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Fig. 1. Schematic diagrams of DTB-A and DTB-B molecular junctions before and after amino or nitro passivation.

058501-2


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 ZF 3R Acta Phys. Sin. Vol. 72, No. 5 (2023)

058501

Hrfr GR (E)FIG* (B) 435 R HIUH I 3R FEERTRS B bR
W hr=i (EE,R(E) _Zf,R(E)) R RRAL, EE’ rR(E)
P R (B) 2247 RO B DX ) A g 7E T3
IEPERTZ T, JeXt i T A AT, ARG
B A T S SR LA, oAb AR 4l
BT 52 I ss #] 0.02 eV/AL DL R
£ QuantumATK (2020.098%) B AFA0H 58 a4

3 #X5it#h

2 4r 5l s TR T AL F1 B /Y H s
S AR JEVAL, Sr AR EE AR AR R T ) FL iz
P J5 = R T B K R B T 3 e 0 1) 43 A S H:
. WA 2(a) IR, POKBEH I IAAE—A H A
= FUE (highest occupied molecular orbital,
HOMO 1) 519 H g ] L3 J i Al — > iy f A1
At FHUE (lowest unoccupied molecular orbi-
tal, LUMO | ) 5089 A BE T 5 S, A4~ 35 5
UEe 5 SRR R G =2 (8] 11%) HE 12 5] B I 25 LA B W 1 a5 i
WA XoF 7 F18) v B AR [R]. ZE ] 2(b) H, B1 ZEB% K
e WA — HOMO 1T 3 5 135 5 i 1 —
A LUMO | 3 51035 . 31> 325 5 i 11 i
LS AL XTI i ST SEAAH [R]. B1 AT AL h
H HOMO T 3= 519 3% 5 0 v B8t B AR AH ). H2
B1 i HOMO T 3= 5 (137 S 4 J§8 5 Lk A1 B
FEGEHTIER 5 YA —E BN A, B1
H LUMO | 3= 5 1385 59 06 = B2 Lb AL X B 1) 3 S
WA VR, S BORF L 1 A e o i T AR K xR
Bl DTB PR SRR 1450 A e iz 5e 1A E—
FENZE S

A1 F1 B (1385 06 25 5 0T LU B AT R 9 37

1.0
(a) — Up
08k —— Down
§
g 06f HOMO?7 LUMO]
g
5 04F
f
=
0.2}

Energy/eV

—2 —1 0 1 2

SFAMEZ R MRS, QnlE 3 R, 728 3(a) HY, AT HY
HOMO 1 X I [ 35 Gt AR 25 76 22 F AR R 8] 437
R B SR, A7 S S AR S S A
WY, 7EE 3(b) 1, A1) LUMO | X0 B9 5 S AR
fFEZS5H HOMO T MR B AMEASHZEA K. |
FHABIANZS )23 BJEFFEAL, Frl HOMO 1
Xof 7 (14375 Bk 1) v 55 LUMO | X 1) 175 S5 068 £
EEARE . 76K 3(c) #, B1 A HOMO 1T X i
140385 55 AR E 2578 22 FEL R RN 20 1 2 230 0 1 o 3
O3 AR A o R FA b )33 S AR
25 e R S, 3 B1 i HOMO T %k 7 1Y 3%
P A1 BRAE . GlE 3(d) FirR, B1 (9 LUMO |
Xof IO P25 B AR A 70 22 B L R ) 07 A b
HY BB BERE TN, FFLL B1 A LUMO | %R i 5t
U5 B AH . A A5 BH B

