#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 11 (2026) 110706

BERXTFERNFHTRSEREFIE

IBE BZA

Fhkx F#@ KZe

K)TF O FFERD OB

(AR R 2B 52 Be, Brm 250358)

(2025 4F 12 J1 11 Bk #E; 2026 4F 3 A 3 HEMERH)

A LI T B WS PR S AR SRR, TR B0y T I RE R BT 2 B2 SR AR SR
2 PR RIS A AT ARk AR R RO IR TS T R AN R ZE 0 T a5 R R s s v . TR BR A
R TR 3 2 ) I AR i e A (ST LA £ R A R 20 T R 7 AR AR B0 B R, i EL RE A5 ] 1
i i Al R 73 1 45 AR IS S MR S K R AR TR R T SR L g3 PR R R H B O e e R ORI IE
(LUMO) BTk A9 125 55 0 1 5, fi T LUMO BRIk Y 37 5 00 28 B R BESL, M 1 HL 77220 145 P (9 1B S A
A&, NI it A R SR8 00 TR 27 A8 TR B LE . TH RS R R, A T B TR R, 0 TR
i -5 Ui A0 ) 2 A — B o7 T R 0 S A AR 25 00 TR O, O BT R B A T AR I A T ] R
FE A0 . DRI 2 ) P 28 S 90 ) 8 1 9 T AT 888 o 0 1 4 D 5 5 M BE . DR 91 45 AN 00T A 2%
v R R 2R 7 R R AEAR O TR B BE U PERE, 107 ELAE 18 28025 20 1 B9 52 VR S A O OGP 7 IE B0l TR K

A B X — R T DU T3 B0 2 e

SR S TR, R TLE, TR, STIFK

DOI: 10.7498/aps.75.20251703

1 5 =

FEFT-E AW N | 8 B BB R T 5
(4R, Rk SEE AR Y oy PR A 20 T Y 1 ok
RGBSR B Hl R E A F] 2 nm, HX—4HAR

BRMU IR T 5 L I 1 e N B, DR P A
O P R Y O B S A FL 8 1 1 RS AT R 28
10 nm LS. R L 21 /N B 90K ROEE B,
FE I TRV B TC A E A IR B T
Y. B0 T HA MR W S5 A A i AL AR S
A7 1) R BT F D RERR Ry fL TRt — 2
INEMESRIL T — S RGEAR. B BRI TR
(AN W 3 200 IR N B 3 Ao A 45 b By -4
SEELT IS 69 g 1018 IRy 1410 3 AT
RNl ST RRREPE . RS AR LA T AL R T

CSTR: 32037.14.aps.75.20251703

SEAAT LABETH I RE T F, i ELR] AAE B0
JZ R B 5 N TE B B At DA RO R A
Jit, X — HbniEsh & o TR AR R,

P YA e L S AR A RS 2 ) S B
(PR £ s P /Ky 1 e A N el N € N
O T s B0 IR S AL T
DR A A RS W o Sz A SR, T EL AT A7 D' B
HUAE TR R A S AR S Al B339 i - B AR
UAIEIV I RRPE S ¥, &1 ey (- BN SN U e e
SAMEE AL e U AL WK, e Al BLoE T
A LA SRS 72 o Rea 6 4, i Z VB IS T
AN TR G4 S PR A8 R AR o0 T AR S S A AR Al v
B B T SR, R BT 5% B — BB HE AR
(<10)12%8L FE LLRTABIETE A, (0 0K P i ) e
(ZIBUEEE i D S VA ol 0 ) o 2 M AN U T
JE P AIZ R AR SR R FR A B FRATAY TR &

* R A RBERS (IS 12474286, 22573060, 12204281) %% B IR

t BIE1E#E . E-mail: lizongliang@sdnu.edu.cn
1 BIE1E#E. E-mail: qiushuai@sdnu.edu.cn
© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

110706-1


http://doi.org/10.7498/aps.75.20251703
https://cstr.cn/32037.14.aps.75.20251703
mailto:lizongliang@sdnu.edu.cn
mailto:lizongliang@sdnu.edu.cn
mailto:qiushuai@sdnu.edu.cn
mailto:qiushuai@sdnu.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 11 (2026) 110706

BLAS EARFME R E R 701 K, 50 0 4 1
BEAERAXIFRALE L, 0 T RIBERB T RAFRIT
SRR RS, AP OR S AL I S ) AN X PR i
FEUERAR 460 780l (LUMO) 78 IE 5l & T
) AR 7 I R 8l MR 23345 e B i B 4
BEGURAE. 2R PN SRR Bl ol A
AT AFEAR A s T S 20 OB R RE, 1hi BT LA
SEBLAE S fi T G B TR, X AR/ T2 R HL Y
BerFr RA )R 4 R TS

2 BEPERGITHLAE

BRI R TER R A 1 PR, A
Oy TEEALEE 3 By, RIA A A s L R G RE

SEOCH, B 1 U R T U X, S RAIET
Al 4345 1) 22 (B0 FH AT 2208, 79 3 G PR K Rl A SR
FH 6x6x3 PR I E A4 . B8 3 SE G H R
H % T M-S LE H R (STM-BJ) HEAT /0 T45 1Y I
A A 24 0 T ) R F AR S S B
Wz il J PP, ST A 4 ) AR W A v R A
HAERATE BRI HEE B, PR AT e 115
R T HE Y H A O 43 A O 1 R T
Bl 1(a), (b) 435k R ORI R 5145 (1A
1E0 M1-T F1 M1-C), 223 i B S e 7E (R U
AT b, T A i 4 A P 3 2 e A A AU 1 [ o
T B (), (d) KRR ZE 45 (e
i M2-T I M2-C), Ze 3t BT I3 3863 42 7 () R FE Y
XL, T A St A I S B A SR A T 2R

OAu Os ©C ON oH

(h

)
N=N
HS f
HS

(k)

® @
SH N
HS /,N NG -
SH N

[6))
N=N
J O

P AR TS5 AU R oy T 457 2 TR, JHG v 7 i B0 T R 32 e 7 A R0 v OORE a7 b, A i ) 5 P R S R TE A R 0 1
WAL (a), (b) RAFMIRA E A>T 45 (92 7 M1-T #1 M1-C); (c), (d) AL R ZE 0 745 (R M2-T # M2-C);

(e), () B R L 5 AR AR A 2840 T45 (7130 M3-T F1 M3-C); (g), (h) fZE 4 T M1-T, M1-C 4r TAb 224502 (1), () 18
RZE0 T M2-T, M2-C 4 FAL2 452 (), (1) 7R AR AL T M3-T, M3-C 4 FAb 2 45 2K

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.
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(s-stigg) /A (CTN=N=C)

Mg /A HE/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 MI1-T and MI1-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
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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”
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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 designs 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
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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 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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