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The dehydrogenated radicals and anions of Watson-Crick adenine-thymine (A-T) base pair have been
investigated by the B3LYP/DZP++ approach. Calculations show that the dehydrogenated radicals and
anions have relatively high stabilities compared with the single base adenine and thymine. The electron
attachment to the A-T base pair and its derivatives significantly modifies the hydrogen bond interactions
and results in remarkable structural changes. As for the dehydrogenated A-T radicals, they have relatively
high electron affinities and different dehydrogenation properties with respect to their constituent elements.
The relatively low-cost hydrogen eliminations correspond to the (N9)-H (adenine) and (N1)-H (thymine)
bonds cleavage. Both dehydrogenation processes have Gibbs free energies of reaction∆G° of 13.4 and 17.2
kcal mol-1, respectively. The solvent water exhibits significant effect on electron attachment and dehydro-
genation properties of the A-T base pair and its derivatives. In the dehydrogenating process, the anionic
A-T fragment gradually changes its electronic configuration fromπ* to σ* state, like the single bases adenine
and thymine.

1. Introduction

In recent years, there has been increasing interest in the
damage of DNA. The damage may cause the DNA mutation,
resulting in various diseases such as the cancer.1-5 Many
experimental and theoretical efforts have been directed to DNA
cleavage, and possible consequences and mechanisms of DNA
damage and corresponding structural changes of the base pairs
have been well studied, but still there are processes that are not
well understood. Generally, the DNA damage may arise from
radiations,6-11 low-energy electron attachment,12-17 and chemi-
cal reactions.18-20 These damage ways are interrelated and
interact on each other, which makes the damage mechanism
more complicated.

As the constituent elements of DNA, the purine and pyrimi-
dine bases have attracted considerable attention,21-27 both
experimentally and theoretically. Previous studies show that the
presence of excess electron in the bases significantly modifies
their properties such as fragmentation, structure, transfer of
genetic information, etc. Electron attachment to the DNA base
was assumed to be a crucial step for radiation damage of DNA,
and much research has been carried out to elucidate mechanistic
details.

Early experiments indicate that the nonthermal secondary
electrons (3-20 eV) may efficiently induce single and double
strand breaks, and such DNA damage takes place through
transient negative ion states localized on the basic components
of the DNA plasmid.28-31 Recent experimental observations32-34

show that the molecular anions of uracil, thymine, and adenine
in the gas phase can be produced through Rydberg electron
attachment due to the existence of dipole-bound parent anions.
Further experiments by Mark and co-workers35 found that the
major dehydrogenated anions can be generated in electron

attachment to DNA bases, but the site of the hydrogen
abstraction has not been resolved.

Theoretical studies suggest that the nitrogen site is generally
more favorable than the carbon site for the deprotonation process
in pyrimidine bases.36-37 Our recent calculations on purine bases
also lend support to this conclusion.38 Experimental studies on
nucleosides show that the loss of a neutral hydrogen atom is
from the anionic 2′-deoxyribothymidine39-40 and low-energy
electrons can efficiently break the N1-glycosidic bond.41-43

Calculations on nucleosides have determined the adiabatic
electron affinities (AEA) of stable nucleosides,44 as well as the
structure and relative energetics of the H-deleted radicals and
anions in adenosine.45 The AEA values of nucleosides are in
the range from 0.99 to 3.47 eV, slightly larger than that of the
single DNA base.

Computational study of the excess charge in DNA has been
extended to the Watson-Crick base pairs in the gas-phase
recently. Using the B3LYP/DZP++ method elaborated for
DNA bases, Schaefer46-47 and co-workers predict that the AEA
values of the A-T and C-G base pairs are 0.36 and 0.60 eV,
respectively, which are comparable with B3LYP/6-31+G(d) and
SCC-DFTB-D results.48-49 Their calculations50-51 also de-
termined the structure and energetics of the dehydrogenated
C-G radicals and anions. Theoretical calculations52-55 on the
one-electron reduced or oxidized base pairs have been per-
formed. The results show that these redox processes modify
the strength of hydrogen bond and the pairing ability and cause
proton transfer along hydrogen bond.

Although fragmentations of the single DNA bases A and T
have been extensively investigated theoretically, no theoretical
study of hydrogen loss in A-T base pair has been performed.
Experimentally, the direct experimental measurement of AEA
is quite difficult for the dehydrogenated A-T base pair, and
complemented theoretical calculations may provide important
information for determination of these qualities. Here, we
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performed a comprehensive study of the dehydrogenated A-T
base pair by the density function approach and the effect of
electron attachment to the A-T base pair on dehydrogenation
has been discussed.

