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Fig. 1. (a) A typical STM image of clean silicene-(4 x 4)
phase. The white rhombus marks a (4 X 4)-a unit cell
and the red rhombus is the metastable (4 x 4) - 8 unit cell.
(b) Structural model of silicene-(4 x 4) phase. Each unit
cell consists of six upper-buckled Si atoms and the two
HUCs are mirror symmetric. (c) A STM image of the
hydrogenated silicene-(4 x 4) phase. The white rhombus
marks an apparent unit cell of the structure. There are
six bright protrusions in one HUC and one protrusion in
the other HUC. (d) The structural model of a hydrogen-
terminated (4 x 4)-8 phase. The white and red rhom-
buses correspond to the positions of apparent unit cells
of (4 X 4)-ae and (4 x 4)-5 phases, respectively, which are

shifted relatively [27],
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Fig. 2. (a) A typical STM image of the monolayer silicene (2v/3 x 2v/3)R30° phase; (b) a typical STM image
of the fully hydrogenated silicene (2v/3 x 2v/3)R30° phase; (c) top and side views of the structural model of
the silicene (2v/3 x 2v/3)R30° phase; (d) high-resolution STM image shows a few complete honeycomb rings with
(2v/3%2v/3) R30° structure. The white rhombus represents the unit cell of the (2+/3 x 2+/3) R30° phase; (e) simulated
STM image of the monolayer silicene (2v/3 x 21/3) R30° phase; (f) top and side views of the structural model of the
fully hydrogenated silicene (2v/3 x 2v/3)R30° phase; (g), (h) experimental and simulated STM images of the fully
hydrogenated silicene (2\/5 X 2\/§)R30° phase [28]
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Fig. 3. Energy vs. k dispersion measured by ARPES for (a) clean Ag(111) surface, (b), (e) (4 x 4) silicene grown
on Ag(111), and (c), (f) oxidized silicene on Ag(111), respectively. SSS in (a) and (b) denotes the Shockley surface
state. HSB in (b) denotes the hybrid surface band. (d) Schematic diagram of the Brillouin zone for (4 x 4) silicene

grown on Ag(111) 331,
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Fig. 4. (a) A typical STM topographic image of fully chlorinated (4 x 4) phase. The inset is the FFT pattern
of the STM image. The spots marked by red (green) circles are 1 x 1 (3 x 3) spots. (b), (¢) Zoom in images of
areas I and III marked in Fig. 4 (a) and the corresponding structure models. (d) A typical STM image of the
(v/13 x v/13) R13.9° phase after fully chlorinated. (e) Model of fully chlorinated silicene (1 x 1) structure, with black
circles corresponding to possible defect sites. (f) Model of trimer defects arranged in a /7 x /7 pattern (with respect
to the silicene (1 x 1)). (g) A typical STM image of chlorinated silicene (2v/3 x 2v/3)R30°. The areas marked as
rectangles I and II includes typical monomer and trimer defects, respectively. (h) Model of fully chlorinated silicene

(1 x 1) lattice. (i) Model of trimer defect lattice after chlorination [37].
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T FRATY 30 ek 7 i A R T R B A, SR
THRERGMMEL. a2 b A
SONF BRI AT TR SRR, R G HLEE T
T Ag(111) EHE (4 x 4), (V13 x V13)R13.9° fl
(2V/3 x 2¢/3)R30° = Fh AR 45 W 7E A 2 S5 178
AL BT R AN B E] 2000 K AL 4 B NS
W )RR SR T, ARG SR IR R b T =
IS b RN SR - BUb I, SUR AR
W B 50 2 o PR B T, TS 2 SO A
bl ey AN (EP s B DN e o S E A E
(00508 il 25 R R AR AR AR, IRTR RO B S AL XS T
(4 x 4) g5, FERMZ 5 20 P FRAS R A P 45
F. Hrh—Fh R I A 7 A SRR
T, HEH AR HUC, i —ANHUCHE
6 e, 1A —NHUC W R A R —Am . X
5 (4 x 4) S5 S8 R e a1, BRI RA T H
FE (R PR BILEE R0 & R AT e, ol 2 AR A Ak
I FER R AE T — A (4 x 4)-a M E] (4 x 4)-6 1
LS RIAAAR, B — DGR T (4 x 4)-8AHZS
ey e re bR ) Si R F R BT TR B AL Y [R]
FERT DAL %2 31 5 Fh 85 G PRI (4 x 4) B, S5 4h—
Tl 225 46 2 WLy — e 85 ME AR S5 4 1) = AR T W, adad U
] MR B s s HE AR A A I AL R 3.8 A,
EREM (1 x 1) W S 8 B [F]. 0 JL kAT PRid 4
BLHAR ook B F Si-(1 x 1) {55 MBE s, #E—51E
SEEME SR TREGI (1 x 1) &, B AER T
FISR B TR (1) (1 = 1) &5 4 v a) 3¢ ol 1) - B A%
77 IR = A T [ERE AR AR P S BB R
s (B 4 (a)—(c)).

