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Fig. 1. (a) The schematic diagram of MBE growth of borophene on Ag (111); (b) the computational model

of borophene; (c) the scanning tunneling microscope (STM) image of borophene 101,

217702-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 66, No. 21 (2017) 217702

AL T RS AR PR AR P 25 M R B 5 AR IR R S DDA
K, HIu 45 B 5 BRI, B i 1) BE R 2544
MU A o R A (L0431 o sk % 1 8 o 8 0
PR R 3 A o AHAT X3 A (10441,

Lk, b E R B ST B Wu B 5T
P BA 50 75 b v B s R85 R, )P o7 SO 4 s 4l
FEE 1 TR AR S B T B — A S5 R TR B T 2% Atk
TR 24 Ag(111) #H RN #3570 K I, H K1
DT Bro ARG —HELE . 1T 2 4ef IR 4k 25
THIR 2 650 KN, JRAS B1o A BB 22 5622 X
WA, 30 STM B AL R I Bro AH BT A &
W 7S TR 23 A0 I T A Y 1T 3 AH BB I o
J S I 2= A J N R TR S (K 2). R,
R EHE 20 A2 800 K I, 28K 22 HUM I 7 4 e AR
G, X R T AR R OB R B B

AR

Bt o, B EOT 2SR K 2 1 Tai 0F 70 40 9 3%
FH CVD [ 77 2 0 15 Th S BT 80 0 16 26 4 1) 4%
At AT A B R S AR B R SR AR D 2 R IR ORE, A
1100 °C K i N B He 38 B 87, 78 Cu §f 146 iR
IR T y-Bog M 4ERE A K 5. 0
&l 3 Fia~, Fifd B CVD R4 H AN 7 B ar %
) AR X e 3ot R 7 A U DX PR i 2R T DA SR
P AR R R . 7R R SRR, B A B2 O3
MARZHEILRH B0, 28R, ARG 1E Hy RIS FA/EH
N, BALEE 1 3R15 1-Bog AR, ~-Bog
A SR A 28 AN R T, B IE TR
Bio AR FNWE #44K By A1 55 Fr 44 1, J& T Prnm 1E
222 (A, IXRh CVD J7 v 1 H AR A S 8 K T R
IR ) 2 R AL T AT RE A AR KR 2.

B2 Bio MITAI 3 MR STM B [19]

Fig. 2. The 812 and 3 sheets are superimposed on their simulated STM images (191,
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Fig. 3. (a) The CVD system of borophene; (b) top and side views of the monolayer; (c) the basic unit cell

of the monolayer in bc projection; (d) optical image of a borophene monolayer on Cu foil (291,
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Fig. 4. B3p, B3e and Bsg of borophene [62,63]
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Fig. 6. Three structures of quasi-plane boron cluster (73],
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Fig. 7. The 8-Pmmn structures of borophene (361,
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Fig. 8. Top and side view and the two-dimensional Young’s modulus for the C2/m, Pbecm and Cmmm

phase of borophene [21].
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Bl IR TG R (Fe, Co BUNI) 4%, AR FTREE A
VL ] R 6 2 R AR 20T g i —
0 T8 0 I (00 2 T 45U AEL T 5% T AR #) R T
N5 AW U R4 B AR B TN B B 0 2
T HE R 2 B0 Li /N AN AT BT OK 5 ) Wang BF 58 /N2
P T b CoByg &5 1 1 — 4EAF KL BT A AT
W CVD LZ, @i % Co ¥y R -S5 WK R (1 EL
1, T LA RO 45 B0 4 — 4 X 48 % TR Co JRLF 11

Po=N
BB

3 B LB A = 4 Ak AT R Y
il & B A R AR

ikt 4 )8 (Be, Mg, Ca, SrflBa) i T It & JH
WRP AR, R HBANZRA 2 MM BT, B
A UL S B R ) Bl 22 Pk Y ok T T R — 4 e
GBI, KREIE RV RRN, W& EM
VIAERR T R DM A0 55 BUECRR B A T E 1 8L
A 2428 DR e AT AR o [ Y AT 9T DR
AEH

31 WMEtERBRMULYM _HERREHEN
Hl& 7%

P RATH &, xFF = 4 mk -+ 48 04k ¥ (o
MgBg, CaBg, SrBg Al BaBg) (i 4% J7 i 78 L
LR AR R T B B, T o6 TR L e B Al AL —
YE 2N K S5 K6 IR AH OQ SE S il R . BRREBE T
Bt (1) Das %5 (751 75 7K b 75 30 B8 R R ik 21
MgBo B A, M43 3 T /b & [ 2 5 1k MgBa 41K
Jr R X 7 R B MgBo 40K B 07 ik 9
K At B 4 B Bk — Al K 2 R R AL T — o
AR ER £, Ak, Mori BIF 7 /541 [76) ) Fl A% 45 1
CVD J7¥%, CABRVREANERIEAE AR, 7608 = 4 5
JEE E R IhERS T SrBe 4G KA K, X AR AT A
BRI - 4 SR WAL — 4 9K S5 R B 5 — Tl o
2.

