) 32 % 3R Acta Phys. Sin. Vol. 73, No. 8 (2024) 088502

ERMIMBRESTFENEHRE
I [ BB 1 = E R

L N S

IBE Boh

BREE B FRRT

(ARG =P 5 LT Rb22ABe, Bl 250358)

(2023 4F 12 J 22 AYE]; 2024 4E 1 H 24 AUEMER)

A3 SRR 23 DR LS 79 R S5 ) AR T 35 B 8 A [ ey e s A 5. A 48 7 mi A A LA AR D o 2R 23
T UART 25 48 LA K v i a1 B ) 52 0, 5 — P S BRI SIS A R O A AR B R AR AR T B
LA AR AL, T AT AR - B A% b ok RO R T T R 2 1 S5 AR ORI TR 6 A P AR 2 1 AR TR AR
P 22 [ Y v i . A5 R O s A SR 0 1 R A R AR AR i LA 2 . A I
AU AR 20 17 AR 28 e B A A 1 45 - 47 P B A 8 0.1 o A7 B 455 D IS5 4y T oz A e
Oy TR N BAR A AR T A i (E 24 e B e e T 4 2 I U 20 145 0.2 nm B, ]9 C—N—N—C
T AT IR R B A R AR T A R e R S T A, D) B A SRR 1 B R i T DA R R
T A T A HE I R AR A v, DU O R 45 ) RS R R O (LA O T ) TR R SRR ) Y
S R A i SRR A S A T A S e e S R R A AT NI e e
P L U L A B 8 9% 4 T 8 R R0 445 ) v 7 A B A e I R R B T 3k 10 % LA

KR : a0, BRI TS, RARILE, TR

PACS: 85.65.+h, 31.15.a¢, 68.35.Ct

1 5 =

UEARR, ARGEGH T2 I T TP T
Pt K R 07 WFFEE AT AT LA ] 4 | fE— 4k

YR 2 HZE A T AT T 1810] #qzs (11-19]

SR 520l BB 12 B E B 520 )
ARIR SRR OAR B, 76T LI 4 TR Ll
PRI S BARECT 40T B TR 2
A PR L 9052 59, B i 4

TR A SRR AL R 1 R AR B

oy BPRL R SRS IERE 0. BA T SR Y B
Or T NTHE O — 201 BT 20 M4k A=
TR AIBLHI AR, W] LUK 2 7313t Al 47k

*EF A RBERS S 11974217, 12204281) FERNIGIFHE.

t BIE1EE. E-mail: lizongliang@sdnu.edu.cn
© 2024 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.73.20231999

TFRAE N B A R DI REAR 1, U001 A7 fif # (3143450
O AL Il A6 19 Bl TR R T P AR

LA EAR A0 1 05 i T HOL TS 5 S A
PRI A AT SR T [ T WIFFE 3 AR RO 57421,
LI R W E AR T AR S T n] DU A i
- Al AR A B2 A I A R B v
FL SR, T S A R 3 B AP e R B0,
JUEMAFL I T REB R IIDLEIT R R TI6E, (2
SRR G 2 B T PR ) S B A T O 5%
I, Be— ML R (R AL 32 ph TR B
AR TR EEA , 75 ZEAN R 58 A4 LR (e B
5 ZVERE, PRI Y 71 4 T PR AR 8] e SR BH
I TR A A ety dedge. SR =R i XA
R TRIEAR, 38 o s B AR B B A LA

http://wulixb.iphy.ac.cn

088502-1


http://doi.org/10.7498/aps.73.20231999
mailto:lizongliang@sdnu.edu.cn
mailto:lizongliang@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 % 3R Acta Phys. Sin. Vol. 73, No. 8 (2024) 088502

FEMEAI T ZE R AL T AT RE. B ATIFSE
T LA B B AR R 2 e A P SRR T 2
AR S, Ft— 2 The T s RN 2T
SEFHIERERY AL, T R HL AR R4 AR R S
AR BRI T RS AL, it — x0T
LR 0 F S A L A TR A SR, R AR A fip
R0 246 AR Aof A S 1 W S P Ao 454 22 (1)
A B, XA T AR I T ARGE B R
HI T2 B R 0T LR AR 0 OB AURR, 4 FL R
52 2B el RO R AR K HE TR AR, R e
A7 A T X R R 32 3 ) 1 P O sl i B2 ) A2 A
AR I, BIA A R 214 i B s e n] LA
R LB a3 iR AL T R AR v T
ARAT LA AN S 2 A1 B L R/ R AR
S

