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R, I T NCMBEINA =R T ) Fa—T, L5 BRBEENDIY >
A—=R—=RDT T =V ERNH D, T DRFMEOE SRR EAL FE A
FECEAEX, Stone-Thrower—Wales (STW) Kffa, ZEfLRMAFEDRMEINENSIND, 514
ﬁ%<®ﬁfﬁﬂ@ﬁwuﬁﬁéﬂétﬁ ST DIRIT Z2 HEFE TR S 72 b DI
LH1DIIE, KE TN & BLTFRIRZMAEDE T, KipHEE L iR %
IEMELS f*U\ﬁ‘ FOMEND D, & 2 TARMFZETIL, REMED R BatsiE AT O FAEF
e LT, B bFEREEHVWEEESE - GEFERE, 5. 7T AR, HXMR E DX
X BOCEF DI DT 7 FRHEIRIZ B 2 5 B2 OV TillE L7,

2. FEBRFIE

A7 ClE, KBTI LI- 7T 7 oo 2R EL LT (Figure la), 2D 77
7:/®I//%A—%wﬁ TR GERERESETOMO R EFEANLT
(Figure 1b), Gaussian 03" 7% V>, B3LYP/6-31g(d) &\ 9 Bk Z 4 ] L T & A
b %47 > 7-1%%. Population ff#T%1T>7-, T Population f#HT T b L7 #E D =
VX —% Koopmans DIl ? Z @A T2 Z LI LV FEA=RALF—L L, 0.1V MR
THLUEDHEZ I R L, ThEEREORL Lz, 7. ZoM#Re o 2B T
1.2 eV OFEMIZ/RD L HOREL, AT MDYV I a2 b—v 3 %&{T-7- (Figure
le),

3. FERLEBE

Table 1 IZEHEZESRSZ OMO KA EANT HZ EIZE D AELTE Cls A7 FL2(E
D7 ke BRESEDMO RPN RFERFICEESET 22 LIV ET LIV
NOW G ER LTz, C=0 T 7 b= MU 7 EOBEFWSIMEOBERENT v VI
FETHZLICLD Cls A7 FARKRREKET R AL X—MICT 7 MLz, 2Dy
7 MIBRREDEANIZLY 77 72 OBEFEDBD L2l tEZ b5, BREX

NHEBERBIHEATHZ LIV IS Cls A7 MDY 7 MZHOWTIE, SCHVE
(ZHEHRRITV MEDG DALz, SCEREZ el L 72356, BReRS o RO fEIZ L v bt
AR & 2R O IERER LA IREECTH 5, ZHxt L CTARRFZE CIEFE Uik
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Figure 1 Modeled structures and simulated Cls XPS spectra. (a) Graphene
terminated with hydrogen atoms. (b) Graphene terminated with OH groups on zigzag
edges. (c) Simulated Cls spectra of structures (a) and (b). A bold line: Graphene
terminated with hydrogen atoms. A dot line: Graphene with OH groups.

Table 1 Peak shifts of Cls spectra influenced by defects of graphene and FWHMs

of Cls main spectra influenced by neighboring defects of graphene.

Types of functional groups Edge Shifts of FWHMs of Our References
or whole C1s main peaks calculated eV
basal spectra of C1s spectra results

/ eV / eV / eV

Graphene-H - 0 12 0 0312

C-OH 0 1.2 1.4~1.6 1.1~1.53%

Cyclic ether 0.1 1.2 1.3~1.8 1.5~1.8 59

C=0-OH 0.3 1.3 3.0~3.1 4.0~4.6347

c=0 08 13 0.9~1.2 2.5~2.9347)

C=0C=0 0.6 1.3 1.5~1.7 297

Cc=00C 0.9 1.4 24~27 3.5~4.8 59

C=00C Edge 0.9 14 16~1.7 -

Amine 0.2 1.2 0.9~1.1 0.7~0.9 %9

Pyrrole -0.1 1.3 1.0 -

Pyridine 0.5 1.3 0.3~0.4 1.1~1.3 101

Pyridazine 0.5 1.3 0.3~0.4 13"

C=NH 0.5 1.3 0.6~0.7 0.9~3.0%9

Nitrile 0.9 1.3 0.3~0.4 1.2~1.7 9"

STW defect 0.0 14 -0.6~0.5 -

C-OH 0.2 1.2 1.2~1.9 1.1~1,5 347

Epoxide 0.5 1.2 15 157

Monovacancy defect and cyclic ether Basal -0.1 15 1.9 -

Monovacancy defect and pyridine 0.1 14 0.2~0.6 -

Qaternary nitrogen 27 14 1.7~0.8 -

Amine 0 14 0.5 -




Table 1 @-fElE (FWHM) OfE R Z i35 &0 WL DO B & R & E W5 HED
EHEEOEBANCEL Y ZOBENRKEL oolz, £z, ARWBEOL, TEAREZEL /77 =
YO FWHM #3617, 2 b7 MOYEIRICE I E 7 b IR & 1T RRAYIZ,
AL Z LIZ< W OH R0 NH, 22 EOFRERL X, Cls AT MABIKROT 7 v 5
RN RGN —ONENEMICHETE 2, 2O DOHERAIT 01s < Nls
D7 NOEITHEENDPIRNEB 2 b NHT2D, 0ls X Nls OEHEDFES T 1L
F—L L THHT L2 LT, O LOERENODY T N EMIZRDH Z &8 T
5, AEFITRH L7z Table 1 OMIZ HIRERDTIETIHRA e Ko 77 7 = D=
Y URN—YIVEIEALZDO YT FROBEIEZ RO D Z LITFI LTc, £lo, RE
BICITREH L e ny, B2 S e b Bz 2 2 ik - TiHLh
LDEIE T T T xR0, BEBIEFACEWEINE L TR IRBIME OGN 2 Z 1
O OFERE MWTHHT L, @R E CTREFEMEL O REGENT 21T 5 & ZITHEI LT,

4. SBOME

AWFFRIZE D . B < OFWHRFE - GERERLEFO XM XPS AT MUZE 2D
WEBLHONITHZENTEREN, BRLEEBEOM G 250 ERREICITMAG DY
NEL . TNHZEZBERICHET HITIZS LR DN L 2D, RFTRORKKBIE
X, FEHO XPS A7 ML EREIO#EE Y 7 h U 2 TIZAT 5 2 8T REME
DERELEEZ G0 RMIREDOMRIT TSR E HE CIEMICERTDZETHDLN, 0V
N =27 ORRFIZITAH DR DT IIINLEE D EEZXBND,
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