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The numerical results similar to Figure 1 of the article are shown in this sup-
plement. In the following figures, thee kinds of calculations are shown. The blue
lines show the results of exact TCFEF method calculations. The thick red dashed
lines show the calculations with short-time CE method for a single DDHO, that is,
Eq. (1) combined with Egs. (58) and (59). The thin black lines show the calcual-
tions using the Marcus equation like Eq. (56). The A value in Eq. (56) is calculated
with Eq. (59) using the same parameters. The z-coordinates of the figures are the
electronic energy gap hwy,, therefore, when using Eq. (56), the difference between
AG,, and the electronic energy gap should be compensated for. This is done by
calculating the entropy difference between the initial and final electronic levels ac-
cording to Eq. (62). Notice that in our model, the FC-weighted DOS is equivalent
to the EGL.

Two tables are shown under each figure. In the first one, the temperature under
which the calculations are done is shown. Also shown is the frequency of the mode
we considered in the final (lower) electronic level, that is, w. In the three panels of

each figure, the conditions are different in the degree of distortion: (A) w’ = 0.9w;

1



(B) w' = 0.75w; (C) ' = 0.6w. An S value is also shown. This S value is determined
by assuming w’ = w, that is, when there is no distortion. The displacement which
results in this S value is used in all three calculations in each figure.

The second table summarizes the important properties of the results. The A
values are shown for each case. According to the calculated FC-weighted DOS or
the EGL, we calculate the mean energy gap of each result. The standard deviation
(std) is also shown. Notice that the std of the CE method and the Marcus theory
are the same in our calculations.

In all cases, we can see that when the distortion is more significant, the EGL
calculated with the exact TCF method deviates from the Gaussian form. However,
when the magnitude of A is large, this deviation is significant but seemingly not so
obvious. Notice that the A value will be large if the frequency of the mode considered
is high, or if the coupling constant is large. When X is large, then, the calculation
with CE method seems to always reflect the average properties of the exact EGL
to a good extend. However, if the temperature is not high enough, the calculations
with the Marcus theory may estimate the peak position of the EGL significantly
wrongly, especially when there is a large distortion.

These results clearly shown that in the Marcus theory, assuming the A in the
numerator of the activation energy and the As in the denominators of the expoenent
as well as the pre-exponential part to be the same quanitity may be a very poor
approximation in many cases for the intra-molecular contribution to the ET rate.
The overall influences of the strength of coupling, the temperature, the degree of
distortion and the frequency of the mode involved are too complicated to be sum-
marized in a few simple rules. Hopefully the few results shown here can convince
people that the intra-molecular contributions to the ET rate and EGL should be

studied with great caution.
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