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Fig. 1. Theoretical prediction, experimental observation and regulation of quantum interference effect in single-molecule devices.

21 HBOoTFRASTTFHUNAEIEHR

Xt o1 A L s PR R A IE ST 1 e AT

o FAS B, BRSO TE R P TS
JE RARAH AR A E B T, HAR Tl 2 4
Jogs PR R DT S B K AR X A F AR 119
AR (K] 2(a)). HLF1E2 TS5 I % 1 A b an
RZFN TN T ECE T ZAHUY, S8R
THIMOL &AL, FET O T PSR, XA
Sz ML AR Tz . AR, IR 7
Iy EE AL B R, I8 2R D A iz
HAF iz 8 W A R AR 1, R R
R HOMO-LUMO (highest occupied mole
cular orbital-lowest unoccupied molecular orbital)
I BT, (A5 FE AR 1) S K B AL T 001 (8 de i o
FHE (HOMO) S&EAMCA Sl F#liE (LUMO)
Z[a) BOL s, AR B R BEZ-5 00 1 AR Y iz 3
BZ SRR 2 AE WREKRER 500 1Y
HOMO H 53, A4 BList i i iz i 72 L HOMO
HE T M, AR PR RESE LI 311 LUMO,
BERT L LUMO S5 5% (&1 2(b)). 2 T4 S5
HLFAE ST N 2 SRR AT G, (R fin R ANIELEE
?EI’J BRI ZEAE T, 2> T4 e Gl DL B

R AT

G = (2¢*/h) x T (Ey) (1)

A, e el TR, bW, By NaJEE
W PORRED, T(E) S M5 1 — S 2] 1k 75
— i )32 S AR 07081 Sl R S T LA
g LR e Z (] A28 (R BEAR G, IR H S0 1
PIHRARF SRR AL (g(Er)) WP BUE R, B
T(Ep) o< g(Ep)% 0152 Man, 3FH
&8 PR BES AL T4 T HOMO 5 LUMO Z [H] i,

TEDORREHAL HIRE IR BREC AT LN

b= 5 20 ComCie
J E]:—Ekiln

Er — enomo £ in

C’iLUMOC;LUl\/[o
Er —erumo £ in’ (2)

X, Cyp FoRALS i LRER A THUEREL, O
PR IS GRS B THIE R, o RARH
kA TRUERIRESE, n 2 — 1m0 A

(a) (b) B

) o ..

—~
(e}
~
—~
o
~
—_
==}
)

=
(=R )
Ll

Transmission
=
)
i
w
=

2 1 0 1 2
Meta E—Erp(t)

K2 (a) - TR HEN R E R (b) 40 T 450 s
JE B IR 5 (c) 38 A 2% A 4 % A7 R ] o7 32 AT 3% e 0 4y F Y
HL 2 0 5 (d) B ARG T TR0 (L0 ) FIAH T
T TR (80 195> T 1 4 i 20

Fig. 2. (a) Schematic of the electrical measurement of mo-
lecular junction; (b) the mechanism of electron transport in
a molecular junction; (c) different electron transport path-
ways in Para and Meta site connected benzene ring; (d) the
transmission spectrum of molecules with CQI (red) and
DQI (blue) effects respectively!’l.
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Fig. 3. (a) Molecular structure of AC, AQ and AH respectively®; (b)—(d) the one-dimensional conductance histogram of AC, AQ
and AH respectively?; (e) the molecular structure of AQ-DT, AQ-MT, AC-DT and OPE3-DTPF; (f), (g) the two-dimensional I-V/
histogram of AC-DT and AQ-DT respectively?7; (h) the transmission spectrum of AQ-MT, AC-DT, and AQ-DTF7.
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Fig. 4. (a) Schematic diagram of DQI caused by Fermi level between two molecular orbitals with the same phase (upper) and the

schematic diagram of DQI caused by Fermi level above two molecular orbitals with opposite phase (lower); (b) the transmission

spectrum corresponding to the two DQI mechanisms shown in (a); (c¢) one-dimensional conductance histograms of three target mo-
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E— PR E SRR (8 5(f) Z 5 T UK B,
TE R AEGAL , Meta-OPE3 73 T HIAPR B E KT
Para-OPE3 73 F&PR, iR T Meta-OPE3
TR B ZE DL 58 ZEU R YR . 2020 4F, Grace
A5 01 it A AN [ 7 5 AT B X7 R T 6 34 42
IR 1, FFRNZZR I o710 2 D v REHAT T
DX It e X LA A [ e o A g ) o7 B
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Fig. 5. (a), (b) Geometry of Para-OPE3 and Meta-OPE3 molecular junctions respectively; (c), (d) the thermoelectric voltages as a
function of AT of Para-OPE3 and Meta-OPE3 respectively; (e) the transmission spectrum of Para-OPE3 and Meta-OPE3; (f) the
slope of transmission at logarithm scale of Para-OPE3 and Meta-OPE3(69,
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Fig. 6. (a) Schematic of the Ag/vanadocene/Ag molecular junction of spin filter that induced by quantum interference; (b) schemat-
ic of the Ag/vanadocene molecular spin polarization junction; (c), (d) Fano factor of Ag/vanadocene/Ag and Ag/ferrocene/Ag junc-

tions respectively; (e) spin transmission across the Ag/vanadocene/Ag junction of perpendicular molecular junction; (f) spin trans-

mission in different charge transport pathways(™!.
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Fig. 7. (a) Two resonance structures of SPPO after protonation with acid; (b), (c) the 1D conductance-displacement histogram of
SPPO and SPPO-H* respectively, where the inset is the displacement count histogram(™l; (d) the molecular structure of DTB-A
and DTB-B; (e), (f) the one-dimensional conductance histograms of DTB-A and DTB-B in TMB solvent and introduction of the

fluoride ion respectively!(™.
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Abstract

The quantum interference effect in single-molecule devices is a phenomenon in which electrons are

coherently transported through different frontier molecular orbitals with multiple energy levels, and the

interference will occur between different energy levels. This phenomenon results in the increase or decrease of

the probability of electron transmission in the electrical transport of the single-molecule device, and it is

manifested in the experiment when the conductance value of the single-molecule device increases or decreases.

In recent years, the use of quantum interference effects to control the electron transport in single-molecule

device has proved to be an effective method, such as single-molecule switches, single-molecule thermoelectric

devices, and single-molecule spintronic devices. In this work, we introduce the related theories of quantum

interference effects, early experimental observations, and their regulatory role in single-molecule devices.
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