
 tions for cases where competing pathways with different driving

 forces exist in ET reactions. For example, in photoinduced charge
 separation (Eq. 11) in photosynthesis, it is often necessary to shift

 the electron quickly to a second acceptor to prevent the undesirable

 back reaction with the donor. If the back reaction is more exoergic

 than the charge shift, a nonpolar solvent is the medium of choice
 because it will partition the reaction in the desired direction.

 D*,A1,A2

 2 < o D+,A1-,A2 D+,A1,A2

 hv /

 (11)

 g
 Although these experiments gave the first strong evidence for an

 inverted region, there are now additional reports of similar behavior

 (14, 35). A series of charge-separation and charge-recombination

 reactions involving rigidly attached porphyrin donors and quinone

 type acceptors were reported by Wasielewski et al.
 Earlier attempts to verify Marcus' prediction of an inverted region

 were unsuccessfill mainly for two reasons. First, the tests were

 performed on intermolecular ET reactions, which, in comparison

 with intramolecular processes, include the additional step of bring-

 ing the reactants together by diffilsion. In the fast reactions this step

 becomes rate limiting, and thus produces a flat region on the rate

 versus free energy curve.Also, compounds were chosen for the very

 exoergic region, which allowed product formation in the excited

 states to give artificially high rates, as do the two points in Fig. 4C.

 Most recent studies (36), have overcome these problems and show
 an inverted region in intermolecular reactions as well.
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 Any discussion on long-distance ET must address the problem of
 how the rates respond to distance between donor and acceptor. In

 terms of the simple theory outlined above, the distance dependence

 will be reflected mostly in the coupling matrix element V, although

 the reorganization energy also shows a distance dependence. Before

 discussing experimental results, it may be useful to discuss theoreti-
 cal models.

 The most common expression for the distance dependence of ET
 rates can be derived from Eq. 12, which assumes an exponential

 decay of the wave function and the coupling matrix element.
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 V = VO exp[-,8(R - Ro)/2]
 (12)

 Here VO is the coupling matrix element for a donor-acceptor pair at
 van der Waals separation Ro, and ,8 is a constant scaling the distance

 dependence. If the reorganization energy were distance indepen-

 dent, an equivalent expression could be written for the ET rate

 108

 107 (13)
 k=kOexp[-,8(R-Ro)]

 Equations 12 and 13 have the correct form for a through-space

 coupling mechanism. However, it is in principle possible, and as will
 be shown below, very likely, that the coupling will be provided by a
 pathway involving intervening bonds of the spacer. In linear
 molecules (2), the distance is approximately proportional to the
 number of bonds, and the different mechanisms will give similar
 results. But in highly nonlinear geometries, as shown schematically

 by 3, some differences may become apparent. In that case a better

 expression may be given by Eq. 14, in which the distance depen-
 dence is normalized to a one-bond connection between donor and
 acceptor.
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 Fig. 4. Logarithmic plots of experimental rate constants obtained at room
 temperature in the solvents listed versus free energy changes of the ET
 reactions indicated in the figure (structures are the various acceptors). Solid
 lines are computed from Eq. 9 with the parameters listed in the figures.
 Solvents are: (A) methyltetrahydrofuran (MTHF); (B) di-n-butylether (47);
 and (C) isooctane.
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