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Figure1l Metallicity of MDCs compounds and the stability of 1T and 2H!**
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Figure 2 Crystal structure of layered transition metal chalcogenides
(P63s/mmc symmetry group, blue atoms: metal atoms)

WA F R B i (AR AUARCR B A2 R
AR B % 5F), R —RBULZET (5 1)RE
(Y G2

AU B vk £ 2R R R B P2 5 )2 e
TEARAE T o A8, a0 2R S R E A LB ) (2 45
T3 L5, AR ENZAR R E k.
TR R I G R 2R A A Py Btk B e S
I, BISRASAER R R RS Ry, 2004
A USR8 e B A0 S8 0 LIk, G — L ) 6 v T
YR AR ORE G 7 . Larentis®E A PP n i ik
(100) i b A4 Al A EH, P HUBCR B A AR R T
THEROIR TANAREH. B E AT Ak, SR LR B



iE R

PARTRHY 44 IR A AL 0 T e, RAERTRA L R
AAR, E 2 TG 5 BUR R Y 2 e i £ L EE AT A 2%
DL R Tk 45 G K

2R BRI E T N T SA I 0TI
ANJZARY 28], b7 R8s, M 5 T3k
PR T YRR B MR R R OE T AR A, K
Li™ 4 A 21 4 Jm il 4k 4 )2 [ R i LiM Sexfb & 91, 5K
KARRL, P KR AR U RAMSe, 2 52 2 [H
[, Ja/NZRTEEAEVER 1, MRS 2 8K
2 M Se 2, 3l 1 4 4 2 0 B o 4 B2 4 R A
R = R AR, AR e Rk . B e
FER R TR EE (A1200°C) 45 14 K Bof ) b 3, R vk i 22
0 4 ) A 2 A R R B 1R R R R AN SE 4, R A
Bi7 18 142 8 OkE Fl LiSe, $3% A E IR, Zhangif:
R 2730 1o R A2 i B 1 L e e (A b 2 T B9 47
A, KRBT 4 A2 o 2R 45 0 i 7 12 (813),
e ek 4 A AL 0 b B SRy [ A A R A b v 2R A T
HLfE, N2 SR Z e AR T, 5312
ARARE. Zr vk AT E AT | FER A D HAE IR Tk
ALHEAT. SR, LTk A i A T b B 4 s
WA 25 % A ff, T 4 T8 4 K UKL FTLISe, M
T el 75 380 1 7 A AN

VP SR 8 3 3 o S ) 5 e AR A e TR 1) A ELAE
JitE IR R, R A A Z N A AR, T
wRZSEZ RN ERER T, CMZERE. %07
AR R R R, HAR RS )2
PRAF AL 22 T 114 2% T 5K g 2 52 B ) B 1Y e TR

1 Li foil
— | -

Anode

Layered bulk
material

F 85 ) 2 1T 5 M Sep AHVE L, T 57 5 M Se,
22 1) 4 R TEL A AT ST A G 3RS M Seu BT 7 Y RE
. Mendoza-Sanchez%: N\ ] 5 N B AR I, 18
A ARAR37 kHz, B IA540 W, #A 525 h,
Al 4R 150.14 mg/mL i MoSe, 44 K F, J& i fy 65~92
nm. 17 Colemanit 5 21 (28 | Fi 20 P 25 bk 1o B4
W, BAEE, ST XMoSe il H B, A b,
Coleman i 151 25 Bk 53 1 A R B 2% 1 375 1 790 98 5 7K
1) 2% T BE 1 HL 5 MoSe VL i, 76 7K ¥ 771 Hh K 7 i
B, WSEEL T X MoSe A SR B, H 3 1w i M 7
I AR B AR i B A 40K A .

(ii) “ATFm L FEE. WoF. JFFdEFH
el & 2R @iy, AR
TR AR A 7 2

k25 S AB YT YE (chemical vapor deposition, CVD)
SR A R R e AR R T R — R S LR A
PIE SRR T, # SR L S EMEOE G
AT, #3200 & A A2 RN (A3 sk 22 5 i)
3545 2 AR AR Wang®: A BH LI MoOsFl et {4
IR, ArSHIR &AM EAR, RIS TR
1A, 7T50CTESIOSIFIE LA K T HZ 221 —fifi
FRER L. R R ) B U WA T R e R 1w
S, 2B CV Dl £ 1) H I RE 4% TP il K T AR A1 —
He MR AL A2 E S AR DURRE TR | Yy —
() e 2R a5, BB v, 45 MR, BRBR 4R
A AR T SRR AR A . (Hk2E AT
BT TR, RN,

&
7]
(=%

q;

. - »
b...In-
e v

Li* ions

“"": . “
="
(" .
Isolated 2D nanosheets

B3 b B 4 2 s A AR 2

St

!

