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TIZ W ¢ BT I HERD, JCAR PR G5 B AT s S T
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e E RO R Kirkendall 250, B 3L [B/E AT
HEA, $5 28T WA (010177 [n) HE B 1) 40K B IR 22 0 46
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2.1.2
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mL [ 1E SHER 10 mL 1E T 38 b, Y 72 h B
A, ZJa, N RE S 2 VR S TRON B AT 2R A K
WO T, B EAEE AR NI TR, e W,
KESMM I, 2R E AP A IE 279
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I G5 1.
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£ 0.05 mA [P 1E 2 HL i N AT BOR, AT SEEE TR B
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N N T 8 T 1 AR R A ) 48 R I
WG, TNIK B S BE AT S, R n] 3k 4
HUZ A BIG AR, RS, LitH A X E AR
Ho—, Li'E N ZHI55 T 2R e Eaese i, =
4B 5 KE R ZE R Li(OH)RI Hy, #E—HE3 T A
JZH5y 8. fEF T BRI T MoS,. WS,
TaSyv ZrS, [ L2 e A BRI 45 4.

Q)N FHEA

AR L N7 NH; (4G, SEELT VS,
JEAR G R ) 22 S8 v DU B R (N VO .- HL0)
A LW (TAAY A NPILE 160 °C KGR
SN 24 h, ARG ETINY VS,-NH;, RIZN»1 NH; 4
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VS, M2 JZME iR S 4. T NHs B 45K,

R YK JZ AR E 7,
REME ELSCI SR VS, B2 A AEE 5. AN AT 9K )
VS, NH; (K34 L BT & il LA, VS,-NH; il
W JRRGK A HE B R R AR S T SR AL, EL
—ANREMERERZ S 110 nm. 14008 R 345
B VS, A sl 4 —dEGKE A JLR A 3.0
nm (|8 4(b)). HIER] VS, KIFh S H ¢ B
0.573 nm, KIULAS 31 VS, HE YESA SR 45 H 20

4~5 A S—V-S B . 3 S8 AR AT LAW] WA

FIFH/NGY T NH; # NBEE XN VS, HARM R T R
IR B, TSRS VS, HE —4E A S Id 45 1.

QYHEN 74N

Hyeon #0457 U2 3V P 40 e AR R 925 45 1kt
1.4 nm J& CdSe 49K 2. BN 45191 CdSe
A G AN AT SR 0 AR S5 R RRAE,  HL(0001) 11 g
I A0 v T A b 1T B B A K s — 4 4K
Dk 7E CdSe 451+ (1120) Fil+ (1100) (1100) 5 i (¥
RE AN 220 LM, BT LLEE A i 1 BRI CdSe 4k
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FARE AN BE R 5 AR o ik 4 20 At i 9K 1D B A4
FOT k. ARZ AR, AR IR IR s e A i
W o I8 ISR G5 R R e, FIHT CACL, A
(OLA). 1 /\J%(OA) ¥, “ERM[CACl,(OA,OLA),l/=
B, %S Se FER], #RAERCT J2 ()46 A7
AP KBEN HATZARET MG CdSe dhif. di T
BE IR SCEEAE FIANAR EL IR (R HE e, IR0 ZAREE R 1K )=
AIERAR K, AEK AT A IS CdSe HL)2 —4E4)
KATEL

22 “HTFW_E"E

L SCERIR WA R R T AR AR
WA A BB R BT, LR B <l o B
G0 A7V 1B 22 Pl U /3 = N w5 e 7 2
KAPRHR T R TTIERI R RS T T B
T, BB A A Al 8RR A 2 S T BT AK,
28 1 22 B AN ) 4 JEE (R 4 KA R,

WA EH A BE
TEAIEM RN, L5 MR S 1 f A g,
FAREAE, DA b A 27 oo B 25 ) S P H R A, e 8 B4
B B B R AN L2 BB I HE 4R 4K A R

Vaughn 208 T — 2 4 % GeS M GeSe fii ik
YK G IR 2 7, RIAE GeS 1 GeSe 1A &
R T 540 SR A SR B B 9K . GeS A
EGORAE RSB I DR VA R AR S TR
A Gely(60 mg). 7~ 3 “HERE(HNDS, 1 mL).
J£(10 mL). JliE2(0.75 mL)AI-1 % FEARE% (0.5 mL),
R NEINFAER 320 °C, RVZ) 24 h BFA]. 1% b A
I+ R R AE AR, e TEHAE. A
PR B R IR B 4. GeSe 9K A (& ki 5
IR TTEAL, A = SR AR Y. B A
J5 153815 GeS Tl GeSe iGN KA RLAS L H b7 K 1)
NIAFEIES, PR R 2~4 pm x 0.5~1 pm,
JBEZ) 5 nm.

