Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

S S FRRT AR S FRR 4 B NS M R
fi 'fi pd éb /& N §§ ﬂ‘%}:& it

Effects of oxygen adsorption on spin transport properties of single anthracene molecular devices
Cui Xing-Qian  Liu Qian  Fan Zhi-Qiang  Zhang Zhen-Hua

5 Fi{# B Citation: Acta Physica Sinica, 69, 248501 (2020) DOI: 10.7498/aps.69.20201028
TEZE [T View online: https:/doi.org/10.7498/aps.69.20201028
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

LT BB HL A 1Y Co—Salophene /T2 418 H ik iz

Spin—dependent transport properties of a Co—Salophene molecule between graphene nanoribbon electrodes

WIFEAEA. 2017, 66(19): 198503  https://doi.org/10.7498/aps.66.198503

G 2 E O B T A s e

Light—field assisted spin—polarized transport properties in magnetic—electric barrier structures

WIFR£4. 2020, 69(10): 107201 https://doi.org/10.7498/aps.69.20200237

NIT R A A1 B AKA A K S P
Synthesis and characterization of graphene nanoribbons on hexagonal boron nitride

YIBR2E4H. 2019, 68(16): 168102  htips://doi.org/10.7498/aps.68.20191036

AT RN KA R [R] 53 S R WA R 235 WL 1 s P
Electron transport properties of isomeric quinoline molecule junction sandwiched between graphene nanoribbon electrodes

PFEEEAR. 2019, 68(23): 237302 hitps:/doi.ore/10.7498/aps.68.20191154

SRy g A T P Y B AR A KA e s

Spin filter effect of germanene nanoribbon controlled by local exchange field and electric field

YIBR2A4R. 2019, 68(18): 187302  hitps:/doi.org/10.7498/aps.68.20190817

T ERRAB AR B3 T B S oK AR IR R 7 5 F T mas 1R T
Non—collinear magnetism and electronic transport of boron or nitrogen doped zigzag graphene nanoribbon

YIER2A 4. 2019, 68(2): 027101  https://doi.org/10.7498/aps.68.20181754


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20201028
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.198503
https://doi.org/10.7498/aps.69.20200237
https://doi.org/10.7498/aps.68.20191036
https://doi.org/10.7498/aps.68.20191154
https://doi.org/10.7498/aps.68.20190817
https://doi.org/10.7498/aps.68.20181754

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 24 (2020) 248501

ARSI BE S R4 BiEiE AR

EXE A%

o &R

K Ik 4F

(KU T 5 L Rb2 e, R TR TAR Wm0, Kb 410114)

(2020 4E 6 A 30 HUE]; 2020 4F 8 A 21 AU EMEHH)

R T 5 R o B 245 A P A% b o R 28 — PR BT 5 1, TR 1 AR T IR O LA S 0
A0 Kl Ay LR A B A B A B az P T A A 4 ) BEBL PR R WE S TSR R, 7R R W MRy
TR, BRI LR i 5 3 A S 0 AN KAl L B R AN D7 I A R A KA A R S Y A
T e BB . >4 AR B LR 1 i, AR TR AR R 1 5 R TR R R B ARG, (ELRE P AN 2 A
g5 U R B 1 LU 1) Oy AU A SRR AR A AR PR TE £ 0.5 V IXANIR 2 AR 5 13T 100% #9 A e id 3§
RO GE LS A dR ORI A BERR AL Z % | s AR A BE R IR AR, TRAN M AR RE T RS T R M 4R
04 A e iz 4 o LA K 0 A PR 1Y) eI BB AT O 4 1 BB

KR : A SBIEGORAT, 23T, A ez, A ed iE

PACS: 85.65.4+h, 85.75.-d, 81.05.ue

1 5 =

1974 4, Aviram F1 Ratner!!) B R EPRIS 32
o FRE RIS, AR T B TR R
THL TR S AT e e o TS T e
PR, B TR LISt m AR (32
B4 ) MRS AR, A JR 7 A b 2R 5 7
HOE U INET B, F-5 701455 il B F - 1 H
R I RE i S =P X (RE AR e e it A

st AR T NG B RH - BRI 8

Or T O DRI RO A MY AR 5 AR 3L
HLF e AT BTANRIO, 207 RO B T4 Rl 5
SZRSNF AR AR . SO AR D2 A5 T TR
O3 AR R A S BRI ) DU b 1A s
P, T I g B U2 B B 5 0 O3 1A B R A
. Fan 55 W AERFSEH KB N-AK W BEAR I 501/
A R CEL AR S A PR 2 TR ) R R ARAROR,, O