Kl 4 SR T EmET A2 Fl B2 1 Fies S,
WE 4(a) Fron, @ 3EE L) DTB-A 43 F 45 A2
FEFOKRBELFIMIALA —A> HOMO T X I 4175 5 14
F—4~ LUMO | XN AE . MBI aokne
e A1 R L A PR i 2 JL AR A H). A2 /9 LUMO |
XoF IO ) 5 B e FE M R T AL, A2 (19 HOMO T X
M3 S S AL 19 HOMO T X0 033 S 164 1
fiw R m. 2R 4(b) H, AL DTB-B 43
T45 B2 AlEESHES Bl AHICATEREIX . BIR
B2 FEFKRBER P EA —4 HOMO T XF I )35 5
T — A LUMO | X 17 (4385 S0, {H 435 5 0
B B T B1. 5 B1A#HLEL, B2 49 LUMO | %f
N7 B 355 S s 2 FE BRI T 56%, 1 B2 B9 HOMO 1
Xof IO P25 B e 2 BE AT T 68%. 1 ik W it 2 Al
fE AT A R DTB-A il DTB-B 43T H e

iz fe ).

1.0

(b) — Up
—— Down

0.8} LUMO|

0.6 HOMO?

0.4

Transmission

0.2

-2 —1 0 1 2
Energy/eV

K2 ERIET (a) ALFI(b) B1 B A BEB ST, WLk MLLgk 70 AR AEm LA A A& T, SR AETE A i RO B9k b

Fig. 2. Spin-transmission spectra of (a) Al and (b) B1 at zero bias, the blue line and the red line represent up-spin and down-spin,

respectively. The Fermi level is set at zero in the energy scale.
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Fig. 3. The transmission eigenstates of (a) HOMO T and (b) LUMO | of A1; the transmission eigenstates of (¢) HOMO 1 and (d) LUMO |

of B1.
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Fig. 4. Spin-transport spectra of (a) A2 and (b) B2 at zero bias, the blue line and the red line represent up-spin and down-spin, re-

spectively. The Fermi level is set at zero in the energy scale.
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Fig. 5. The transmission eigenstates of (a) up-spin HOMO and (b) down-spin LUMO of A2; the transmission eigenstates of (c) up-

spin HOMO and (d) down-spin LUMO of B2.

1.0

(a)

LUM
—— Down UMO|

0.8

0.6

04

Transmission

0.2

—2 —1 0 1
Energy/eV

Transmission

-2 -1 0 1 2

Energy/eV

K6 FMET (a) A3FI (b) B3 B H BEE S35, WL FILLL I 50K A e m B A A BEm T, 9E KR RBTE Rl it RUZWBEE %
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spectively. The Fermi level is set at zero in the energy scale.
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Fig. 7. The transmission eigenstates of (a) up-spin HOMO and (b) down-spin LUMO of A3; the transmission eigenstates of (c) up-

spin HOMO and (d) down-spin LUMO of B3.
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Abstract

Previous research results show that the conductance difference in molecular junction caused by quantum
interference (QI) effect is an important way to identify isomers or improve the recognition sensitivity. Recently,
single-molecule conductance of two fully m-conjugated dithienoborepin (DTB) isomers (DTB-A and DTB-B)
with tricoordinate boron centers has been measured by using the scanning tunneling microscopy break junction
technique. The result shows that QI can enhance chemical responsivity in single-molecule DTB junction. In this
work, the first-principles method based on density functional theory and non-equilibrium Green's function is
used to study the influence of QI effect on spin-transport property of DTB molecular junction connected to the
nickel electrode, and the purpose of distinguishing DTB isomers (DTB-A and DTB-B) is realized by using
amino and nitro passivation. The results show that the pristine DTB-A molecule and DTB-B molecule both
have a up-spin transmission peak dominated by HOMO and a down-spin transmission peak dominated by
LUMO on both sides of the Fermi level, and the energy positions and coefficients of two transmission peaks are
basically the same. Therefore, the up-spin and down-spin current curves of the two junctions basically coincide,
so that it is impossible to clearly distinguish the two isomers of DTB molecule simply by spin current. The QI
can enhance the spin-polarized transport capability of two orbitals of amino-passivated DTB-A molecule to
varying degrees but weaken the spin-polarized transport capability of two orbitals of amino-passivated DTB-B
molecule. Therefore, the current of DTB-A molecular junction passivated by amino group is always higher than
that of DTB-B molecular junction passivated by amino group. However, the QI can greatly enhance the spin-
polarized transport capability of two orbitals of nitro-passivated DTB-B molecule but weaken the spin-polarized
transport capability of two orbitals of nitro-passivated DTB-A molecule. Therefore, the current of DTB-B
molecular junction passivated by nitro is always higher than that of DTB-A molecular junction passivated by
nitro. Because the QI has different effects on the spin-transport capability of DTB-A and DTB-B passivated by
amino or nitro group, so the two isomers of DTB molecule can be distinguished by measuring the spin current
value. The above conclusions provide more theoretical guidance for the practical preparation of spin molecular

