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Fig. 1. Structures of a benzene molecule adsorbed
on the HCP Co (0001) surface: (a) and (b) are the

top and side view of configuration T1T2, respectively;

(c) and (d) are the top and side view of configuration

T1H12, respectively.
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Fig. 2. (a) PDOS of d electrons of a Co atom near the
Fermi level without adsorption; (b) PDOS of d elec-
trons of a Co atom below the C atom near the Fermi

level when the benzene molecule is adsorbed.
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Fig. 3. PDOS of p electrons of the benzene molecule
near the Fermi level of (a) configuration T1T2 and (b)
configuration T1H12.
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Fig. 4. PDOS of p electrons of the benzene molecule
near the Fermi level when the distances of the benzene
molecule and the Co surface are (a) 2.0 A, (b) 2.2 A,
and (c) 2.4 A, respectively.

N T B VEGH o AT IR 4> T SR BRI B
Ve A A 2 B BE B AR Ak, FRATTE S T AR Ak 26 A
P = (ngy —ny)/(nt +ny), ne Moy 53584853
K RELL L [—0.05 eV, 0.05 eV] [X 8] H jig [ Al
] L RS B, W 2R I B s 1 A8 At 6 5 ol
7N, AT DLAE B BE A PSS 30, Ak R R BE, R
D5 124k, BIBE R 775 e s s m, A
TR AL HH B BRI B 5 1) 3R h B ORISR AR
Co HIMALTT I ANAR . 3X — AR I e B % %
LT AL /R Rk ST AR A 2 A

UL, R TR BT, AR R
L RO A O E TR EAE R A e R bR g
ITEIE, X —EIEX T2 FRAMEEAER 550
& (B Bk 22 5E) BAA R BB 52, thinss

52 0 W B 73 5 5 40 B 2 ] R RS, AR VR B
A5 D01 R T o AH EAEH, fema -+ 5 A IR, 75
RZ ST DL 2w D7182021 ZE R A1 B 5
% RALE (2.0 A) k5, SRH PBEIZ B #EAT T
giy A, Xkl TR, 1X 2 B AT R
0 i TR O R DL T2 A BRI, RATE 2
FERIEA AL RS T IR B 201 (9 B AL L,
UG AE B E T IR T AR A K.

1.0

WAL

—-1.0

2.0 2.1 2.2 2.3 2.4
P /A

5 R T HOKRRE NI I e AL BERE R AR LR &R

Fig. 5. Spin-polarization of the benzene molecule near

the Fermi level with the distance of the benzene molecule

and the Co surface.

4 % %
ARSI T T AR A WL/ 93 TR B 4
J& HCP Co 7 (0001 ) T e i i ) e AL A 0. 2%
JE B S5 TN G35 A R N R B AL PR X — R
A, BAVEH T T PR LG SR R PR AL B R
W B £E Co 2 T B 248 23 777 A2 1 W SR 1) | el A,
H 2K RE R I B i 2 175 18] 5 %R Co B 11
FIR, XA % 7 B — A S HLZ
1 L 10 B e ) 5 B I Co IRVE N7 1A AH .
ZIEFATAIE T A5 75 Co PR B AN R 14
SO, RIS T PR B G R 1) B AR AT T
IR/NHIBE BBl T, e AR AR R AR 4. [
R RGN, 20> 1A PR B AL ) B A4
Ti T RAE T I SR a4 T 1) 4 PR R AN ) 7T
BB BTG Y ) 22 R, X 23 3 BT 1 e
IRk, H R A AL I IR 4 R T e

SE3CH

[1] DediuV A, Hueso L E, Bergenti I, Taliani C 2009 Nature
Mater. 8 707

187305-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1038/nmat2510
http://dx.doi.org/10.1038/nmat2510

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 18 (2015) 187305

Barraud C, Seneor P, Mattana R, Fusil S, Bouzehouane
K, Deranlot C, Graziosi P, Hueso L, Bergenti I, Dediu
V, Petroff F, Fert A 2010 Nature Phys. 6 615
Ehrenfreund E, Vardeny Z V 2013 Phys. Chem. Chem.
Phys. 15 7967

Sun D, Yin L, Sun C, Guo H, Gai Z, Zhang X G, Ward
T Z, Cheng Z, Shen J 2010 Phys. Rev. Lett. 104 236602
Schulz L, Nuccio L, Willis M, Desai P, Shakya P, Kre-
ouzis T, Malik V K, Bernhard C, Pratt F L, Morley N
A, Suter A, Nieuwenhuys G J, Prokscha T, Morenzoni
E, Gillin W P, Drew A J 2011 Nature Mater. 10 39
Xiong Z H, Wu D, Vardeny Z V, Shi J 2004 Nature 427
821

Atodiresei N, Brede J, Lazi¢ P, Caciuc V, Hoffmann G,
Wiesendanger R, Bliigel S 2010 Phys. Rev. Lett. 105
066601

Sanvito S 2010 Nature 467 664

Xie S J, Ahn K H, Smith D L, Bishop A R, Saxena A
2003 Phys. Rev. B 67 125202

Dediu V, Hueso L E, Bergenti I, Riminucci A, Borgatti
F, Graziosi P, Newby C, Casoli F, De Jong M P, Taliani
C, Zhan Y 2008 Phys. Rev. B 78 115203