5] B 5T (V13 x V13)R13.9° fl (2v/3 x 2V/3)
R30° FH AT W & 5258 2 5 K BI, IX P A A 1
MGG AN HERRTE R (1 x 1) 54, 1
AR A X P A 2 65 ) A IR SO R R R AR B o — A
T R (1 x 1) B (B4 (d)—(»1)). B2 H
TR BIAEAE, XA S R R EE R %
IR RE, R F A2 JEAR RN (1 x 1) S5 785 Ui
T IR PIRIAH ) AR J5T S — ke B K B SR A, BT AN
[7] 4 R e it Ji 1 ) k1 7 =K

5 BN HY E AL B vk

B 17 A A A R Ak T DL 45 e s 1 T B
Ak, 2012 4F, & E 345 M 57K 24 ) Osborn Al Fara-
jian P11 5 R UG #RAL 5 ST I — AN

Bet, T ELIX o — i A R s R A A BRI T vk,
SR B AR B Li 1 2 0 2 W B AE Ak Jeds 8 it AR
IEE R 1 b, X 5o S B [F], (05 A )
SACANIR], S 72 D 58 I B 7R 265 v ) e iR
b SR AL RE SR (silicel) AT G RE BT — FERR 2
TEAE, Li JE T I B BN 2.394 eV /atom, FTFFHIT
B4 0.368 eV, ML Z R, £ s )ik 5 AR iE 2
G JE. BRAN, AR I AR AL S T DL SEIUR AR
ARE S B AR o3 B ok, 36 T RENR FI 4 M D 1 %
FoAt 0K 251 N A R 5 B, (B2 Si—O $EEE
Si—Li B B, DA SEBR S i 75 AR X FhoA R} 1
aa FARYTE 7 1S Ak i) L

20134, EbAII 2248 T3 K 2 1] Peeters 45 139
THE T REM R Eig 8 IR ik &8 51 3d
Toh VR IR TR A AR R B I R, RS SR I AR L,
ek Jes PR A1 e ot 55 Ay A5 JFG ELAG A v IR A 2 e B v e
T 45 8 Do~ 5 e 0 2 T PO AH ELAE P R 0, Bl
R ERNEAREN 13 eV, TiLEEE
JRTFHBERGEARES—T eV, HE 8T 58
2L RGBS AR BT BRSO, DRI AR R B 4
JEME. AATE S Y B AR A T KR, 8 R T AE R
I b BT RS 3B b A A S A T D PR M, 7 e IR
AL, B4R IR T Li, Na K 200 26 W b 78 fi
R A 11 N L o O O e =2
Ji - Be, Mg Fl Ca [ W% Pt < K ik I % 732 o9 45 i B
)24k, BAEREMS bR AT N S 1A 80 B 5E
ARFE. T RET Ti, V, Cr, Mn %%, |12
W d PUBELER, X JE I I P R I 2 R
H2E R BT B S G, X TSR R R
JRF4, R ASRINE &R, &8 sE BT
AL AR, Peeters /NHIETHA T B, N, ALFIP Jii¥
XPREM A B ) R Al AT 1< B0 B, N, ALFITP JR
FAERESR AR B S U AL 7 AR AL (valley )
Mz (bridge)« &47 (valley) FT0AT (hill). B, N F1P
JR 22 IR AT R TR A AR 98 00 e S A Y, AN 2
P& fEREMG R b, T H 2308 NI it i, A
FE 2 T AL 7 DU sl B 55, T 3 8 IR 7 7 A A8 A
% THT P PR o 368 5 KSR T S P S g 5 IR S eI R
KZEH. XIT B, NAIP JET, Joite HHEW TG &
B Or DUACHS 2 WA ZRAT fL 7, 10 AL 7 )0 2 %F
FE T i n B985 2= 1 35U

2015 4E, WL K211 Pi s Lo41 1+ 7 B R 1
AP JE-F RS R B A EH. BHIeHE R
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B, B RS T IR S 5 24T — BRI RE
B, SRR B A AR AR, RIS A s
ST S5 I EAT R R 4R I — AN R R
FB. EDFTHERZ T, Mfi1it5 7 BIR7H P
JiT B e AR I RE T 450, THEUR I, 24
BIETH P T B AR AL 1.4% - 12.5% T H A
i, Sk RN BB 0% S B AR BB 52 S 2
B B PRI AR . T — R A R TR
HAAE R BH 8 HRL M DA B R 6 #4158 075 THI F 2

i L B — VR P T 5 B KA Y Zheng
2120 B, Fe J5 7 A1 Cr J7 1 105 2% RE A3 1k 44 7
ARGV, TR RS 1 (4 x 4) B R — AN SR
FEHN—AFe il FuiE —A CrJiF, TER—A
B ER 3.2% W45 J ik N, T B AR 1
it 46 0, BEAT R B e 5 2 T R A (6] (1 4
f: — R B R E AT REFIZ T, #RONFel
(Cr-1); S3ob—FR BRI T TR b, FRN
Fe-II(Cr-11). X}F Fe-1(Cr-1), HHEH 5472
[T ALZR T (06 JR . (X T Fe-11, TE4MNHLY,
(PR R 202 B0 AR B T DR, TR
AT IS 75 PR 25 D7 THI PRV 1E L AN

