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Abstract:
investigated by using density functional theory (DFT) B3LYP/6-31G™ " to calculate the geometry and electronic structure

The influence of substituents on electron transport through single-molecule mercapto-azobenzene were

changes. With the introduction of electron-withdrawing group (—COOH or —NO,) into single-molecule mercapto-
azobenzene, the calculation results showed that the electron transporting stability increased, the delocalization effect of
LUMO rose, the reactivity of sulfur atom increased and HOMO-LUMO gap (HLG) decreased evidently; which led to a
decrease in the energy gap of electron transport and a rise in the electron transport abilities. Comparing molecular ion
with its molecule, it could be found that the HLG of the molecular ion decreased further, S—Au bond was easier to
form, and electron transfer took placemore easily through the system of metal-molecule-metal.
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Al:R=NH, B1:R,=NH,
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A3: R=CH; B3: R,=CH;

A4: R;=H (parent) B4: R,=H (parent)
A5:R=COOH B5: R,=COOH
A6: R=NO, B6: R)=NO,
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Fig.1 Mercapto-azobenzene and its molecular ion
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Table 1 Partial calculated dihedral angles

Dihedral angle (°)

Dihedral angle (°)

Compd. Compd.
structure 1 structure 2 structure 3 structure 1 structure 2 structure 3
Al 0.0195 0.0450 0.7524 B1 0.0641 0.0925 0.6405
A2 0.0011 0.0009 0.0000 B2 0.0000 0.0000 0.0000
A3 0.0026 0.0016 0.3695 B3 0.0024 0.0019 0.3979
A4 0.0008 0.0026 0.0013 B4 0.0003 0.0026 0.0000
A5 0.0014 0.0015 0.0007 B5 0.0000 0.0003 0.0000
A6 0.0006 0.0055 0.0011 Bo6 0.0003 0.0000 0.0005
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Table 2 The calculated dipole moments (u)
Compd. 10%u/(C+m) Compd. 10%u/(C +m)
X Y VA Tot X Y Z Tot
Al 1.2618 —-0.2283 0.0139 1.3201 Bl 5.1625 0.2180 0.0473 5.1832
A2 0.6795 -0.1417 0.0000 0.6941 B2 5.3991 -0.4786 0.0000 5.4203
A3 —-0.4299 -0.2434 0.0029 0.4940 B3 -4.5717 0.1993 0.0014 4.5760
A4 -0.1897 -0.2692 0.0000 0.3293 B4 -3.7147 0.1983 0.0000 3.7199
A5 0.5137 -0.7421 0.0001 0.9026 B5 -3.8693 -0.3111 0.0000 3.8817
A6 1.9139 —-0.3966 0.0000 1.9546 Bo6 -3.9377 -0.1060 0.0000 3.9378

The molecular plane is the XY plane, to which the Z-axis is perpendicular. The X-axis, which intersects the N—C bond at an angle of 15°, runs in a

direction from the sulfur atom to the substituent. The direction of the Y-axis is 90° counterclockwise from the positive direction of the X-axis.
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Table 3 The calculated total energy E, Exomo, Exomo, and AE

Compd. Ey Exnovo Eiovo Compd. Ey, Exovo Eiovo AE
Al —27927.79 -5.4745 -1.8746 Bl —27913.09 -0.8797 1.4721 14.70
A2 —29537.77 —-5.6462 -2.0381 B2 -29523.15 —-0.9812 1.3647 14.62
A3 —27491.32 -5.7378 -2.1194 B3 —27476.75 -1.0425 1.2964 14.57
A4 -26421.34 -5.8426 -2.2197 B4 -26406.81 -1.0751 1.2661 14.53
A5 -31552.77 —-6.0488 -2.6153 B5 -31538.50 -1.5032 0.6163 14.27
A6 —-31986.05 —-6.2815 -3.0417 B6 -31972.02 -1.8251 0.0542 14.03

The unit for all the energies is eV. AE=Eg—E,; (i=1-6)
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Fig.2 LUMO orbital population of mercapto-azobenzene
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Table 4 Total contribution of sulfur to HOMO and NBO charges of sulfur

Compd. Contribution of sulfur to HOMO(%) NBO charges of sulfur(e) Compd. Contribution of sulfur to HOMO(%) NBO charges of sulfur(e)

Al 22.33 0.049
A2 14.39 0.040
A3 20.29 0.045
A4 22.94 0.050
A5 25.09 0.058
A6 27.75 0.066

B1 38.52 -0.366
B2 38.37 -0.357
B3 38.24 -0.351
B4 38.22 -0.347
B5 41.23 -0.392
B6 43.38 -0.359

The contribution of sulfur to HOMO is mostly distributed over the p, orbital.
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Fig.3 The curves of HOMO-LUMO gap (HLG)
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Table 5 The calculated electronic spectrum data

Compd. A/nm f Compd. A/nm f
Al 386.0 1.06 B1 476.0 1.02
A2 379.4 1.03 B2 475.9 1.02
A3 369.8 0.97 B3 472.5 1.10
A4 367.1 0.86 B4 469.7 1.03
A5 386.7 0.96 B5 506.0 1.27
A6 408.6 0.84 Bo 563.0 1.00
Tk,
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