
MIXED VALENCE
Mixed valence (MV) has been studied for over thirty years, primarily by inorganic chemists,

although several examples of organic mixed-valent systems are known.1-13

Consider the generic cross-conjugated system below composed of and anion and a radical
species.  As suggested, such molecules can be prepared by one-electron reduction of a symmetric
biradical.  The “delocalization” in this cross-conjugated MV system is Linker-modulated, similar to
Linker-modulated exchange coupling in the biradical oxidation state.
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Not suprisingly, the bonding in the anionic half (-1) of the MV molecule is quite different than in
the radical half (0) of the molecule.  Let us assume that the redox-active orbitals on each half of the
molecule are antibonding, such that the normal mode frequencies are less for the anion than for the
radical.

This asymmetry leads to a vibrational coordinate, Q, such that when 0 < Q or when Q < 0 the (-
1) and (0) sites are localized on separate ends of the molecule.  However, when Q = 0, the species is
delocalized as shown below.
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If there is no interaction between the two halves of the molecule, two potential energy wells exist
with,

EQ<0 = (k/2)Q2 + xQ     and     EQ>0 = (k/2)Q2 – xQ

where x represents themagnitude of distortion along the Q coordinate, and k is the force constant for the
Q vibration.  The result is two energy curves with minima at,

∆EQ<0/∆Q= kQ + x = 0, so Emin(Q<0) at Q = -x/k
and

∆EQ>0/∆Q= kQ - x = 0, so Emin(Q>0) at Q = x/k



These curves are shown in red and dark blue in the graph below for x = 1 and k = 2.  Such a
system is classified as MV Class I (no interaction).14

Now let’s consider the case where there is a small interaction between the two halves of the
molecule given by the transfer integral, β12

.  In this case, the energies are,

Eground = (k/2)Q2 – (x2Q2 + β12

2)1/2     and     Eexcuted = (k/2)Q2 + (x2Q2 - β12

2)1/2

Such a system is classified as either MV Class II (β12
 = 0.1, weak interaction, green potential

energy curves below) or Class III (β12
 = 1, delocalized, light blue potential energy curves below).14
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It can be shown that Class II behavior will be observed when β12
 < x2/k and Class II behavior will

occur for β12
 > x2/k.

Class II behavior is very interesting due the energy barrier (ETH) that exists between the two
energy minima, and the unique optical transition, EIT  (the intervalence transition).  It has also been
shown that EIT  = 2x2/k = 4ETH.15
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