BrUtb2 Ak, Rao U4 B A FI 4k 2% 5 i 5 1k
T MoS,. WS,PL MoSe,. WSe, " — 4 gl K4 K.
PL MoS, Fl WS, A, SKH T LA R B 04T 4 Bk
(DFE 773 K BAREE T, HHER RIS R o & (1A% Ak
AbHE. A TR NS I A I R (B IR T B (1:48), JEAE
BUAIREL R IndE 773 K, 4E4F 3 hy BJS, BERAER
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S FARE R, BOAYTRAEY. ()
MoO; Fil KSCN 7E/K#4&AF R VY. 75 10 mL 2 &1
JKHIN 1 mmol MoOs; #112.5 mmol KSCN, 5z 3 i 4+
23 mL BPUR 555 453 K KR Y 24 h, 721K
VEIGALE 278 K AT, FH BIR k& e =4, 1@
WO E, BMESRAR R E T Y)

222 HUREETTE

H i) 3 0 v A E A BOE AL, T
I Ak 2 S N SR A O . AE R TR B T A
H I GOKIURL, 764 S 4 PR IE F R (a4 45 570 R 45
o Y. 7 15 3 45, 4 e A B R A AE R,
I B 28 R 20 BT BB 48— IO SR R Ok, T SE L
Yk R AL B Y0 B R

Weller #5041 “OIEERIR PbS 44 K ik [ kAt L,
) & AR R I E S &S YN 1,2- & Lk
(DCS) B AL LR Sk, & EARLEJLE

9K PoS AEANAKE . b TS T R AH HLAE

FEMES R BN RSB 50b)). 1E#H 5
AT s S T e AN R B B 40 ) v 4 35 S W B A
JCEAMBOBOG S S R IL, RS A DCS X R 4% &
FIARZR T, PbS dh iRt 5K I8l ) 24 52 20
), AEFF AR BT PbS Gk iRk 246 /N 4 3 nm
fidi, HAEWS LR B S Ae {110} ST %K. £F Ostwald 3
R, ARG {110} &b A B P R e —
i, TR T XS EFE 4 (B 5(a-B)), XFP4sfy
HARE, REEHVEAIRE 5-0). sk, 2
FIT LIl B[] 3 2 5 72 A2 10 9l K 1 2 Tl T
USSR AN YRS, 755 U PbS B R
P \RE R TR CEZMEM. + /R % H

(@) an (b) = a
(100) (110) :
i

500 nm
1

B 5 ()M PbS BT A FI AR (A 4EL5 (B, C)
FIRAEE; (0 1,1,2-=& 2 hE4 B 9 HES 1K) PbS 4k
235 1) TEM (51 A SCHR[46])

VR B AE PbS {100} 1 |, 5% FHEZ1 RO )2 &
. AT AE T 45 A R 1 20 2 1) ok it ok 3 KR AR 1)
YER, A28 T PoS 4 JT 2y ¢ 7 I FHESS, 1
ANJETE B )[R P ) = 4 45 1

[l FE LA PbS 4K Uk b HT 3K 4%, Wang 2517F
AN R T) 2 XSRS (SAXS) R 58 1 [) 28 X 4 2k
B (WAXS) R A A %% T 7E RN )15 5 F, PbS 4K
TR ) 3% 2 A2 1 PDS B AR GK A R I R A
TTEr S R Ve 2K 2 B ST T ) PoS 4l K R il
LA T 0 37 5 B T TR i A, T R LT R bk
S Wi 0 K g, A8 LT B (110) 75 1) b A7 B (1)
AR . RN Hs ) I R R B HH (2001 {2203 {111} &
T FR) FLAT 2 45 460 1) PbS gl K ks & 2B e i, Il 45
{200} {220} [ AH B 5ET, A 5 HE A —ile, 7E/k
FIAE R HE B AR ST B NIRRT, Ak
JHRL T PbS T 4EGNK AL R

W )4 D7 R A SRR BE () R 48, A A3 4Kt
r (R S T 2% 8 HH ORI AH BSR4
YRR, XA B GG KA R A T8 1) .