2. Computational Details

The geometries of the A-T base pair radicals and their
respective anionic derivatives have been optimized by the
B3LYP functional56-57 with the DZP++ basis set58 elaborated
for the DNA base. Vibrational frequency analyses have been
employed to assess the nature of optimized structures. The basis
set superposition error (BSSE) correction was estimated by the
Boys-Bernardi counterpoise method.59,60The natural population
analysis (NPA) charges have been determined according to the
natural bond order (NBO) analysis proposed by Reed and
Weinhold colleagues.61-64 A series of constrained optimizations
along the C-H or N-H bond dissociation were performed in
the potential energy surface (PES) scan.

To examine solvent effect on electron affinities and dehy-
drogenation properties, the CPCM polarizable conductor
model65-66 implemented in Gaussian 03 package67 has been
employed in geometry optimization and frequency analysis.

Test calculations on A-T pair show that predicted hydrogen-
bond lengths at the B3LYP/DZP++ level of theory are in good
agreement with available theoretical68-73 and experimental
values.74 For example, the optimized N6-O4 and N1-N3
distances of A-T pair (Figure 1) are 2.91 and 2.85 Å,
respectively, which match the experimental values of 2.95 and
2.82 Å very well.74

The adiabatic electron affinity (AEA) is determined as the
energy difference between the appropriate neutral and anion at
their respective optimized geometries:

The vertical electron affinity (VEA) is defined as the energy
difference between the neutral species and the anion species at
the optimized neutral geometry:

The vertical detachment energies (VDE) are computed as the
energy difference between the neutral species and the anion
species, both at the optimized anion geometry:

3. Results and Discussion

Optimized geometries and atomic numberings of the A-T
base pair and its anion are presented in Figure 1. Figures 2 and
3 display optimized structures of dehydrogenated neutral radicals
and their corresponding anions from the A-T pair. The
dehydrogenating sites in A-T base pair radicals and anionic
counterparts are indicated by the atom with numbering in
parentheses. The dehydrogenated fragments are labeled accord-
ing to the site of hydrogen-deleted atom in the parent base pair.
For example, fragment notationsA(N6a)-T and A-T(C5)
denote structures from the hydrogen loss at the N6a site in
adenine and at the C5 site in thymine, respectively.

Relative energies, natural charge populations, electron af-
finities, thermodynamic values, and dissociation energies for
the A-T base pair derivatives are collected in Tables 1-5.
Predicted potential energy surface profiles along different
dehydrogenation channels are depicted in Figure 4.

Figure 1. Optimized geometries and atomic numberings of the A-T
base pair (a) and its anion (b).

AEA ) E(optimized neutral)- E(optimized anion)

Figure 2. Optimized geometries of the adenine-dehydrogenated A-T
radicals and anions.

VEA ) E(optimized neutral)- E(anion at the optimized neutral geometry)

VDE ) E(neutral at optimized anion geometry)- E(optimized anion)
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3.1. Geometries and Relative Stabilities of H-Deleted
Radicals and Anions.The relative energies of optimized neutral
and anionic fragments formed by stripping one hydrogen atom
from the A-T pair are shown in Table 1. For the A-T base
pair (Figure 1), the hydrogen abstraction and electron attachment
to its fragment may result in nine neutral radicals and anions,
respectively.

As shown in Table 1, predicted relative energies of the
radicals spread over a range of 31.5 kcal mol-1. The most stable
dehydrogenated A-T base pair radical is the structureA-T-
(C5). The next stable species areA(N9)-T andA-T(N1), and
they are less stable thanA-T(C5) by 9.1 and 8.0 kcal mol-1,
respectively. The relatively high stability can be ascribed to
conjugation interactions between the resulting methylene and
thymine ring inA-T(C5). Furthermore, the hydrogen bonds
in the A-T base pair are almost unchanged with the hydrogen
loss at T(C5) as shown in Figure 3.

The highest-energy structure among the H-deleted radicals
in Table 1 is A-T(N3). As Figure 3 displays, the loss of
hydrogen at T(N3) destroys the strong (N1)‚‚‚H-(N3) hydrogen
bond to yieldA-T(N3). It is noted that the distance of [A]-
(C2)-H‚‚‚O-(C2)[T] bond lessens from 2.836 to 2.087 Å And
forms a weak hydrogen bond in theA-T(N3) radical.

