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Graphene Single-walled carbon nanotube  Open fullerene

(SW-CNT) (a cap structure)
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TBM energy band
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B ESMEZRAVDE, FETBEDGEEF v RIER T T/
Fa—JzEEF—REFETED,

ERICIE. Dk
HF/Fa—JEHH
DHEFE—REHIZ
HETES,

permittivity
£2=0
(vacuum)

"% Potential

difference

Static potential _—
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- S U

Gat

1) Otani,Sugino. Phys. Rev. B 73, 115407 (2006)
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B EERTUIVYILOFKIE. H— AT RIZ&>TH
SMIZELTLNS,
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NEBADHEICEY
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ERANRICLHMESMDEL

BRIBIRAFRESN TLDKRIETD(B,0)-F+/Fa—7

DERMNWETT .
FOE: BFEENERL-MEE
BFOH: EFEENBOLI-FEE

EFZEOLEHIL.
FLLTFa—TH
BpsalcESp,

Gate voltage : 1.62V Gate voltage —1.08V
(0.162v/A) (0.108v/A)
0. 012% increase 0. 012 % decrease
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7 SHl#E R

Case Induced electrons / Carbon = V
Exp. (nanotube film) 7.28 X104

Calc. (7,0) tubes with 10A spacing 1.2x1073

Calc. (7,0) tubes with 5.3A spacing 8.2x 104

Calc. a tube film (double layer) 3.6%X107

Calc. a tube film (double layer) 6.7x104

Ty DFBEIELDAIZ KR EDIZHS,

* 2L —YavDEENG—BLHD.
cBRIZE-—DF1—TBTHHRY)—rEhd,
BRAMRN—ELTEHRNBF1—TITEH,

E: COFEIF.ERES/F1—T~DERNMN—-EVITERELOTNS,
A=limy_, (E(N+1)-E(N)IZ& B/ R vy TEHE 23 i 95 D T, Kohn-Sham

10

Bias-induced half-metallicity
Cf. Son, Cohen, Louie, Nature (2006).

+V/2 -VI2

We will introduce further interesting

BIERERAE RS ,_

applications in the 3™ part of this lecture.

Energy Level (eV)

Energy Level (eV}

11

2024/12/10



HSTOIUTINA REE DR RS

Ni NiFe arroy Ni NiFe arroy
”
Graphene sheet SiC, Diamond, or F
RAEURIBERT /NMR MI/SMIIMT 734 R
Comments:
1. BFTHNAREADRIE. T45VIRITHE T4 FFE
FryT .

2. B vy TR BEHGBIRL TREY 4175 ETHATEE,
3. BT vy TR (X vy TRED R F L) bELTEE,

FruvTHROBEE., TEIFY A IRIILTF—ATREGH ATV FRE)DBEN ],
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| Graphene/Ni(111) ¥

Iup) & @ ,

1
o I(down) @ ) )
Left Ni Right Ni
VI I IIIIIIIIIIIIIIIIY

electrode d,, electrode
20000¢000000000 T T TITIT)
. e000ado0e0e0ee I TIITTITITTITY
Graphene/Nl L:wiam)oocowaaoo I I

z

Spintronic transport via Ni/Gr/Ni junction
H. Liu, et al., Nano. Res. Lett. 11 (2016) 456.

HEE (T4 ROF vy I BROBSEI O—)L)  EHR
t(RESN=REBR) FORT, SHITHERSEIRMAHS.
= TNARAHREESZHMEHRET !
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oraphene/Ni(111)D /N R EE

Minority band

B RIFREVREBLTLNS,

B KETN\URIEEvyyT%
BEoTL\3,
EA-BYAFDOIRILT—IZ

THAEEER) L H D

B YU T4 REVDmuAUR
[FKRIZINSWEFRT V%
HOM BLRIZELNTIM/
T4 RlIEF vy THIZTIL
SEMMETND,

g [eV]

Majority band
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ERREV /N LTHEE

' R 99
(H3m )

o AAZILHFRED RE ARFNE
e RE[T22FvvTHAR
e TF=REUREBI—
MBIz,
« H—AV(REV)TAvs AR
s ISAUIRYY
LA B ST, BENAG
AEV/IWLT (@AIZRAEY
RIBERNEND)IZTES,

Y. Wicaksono, et al. CARBON 143 (2018) 828.

HBE LB BNIGHNIRE 2 /LD IR EE SRR
Cf. S. Mandal, S.K. Saha, Nanoscale, 4 (2012) 986.
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\¢
Yal

Ni/F STy /NitEE DB BRER

E—Ep = 0.65cV
MR Ratio = 284%

— Graphene of NiGrNi APC Total
— Graphene of NiGrNi PC Total
— Graphene

=4
in

I
=

E—Ep=02eV
MR Ratio = 3100%

o
)

Transmission Probability (arb. unit)
(=]
)

2
1

s | 1 1 1 1 s L 1 P | L [
% 0.4 0.6 0.8 1

? E-E:(eV)
Y. Wicaksono, et al., RSC Adv., 12, 13985-13991 (2022).
T, BRSESEEEFOIRINY— (F—ravba—LERE, )
RETHALEREAPC)T, BBERARECELAT IR —ELH 5,
THHLREPC)TIE. T0EETEREVEBERZHFLTLS,
R, KELHIIERDENRIAFEN .. MR Ratio > 3000 $4£L5%,
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1926 1970 1985 1976 1991
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HERAIETE