3 W HEEREBAGWARIA B
B 28 % T B

RGO R TR O Gk T, 2 4 I R I
) P P VRS DA T 532 B h A A 2 IS0, T 401 2
DTSR e BT M-S P s
PP BUREDY L AR EEPY L A TR TR R
HHE P EECVET VL.t T AR R 1 1
PR AR AR A U SR AR B
AN RN VU AT AV I N

BT A SR A R KM R, R BR
5 ) — U 2R 2B G AL AN KR R 1 8 T o VA
G [¥) T VA B A R, AT S B D e A6 N
AR AL BIA B 25 il A A VS, SRR A A
W SR PRI 1) PRI, OFSEEL T MR AR
W SR IS L o oy T POV AR 1 1 .

Pt R 1 BT PR S 2 R i 0 0 A R I Y
ANRBED DY A LI A PRAP R, A7 A0
A7 e BRI BRI AE 4 5 1) B IR 3, AEAE N
T 2 P IR P ARORE R AL K (Y R D RISt
E A P TS0 - T v 2 3 %, O P o AR
MRS T — DRI 5. Bfseki 2 4h, HAtk
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IR W e bR AL A SR AR I S

YRGB T 8 T A AR T T A A A
(EPTEZ (G 37D/ B /S S N4 CE” S NS R e
JRE 75, MR K AR AR 2R g AR N
A, SRITAT BRI, W VS, 2555 B 1 B8 43 o,
L 2 G TOK BE AL B ) Rk s e s, TN
PRI S B AT A, X Bl n BE I SRR
PRLR I LR RS RBATLL VS, 4k S 45
R R R K mith, SR B2V R4 4R 11 75 e 2 P 25 2%
EA R R rh, FRATTaE Y 023 4 DR 16 7 VA SR A 1
VS, kT YEAT BRI G5 M AR WO AT g, 73 20
c FECIA A VS, B A, H XRD fERE(E 6(b) (X i
71 HE (001 ) s 1T 068, 30 WA 2 RS/ [00 1] 77 [va 1) v 88 B )
[, VS, #s ] DU B BT R E R b VS, B AR
T H T i 2 S s I F B R B A i T s T
I SE R 4B AT M

Shy e /N B A F 55 0 g KA R FH 0 R 2 ) T
TR, FRATTRFH P A4 B ke SE I V'S, P 1 L2 28 A R AR
T HG RS B2 ML B0 VS, LR 25 i R o JE 15
N, HLBH IS I B AR, X kA AT
T HEL 75 38 I R SRR A T JERE M % a2 B8 A Rk 1
PET L) I, DUPATHEA I VS, SRSk Wbl A R}, 6
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Chemical synthesis and assembly of quasi-two-dimensional metal
chalcogenides graphene analogues
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Abstract: Inorganic graphene analogues are regarded as a typical quasi-two-dimensional nanostructure system.
Graphene analogues entail more structural parameters that could be controlled compared with the pure-carbon
graphene, which leads to the well controlled energy-band type and gap width, showing the promising signs in
constructing electronic device in the field of energy conversion and energy storage. In this regard, metal
chalcogenides (MCs) have drawn extensive attention as an important graphene analogue material system due to its
unique quasi-two dimensional crystallographic structure. Herein, we reviewed the synthesis and assembly
methodologies for graphene analogues of MCs, as well as their functional applications of their assembled
nanostructures. We put forward the strategies that utilizing chemical methods to weaken interlayer force and
embodying the highly anisotropic characteristics in the internal structural lattices to successfully realize the
fabrication of graphene analogues. Finally, we also summarized the assembly strategy of graphene analogues and
their promising applications in the area of energy storage and intelligent responsiveness nanodevices.

Keywords: graphene analogue, quasi-two-dimension, metal chalcogenides, chemical synthesis, assembly
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