The A(N6a)-T radical is generated through homolytic
cleavage of the (N6a)-H bond in adenine. Removing this
hydrogen atom from the NH2 group of adenine leads to loss of
the strong (N6a)-H‚‚‚(O4) hydrogen bond (see Figures 1 and
2). The surviving hydrogen bond (N1)‚‚‚H-(N3) gets weak with
the bond length increase from 1.797 to 2.057 Å. Elimination of
the hydrogen atom at other sites such as A(C2, C8, N6, N9) or
T(C6, N1) may not change the hydrogen bond and conjugation
interactions in the parent A-T base pair, and geometries of the
dehydrogenated radicals are less changed with respect to the
A-T base pair.

As Table 1 displays, for the anionic species, there are larger
energy differences with respect to the neutral radicals, suggesting
that the electron attachment to the A-T base pair has a
significant effect on the dehydrogenation activity. In contrast
to the neutral radicals, the lowest-energy dehydrogenated A-T
base pair anion is the structure [A(N9)-T]-, where the hydrogen
abstraction is from the N9 site in the adenine moiety. The
relatively high activity of the N9 site has been suggested in
previous experimental and theoretical studies.36-38,50-51,75

In contrast to the neutral radicals, remarkable structural
changes occur in the structuresA(N6a)-T andA-T(N3) upon
anion formation. The dehydrogenated anion [A(N6a)-T]- is
higher in energy than [A(N9)-T]- by 22.0 kcal mol-1. In the
geometry optimization of [A(N6a)-T]-, the optimizedA-
(N6a)-T radical was served as the initial structure, and the
(N3)-bonded hydrogen atom in the thymine element is trans-
ferred to the N1 site in adenine, yielding the twisting species
[A(N6a)-T]- (see Figures 1 and 2). The dehydrogenated anion
[A-T(N3)]- is less stable than[A(N9)-T]- by 13.1 kcal mol-1,
and it has different hydrogen bond pattern from theA-T(N3)
radical (see Figures 1 and 3). For other dehydrogenated A-T
base pair radicals and anions, they have similar planar structures,
although the hydrogen migration between both constituents takes
place in the formation of dehydrogenated anions [A(N9)-T]-,
[A(N6b)-T]-, and [A(C2)-T]-, as shown in Figure 2.

Table 1 presents the relative stabilities of dehydrogenated
A-T species. For the neutral radicals from hydrogen loss of
the adenine moiety, the dehydrogenation feasibility in energy
for different sites is (N9)> (N6b) > (N6a) > (C2) > (C8).
This is in agreement with the single adenine base.38 However,

Figure 3. Optimized geometries of the thymine-dehydrogenated A-T
radicals and anions.

Figure 4. Potential energy surface profiles along the N-H and C-H
bond dissociations in the anionic A-T base pair.

TABLE 1: Relative Energies (RE in kcal Mol-1) of the
Dehydrogenated Neutral and Anionic Radicals Derived from
A-T Base Pair

RE

structure radicals anions

A(N9)-T 9.1 0.0a

A(C8)-T 27.8 42.7
A-T(N1) 8.0 4.8
A-T(C6) 24.0 34.7
A-T(N3) 31.5 13.1
A-T(C5) 0.0 46.1
A(C2)-T 21.9 50.9
A(N6a)-T 20.6 22.0
A(N6b)-T 16.6 18.4

a The energy difference (Eradical- Eanion) between the dehydrogenated
anion [A(N9)-T]- and the neutral radical [A-T(C5)•] is 71.5 kcal
mol-1.
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for the neutral A-T radicals from hydrogen loss of the thymine
moiety, the dehydrogenation activity is (C5)> (N1) > (C6) >
(N3), differing from the isolated thymine-dehydrogenated
radicals.37

For the dehydrogenated A-T anions from the adenine
dehydrogenation, the relative stability for hydrogen-deleted pair
anions at different sites is [A(N9)-T]- > [A(N6b)-T]- > [A-
(N6a)-T]- > [A(C8)-T]- > [A(C2)-T]-, which differs from
the isolated adenine-dehydrogenated radicals and anions.38 When
the dehydrogenation occurs in the thymine moiety, the resultant
A-T anions characterized by their dehydrogenating sites have
relative stabilities as follows: [A(N1)-T]- > [A(N3)-T]- >
[A(C6)-T]- > [A(C5)-T]-, different from corresponding
dehydrogenated radicals and consistent with isolated thymine-
dehydrogenated anions.37 Accordingly, the formation of base
pair may have a notable influence on the dehydrogenation and
stability with respect to the base monomer.