Sanvito S 2010 Nature Phys. 6 562

(12]

187305-5

Raman K V, Kamerbeek A M, Mukherjee A, Atodire-
sei N, Sen T K, Lazi¢ P, Caciuc V, Michel R, Stalke
D, Mandal S K, Bliigel S, Miinzenberg M, Moodera J S
2013 Nature 493 509

Steil S, GrofSmann N, Laux M, Ruffing A, Steil D,
Wiesenmayer M, Mathias S, Monti O L A, Cinchetti
M, Aeschlimann M 2013 Nature Phys. 9 242

Segall M D, Lindan P J D, Probert M J, Pickard C J,
Hasnip P J, Clark S J, Payne M C 2002 J. Phys.: Con-
dens. Matter 14 2717

Vanderbilt D 1990 Phys. Rev. B 41 7892

Perdew J P, Burke K, Ernzerhof M 1996 Phys. Rev. Lett.
77 3865

Wang X, Zhu Z, Manchon A, Schwingenschlogl U 2013
Appl. Phys. Lett. 102 111604

Callsen M, Caciuc V, Kiselev N, Atodiresei N, Bliigel S
2013 Phys. Rev. Lett. 111 106805

Javaid S, Lebegue S, Detlefs B, Ibrahim F, Djeghloul F,
Bowen M, Boukari S, Miyamachi T, Arabski J, Spor D,
Zegenhagen J, Wulfhekel W, Weber W, Beaurepaire E,
Alouani M 2013 Phys. Rev. B 87 155418

YiD, Yang L, Xie S J, Saxena A 2015 RSC Adv. 5 20617
Gong C, Lee G, Shan B, Vogel E M, Wallace R M, Cho
K 2010 J. Appl. Phys. 108 123711


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1038/nphys1688
http://dx.doi.org/10.1039/c3cp50639h
http://dx.doi.org/10.1039/c3cp50639h
http://dx.doi.org/10.1103/PhysRevLett.104.236602
http://dx.doi.org/10.1038/nmat2912
http://dx.doi.org/10.1038/nature02325
http://dx.doi.org/10.1038/nature02325
http://dx.doi.org/10.1103/PhysRevLett.105.066601
http://dx.doi.org/10.1103/PhysRevLett.105.066601
http://dx.doi.org/10.1038/467664a
http://dx.doi.org/10.1103/PhysRevB.67.125202
http://dx.doi.org/10.1103/PhysRevB.78.115203
http://dx.doi.org/10.1038/nphys1714
 http://118.145.16.217/magsci/article/article?id=19745928 
 http://118.145.16.217/magsci/article/article?id=19740827 
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1103/PhysRevB.41.7892
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1063/1.4798255
http://dx.doi.org/10.1063/1.4798255
http://dx.doi.org/10.1103/PhysRevLett.111.106805
http://dx.doi.org/10.1103/PhysRevB.87.155418
http://dx.doi.org/10.1039/C5RA00004A
http://dx.doi.org/10.1063/1.3524232

) 38 % 48 Acta Phys. Sin. Vol. 64, No. 18 (2015) 187305

SPECIAL ISSUE—Recent developments and applications of computational physics

Spin-polarization of organic molecules at the
ferromagnetic surface”

Yi Ding Wu Zhen Yang Liu Dai Ying Xie Shi-Jief

(School of Physics, State Key Laboratory of Crystal Materials, Shandong University, Jinan 250100, China)

( Received 15 April 2015; revised manuscript received 15 June 2015 )

Abstract

Study on organic/ferromagnetic interface is helpful for understanding the effects of magnetoresistance in organic
spin-valve, because one of the reasons of leading to this phenomenon is due to the spin injection at the interface. However,
the interactions at the organic/ferromagnetic interface are complicated and full of possibilities, and the effects are still
under debate till now. One possible cause is that the adsorption of organic molecules on the ferromagnetic surface is
random, which leads to various adsorbing configurations. Therefore, in this paper we select some typical adsorbing
configurations of benzene/Co system to reveal the effect of spin-polarization of organic molecules at the ferromagnetic
surface by using first-principles calculations. It is obtained that the spin degenerated electronic states of benzene molecule
will be broken due to the coupling between the 3d electrons of Co atoms and the 2p electrons of benzene molecule. The
density of states at the Fermi level becomes spin related and a spin polarization appears in the benzene molecule. For
both of the configurations T1T2 and T1H12, from the projected density of states we can find that the majority-spin
electrons of the benzene molecule is oriented in opposition to the direction of the ferromagnetic electrode at the Fermi
level, which means that the organic molecules filter and reverse the original spin direction of the injected electrons from
the ferromagnetic electrode. As mentioned above, the adsorbing configurations are different, so we consider three kinds
of configurations with different adsorbing distances for further studying the spin polarization at the interface. On the
basis of the configuration T1T2, distances of 2.0 A, 2.2 A and 2.4 A are studied, where 2.0 A is the equilibrium position
we obtained with full relaxation. It should be noted that we do not relax the geometric structure of the system in this
part of study. It is found that the spin polarization is sensitively dependent on the distance between benzene and Co
surface. The spin-polarization near the Fermi level even changes its direction from positive to negative with the increase
of the distance in such a small range. Our studies reflect the complexity of organic molecule/ferromagnetic electrode

interfaces, and enrich the understanding of this field.
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