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Fig. 1. The schematic structures of the azobenzene and azo-naphthalene molecular junctions, where the left-hand thiol group is bon-
ded to the para-position of the azo centre and the right-hand thiophenol group to the meta-position: The structures of (a) and (b)
are the trans and cis dithiol azobenzene molecular junctions (abbreviated as M1-T and M1-C); the structures of (c¢) and (d) are the
trans and cis dithiol azo-naphthalene molecular junctions (abbreviated as M2-T and M2-C); the structures of (e) and (f) are the
trans and cis dithiol benzene-azo-azonaphthalene molecular junctions (abbreviated as M3-T and M3-C); (g) molecular chemical
structure formula of the azobenzene molecule M1-T and (h) M1-C; (i) molecular chemical structure formula the azonaphthalene mo-

lecule M2-T and (j) M2-C; molecular chemical structure formula the phenyl azobenzene azonaphthalene molecules (k) M3-T and
(1) M3-C.
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Table 1. Molecular  lengths  (S—S  distances),

C—N=N—C dihedral angles, and distances from both

gold electrode ends for M1-T, M1-C, M2-T, M2-C, M3-T,
and M3-C molecules.

prkr R maws £S-Au
(S—SHiE) /A (C_l\;;f_c) Wi /A Bigs/A
M1-T 11.54 179.51 2.51 2.50
M1-C 9.35 -13.95 2.51 2.50
M2-T 16.13 174.29 2.51 2.51
M2-C 13.64 -14.09 2.53 2.50
M3-T 16.32 -177.61 2.50 2.50
M3-C 13.58 -21.04 2.51 2.51
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Fig. 2. (a) Current - voltage characteristic curves of azoben-
zene molecular junctions M1-T and M1-C; (b) current-
voltage characteristic curves of azo-naphthalene molecular
junctions M2-T, M2-C, M3-Tand M3-C; the illustrations in
(a), (b) show how the rectification ratio of each molecular
junction changes with bias voltage; (c) switching ratios of
M1, M2 and M3 during cis-trans isomerization; in the fig-
ure, I is the trans molecular junction current and I is the

cis molecular junction current.
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Fig. 3. (a)—(f) The transmission spectra of the M1-T, M1-C, M2-T, M2-C, M3-T and M3-C molecular junctions at various bias

voltages.
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Fig. 4. The transmission eigenstates of M1-T, M1-C, M2-T and M2-C molecular junctions at the biases of -0.1 V and +1.4 V, and
the transmission eigenstates of M3-T and M3-C molecular junctions at the biases of -0.1 V and +0.6 V; the energy of transmission
eigenstates is 0 eV (Fermi level) at —0.1 V. While at £0.6 V and +1.4 V, besides the transmission eigenstates of 0 eV, we also show
the transmission eigenstates of the energy with the highest transmission spectra values in the bias windows (i.e. 0.3 eV for M3-T

and M3-C, 0.7 eV for M1-T, M1-C and M2-T and M3-C, and 0.5 eV for M2-C).
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Fig. 5. Transmission spectrum calculations for (a) M3-T
and (b) M3-C molecules under PBE and HSEO06 hybrid
functionals, respectively; (c) voltage-current characteristic
curves of M3-T and M3-C calculated using PBE function-
als; the blue line represents the switch ratios of the M3 mo-
lecule during trans-cis isomerization calculated using the
PBE functionals; the inset shows the rectification ratios
versus bias voltage for M3-T and M3-C molecular junctions.
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Fig. 6. (a) The transmission spectra of M3-T and M3-C
molecules, calculated using the DZP and SZP basis sets,
respectively; (b) the transmission spectra of M3-C and
(¢) M3-T; the solid lines represent the transmission spectra
calculated at 0.5 V and -0.5 V biases for molecules optim-
ized at a gate voltage of 0 V; the blue dashed lines repres-
ent the transmission spectra calculated at 0.5 V biases for
molecules optimized at a gate voltage of 0.5 V; the green
dashed lines represent the transmission spectra calculated
at 0.5 V biases for molecules optimized at a gate voltage of
—0.5 V.
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Rectification and switching properties of azo
molecular junctions”

KONG Chengyu  GE Yunlong  JIA Zhaoge LI Min ZHU Rongjin
ZHANG Guangping LI Zongliang? QIU Shuai

(School of Physics and Optoelectronics, Shandong Normal University, Jinan 250358, China)

( Received 11 December 2025; revised manuscript received 3 March 2026 )

Abstract

Azobenzene derivatives, which can change their conformation between cis and trans stereoisomers upon
ultraviolet or visible light irradiation, have attracted considerable attention in the design of single-molecule
functional device. The electronic transport properties of azobenzene and azonaphthalene molecular junctions are
investigated by using the density functional theory and non-equilibrium Green’s function method. The
calculations demonstrate that the azobenzene and azonaphthalene molecular junctions with asymmetric thiol
anchoring groups show excellent rectification properties. In addition, the low-bias switching ratio of the
molecular junctions during the cis-trans stereoisomerization transformations is significantly enhanced. The
electronic transport properties of the molecular systems are dominated by the lowest unoccupied molecular
orbitals (LUMOSs). In the negative bias regime, the LUMO-contributed transmission peaks move away from the
Fermi level, thereby suppressing the transmission probability of the azo molecular junctions. This mechanism is
responsible for the high rectification ratio of the azobenzene and azonaphthalene molecular junctions. The
numerical results show that, for the molecular junctions with “off” states, the contacts between the molecules
and the drain electrodes are located near the nodes of transmission eigenstates, which lead to significant
destructive quantum interference effect when electrons enter the drain electrode. Therefore, controlling the
quantum interference of the electron wave can effectively enhance the switching and rectification performance
of the molecular junction. Side-substituent not only enhances the low-bias rectification performance of the
trans- azonaphthalene molecular junctions, but also results in the reverse of stereoisomeric switch of the
azonaphthalene molecular junction under positive and negative biases. This property can be used to design
single-molecule logic circuits. Compared with the calculations of the HSE06 hybrid functional, the HOMO-
LUMO energy gaps calculated with the PBE (Perdew-Burke-Ernzerh) functional are relatively smaller, which
results in higher current values. Consequently, the rectification characteristics obtained using the HSE06 hybrid

functional shift towards the higher bias region compared to those obtained using the PBE functional.
Keywords: molecular device, azobenzene molecular junction, molecular rectifier, molecular switch
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