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R FHET % Bz s S ) SR BEIE B (GGA) , X R A RSF (N =2—11) 19 52 IE = Ay A 46 20 s 4% Bk a0
(Z,-GNDs) By G544 BEAT LA , 75 2 5 5206 B B0 4 5 B9 AR 0 80, i — 2P AR SR MRS TR R A e 2 &
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108 A (graphene ) S — 2 4 3 B 10 4 28
J2, BT AR (Y e R 45 R R R 1 B R
I 2004 4F = 4 47 B8 0 F 9l T AL AR B 07 12 11 &
I H I E Lok RIS E SR T AN
ABIFSE ' IRl A BIE ST B T, 28 A A A o T T LA
VR Y e E A R S N UR (o PR T
HAr R i EUA R 0 A K 2 A R
SRR AR LA R M 0 SR B TR BE I
OB A BB OK R A B Y T Bk T
2 750 S 0 0 A AR A 8 B A OR () T LA R B 4 U
PR SR . 2 B A B A A R AR
TR T %4 0 BB e T X R TS T LR A
AR UK. B3] A6 i A B =M
RS BT ST R i i 7 )X LA T A
AT DL 5E A R A 15 R B bk TR L R T B e
R, T A A TR M AR R, TR & X 2%
FHRHE BE B A T 9 L T, W0 A 1 AT

OGN OK IR ETTT L — b B &
BT R BT AN RY HR T A R A2 B
V2 R 1 3L [R) 52w, i 5 a0 i RS IR L &
R ST B BAE R S e R P I, 5 A AT 4
B e BRSO B B, 0 HL sk = A BE A BEOS AR ORE. AR
SORE R 5 T 9 B 2 ok BEAE 10 1 SOBR R A 8 T 9k
XoF B I = A A6 A R A SR T R A R T A R
A T AT TR 0, AR 00 O T A R RS X FL 1
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AN Y v S N Y S I W S S R I RS e T P o
HEABRAER G A A&+ C,, BEKRAR S
W B A7 B - C 5 R 3R AH &R P A B Ji 1 114 5
K, d oAU B Y b7 8 (5] 28 A5 R A ke e
ZEPEEE, BN A RGN Mg e, HA d =
[3R. A LA B b AR P AR B SCRR [ 23 18 C—C
B R =1.420 A M) d =2.460 A. W LLE N, 1%
ity il A GCER B 7 BRI TN, N,
TR . R T 430 ROSE X IE = ff 8 14 B0 47 58 4
TR TS5 TR PE RS2 e R ATTA T 10 FpIE AR
56 4 AH [RE RS [m] B 458 280 A7 H Sk 7, o 1
TRy, AT LAY W 5 — M8 — 45 30 A9 i R 1
MG TS (I 1, N =1, 2, 3, ) NFRZH
RS IRATEBCT N 2 2] 11 3t 10 A4 AL

TTHE S PRI R K R ST o W3R 1. AR
AT HERN N, =3N+3, kI TFHEHAAN N, =
N +4N + 1, G35 A G2 8RB AL E HRE R T8> 2
N,-N, =N -1.

2.2. HEFENSH

XF BT A B A SR 8 2 B OE =M A
B0 o A AR (0 LA AR 6 AN F o 2 6 T R
K HE T % Bz R 38 (DFT) B89 7 SO B 3 Bl
(GGA) 7™ SR A PWOL HEAT B B 18 18
T IR A B Nk 2 K R R B OB 1 L B
AT B e R DA K A R 2 R A R BB Y
SE, 7E TR PR A R R BRI O ik i A AT RE Y
FIJiE 2 8 5 EA T Ak, 1 2 B i 5 AR 9 4 O Sk 245 F
11531 F % 37 #R (Mulliken ) Hi fif 43§17 2K 15 ) J5 5
BUIE B R R B A R TS b il B
J 9L 18 B 2R SR R TR R 1) 42 L F Kohn-Sham
PRI 7E T 3 FH 0 SUEME % b BE % (DNP) ) fifi H]
P A D% pRBCR iR B 1 2 T 2p BUE TP AR H
T — 28 3d B BIUIE ik eR Bk il R B B
b ZEHE P R R TR R AR 3.7 AL
1k A2 Y e AT 20 3 T e St I AR B B R
FIE R A th R S IR AT A T B G

FE U A Ak 2 A v, il S50AR ik 2 0.002
Ha/A(1 Ha =27.21 eV) , i B Y8 h5 1 J9 0. 005 A,
B B ShR vE Ry 10 77 Ha, [ 35 3 R 2 A fil B A0 UC 8K
PR 10 ~° Ha R o8 A9 . BEA W 3HA 2% A Dmol’
B T e A

# 1 LA Zy-GNDs(N =2—11) A KR (a) , ARRZEIE(S) S FRE(E,) ,C—C B R (R) , Mtk ¥ (d),
PR AR GBI (¥ BEBF 58 B (BE) , BABESE () L BRI F BUREJE ()

