
 V = Vo exp[-,13'(N -1)/2] (14)

 where N is the number of bonds.

 Many experiments have been designed to probe the distance
 dependence in ET in a quantitative manner. Table 1 lists the
 compounds synthesized in our laboratory and their ET rates mea-

 Table 1. Distances, ET rates, and electronic interaction matrix elements in
 model compounds. Abbreviations: Naph, naphthalene; Biph, biphenyl; D,
 decalin; C, cyclohexane; e, equatorial; and a, axial.
 -

 Symbol Compound RDA(A) k (sec-l) V (cm-l)

 Ste Naph-Steroid-Biph 17.4 1.5 x 106 6.2

 D-2,6-ee NaphX B ip h 14.0 5.0 x 107 30

 D-2,6-ea B ip h 11.4 5.9 x 107 23
 Biph

 Naph }

 D-2,6-ae N ap h 11.0 2.3 x 107 13

 Biph

 D-2, 6-aa g = ZJ 11.9 5.8 x 107 24

 Naph

 D-2,7-ee Naph G B iph 12.5 2.9 x 108 54

 D-2,7-ea Z mBiph 11.4 3.0 x 108 53

 Naph

 D-2,7-ae Naphffi=g 10.9 1.75 x 108 38

 Biph

 D-2,7-aa 6.2 25 x 108 52

 Naph B i ph

 C-1,4-ee Naph Biph 11.8 1.6 x 109 128

 C-1,4-ea - Biph 9.5 2.5 x 109 120

 Naph 7i ph

 C- 1, 4-ae Naph 9.3 0. 45 x 109 50

 C-1,3-ee Naph GBiph 10.0 4.2 x 109 168

 - -

 D A D A

 sured in pulse radiolysis experiments of the same kind as described
 above for the steroid series (8). To keep the Franck-Condon factors
 as constant as possible, ET was designed to occur in all of the
 compounds from the negative ion of the 4-biphenylyl group to the
 2-naphthyl substituent with a driving force of approximate 50 mV.
 If Eq. 13 were a valid description ofthe distance dependence, a plot
 of the rates on a logarithmic scale versus distance should give a line
 with slope -,13. An attempt to obtain such a correlation gave poor
 results. A plot against the number of intervening bonds improved
 the correlation somewhat but was still unsatisfactory.

 There are two obvious reasons for the failure. The reorganization
 energy depends on the separation between donor and acceptor and
 therefore is not constant throughout the series (22). The use of Eq.
 10 can remedy this situation. With data obtained from the steroid
 series, a solvent reorganization energy can be computed for any
 distance, and from the measured rate constant and Eq. 9, a coupling
 matrix element can be computed for each of the compounds listed in
 Table 1. Also, a more serious problem arises from the fact that
 stereochemistry and its consequences are not specifically included in
 Eq. 12, 13, or 14 (37).

 To demonstrate the effect of stereochemistry, we make use of Eq.
 13 and examine what to expect for the different stereoisomers in the
 decalin series. The preexponential factor ko is the rate constant
 expected for a donor-acceptor pair in van der Waals contact. If the
 spacer is removed and the donor acceptor are moved together by
 translation, the resulting van der Waals complex will have different
 geometries depending on whether donor acceptor attachments to
 the spacer were equatorial or axial. Thus the data listed in Table 1,
 with four different attachment patterns, should be plotted in four
 separate correlations, each with a different ko. The largest number of
 experimental points exist for the series with both substituents
 attached equatorially. The coupling matrix elements as fimction of
 distance and number of bonds are plotted in Fig. 5, A and B,
 respectively. In this case either Eq. 12 or 14 gives a satisfactory fit,
 because with an all-equatorial geometry, distance is roughly propor-
 tional to the number of intervening bonds. The values of c and '
 are 0.95 + 0.05 i-l and 1.12 + 0.05 per bond, respectively (38).
 In line with ab initio MO calculations (29), any isomer with axial
 substituents has ET rates slower than the all equatorial isomers
 because of a smaller ko. There are not enough points for the other
 isomers for meaningful correlations, but it appears that ' in a
 number-of-bond plot is similar to the one obtained for the equatori-
 al series.

 There are several other studies that have aimed at obtaining a
 distance dependence for intramolecular ET rates (10, 12). One
 contribution is based on the synthesis of a remarkable series of
 polycylic compounds with its largest member having structure 4.

 2  3

 Fig. 5. Logarithmic plots of the
 coupling matrix elements of ET in
 the equatorial-equatorial isomers of
 the compounds listed in Table 1
 versus (A) center-to-center distance
 and (B) the minimum number of
 bonds separating donor from accep-
 tor.
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 The ET studied in this series is the charge separation occurring on
 photoexcitation of the dimethoxynaphthalene fragment that causes
 ET to the dicyanoethylene end of the molecule. By using fluores-
 cence quenching to measure the transfer rates, a three-point correla-
 tion with distance was obtained that followed Eq. 13 with a h of
 0.85 A-1 (' = 1.15 per bond) that was similar to results obtained
 in our series. Pulse radiolysis experiments on the same series of
 compounds in an attempt to measure charge transfer in the negative
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