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In the past few decades, charge transfer in DNA has attracted considerable attention from researchers in a wide variety of fields, including bioscience, physical chemistry, and nanotechnology. Charge transfer in DNA has been investigated using various techniques. Among them, time-resolved spectroscopic methods have yielded valuable information on charge transfer dynamics in DNA, providing an important basis for numerical practical applications such as development of new therapy applications and nanomaterials. In DNA, holes and excess electrons act as positive and negative charge carriers, respectively. Although hole transfer dynamics have been investigated in detail, the dynamics of excess electron transfer have only become clearer relatively recently. Here, we would like to introduce our studies on excess electron transfer (EET) in DNA. Investigations based on the product analysis suggested that EET occurs by multiple hopping mechanism. 

First, we synthesized a series of nicked dumbbell DNA (consecutive A:T base pairs) conjugated with tetrathiophene (4T) and diphenylacetylene (DPA), which act as a photosensitizing electron donor to T and an acceptor of excess electron in DNA, respectively. The transient absorption spectra during the laser flash photolysis using femtosecond laser which excited 4T selectively showed formation of 4T•+ with decay of singlet excited 4T within ~10 ps after excitation, indicating effective excess electron injection from singlet excited 4T to adjacent T. The absorption band of DPA•- showed gradual rising profile over 200 ps in the case of T3, indicating the excess electron capture by DPA after hopping of excess electron among consecutive Ts. The multiple hopping mechanism was supported by the fact that the formation rate of DPA•- largely depends on the number of intervening T between 4T and DPA. From the formation kinetics of DPA•-, the T to T hopping rate in consecutive T sequence was evaluated to be 4.4  1010 s-1 on the basis of random walk model. It should be noted that the evaluated T to T hopping rate of excess electron is faster than those of A to A and G to G hole hopping rates in DNA. 

Two series of functionalized DNA oligomers, Tn and ATn, were synthesized with a strong electron-donating photosensitizer (3E) and DPA. Transient absorption measurements of ATn showed the generation of DPA•- for AT3, whereas AT4 and AT5 did not result in the generation of DPA•-. The absence of DPA can be attributed to the fast CR between 3E•+ and DNA•-. For AT3 and T3, the generation of 3E•+-DNA-DPA•- was confirmed, indicating that the inter- and intrastrand EET is strongly limited by the CR rate. By applying the random walk model, the inter- and intrastrand EET rates were determined to be 1.1  1011 s-1 for AT3 which is 2-times lower than that of T3 (2.2  1011 s-1). The slower EET rate for intrastrand EET can be attributed to the lack of π-stacking of T’s in AT3. Thus, these results indicated that EET is affected by the interaction between the LUMOs of nucleotides.
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