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» Many of the colours of the objects in the world around us arises from
transitions in which an electron is promoted from one orbital of a molecule or
ion into another.

» Some cases the relocation of an electron may be so extensive that it results in
the breaking of a bond and the initiation of a chemical reaction.

» To understand these physical and chemical phenomena, We need to explore
the origins of electronic transitions in molecules.
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The electronic, vibrational, and rotational energies of a molecule are completely
independent of each other.

Etotal — Eelectronic + Evibration T Erotation

AE; s = AE 1. + AE,;, + AE, ¢ Joule

Agtot.z Agelec. T Agvib. + Agrot. cm™1

* Vibrational changes will produce a 'coarse structure' and rotational changes a 'fine
structure' on the spectra of electronic transitions.

* Unlike Pure rotational and vibrational spectroscopy where dipole moment and
dipole moment change is required, electronic spectra are given by all molecules

since changes in the electron distribution in a molecule are always accompanied
by a dipole change.



For coarse vibrational spectra, rotational changes could be ignored

Etot. = Eelec. T Evib. cm™! ®
—T *
There is essentially no selection rule for v when a ! 3
molecule undergoes an electronic transition. I ?
I 1
Transitions are conventionally labelled according T | v = O feicc
to their (V', v') numbers (note: upper state first), ! l : } .
thatis (0, 0), (1, 0), (2, 0), etc. ! ! |
Such a set of transitions is called a band since, 2
under low resolution, each line of the set 1 — i - 4 i !
appears somewhat broad and diffuse, and is ] | E—"
more particularly called a v’ progression, since 0.0 10 20 30 40 5060
the value of v' increases by unity for each line in ‘ l I
the set.




Vibrational Coarse Structure: Progressions

AEtor = AEgiec. + AE,;p. Joule

A‘91,“01:.= A‘E'elec. T Agvib.

Uspec. = (£ = ") + {(v" + H)@; = x,(v" + §)*&}

—{@"+ Do) —x/W" + P} em!
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W,, W, , X,and x, = Can be calculated



Classical and quantum theory
both suggest that the oscillating
atom would spend most of its
time on the curve at the turning
point of its motion, since It Is
moving most slowly there, I.e, at
the extremities.

Quantum theory, shows that for v
= 0 the atom is most likely to be
found at the centre of its motion,
l.e. at the equilibrium internuclear
distance r,,.

Energy

Internuclear distance



The Franck-Condon Principle

Franck-Condon principle states that an electronic transition takes place so rapidly
that a vibrating molecule does not change its internuclear distance appreciably
during the transition.

If a diatomic molecule undergoes a transition into an upper electronic state in which
the excited molecule is stable with respect to dissociation into its atoms, then we can
represent the upper state by a Morse curve similar in outline to that of the ground
electronic state

We should consider each excited molecule as a new, but rather similar, molecule
with a different, but also rather similar, Morse curve because the vibrational
frequency, internuclear distance, anharmonicity constants and dissociation energies
may differ.



Condition 1: when r,, (ground state) = r,, (excited state)
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Condition 2: when r,, (ground state) > r, (excited state)
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Condition 3: when r,, (ground state) <r,, (excited state)
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Condition 4: when r, (ground state) <<, (excited state)
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