junctions and the regulation of their spin-transport performance in the future.
Keywords: first principles, density functional theory, molecular device, quantum interference, spin-transport

PACS: 85.65.4+h, 85.75.-d, 81.05.ue DOI: 10.7498/aps.72.20221973

* Project supported by the National Natural Science Foundation of China (Grant Nos. 12074046, 12204066), the Scientific
Research Fund of Hunan Provincial Education Department, China (Grant Nos. 20C0039, 19C0027), the Young Researchers’
Cultivation Programme of Changsha University of Science & Technology, China (Grant No. 2019QJCZ022), and the Hunan
Postgraduate Scientific Research and Innovation Project, China (Grant No. CXCLY2022141).

1 Corresponding author. E-mail: zqfan@csust.edu.cn

058501-11


http://doi.org/10.7498/aps.72.20221973
mailto:zqfan@csust.edu.cn
mailto:zqfan@csust.edu.cn

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

TRV b R AR T ST B SR — R A
R wAAR N ER A EER

First—principles study of single-molecule—structure determination of dithienoborepin isomers

Peng Shu-Ping  Huang Xu-Dong LiuQian RenPeng WuDan Fan Zhi-Qiang

5] Fi{# B Citation: Acta Physica Sinica, 72, 058501 (2023) DOI: 10.7498/aps.72.20221973
TEZE [T View online: https:/doi.org/10.7498/aps.72.20221973
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FETT ARG K A S

Articles you may be interested in

SFEARILL A T E s R TR B S — PR I BT
First—principles study on transport property of molecular} device with non—collinear electrodes

PIFEAEA. 2018, 67(9): 097301  https://doi.org/10.7498/aps.67.20172221

T YESP ) 2 S R ARG A TN K R B B — M S R
First—principles study of structure prediction and electronic properties of two—dimensional SiP, allotropes

WIBEAEA. 2022, 71(23): 236101 https://doi.org/10.7498/aps.71.20220853

BT MR AT AL R M AR R

First principle study of nonlinear optical crystals

PrPReEd. 2018, 67(11): 114203 https:/doi.org/10.7498/aps.67.20180189

JO7 FI AT AR B LR [R] 3 S R A PR B — R B BB 5

First—principles study of five isomers of two—dimensional GeSe under in—plane strain

PyFEEEAR. 2019, 68(11): 113103 hitps:/doi.ore/10.7498/aps.68.20182266

CuBil =JTAb Wy b 2 b TN B ' A P RE SR — M s BT
Structure prediction of CuBil ternary compound and first—principles study of photoelectric properties

PFEEEAR. 2021, 70(20): 207305 https:/doi.org/10.7498/aps.70.20210145

—PESEBRBTTEM B AR LiCoO ) IEAR A RHEE MR RE 1 B LR TS5 PR 52

First—principles study of effect of Mg doping on structural stability and electronic structure of LiCoO, cathode material

PFEEEAR. 2021, 70(13): 138201 hitps:/doi.ore/10.7498/aps.70.20210064


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20221973
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20172221
https://doi.org/10.7498/aps.71.20220853
https://doi.org/10.7498/aps.67.20180189
https://doi.org/10.7498/aps.68.20182266
https://doi.org/10.7498/aps.70.20210145
https://doi.org/10.7498/aps.70.20210064

	1 引　言
	2 模型和方法
	3 结果与讨论
	4 结　论
	参考文献