3.2. Natural Population Analysis.The natural population
analysis (NPA) charges in Table 2 displays the charge distribu-
tion concentrated at the components A and T in the neutral and
anionic A-T base pair. To have an insight into the excess charge
population, the charge increments for the structural elements
in the dehydrogenated anions with respect to their neutral species
are presented in Table 2. For the neutral radicals, the charge
populations are quite similar, where the subunitA behaves as
a weak donor and theT behaves a weak acceptor. Such
positively charged populations of A in the base pair derivatives
are in agreement with its relative small AEA value.52,76-77 In
comparison withT, the relatively notable charge transfer from
A to T occurs in theA-T(N3) structure with an electron-
transfer amount of 0.353.

It is interesting to know the excess charge populations in the
dehydrogenated anions. As Table 2 shows, the H-deleted moiety
generally has the dominant negative charge populations, espe-
cially for the species [A(C8)-T]-, [A-T(N1)]-, [A-T(C6)]-,

and [A-T(C5)]-. The electron attachment results in the charge
increments in a range from 0.078 to 0.922 for both structural
subunits.

3.3. Electron Affinities and Energetics. The adiabatic
electron affinity (AEA) for the dehydrogenated radical of the
A-T base pair is an important factor for the N-H or C-H
bond selective scission. As Table 3 displays, the AEA values
exhibit a substantial increase as compared with corresponding
single bases A (-0.28 eV) and T (0.20 eV)78 as well as the
A-T base pair (0.36 eV).46 Since adenine has much smaller
AEA value than thymine, the excess electron was expected to
locate primarily in the thymine moiety for the anionic A-T
base pair.76-77 TheA-T(N3) radical has the largest AEA value
of 3.90 eV. Such high electron affinities may facilitate the loss
of hydrogen atom.

The vertical electron affinity (VEA) approximately measures
the necessary energy in a fast electron capture step. The
dehydrogenated A-T radicals with relatively large VEA values
with respect to the single base show that they are good electron
captors. TheA-T(N1) radical has the largest VEA value of
2.95 eV, while theA(C2)-T radical has the smallest VEA value
of 0.27 eV.

To evaluate stability of the H-eliminated A-T base pair
anion, the vertical detachment energy (VDE) is also estimated,
and the predicted VDEs are incorporated into Table 3. The VDE
values of dehydrogenated A-T base pairs vary from 1.25 to
4.33 eV, higher than that of the single base.79 Presumably, the
dehydrogenated anionic A-T base pairs have enough time to
be involved in related chemical processes once they are formed.

The CPCM results in Table 3 reveal that the presence of water
may stabilize dehydrogenated A-T radicals and result in
remarkable increase of AEA, VEA, and VDE values in
comparison with those in the gas phase. As Table 3 shows,
relative magnitudes of electron affinities and detachment
energies are less changed in the gas phase and in water. For
example, theA-T(N3) radical has the largest AEA value in
the gas phase (3.90 eV) and in water (5.98 eV).

TABLE 2: Charge Populations Concentrated at Subunits of
A-T Base Pair and Charge Increments (∆q) in Their
Anionic Forms by NPA

Radicals Anions ∆q

structure A T A T A T

A(N9)-T 0.010 -0.010 -0.610 -0.390 0.620 0.380
A(C8)-T 0.033 -0.033 -0.876 -0.124 0.909 0.091
A-T(N1) 0.045 -0.045 -0.055 -0.945 0.100 0.900
A-T(C6) 0.044 -0.044 -0.051 -0.949 0.095 0.905
A-T(N3) 0.353 -0.353 -0.063 -0.937 0.416 0.584
A-T(C5) 0.041 -0.041 -0.037 -0.963 0.078 0.922
A(C2)-T 0.012 -0.012 -0.580 -0.420 0.592 0.408
A(N6a)-T 0.026 -0.026 -0.563 -0.437 0.589 0.411
A(N6b)-T 0.037 -0.037 -0.567 -0.433 0.604 0.396

TABLE 3: Adiabatic Electron Affinities (AEA), Vertical
Electron Affinities (VEA), and Vertical Detachment Energies
(VDE in eV) of the Dehydrogenated Radicals in the Gas
Phase and in Water

gas phase water

structure AEA VEA VDE AEA VEA VDE

A(N9)-T 3.49 2.84 4.33 5.07 4.93 5.85
A(C8)-T 2.45 1.82 2.92 4.63 4.22 5.03
A-T(N1) 3.24 2.95 3.51 5.17 4.97 5.39
A-T(C6) 2.63 2.00 3.27 4.50 4.03 4.97
A-T(N3) 3.90 2.28 4.12 5.98 4.36 5.83
A-T(C5) 1.10 0.82 1.25 2.87 2.73 2.95
A(C2)-T 1.84 0.27 3.43 3.94 2.95 5.14
A(N6a)-T 3.04 2.52 4.01 4.85 4.58 5.54
A(N6b)-T 3.02 2.43 3.95 4.79 4.59 5.49

