The Franck-Condon Principle describes the
intensities of vibronic transitions, or the
absorption or emission of a photon. It states
that when a molecule is undergoing an electronic
transition, such as ionization, the nuclear
configuration of the molecule experiences no
significant change. This is due in fact that nuclei
are much more massive than electrons and the
electronic transition takes place faster than the
nuclei can respond. When the nucleus realigns
itself with the new electronic configuration, the
theory states that it must undergo a vibration.

If we picture the vertical transition from ground
to excited electronic state as occurring from a
vibrational wave function that gives a probability
distribution of finding the nuclei in a give region
of space we can determine the probability of a
given vibrational level from the overlap integral
S.. . which gives the overlap of the vibrational

v,V
wave function in the ground and excited state.

The v’ quantum numbers refer to the ground
state and the v quantum numbers refer to the
excited state. The transition probability can be
separated into electronic and nuclear parts using
the Condon approximation.
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Figure 13.7.1: Franck—Condon principle energy
diagram. Since electronic transitions are very fast
compared with nuclear motions, vibrational levels
are favored when they correspond to a minimal
change in the nuclear coordinates. The potential
wells are shown favoring transitions between
v=0andv =2.(CC-SA-BY-3.0; Samoza).
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In Figure 13.7.1, the nuclear axis shows a
consequence of the internuclear separation and
the vibronic transition is indicated by the blue
and green vertical arrows. This figure
demonstrates three things:

1. An absorption leads to a higher energy state,

2. fluorescence leads to a lower energy state,
and

3. the shift in nuclear coordinates between the
ground and excited state is indicative of a
new equilibrium position for nuclear
interaction potential. The fact that the
fluorescence arrow is shorter than the
absorption indicates that it has less energy, or
that its wavelength is longer.
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