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Fig. 1. ZGNR/CyHsN/ZGNR molecular electronic device schematic diagram consisted of a semi-infinite ZGNR left electrode/a central
scattering region/a semi-infinite right ZGNR electrode, the red dashed line area represents the central scattering region. (a)—(c) de-
notes the marked 2nd, 3rd and 5th N atom of the CyHsN molecular; (d) and (e) illustrates the model of the 0° and 90° angle

between the CoHsN molecule and graphene nanoribbon electrodes, respectively.
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Fig. 2. The current-voltage (I-V) curve (a) and conductance (b) of the device.
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Fig. 3. The transmission spectrum of the device (a) M1, (b) M2 and (c) M3 under the bias voltage of 0, £0.4 V, £0.9 V and +1.5 V,
where the (black) dashed lines and shaded area denote the bias window and the integrated area of the transmission coefficient in

the bias window, respectively.
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Fig. 4. The (a) FV curve and (b) conductance of the M1 device when the angle between the CyHzN molecule and graphene nanorib-

bon electrodes is 0°, 30°, 45°, 60°, 90° and —90°, respectively.
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Fig. 5. The transmission spectra for the angle between the CyHzN molecules and graphene nanoribbon electrodes is (a) 0°, (b) 30°,
(c) 45°, (d) 60° and (e) 90°, respectively, under the bias voltage of 0, + 0.3 V, + 0.9 V and + 1.5 V, where the (black) dashed lines
and shaded area denote the bias window and the integrated area of the transmission coefficient in the bias window, respectively.
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Fig. 6. The transmission spectrum of the CyHzN molecule
and the ZGNR electrodes at the angle of 0°, 30°, 45°, 60°,
90° and —90° under the 0 bias, where the (red) dashed line
denotes the Fermi level.
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Abstract

Since graphene was successfully obtained in the end of 2004, the research on graphene and relevant devices
has attracted extensive attention. The armchair- and zigzag-edge graphene nanoribbons, as the building blocks,
are often used to design the graphene-based molecular electronic devices. Quinoline, an important intermediate
between metallurgical dyes and polymers, is an organic conjugated small molecule which is simple in structure
and easy to synthesize and modify the chemical structure, and quinoline has become one of the research focuses
in the field of molecular electronic devices in recent years. From the physical point of view, the transport
properties of the isomeric quinoline molecular electronic devices connected with graphene nanoribbon electrodes
can provide a theoretical basis for designing and manufacturing molecular electronic devices with excellent
performance. Based on the first-principles calculation method combining the density functional theory and non-
equilibrium Green's function, this paper systematically investigates the transport properties of the carbon-linked
isomeric quinoline molecule electronic devices sandwiched between the graphene nanoribbon electrodes. The
obtained results show that the device current presents a linear change in a bias voltage range [-0.3 V, +0.3 V],
the current decreases with the increase of the absolute bias voltage, separately, in a range of [+0.5 V, +0.8 V]
and [-0.4 V, -0.9 V], demonstrating a strong negative differential resistance effect. On the other hand, the
interesting negative differential resistance effect is remained when there is an angle between the quinoline
molecular plane and the graphene nanoribbon electrode; the current of the device is found to be independent of
the rotation direction of quinoline molecule in the central region; the current of the device should be forbidden
when the quinoline molecule plane is rotated to a direction vertical to the graphene nanoribbon electrodes. The
obtained results can provide a theoretical basis for designing and manufacturing the molecular switches and

negative differential resistance devices based on isomeric quinoline molecular electronic devices.

Keywords: isomeric quinoline molecule, graphene nanoribbon, first-principles calculation, electron transport
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