TABLE 4: Selected Thermodynamic Values for Different
Dehydrogenation Channels in the Gas Phase and in Water:
(A-T)- f (A-T-H)- + H (in kcal mol-1)

gas phase water

(A-T-H)- ∆E ∆H ∆G ∆E ∆H ∆G

A(N9)-T 18.5 19.7 13.4 -3.7 -3.1 -7.8
A(C8)-T 54.4 55.9 49.1 20.2 20.8 16.7
A-T(N1) 22.5 23.8 17.2 -5.1 -4.6 -9.6
A-T(C6) 47.7 48.9 42.4 20.4 20.8 17.0
A-T(N3) 29.6 31.0 23.4 -3.4 -2.9 -7.9
A-T(C5) 57.3 58.6 52.0 29.6 30.0 25.0
A(C2)-T 61.3 62.8 55.4 25.2 25.7 21.7
A(N6a)-T 37.0 38.5 29.9 3.8 -4.2 -0.2
A(N6b)-T 34.0 35.3 28.5 4.3 5.0 -0.6

TABLE 5: Dissociation Energies (in kcal mol-1) of the
Dehydrogenated A-T Radicals and Anions into Their Base
Componentsa

structure radicals anions

A(N9)-T 14.7(13.3) 14.8(12.9)
A(C8)-T 13.3(11.8) 8.8(7.3)
A-T(N1) 12.2(10.7) 19.8(18.0)
A-T(C6) 13.4(11.5) 20.9(19.5)
A-T(N3) 13.5(11.5) 24.0(23.0)
A-T(C5) 12.2(10.8) 18.6(17.2)
A(C2)-T 11.6(10.3) 26.0(24.3)
A(N6a)-T 6.9(5.8) 11.7(10.0)
A(N6b)-T 9.8(8.5) 14.8(13.0)

a BSSE-corrected values in parentheses.
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Thermodynamic values for different H-deleted channels are
presented in Table 4 to have more accurate description of the
dehydrogenating feature of the A-T base pair. As Table 4
shows, in the gas phase, the N9-H bond dissociation in the
adenine moiety is the lowest-cost process for the anionic A-T
base pair with the Gibbs free energies of reaction∆G° of 13.4
kcal mol-1. The next energy-favored channel is loss of hydrogen
atom at the N1 site with the Gibbs free energies of reaction
∆G° of 17.2 kcal mol-1. In water, the Gibbs free energies of
∆G° for the N9-H, N1-H, and N3-H bond dissociations in the
adenine moiety are-7.8, -9.6, and-7.9 kcal mol-1, respec-
tively. These CPCM results indicate that there is significant
effect of the solvent water on dehydrogenation of the A-T
anion.

3.4. Dissociation Energies.The dissociation energies (DE)
are defined as the energy difference between the energy
summation of two individually optimized bases and the fully
optimized base pair. Dehydrogenation and electron attachment
to the A-T base pair may modify its dissociation properties.
Table 5 presents calculated dissociation energies with the BSSE
correction.

The B3LYP/DZP++ calculations yield dissociation energies
of 12.5 kcal mol-1 for the neutral A-T base pair and 16.1 kcal
mol-1 for the anionic A-T base pair without the BSSE
correction.46 The former is in good agreement with the previous
calculated result of 12.4 kcal mol-1 80 and experimental value
of 13.0 kcal mol-1.81 For the H-deleted A-T radicals, theA-
(N9)-T structure has the largest dissociation energies of 13.3
kcal mol-1, and the association of A(N6a) with T is relatively
weak with the dissociation energy of 5.8 kcal mol-1. It is noted
that theA-T(N3) radical has dissociation energies of 11.5 kcal
mol-1, which is comparable to that of the neutral A-T base
pair, although the strong hydrogen bond loses inA-T(N3). The
optimized geometry of theA-T(N3) radical exhibits a weak
hydrogen bond [A](C2)-H‚‚‚(O2)[T] (Figure 3), which can
complement loss of the strong hydrogen bond [A](N1)‚‚‚H-
(N3)[T] to a certain extent.

