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Fig. 1. Structure diagram of the 2-phenylpyridine molecu-
lar device, 6 represented to the bending angle of the
graphene electrode.
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Fig. 2. I- V characteristic curves of device M1-M4.
#1 o OWEMI—M4 1, I, PVR A1V,
Table 1. I, I,, PVR and V,, of devices M1-M4.
FaGE I,/pA I,/uA PVR Vo/V 7 BH AR L X ]
M1 1.73 0.83 2.08 0.6 [+0.6 V, +1.0 V]
M2 1.67 0.13 12.84 0.1 [+0.1V, +0.5 V]
M3 1.60 0.31 5.16 0.2 [+0.2V, +0.6 V]
M4 0.99 0.17 5.82 0.1 [+0.1 V, +0.6 V]
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Fig. 3. Transmission spectra of M1-M4 under the bias voltage of +0.1 V, +0.2 V, 4+0.5 V, +0.6 V, +0.8 V and +1.0 V, the red

dashed line represented to the Fermi level, the blue line represented to the bias window interval.
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Fig. 4. Transmission spectra of device M1-M4 under zero bias (V}, = 0), the red dotted line represented to the Fermi level.
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Fig. 5. Density of states (a) and the real-space scattering states distribution at E; (b) under zero bias (1}, = 0) of device M1-M4.
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H2 PG TR T B AR A B B U A B VR 9
Table 2. Projected density of states under zero bias (value and percentage in M1-M4) on electrode and 2-phenylpyri-
dine at E.
S ZGNRHU A MHEIE 7S5 L A P AR 0 DR
ity e MM JRAH BMIFERE  JFE BMIBIRE  ZGNRIGK mEsr
M1 1520.7666 — 1423.8923 — 96.8743 — — —
M2 (M1-M2) 998.2693 522.4973 933.4124 490.4799 64.8569 32.0174 93.9% 6.12%
M3 (M1-M3) 830.7494 690.0172 771.0848 652.8075 59.6646 37.2097 94.6% 5.39%
M4 (M1-M4) 763.5156 757.251 702.3966 721.4957 61.119 35.7553 95.2% 4.72%

* 3 PHEMLM4 FEZE 401V, +0.2 V, +0.6 V HI+1.0 V FHUHSSZ 00618, (rbrz% K 5(b)
Table 3. Real-space scattering state distribution of devices M1-M4 under zero bias, +0.1 V, +0.2 V, +0.6 V and +1.0 V,

all the figures share the same color bar given in Fig. 5(b).
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Abstract

Combining non-equilibrium Green’ s function with density functional theory, we study the electronic
transport properties of the molecular devices comprised of 2-phenylpyridine and zigzag graphene nanoribbon
(ZGNR) electrodes. The I-V characteristics and transmission coefficients under external voltage biases are
analyzed, and the results show that the negative differential resistance (NDR) is effectively adjusted by the
bending of ZGNR electrode, which reduces the peak voltage (V,
the device. When the electrode bending angle is 15°, the PVR of device M2 is a maximum value of 12.84 and V,

is 0.1 V, which is low enough for practical applications. The transmission spectra, the density of states and the

) and increases the peak-valley ratio (PVR) of

real-space scattering state distribution at E;of device under zero bias explain that the weaker coupling between
the molecules and the electrodes is caused by the bending of the ZGNR electrode, which might be responsible
for the adjustability of NDR. The analysis shows that the bending of the electrode changes the electronic
structure between the 2-phenylpyridine molecule and the ZGNR electrode, and then changes the wave functions
overlap between them, the coupling between the molecule and the electrodes gets weaker. An external bias can
induce the level to shift. The transmission coefficient for the weaker coupling between the molecules. The
electrodes can fluctuate wildly from level to level, and large NDR effect under very low bias is obtained with the
variation of external bias. Therefore, for highly symmetric molecular devices, the electronic transport properties
can be effectively adjusted by changing the coupling between the central molecule and the electrodes. Our
investigations indicate that the 2-phenylpyridine molecular device with ZGNR electrodes may have potential

applications in the field of low-power dissipation molecules device.

Keywords: negative differential resistance, electrode bending, non-equilibrium Green’ s function, density

functional theory
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