1996 2004 REMEE

FITST7ANF /TS0 DRIBRIZELT,
25—yl . Th—Ry-F/Fa1—7] (B E EDEFHE)
DB ELENSELC-TREDEBRINSH o1,

MBI TSTFARD
[RBaLiml (FEMIRERFHETOEFIE)
NEEITHDS, BEXZRIZLS1996FLRBENTE
WBRELT. COFERMEHTOVIBEEFOEAE—RINEZS

TMRACHILEFHR]
OMABTORELHE . FR. 6. D—HITHIEMNEIZAD T,
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(a)

(b)

F—LFITiEELD
5501 F—LFIT7)RUIE
AEMICEBHFE X vy TEED,

TBM energy band

Energy Level (eV)

Energy Level (eV)
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TBM energy band @ ka=rn @ ka=(8/9)n

Ep0[---- 7~

Energy Level (eV)

® ka=(7/9)r @ ka=(2/3)n
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M8 K. Wakabayashi,
T. Enoki and T. Ando edt. “Phys. Chem. Graphene” (Pan Stan. 2013).
LDA energy band
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Edge state for z, edge! No edge state for z,,, edge!
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Cf. Wassmann, et al., PRL 101, 096402 (2008).
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Kobayashi et al. (2005) Ziatdinov et al. (2011)

(a)

STM data DFT simulations
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FORFUAEROBRIE  papon T/ RRBIEHONER
Type I

Graphite-diamond hybrid structures

Type 11
K. Kusakabe, et al. (2004).
‘ H, gives a 7 state.
Zigzag-edged g& g 4

graphene M ti
ribbon nan:—gr:s Iﬁite Hydrogenated nano-graphite ribbons
ribgonps K. Kusakabe & M. Maruyama (2003).

30

30
N\ H [ — sILE]S
TR BT
Z2F =328 (Ovchinnikov’s rule)
meta para ortho
@
MQDM \ /
S=|n*-n|/2=1 S=|n*-n|/2=0
n* EEREOHK (FA), n:EEERFEOHK (FA)
BREBERFIIRELS=120DEFELD.
ChoDNINSHERIEIEEVNIRFTHREFRCAHERZITS.
C RBEEAMEE K IREEER
FYBLDERAEREVEFNHDE, B FITBWD FHAIZEHS,
CDIL—ILDREIIH ., KFILT ST D ILE LGS ETHSMNIZESTLNS,
31
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Ty REM RS DR LR

* 1996: edge states at mono-hydrogenated zigzag edge
M. Fujita, K. Wakabayashi, K. Nakada, K. Kusakabe (1996).

Energy spectrum of ;
the tight-binding model ’
for n-states of the zigzag ribbon €

Hydrogenated nano-graphite ribbons
K. Kusakabe & M. Maruyama (2003).

z, edge Cf. Z. Maxim, et al. PRB (2013).

32
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Kusakabe-Maruyama PRB (2003).
> — N P AN\
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205 v N Y
—  spin up
spin down
g
LSDA calculation of the magnetic
nanographite ribbon with mono- T e e ]
& di-hydrogenated zigzag edges E (eV) )
(Isosurfaces represent spin density) DOS of the magnetic graphene ribbon
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ZH8: T. Enoki and T. Ando edt. “Physics and Chemistry of Graphene”
(Pan Stanford 2013).
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34
‘ GNRO) AN hjz{yu Ref. J. Cai, et al., Nature 466, 470 (2010).
M P. Han, et al., ACS Nano 8, 9181 (2014).
Br ) Br Br Pt
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: } — + 68Br
o s o3 1 SRR
Br Br Br
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K. Kusakabe, et. Al., J. Phys. Soc. Jpn. 87, 084716 (2018).
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CCICHEDERFTREMA THLS !

o LICIEMNBMEREICLTIFESHLY,
. TEEEIS5/IZROT,
+ LICESIXLIILR—E Y IZ&YEREINS,
E5/ZHHL T,
« LICTIZ. LIOEBBZEWEEDRONI-ZMICOAELDKIIZLT, RKER
UsRLWNREICHRETETLS,

BELTLWSEESDREBREEF. F/RAT—ILUTOLIOBHT
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T577MbDLIREE  Li:C=1:6
B SWNTIEEERICELY. SV LIKEEZRLTLS,
RimlFrvTfFE  Li:C=1:6
KiFIZF Yy TEL  Li:C=2:6 [Ref1]
MRk Li:C=2.7:6 [Ref2]
[Ref.1]H.Shimoda,B.Gao,0.Zhou, et al, Phys.B 323,133-134(2002)
[Ref.2]B.Gao,A.Kleinhammers,et al ,Chem.Phys.Lett 307,153-157(1999) 5
L T P -
N ERHECE ALV REOLIaL— A A RIEEN TG, [Ref. 34] A b
(ks 5
[Ref.3 ]V.Meunier,J.Kephart,C.Roland,J.Bernholc Phys.Lett 88 075506 (2002) L p
[Ref.4] K.nishidate,M.Hasegawa Phys.B 71 245418 (2005) W
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