For the dehydrogenated A-T anions, the dissociation energies
exhibit remarkable differences as compared with the corre-
sponding radicals except for theA(N9)-T structure. The
dissociation of[A(C2)-T]- requires relatively large energies
of 24.3 kcal mol-1, while the least-cost dissociation of[A(C8)-
T]- is endothermic by 7.3 kcal mol-1.

3.5. Fragmentation Potential Energy Curve and Electronic
Structure. The N-H and C-H bond scissions in the anionic
A-T base pair may be described by corresponding potential

energy surfaces (PES) along different dissociation channels.
Figure 4 displays the PES profiles for selected N-H and C-H
dissociations in the A-T anions.

As Figure 4 displays, the lower-cost dehydrogenation chan-
nels in the gas phase to[A-T(N1)]- and [A(N9)-T]- have
barriers of about 27.9 and 30.2 kcal mol-1, respectively. With
the (N9)-H and (N1)-H bond stretching, the PES profiles rise
sharply at first and then reach their maxima at about 1.45 Å.
Followed by a region of plateau minimum (∼1.90 Å), the PES
become relatively flat in the larger distance. For other C-H
and N-H bond dissociations in A-T anion, the PES profiles
apparently exhibit a monotonically increasing along the bond
stretches.

Electronic structure analyses reveal that the electronic con-
figuration of the A-T base pair anion could change during the
bond dissociation. Figure 5 displays the related molecular orbital
evolution at the representative (N9)-H (in adenine) and (N1)-H
(in thymine) distances in the A-T anion. As Figure 5 indicates,
at the equilibrium geometry (R(N9)-H ) 1.01 Å) of the A-T
anion, the excess electron occupies a low-energyπ* orbital
localized in the thymine moiety. Thus, the anion can be viewed
as aπ* state. As the (N9)-H bond stretches to about 1.65 Å,
the electronic configuration has the mixed character ofπ* and
σ* localized in the thymine and adenine moieties, respectively.
At the (N9)-H bond length of ∼2.15 Å, the electronic
configuration has the dominant character ofσ* localized in the
adenine subunit. Therefore, the electronic structure transition
should take place with dissociation of the (N9)-H bond in the
adenine moiety of the base pair anion.

Similarly, in the (N1)-H bond scission of the A-T pair
anion, the electronic configuration gradually varies from the
π* to the mixedσ*-π* state localized in the thymine moiety
at the (N1)-H bond separation of 1.35 Å. As the N1-H bond
stretches to about 2.00 Å, the A-T base pair fragment has a
character ofσ* localized in the thymine moiety. These electronic
structural features for hydrogen elimination have been noticed
in previous studies on single DNA bases adenine38 and
thymine.36

4. Concluding Remarks

The B3LYP/DZP++ method has been employed to inves-
tigate structures and relative energies of the dehydrogenated
A-T base pair radicals and anions. The calculations show that
the A-T base pair and its derivatives exhibit relatively high
stabilities compared with the single base components. The excess

Figure 5. Evolution of singly occupied molecular orbitals in the A-T base pair anion with increase of the N9-H (a) or the N1-H (b) bond length.
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charges may modify hydrogen bond interactions and result in
striking structural changes of these base pair species.

The AEA values of dehydrogenated A-T radicals range from
1.10 to 3.49 eV in the gas phase, significantly larger than those
of corresponding single base constituents and the base pair.
Dissociation energies of the dehydrogenated A-T species are
determined in the range from 5.8 to 13.3 kcal mol-1 for the
radicals and from 7.3 to 24.3 kcal mol-1 for the anions in the
gas phase.

Possible N-H and C-H bond dissociations of the A-T base
pair anion have been explored theoretically. The hydrogen
eliminations from the (N9)-H and (N1)-H bonds are favored
thermodynamically. In both dehydrogenation processes, the
electronic configuration of the A-T pair fragment will gradually
evolve from theπ* into σ* state. Present results show that the
A-T base pair species exhibit different electron capture effects
and dehydrogenation properties from the single base, which are
useful for description of the DNA strand breaking mechanism
at the atomic level.

The CPCM model calculations show that there is a remarkable
solvent effect on the electron attachment and dehydrogenation
features of the dehydrogenated A-T radicals. The presence of
water will stabilize the dehydrogenated A-T anions strikingly
and facilitate dehydrogenation process of the A-T pair anion.
Present results provide a basis for understanding the effect of
base association on DNA breakage induced by low-energy
electron attachment.
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