2 FEAEGITFLRE

AR SCWFFE IS AR AR i R R 7, X
NG AH SRR 0 3% e e WA 4 W R 22 (R B 17
FLEWE 1(a), (b) FiR. H T B A G2 5 i 15 5
Au (111) FmE =i b, &R T e
& AR 5 4 F I B R i AH G PO 4345 i P 5
FEAR SRR T 5 T8 — PR SR R R A0y 1 200,
% 83 JFF 2 R A SR, TR le 2 Y
ATATPE DL S 25 B R T A5 B, 7 H A v A 5 R 45 1Y
B T i S o TSR E &R . U
HTA 1A BH 23350 %-FHF58 4378 AR E A )

Left Central region Right
elect. elect.

K1 (a) R (b) S AR T 45 B A
Fig. 1. The schematic structures of the (a) trans and (b) cis

dithiol azobenzene molecular junctions.
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Fig. 2. The variations of (a) the geometry, the energy, (b) the electrode force and the conductance in the compression process of the
trans dithiol azobenzene molecular junctions, the inset shows the energy barrier and the moment of rotation arised during the
change of C—N-—N—C dihedral angle for dithiol azobenzene molecular junctions at 1.85 nm electrode distance; the variations of
(c) the geometry, the energy, (d) the electrode force and the conductance in the elongation process of the cis dithiol azobenzene mo-
lecular junctions. The minimum energy in the energy curve in (a) is defined as the zero energy for both trans and cis azobenzene

molecular junctions.
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Fig. 3. The transmission spectra of the (a) trans and (b) cis
dithiol azobenzene molecular junctions with different elec-

trode distance.
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Fig. 4. The spatial distributions of the molecular orbitals of the trans and cis dithiol azobenzene molecular junctions with different

electrode distance which show main contributions to the transmission peaks near bias windows.
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Fig. 5. The electronic transport properties of the trans and cis dithiol azobenzene molecular junctions with different electrode

shapes. The variations of current and conductance versus bias voltage and the corresponding transmission spectra for the trans and

cis dithiol azobenzenes sandwiching between (a)-(d) planar-shaped electrodes; (e)—(h) pyramid-shaped electrodes; (i)—(1) pyramid-

shaped electrode and planar-shaped electrode with individual surface gold atom.
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Abstract

The azobenzene molecular junction has aroused much interest of scientists due to its switching property
arising from its photoinduced isomerism. Owing to the existence of the cis and trans isomers, the electronic
transport properties of the azobenzene molecules are promised to show significant differences. The experimental
investigations indicate that the cis azobenzene molecule commonly shows high conductance, while the trans
azobenzene molecule shows low conductance. However, the computations give the opposite results. To reveal
this significant difference, the effects of electrode mechanical modulation on the geometries and electronic
transports of the azobenzene molecules are studied. The effects of the electrode geometries on the electronic
transports of the azobenzene molecular junctions are also investigated. The electrode compressing process and
the electrode stretching process of the azobenzene molecular junctions are simulated based on the first principles
calculations. The electronic transport properties are further calculated by using non-equilibrium Green’s
function (NEGF) method. The numerical results show that the structures of the cis and trans azobenzenes with
sulfur anchors are stable in the stretching process and compressing process of electrode. For the cis azobenzene
molecular junction, the cis geometry remains unchanged until the electrode distance is stretched to about
0.1 nm longer than the stable electrode distance of the trans azobenzene molecular junction. Though the trans
azobenzene molecule is bent when squeezed by the electrodes, the C—N—N—C dihedral still maintains its
trans structure even when the electrode distance is compressed to about 0.2 nm shorter than the stable
electrode distance of the cis azobenzene molecular junctions. It is intriguing that the conductance values of cis
and trans azobenzene molecular junctions vary inversely with the electrode distance. The conductance value of
the cis azobenzene molecular junction increases with the elongating of the electrode distance, while the
conductance value of the trans azobenzene molecular junction increases with the compression of the electrode.
The conductance is very sensitive to the electrode distance for both the cis azobenzene molecular junction and
the trans azobenzene molecular junctions, which can change more than 10 times with the change of the
electrode distance. In the lower bias regime, the conductance of the trans azobenzene is higher than that of the
cis one if the two electrodes are planar. However, when the molecule is sandwiched between two pyramid-
shaped electrodes, the condutance of the cis azobenzene is higher. Thus, the higher conductance of cis

azobenzene may be caused either by the pyramid-shaped electrodes or by the large electrode distance.

Keywords: molecular device, azobenzene molecular junction, stretching and compressing of electrode,

molecular sensor
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