N a/A S E,/eV R/A d/A SE/eV Mo/ e/ py
2 4.888 2 -4.590 1.392-1. 430 2.411-2.477 0. 694 1. 002 1. 065
3 7.355 3 -7.471 1.392-1.433 2.411-2.482 0. 828 1.999 2.113
4 9.822 4 - 10. 941 1.392-1. 438 2.411-2.491 0. 688 3. 006 3.164
5 12.287 5 - 14.999 1.392-1. 439 2.411-2.492 0.616 4.002 4.209
6 14.752 6 - 19. 645 1.392-1. 440 2.411-2. 494 0.751 4.996 5.251
7 17.216 7 -24.879 1.392-1.439 2.411-2.492 0. 682 6. 007 6.301
8 19. 680 8 -30.700 1.392-1. 440 2.411-2. 494 0. 681 7.004 7.343
9 22. 144 9 -37.110 1.392-1. 440 2.411-2. 494 0. 681 7.998 8.382
10 24. 608 10 -44.107 1.392-1. 440 2.411-2.494 0. 680 8. 997 9.426
11 27.072 11 -51.693 1.392-1. 440 2.411-2. 494 0. 680 10. 000 10. 471
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ST RO 2.5 £ 0.2 A LR S. AN, W T
Z S L NS N A Ry £ B A o 1 R -9 5 el 21 M K56 N
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WO, FATHE TSRS A 8% E,
M o o A B A A RS T AR AR R
SR B R — B S T T A, AT Z,0-
GNDs f4 51 L 25 55 J5 M1 230k vl 1 2859 182 1 O o1 ik
FTor BTt B 2 iR T Z,,-GNDs 1) 2s B3 2p
USRS B A 5 U R, TR AR
RUITETH S R b R GIA T 26 3d Bl 3 phi %, (2
FOXT A F% 00 V8 1 25 0 LA e B 2 v AR 8 /)N T TsT 2
Fios L0 eV AR SR GESL, 16 9 K fE S M i A i
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45 —3 76 -7 eV & -3 eV WEER LR Z I,
2p B I HL X A B Tk B K 2s BLIE Y
HLF. sp” ZRAB LUJE R B9 2p BaE fa 7o RS
L7 7E 2% K E 2 B AT DL B 3% oK fE 9 LA B () A
b A EORIET 2p BB AR S B TR STk, I
A T X A AR S A BUE 0 AEAE AR PRl AR R R
F RS 2l , ik 5 SOk [ 1] B i 38 19 XA 06 7 i 45
W8 T AT I X RS S B A DL K
- 37 0 0 v AR B 4 R — 2T R g
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A 7 R HOBE AL A BE 1T T
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R, i I 7 5/ RO A2 v i NSE 2000 Y
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{3 Zy-GNDs(N =2—11) i [ B[] LAl 15 BE 1] T e 725 % 18]

T ABEA 7 HEB. A R SH 458 7 3% 0K B 94 R 3 f)
FIOBERS 2R WA 1 Tos N =7 DU, JEA R A
0.680 eV.

3.3. REARYEF WS

T A G A a0 1 SR PE T B A e
TFERT B, Bk = 9250 B, PRI AT BRI A 4
W5 H AL E B 25 AT R R 1 A TR E R
PR AR (g ) BT B (e ) HFS
B, i BLE A H] Mulliken A3 Jo 23 #7453 2 B03E 09 HL 7
AR R, g W B S B OBE M T AR L R A
BRI REAE Y A N BR BT (). TR
th, BE A A RT3 O, HE R R B =2 3 O, g HL
FE AR TR S TE TR, AT 58 ik R
TFAEAR R o 4 457 T R 1 BT RS [RDRE IR R o
(RS ST 40 B =28, o R R VR i A A Y i R
TRATICH A, KR, B N, = 3N 55
HoAts A £ & ik 1 FR AT 1E A, 280k 1, oG
KN, = (N = N)/2; didi B G0 8 WBREFICN B
KT, AR N, = (N +3N +2)/2. &2 4
T AN TR 2 B B I 0 S X B00E T o AR R
ANEIE TSR AR SRR A SR B 2R T
ANk i B B0 T o A RRORT B A BE BT
P& 1 W 1 S (B B ACRR A T A, SRR I T )

JI VL A 2, SUTT AR 43 o A S0 0 % B DR T AN A O
HC BB T, R T A S R T 3 A SR
T EGE BT R RO A B T TR R
BEAE S B — o 250 B ROk B ik 2
M RE R IR B /N, B X RAE R 2%, AT Bk
W B S LBRE TR kA T 2p Bl T
() FTHR A, SRR R T 2p BIE H OO0 B R T A A
f) BT R AR, T L B 2 AR 2R R ST 3, A gk i
F 2p BT LT B O SRR A R, RSPk E) N
=7 LUGHEATE. A, KR TR B 0.321 u,
SR T BB 0 K AR N R T S B R T B
B 0.3 RS A, BEE A A0 28 A BB R F Ah
¢ ST B4 1 T R LA U R R A Kl R
. L T o R BT R B, A% 2R T B
2s WU R F LT 2p BUHAS B HF BEW B T rh 7
16 s UES p B I JALVE T, 55 8 0 v i i 22, 336
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e 2 A LA B IR R R T gk, A, 250 B 2%
BRIELT-AE 25 1 2p BIUIE 166 3% 1) L 70 R A 020, B
RSF 8 A 2R R 5 A T AR
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Ji€ 1) T A L 1) R BT B R 3R S fL i 2 R
K, AER 7R A BE R T 0%, B0k R
WL B Ol BT 4 R LA Y, e b
T Ale A LB I B BRI e =ML
PEIE I (R A, 2RI 5) . X R 3 Al LUR
POk AE G Lo A A HL TR 2p BE L A e L
A B L 1, DR WD R B R Rk e

