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Fig. 1. Schematic illustration of (CH,), (n = 1-12) mo-
lecule junction (golden ball: carbon atom, red ball, oxygen
atom, grey ball: nitrogen atom, light pink ball: hydrogen
atom).
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Table 1.
binding energy in (CH,), (n = 1-12) molecule junc-
tion (the bond length of d;, dy, d3 and the bond angle

a are shown in Fig. 2).

lefN /A d‘ZC*C /A

The average bond length, bond angle and

dsc ¢ /A a/(°) AE/RV

n

1 2.44 — — — -10.90
2 3.67 1.55 — — -11.04
3 5.10 1.55 2.54 2.25  -11.12
4 6.22 1.53 2.55 18.81 -11.45
5 7.71 1.55 2.63 091 -11.52
6 8.91 1.54 2.59 15.12  -11.55
7 10.30 1.55 2.62 041 -11.66
8 11.51 1.54 2.60 14.61 -11.57
9 12.90 1.55 2.62 0.80 -11.69
10 14.11 1.54 2.61 14.93 -11.60
11 15.51 1.55 2.62 1.85 -11.72
12 16.71 1.54 2.61 14.19 11.60
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Fig. 2. The stable structure of (CH,),, (n = 1-12) molecule junction (on each diagram, the bottom figure is a top view along y axis,

the upper and right side inset is a side view along z and z axis, respectively. Coordinate direction and color description of the ball

are shown in Fig. 1).
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Fig. 3. Transmission coefficient as a function of energy for odd (a) and even (b) (CH,),, molecule junction under zero external bias.
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Fig. 4. The plot of conductance versus chain length for odd
(a) and even (b) molecular junction of (CH,), at the bias of
0V.
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Fig. 5. The eigenchannels of odd (a) and even (b) molecu-

lar junction of (CH,), (The upper inset is a side view along
z axis, blue and yellow areas denote the gain and loss of

electron density).
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Fig. 6. The current of odd (a) and even (b) (CH,), molecu-

lar junction under different external bias.
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Electron transport of one-dimensional non-conjugated (CH,),,
molecule chain coupling to graphene electrode”
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Abstract

Although the one-dimensional non-conjugated alkane chain, which has an important influence on the
electron transport process, does not possess the characteristics of electron-rich and electron-deficient, it often
exists in single-molecule devices and biological molecules such as peptides and proteins. In order to understand
the electron transport characteristics of alkane chain, a one-dimensional linear non-conjugate (CH,), molecular
junction model is designed in this study. Subsequently, we conduct the systematic study of the electronic
transport behavior of (CH,), (n = 1-12) molecular linear chain coupling to two graphene electrodes, based on
the density functional theory and nonequilibrium Green’s function formalism. The results reveal that the
structure and conductance of CH, chain are highly sensitive to the odevity of CH, unit. When the value of n is
odd, the groups of CH, extend in a zigzag way from the left electrode to the right electrode in the plane of
graphene, while the value of n is even, what is different is that the groups of CH, are arranged above and below
the electrode plane. For this reason, the odd-even behavior of conductance occurs in the (CH,), (n = 1-12)
molecular chain. Furthermore, n is also an important factor to affect their transport properties (odd or even
behavior of conductance). The longer the (CH,), chain, the deeper the suppression in transmission spectrum
and the lower the equilibrium conductance. What is more, the conductance decreases exponentially with the
increase of molecular length, with a decay constant § of 0.67 and 0.60 for odd and even, respectively, which is in
good agreement with the experimental research. Additionally, by analyzing their eigenchannels of odd and even
(CH,),, molecular chain, we find that the coplanar o electron with graphene electrode makes a major
contribution to the electronic transport channel. The current-voltage curve of (CH,), molecular chain exhibits
nonlinearity, implying their semiconductor characteristics. The interesting mechanical and electronic transport
properties are expected to conduce to further experimental synthesis, design and operation of the single

molecular nanodevices.

Keywords: methylene, first-principles calculation, electron transport, non-equilibrium Green’s function
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