H Ak 2 206 F ik 1 4 B Ak 2 1 it 7t 2 4
HH 7 SR o, TR ) % B FORR PR R O THL. il 1l
IRR S AR BRI 7E /N AL 7] SR P i W 0 8 A
SiO, #JE A4 K 7 CaBg i i; Dorneles 2% 8] 5%
F Bk e iR g %, 48 MgO(100) 5% Al,O3 (001)
g FAKH T EE N 12 nm i) CaBg 1 SrBg ##
JiE5: Kato #F 70 41 [7) % H #0Ot MBE 3%, 7E 880 a-
Al03(0001) #f Ji& b il % Hi 1 SrBe(100) F 7 .
11 el B A A B ) A A% T v A mT B
A KB A ) 4 g KR R A — e 1 S B
=

32 WEItE&RBM UL _HERRKMEM
Ay kil

Y < R A P ) S A A R A
GEFAEN B R R L m g, B S
J2Z 1B 455 1o Ta i SUE B, iR S <
J& T )R IR =R B A S A T 5 bk
K% Xie % P BT 55 — BT T —Fl MgBs —
YEGR S5, N 9 o, IXFh — 4E LS54 P2
JEF A — JZ & )8 Mg J5l 1 3k R F pk, 2 =W]E R
7. —A> MgBg FIZ5 K ol 9 sR PR,
W BT 2 N = T B BN T TR Y Tt <2 )
JE 5 20y = TR B e A8 A0 BAE R R
— MR E RS . ST AR R SR L, B
+ &R ML) —dE AR R R SR 0 R
{51 [28,80]
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Fig. 9. The structure of MgBg and Ha chemical adsorption on Ca-decorated MgBg
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Kt g R LB R TE LA,

LR e e e g R 7
HH B4 BB

B A 0 o i e e 0 A ) 4 A R
AR R TIER R, mE A, "
T kA b LR v B R R i Ak 2 AR E
i [20,31,52,34=56,81 =88] B b 7 1 B AL O i
A T il REATOL R RN 45 2 S TSR B A B R
(FIRL .

% 9 KM

4.1 BEETHBMNEFED

T L 5 1 RS R R RN 22 IR ARG BR 5
AL, BB TN R T — B2 B2 R
AT ZEARR FR 22 75 1 SRS W7 4 vy 8 9 P v )
R ANE PR Ay, 3R 3 SR LA S B R Ak A
BT SR, TS FH LA e ) O I R OK
POEHMB AT B2 8 By i vl oy >R w1 R 2
DRl A AN A B A R TR W38 (R E 72 ) 180589901

FH T 7 A F v BH AR AR b 45 2 B AT BLK
FEm L aem e g 00—l R b R AT IR T 0
WVE R NS EBH AR B 7. FHB R R

241,

5 Zhao YRR ZH 551 SR FH 58 — JELEE T 7 BG 1 M
B T VB BH AR AR BRI AT . BT TS R Bl
I R R RO RE TR B T —1.12 eV, FHLEUE T
DL FE o PR B B0 O 11 40 0 R 1 v e DN, At
T8 e R 56 4 B 2 Ak ) B O Lio 75 B A4 2,
G A B % B K AT LLIA #1860 mA-h/g. AR,
HOMYE R K % Yang /N H W FE T Bre A x> H
B 975 1 D B2 R 125 7 H v B AR A B B AT 4T
P B Al AT R A A B 1 D BE A M R IS, 4
BRI B - R R B R A A B T 1984
1240 mA-h/g, X EU i F A 280 BH AR RH ) Ha i
RER ¥ (372 mA-h/g) K T 4515 IEH, MU
B A S BRI AR, A 48 4 Ve R 7 1) b ) 3 22 0N
2.6 meV (K 10) B g+ 3 A 2 A 0 R 51
(I (80 meV) Al TisCy (70 meV) 2 — 44Kt
Bl X R LA 1 Dy BH AR A R ) 2 B 1 M
B Lt B % B A B R T B AR
71, BB TS MG ML BA &R
P, A B GARETT 18] F #5420 325.1 meV,
SN Rk D RN TR A TN
21 Jena %5 14 4= S04k (1B 4% 45 #4 (borophane)
YENBARR, WFFuas SRR W], A T 4 S A6 Bl 44 FH
A B AR S R B R ) B K R R A
504 mA-h/g. JREIXANTEELE FLE LU A i BRI
RE B2 /MR 2 (EL A BR S5 o 1 7 FH A0 A S8 0 2 P
it (372 mA-h/g). LI K2 Rao WAL ) )8
o R oR B AN B — M SR B A T A A
N4 B TR (Li, Na, K, Mg, Al) BHARA R H:
. IR I R AR B AR, B L ) d
KAEEH AT LA S 3306 mA-h/g, 7E =i FHIH
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Fig. 10. The schematic diagram of lithium diffusion potential barrier and diffusion direction [35],
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Abstract

With the rise of graphene, two-dimensional nanomaterials have been significantly developed in recent years. As novel
two-dimensional nanostructures, borophene and alkaline-earth metal boride two-dimensional materials have received
much attention because of their unique physical and chemical properties, such as high Fermi velocities, high electron
mobilities, large Young’s moduli, high transparencies, negative Poisson’s ratios and high chemical stabilities. This
paper focuses on the researches of the fabrication techniques, structure configurations, properties and applications of
borophene and two-dimensional alkaline-earth metal boride nanomaterials. Firstly, the current preparation methods and
structure configurations of borophene are summarized. Secondly, the possible structures and fabrication techniques of
two-dimensional alkaline-earth metal boride nanomaterials are introduced in detail. Thirdly, the physical properties of
borophene and two-dimensional alkaline-earth metal boride nanomaterials are investigated. Finally, the most promising

application areas of borophene and two-dimensional alkaline-earth metal boride nanomaterials in the future are predicted.

Keywords: borophene, two-dimensional alkaline-earth metal boride nanostructures, fabrication tech-

nique, structure configuration
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