2p U b il B A ol T 6 T B B R
PEAE AL [, — 382 B b1 T M 700 T B
X5 AR AR B A R — B, T S TR
AL B A G B AL 0 B B, AT S B
T Tl b A B T R T ROR R PR, TR R A
R AR R 9 8 KT 38 K, 35X 55 Lieb 2 327 A
W — %K.

%2 Zy-GNDs(N =2—11) AR RIBRIE T 25 F1 2p PUiB A9 F 24 o 7 o5 H B DL B P I RERE (38 5 B80S, B0 g )

A A, B
N
2s 2p 2s 2p 2s 2p

1.256 2.782 1.280 2.655 1.236 2.709

2 (0.018) (0.233) (0.003) (0.023) (-0.010) (-0.072)
1.264 2.779 1.284 2. 660 1.242 2.681

’ (0.021) (0.277) (0.010) (0.108) (-0.012) (-0.084)
1.268 2.777 1.285 2.661 1.247 2. 668

! (0.023) (0.291) (0.011) (0.125) (-0.013) (-0.085)
1.270 2.776 1.285 2.661 1.251 2.661

: (0.023) (0.295) (0.011) (0.124) (-0.012) (-0.083)
1.272 2.775 1.284 2. 660 1.254 2.657

o (0.023) (0.297) (0.010) (0.119) (-0.012) (-0.079)
1.274 2.775 1.284 2. 660 1.257 2.654

7 (0.023) (0.298) (0.010) (0.112) (-0.012) (-0.076)
1.274 2.774 1.284 2.659 1.259 2.652

s (0.023) (0.298) (0.009) (0.105) (-0.011) (-0.072)
1.275 2.774 1.284 2.662 1.261 2.651

’ (0.023) (0.298) (0.009) (0.104) (-0.010) (-0.068)
1. 275 2.774 1.283 2.663 1.262 2.651

10 (0.023) (0.298) (0.009) (0.101) (-0.010) (-0.065)
1.276 2.773 1.283 2.658 1.264 2. 650

" (0.023) (0.298) (0.008) (0.086) (-0.009) (-0.062)

4. % b

o P-e
*9.9-e
- 9.90.9-9
0 9.90.0.9-
*9.9.0.9.9-¢
" 99999

4 Z5-GNDs 9 F Bl 7 85 B2 Y] 7 18]

AR SR T 85 B 12 R B IE T ) SORE B2 AT AL
BAJEIE = A 9 1A TR A SR 0 T Y T 2 R R
PR IEAT TIH S . S5 R R T EREE R
LR R A R, W H AR RAF BN AR & AT
LAWY B 5 RO R0 B 52 5 5 802 0 S0
—FEsp” A AR R S R T AR IR R PR F
AR A E AR 5 b TR AR b R I Y
FUR TR, (750 3 0 1 e 22 0 B2 R o 0 Bt A %
ISR DR D NTTHER N PSY it -
e B I IR 2p BUaE EARBEAS H T T
R 5 1 A A R R SR T A 1A B A R O N K
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Electronic structure and magnetism of single-layer
trigonal graphene quantum dots with zigzag edges”

Pan Hong-Zhe'””  Xu Ming”" Chen Li"  Sun Yuan-Yuan'” Wang Yong-Long"
1) (School of Sciences, Linyi Normal University ,Linyi 276005 , China )
2) (Institute of Solid State Physics & School of Physics and Electronic Engineering ,Sichuan Normal University , Chengdu 610068 , China )

(Received 5 January 2010 ; revised manuscript received 18 January 2010)

Abstract

The geometry, spin multiplicity, magnetic moment, electronic density of states and the spin density of single-layer
trigonal graphene quantum dots with zigzag edges have been systematically investigated using density functional theory with
the generalized gradient approximation under different sizes. The calculated results such as lattice constants are in good
agreement with experimental data and indicate that the system behaves like metal, while the electrons with up spins occupy
the Fermi energy. The influence of quantum size effect is remarkable in the system of small size. It is also found that the
sp” hybridization and nonbonding electrons play an important part in the single-layer trigonal graphene quantum dots, just
like in graphene. The spin multiplicity and magnetic moment of the system increase with the increase of the system size.
Based on our calculation, the total magnetic moment of the system mainly comes from the nonbonding electrons on the 2p
orbital of the zigzag boundary. Our calculation may be helpful in designing devices based on trigonal graphene quantum

dots.

Keywords: graphene, quantum dot, electronic structure, magnetism
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