DOI: 10.7498/aps.69.20201028

HA R IF AT AN A A 5 AT N-7K
Z]5% N e R AR N S R I I G SR PP S
e, A M 2004 4F5250 ] A 1R A S50,
A1 280 AT LE MO 254 U b T A I T
G=172012 4R, Cao A28 MHBEOEZI T Z, 12
Hh T REAS T A AR AT B FEUBRONS 1) 47 SRR DT RE ,
ZAFB] T RN 110 nm B GK B R A7 3B IR
USROS A LE T m AORMECR R, DTRIE 5 i) 41
SR LN AR E

UTAER, BRAZR AN TR T FOCEAL B LA 2206
ZHRAT Y LR ) TS, ARk e rhds e R
T NG R BELASONE 19200 R RN 2122 )
TIFSRALBL 3. 2010 4, Ozaki 55 Y HIF5E & 2L
T XA BEUE PO 2016 4, An 5 25 FE A7 580
SRR S A s AL r T T R e ATy
BT A IO A SRR HEBELEORE . R 4F
Jia 2 PR B 55 L LR A AT BRI AL AR P A, A
HR T Y B e RS R A 56 4 AT ) RURE BT TG

* ER AAFARES (HES: 11674039, 61701431), #IRE A AR IS (HEHES: 2020174597, 2020JJ4625) . IR AHEITH#
K4 (eSS 18B157) ARG A BT BHIFEIHII H (S CX2019703) B2 BT,

t BIEMEE. E-mail: zqfan@csust.edu.cn
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

248501-1


http://doi.org/10.7498/aps.69.20201028
mailto:zqfan@csust.edu.cn
mailto:zqfan@csust.edu.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

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 24 (2020)

248501

W Jm, Fan 85 2775 A b B S 0 85 06 8 41 2205
AR AR L AN R 23 R s PR TR B 5
KB, R T PIRRIERL T4, A U
B EBITFRAT A EE K2R, T ASm A
ARG, DR LA 880 D A 14 1 e o S AT
FERARL, AR AL . eI 8 M LS5 A R A 4k
8 e S ) TR/ Y VRS ) e i G TR
AR T AR I, (R L 55—
FL 1Y) AR Al o AT 7= £ A eI A F TR A 28K
JO7 B3, BEE 1A E R AL, AT AT L 4
EE?‘EI‘J A AR e PERE R AR G, A,
ATREFEAR . 2 S AR AR I TR SO s i 2 2
I Z B9, Zhang 55 B AESE T LA 2206 M2
ZATER MR D PR AR R RS Y 1 e g AR, Herp
PAAT 82065 D AR 0 1 A P B L BE e I8 8RN AR
TR, 23 BB PR O3 I AT ARG, DA T332 M LV .
PR, T 5 LA 5208 S R 23T AR R R A ke
TR N — AT B2 T SRR FE IR 3
LS A 20 A7 BRI AN KA D LR, IR 31 o
6] 73, R AL T8 B2 12 ek IR R AR PR AR PR R
— PRIk, JER T A e T s AR SE T
PE. BEFEERR I, RIS ES0F IR BR T LA
YT R R RIS R B T A O, O
G RE R A e AT

2 BAEHI %

AR, 7 SARADRA B TSRS R
ST L3 4 7 BRAG AKA F
SRR FOT R DR AR R IR R 1
ELAATREE, TP R AR AR A R A
691 P, ASCHSIRTERER 6 BB 5 S

gk, I H AR PR SO HE R VR Fpk
ARSI AR, B 1 R, a
B 53 M A AR L AT AR RO IO X = A4y, R
SO HICET DXL 5 DUAS FE ) A A e, T BEBTH
WS FRHEAER. b TIRRRE T 5595
W LA S5 AN A F AR % 42 AR SR F B ié
s R R, ST T PR AR M Sl
BTN ez, A A M2 Sk B Ry -4 ) i 2
W it BAA AT OB 2331 FHE M1O Fl M20 3%
N 3BT AR BN T 1 4 BIRERE 15 A
TS J2 R 5 SR A I S A AR . SE 48 DG I 4tk
NHE:T Perdew-Burke-Ernzerhof B9 B €)™ XL E
PEL, A DR A3 L pR e AU Ak 3k 4H . B
E I8, Monkhorst-Pack A9 K Ji%E R 1 x 1 x
50, ERBTAEBUIE N 150 Ry (1 Ry = 13.606 eV). 1k
THAE Fs T U2 T, Jext o F it @i oA,
AR iR o e AN S R O T ALY A Y L de U
P R R 2 TSGR E 0.02 eV /AL BRI
H TR Ak F 3 mT e BIE A (1) SRAS B8

