
 ions yielded only lower limits for the rate constants even for the

 longest molecule (39). From these results it was suggested that the
 donor-acceptor coupling in these cases might be strong enough to

 make the transfer adiabatic.

 Other work has yielded distance dependencies not very different
 from the ones discussed here (40). Among those, results obtained

 for proteins (6) and for random distributions in glasses (34) are

 particularly relevant. In general, the value of fi in Eq. 13 does vary
 within the small range from 0.85 to 1.2 A-l. However, A occurs in

 the exponent of Eq. 13 and seemingly small variations in this

 constant have a large effect on the spread of rates over large

 distances.

 The Mechsnism of Long-Distance ET

 An important question arising from the results mentioned above
 is how the electron gets from donor to acceptor when the interven-

 ing medium essentially has no electron affinity by itself. The golden
 rule (Eq. 5) requires electronic coupling between the donor and

 acceptor and there are two different ways of providing it. One is by

 simple overlap of their wave functions through space, which is

 generally referred to as the through-space mechanism. In contrast,

 the so-called through-bond mechanism makes use of the wave
 function of the spacer itself to propagate the interaction. Some of

 the results reported above show that edge-to-edge distances between

 donor and acceptor of as much as 15 A will still give rates in the
 nanosecond regime if the Franck-Condon factors are maximized.

 Although the tail ends of wave functions are very hard to estimate, it
 is difficult to imagine a direct overlap of the required magnitude.

 The possibility of through-bond coupling has been recognized as

 long as 28 years ago by McConnell (41) and by Halpern and Orgel

 (42). An even earlier suggestion was made by Anderson (43) who

 introduced the concept of superexchange, a different name for the

 same phenomenon, to explain long-range antiferromagnetic cou-
 pling. Over the years, the through-bond mechanism has won

 acceptance by most investigators.

 A qualitative description of the through-bond mechanism within

 the frontier MO framework is schematically depicted in Fig. 6. In a
 typical charge shift reaction of the kind described above, the

 transferring electron is initially in the lowest unoccupied molecular

 orbital (LUMO) of the neutral donor and is transferred to the

 LUMO of the acceptor. Donor and acceptor are bound to the a-
 bond framework of the spacer made up of a string of saturated

 carbon atoms to be viewed as a chain of beads. To each bead we can

 assign a HOMO (highest occupied molecular orbital) and LUMO

 as shown in Fig. 6. The energies of the spacer LUMOs are above the

 donor and acceptor LUMOs, which in turn are above the spacer

 HOMOs. There are now two possible pathways to couple the donor
 LUMO with that of the acceptor. One involves mixing of the donor

 LUMO with the nearest spacer LUMO and the mixing from one
 spacer LUMO to the next and finally mixing of the last spacer

 LUMO with the acceptor LUMO. This pathway leads to electron
 transfer. Another way is to couple the acceptor LUMO with the

 nearest HOMO of the spacer, followed by coupling within the
 HOMO chain of the spacer and then with the donor LUMO. This
 process is sometimes referred to as hole transfer. Which pathway
 predominates depends on the relative energy gaps, because effective

 mixing is inversely proportional to the energy spacings between
 orbitals. This picture yields an exponential decay of the coupling

 with the number of spacer carbon atoms and is the basis of Eq. 14.

 An intviitive objection is that this mechanism reqliires mixing across

 the large energy gap separating the donor LUMO and the nearest

 spacer LUMO (or HOMO) and the similarly large gap at the
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 Fig. 6. Schematic representation of
 the coupling between donor and
 acceptor LUMOs through spacer
 orbitals. The dashed pathway, in-
 volving LUMOs of the spacer, may
 be called electron transfer, and the
 dotted pathway, involving the
 HOMOs of the spacer, may be
 called hole transfer.
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 acceptor end. However, this objection becomes less convincing

 when it is realized that with maximum Franck-Condon factors a

 coupling matrix element of less than 10 cm-l (0.028 kcal/mol) is

 sufficient to let an electron cross from one end of a steroid to the

 other on the picosecond time scale.

 The through-bond mechanism probably dominates intramolecu-

 lar long-distance electron and hole transfer. MO calculations from

 simple extended Huckel through sophisticated ab initio levels (29,
 44) show that without the intervening spacer molecules, ET rates
 would be many orders of magnitude slower. However, direct

 experimental evidence is not abundant. A kinetic approach would be

 to compare rates in stereoisomeric molecules with the same number

 of bonds between donor and acceptor but at different distances. One

 such example is the coupling in the two decalin isomers (S and 6)

 taken from the series discussed above (8). The center-to-center

 distance of donor and acceptor differs by a factor of 2 (12.5 versus

 6.2 ) in the two isomers, yet the coupling matrix element as

 deduced from the ET rates are almost the same (63 versus 58 cm-l,

 with the larger one being associated with the longer distance). Of
 course, it is not unreasonable to assume that direct through-space

 coupling will contribute, or even predominate, in cases with direct

 face-to-face contact of donor and acceptor (35).

 5

 6
 Other evidence is based on photoelectron and electron transmis-

 sion spectroscopy (45) results that show a shift in the HOMO and
 LUMO levels of the spacers when they are attached to donors and
 acceptors. Nevertheless, more evidence for the through-bond mech-
 anism is desirable.

 Finally, some mention should be made of intermolecular ET
 where donor and acceptor are separated, either by solvent molecules
 in rigid glasses (34), or by parts of a protein (6, 7), that are not
 bonded directly to a donor or an acceptor. Although the experimen-
 tal evidence is still missing, the coupling in those cases is probably
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