 .







Atomic Line Spectra vs. Molecular Band Spectra

Java applet for all elements:
http://jersey.uoregon.edu/vlab/elements/Elements.htmlof H:

http://jersey.uoregon.edu/vlab/elements/Elements.html
http://jersey.uoregon.edu/vlab/elements/Elements.html


Molecular Absorption Bands & Fine Structure



Selection Rules for Possible Transitions
(not all transitions are possible – Inherent Limitations)

Molar absorptivities may be very large for strongly absorbing chromophores (>10,000) and very small if absorption 
is weak (10 to 100). The magnitude of ε reflects both the size of the chromophore and the probability that light of a 
given wavelength will be absorbed when it strikes the chromophore. A general equation stating this relationship 
may be written as follows:

ε = 0.87 • 1020 Ρ • a ( where Ρ is the transition probability ( 0 to 1 ) & a is the chromophore area in cm2 )
The factors that influence transition probabilities are complex, and are treated by what spectroscopists refer to as 
"Selection Rules". A rigorous discussion of selection rules is beyond the scope of this text, but one obvious factor is 
the overlap of the orbitals involved in the electronic excitation. This is nicely illustrated by the two common 
transitions of an isolated carbonyl group. The n __> π* transition is lower in energy (λmax=290 nm) than the 
π __> π* transition (λmax=180 nm), but the ε of the former is a thousand times smaller than the latter. The spatial 
distribution of these orbitals suggests why this is so. As illustrated in the following diagram, the n-orbitals do not 
overlap at all well with the π* orbital, so the probability of this excitation is small. The π __> π* transition, on the 
other hand, involves orbitals that have significant overlap, and the probability is near 1.0.



Nature of Shift Descriptive Term

To Longer Wavelength Bathochromic (Red Shift)

To Shorter Wavelength Hypsochromic (Blue Shift)

To Greater Absorbance Hyperchromic

To Lower Absorbance Hypochromic

Terminology for Absorption Shifts

naphthalene anthracene tetracene

(orange)



Conjugation Effects

Each additional 
double bond in 
the conjugated pi-
electron system 
shifts the 
absorption 
maximum about 
30 nm in the same 
direction
(Bathochromic 
Shift).
Also, the molar 
absorptivity (ε) 
roughly doubles 
with each new 
conjugated double 
bond
(Hyperchromic 
Shift).

Fine structure 
is due to 
various 
transitions 
between 
vibrational 
energy levels 
for each 
electronic 
transition.



Conjugation Effects

165 nm 217 nm