I ()= & [ 0 (BG) [ (B )~ i (B Vo) dE.
(1)
A, L (V) MR HEN AL LR e MHLTH
Ty h o R I Ve R A0 A A I R 2%
fL(E, Vo) Rl fr (B, Vi) 43 il J2 P FEL B 17 L 2 K-
IKPLFEIM A BREL o 103K o ATEEL 8 HE; T, (B, Vp)
BIEMRE RV, L BEEN BB H e B 5 R 4L
T, (E,) = Tr [IL (E) G} (E) Ix (E) G* (B)], (2)
Hrf GR(E) FLGA (B) 535 R 805 48 3R 18 Hif A% AR
BRIl =i (She (B) — She (B)) W IE AL,
SR (BRI o (B) 74 v okt X 9 1 7
AR IR LTS5 A AL | F S5 48 RN -

(a) -

:-L L‘)“:I ¢ L ¢ fklh‘j‘"

LA I l“‘;"vkt"v‘ l‘.z ¥ 1 gt

B RRREa BOSGS
I‘; ' L‘If &f L z‘r:g" \b
M1O

£ l X l J X .1.\ I

i‘j ‘r“‘*-»z‘, I»I. X 1 i Y EE :

S rrrx A __
i .‘,..F-.\‘.L:l ¢V1 A *kf: A

AT X

HHTEJ U IX ik

1 DURN R SR AR AR B B AR AL (a) AL M (b) AL M2

Fig. 1. Schematic views of the single anthracene molecular device based on nanoribbon electrode: (a) Model M1; (b) model M2.
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Fig. 2. (a), (c¢) The zero-bias spin-resolved transmission spectra of M1 and M10O; (b), (d) the transmission eigenstate of M1 and

M10 on Fermi energy.
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Fig. 3. (a), (c) The zero-bias spin-resolved transmission spectra of M2 and M20; (b), (d) the transmission eigenstate of M2 and

M20 on Fermi energy.
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Effects of oxygen adsorption on spin transport properties of
single anthracene molecular devices”
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Abstract

With the miniaturization of molecular devices, high-performance nano devices can be fabricated by
controlling the spin states of electrons. Because of their advantages such as low energy consumption, easy
integration and long decoherence time, more and more attention has been paid to them. So far, the spin
filtration efficiency of molecular device with graphene electrode is not very stable, which will decrease with the
increase of voltage, and thus affecting its applications. Therefore, how to enhance the spin filtration efficiency of
molecular device with graphene electrode becomes a scientific research problem. Using the first principle
calculations based on density functional theory combined with non-equilibrium Green’s function, the physical
mechanism of regulating the spin polarization transport properties of single anthracene molecule device with
graphene nanoribon as electrode is investigated by molecular oxygen adsorption. In order to explore the effect of
the change of the connection mode between single anthracene molecule and zigzag graphene nanoribbon
electrode on the spin transport properties of the device, we establish two models. The first model is the model
M1, which is the single anthracene molecule longitudinal connection, and the second model is the model M2,
which is the single anthracene molecule lateral connection. The adsorption model of single oxygen molecule is
denoted by M10 and M20O respectively. The results show that when none of oxygen molecules is adsorbed, the
spin filtering effect of single anthracene molecule connecting graphene nanoribbons laterally (M2) is better than
that of single anthracene molecule connecting graphene nanoribbons longitudinally (M1). After oxygen
molecules are adsorbed on single anthracene molecule, the enhanced localized degree of transport eigenstate will
make the spin current of the two kinds of devices decrease by nearly two orders of magnitude. However,
molecular oxygen adsorption significantly improves the spin filtering efficiency of the device and enhances the
application performance of the device. The maximal spin filtering efficiency of single anthracene molecule
connecting graphene nanoribbons longitudinal (M10) can be increased from 72% to 80%. More importantly, the
device with single anthracene molecule connecting graphene nanoribbons laterally (M2) maintains nearly 100%
spin filtering efficiency in a bias range from —0.5 V to +0.5 V. These results provide more theoretical guidance

for practically fabricating spin molecular devices and regulating their spin transport properties.

Keywords: graphene nanoribbons, molecular adsorption, spin transport, spin filtering
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