KT R SR TR AR R IS IR, AR
W EEHERZ IS, ST b R E R X
/. Molle £ PO L XPSHf 78 1 LA Ag(111) M3
JR IR IR o T AR )5, Sif 2p IR
AT A, BHARERIER AR LB AR k. AHR,
Friedlein 2 3] HF 78 T LA ZrBo (0001) A% i (e kS
W IBETE o 1 BRI S5 T A R IR Si Y 2p I A
TE BT R AL Bl R WRERIEE 2 18] 9N A7 16 503 ) A
TER. #t—2, /N R H APRES FIMIKAE 2
TFAHTEHE AT T ZrBo(0001) 3 T FFek A7 78 5 70 7 7
TN R B 1 K 5T 25 R T S MR RE Al 454 R
A AR A A AT R, KR ROV B A B AR
FEMG A 1 V3 x /345K, (H & TE Re iy 45 14 77 T,
—/MHTRIRET “X57 HILTE AL IZRE T R H K R T
1 LA e B RN 0 Aty B AR R, BETT 3BT
et o) S R AL BB L R Zr R T 5 SiR T2
[F1) 5E 58 (1 L = A VR .

X & (superhalogen) /& Hi J- 55 HIE (electron
affinity) bt CLICZE & i) — KA B 570 7, S ER T
AL, B xR RI B AR G
o SR A BN AREAE. LR W AT R
1, Mn, Cly, 2 B 0 3 AR R R — 28, i

T Mn,, Cl, B A 5 1 #725% F1RE DL AR AERE 1,
DR 3 E & 0 M RHEAT DU BEAL 1B 1. 2014 4F,
b 5K 27 T T B PR 2H R T W g 3R MinCl
B AL G 10 o 3R IR T RN HEAT Dh REAL B, FEx
MnClg [ 55 e e B A7 Sz AN [7] 78 i JBE T ks 14 485 4
Lo TR AR AT FE, RIS MnCly LS8
W B FE R A ) 25467, M Ji 7 L AR A CLR T
5 Si i ks, 15 20 DY HE AL R 1 Mn. MnCl
(W5 B A'F P 2 A e s v 25 i R 11 4 <2 R 2 A2 Pl il
P, BB/ INAT LU I 25038 MinCl (97 15 2
B 2K MnCls 15 CLILIR RSkt A7 42 149,

AL A I 8 AN [ JE 1 FR) PR B AT D 220 2 W e
W2 T A4 27 S S VEAR e, A Ak A AR 1R B
B35 I S A 2 D REAL 72 FT LA A b 3 42 ek s 14
L AYS TN

6 RESEYE

TR & —Fh BB s oK T RE, BAT
IR RBLE, AT IER R, R AT
SR — R EARAT L (B, BRI RE R
e, T AT A TR S5 A IR A A2 T A LI
XA K . BT RERON R, I Sl e 1
ST TR SEI R < R7 2, AR IR
A BB R . Bk, R BIR A A B
DLSHAE, Ui 3T IE A R RTHR T, M RE
A R RE T 25 49 I THD T 7 B A0 BN 24 1 — AR
HE R AT R AL R TS AR S5 4 AN
R PE B — R A ROTVE. Bl L, NMITHERE)R
Mt 2 DA 5 T T — JR A=A R A,
FEANIRRENG AR B A AL, X B ) RE i 45 44 2t
1T 7V REIE HATIF 1Ak, RIS 2 e atis
RIMAE, UM it — D 8 B AT T 58
2. PR R RO B T AR IS R RINIETT, ik
ARERYHE R BHERRR. TR EAAN
Rk, R A AORIT 0 22 O AN € T SR04 O AT
T
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Chemical functionalization of silicene*
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Abstract
Silicene exhibits extraordinary physical properties especially Dirac fermion characteristics. However, the zero-gap
band structure of silicene hinders its applications in nanoelectronic and optoelectronic devices. It is thus desirable to
open a finite band gap in silicene. Chemical functionalization is a commonly used method to tailor the structures and
electronic properties of two-dimensional materials. In this paper we review the recent 3-year progress of silicene, including

its hydrogenation, oxidization, halogenation, and other methods to modify silicene.
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PACS: 68.37.—d, 68.37.Ef, 81.05.-t, 81.07.-b DOI: 10.7498/aps.66.216805

* Project supported by the National Natural Science Foundation of China (Grant No. 11674368).

t Corresponding author. E-mail: pcheng@iphy.ac.cn

216805-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.216805

	1引    言
	2硅烯的氢化
	Fig 1
	Fig 2


	3硅烯的氧化
	Fig 3

	4硅烯的氯化
	Fig 4

	5硅烯的其他化学修饰方法
	6总结与展望
	References
	Abstract