Li-intercalated compound

Figure3 Synthetic routes for exfoliation of single layer MDSs by intercal ation of lithi umt??

3203



a4 % B & 2017HE9OA H62% F27H

i A A 2 k2 1 A Ak 2R A R B A R
213233 Cheonift i 20 B9 1) 4 &8 S AL ¥ 5 B T b g
JEORE, /i iz B AR o 00t A A R A K ) R o
i, W& T —FR5 _gEREEMIY, WTiSe,
V Se, FINbSe,. #i it Cheonift i 21 13 2 L 3 /% S i 44
il £ A AL SR FIWSe 12 —4E 451 . Raymondifit
H 20 B2 R % % T -1 /\ M5 (ODE) 175 51| ODE-Sel
W, K HOm A E) 240°C I, AR E A NaMoO,, il
TR N 1-2F i TR A T W, 300°C [ w30 min, 445
FIE SR ST | AR 40K R 2H 2 B Ak A
PREE R . 38 = AR 3 A Y G AR AR 9 K B R e
WHA—E WG, Ware w2 MiE A,
R S Ry AR S A7, R e P e

2 e AR AL P v AR A i e
Wi

UTAER, A A RE PR AL 3B A LA 7 A Y BRI 1)
R, AR AT e RO T RE TR A RO B U] TR
R (B AR B RS TRt . PR BRAR B AE)
R A A A R A 0 A AL A A R, Ok
W AATRISETE. 2 2R R B A DL 5 o T
o PG R B e L B R AR S AR L, T A D BEAR
R AR FL AL 2 il RE A T A BN, DA 2 e
PFEVRER BB | AR AIR AR E MRS, T 1 0 S At
T RN R R R TR | BRSO L BRES T
HL YL | 2 A A A U Y T A TS

21 PRE-rh

BB L Y R T IE OO R B e, B
AT 2 A8 FH 0 Tl (F 85 . Hp e) A Tsiek 46 ) ) L 25 1
300 mANgZE AT, MELLH R H 28K R 5 K. A
U, TR b 2 R A AR B AR A R R R AT 5T AR
TR R A B AT AL B )2 ) R B s e AR Ty,
PR T HEA SR, TS b Ak 2 N AR Y
Bk, HREANE 28 &1, AF TR SR
SEVERERNE, RAEW A M E R B R
7 7R b 203

TR R R R S TR AL S Y, ST
HUO AR IR T e 7E R B2 R 7 22 18], JE i Se-Mo-
Se— T2, FIE O 55 AR AE F AR B R Y K
JE R A0 i AL A B H T A A A
B, £91.05 eV (HAMoS,~1.29 eV), [} —fifi

3204

AL 5H(0.646 nm) % )2 8] #E H — A AL £H(0.615 nm)Flf
5(0.335 nm)H A e B AL A 7 L fk 2 Gk ik
o, RIS R SR S N
F ABE ™ $21 mol k4R %4 mol LidheE, —
il A BH 0 B8 AT 3 75 1S 422 mAh/g.

XA S ik A AN AR B TSR, Mk
HLRL A 3] 0.9 VIS, Tl Ak & AR A AR, B 2H-
MoSey ] /\ TR HEC 37 Al A BHAL AR, 401 22 Bl 1
A LA S T, Mol T 5 LipSe s [R] i A B,
W AT 7R . A0 A8 fb A% DA\ T A 1) U T 4 7 A 3k
R, UESE TR S LR ER Y BONL], ST E
BTV ELRECN 131107 em?/s, JFUESE T G E A
() G £k BH 2 B TRDARE B A B ML EE, (H P T
RERKBIF, HARSIT HE i

19964, Morales A\ ST i BIF 5 41 55 1 5 4l
T AL EE T R R A AR i AT R Y AR AH R
AR T 53 FE, LA A2 I 4 W
BN, R st E B Ak B EL A AR A Ak s ]
BT R, FEREXT TR i AR, e
A6 B0 AR S - S AN ES itk A B HRE/N T AL 4
RIS, Felr, Hulf i 2h o i o gk A A Al 9
il £ %) 750 BE A e A FL i £k 4H 99 oK A4 RE (B 5(8)~(d)),
IZ MR 1R - F b S AR bR, RIS AR R AR Y
Akt Re, RSB IR ERRCE N T9%, B 201
WG, ERMCRE 243N $]95.7%, 754K G 5 —
EIR 177 98.5%L) . 7£0.05 C (21.1 mA/g) 7 i HL i,
MEET, HAR3BXIE, HMRIARREF630 mAh/g,
JLF- A AT 2 (1515(e), (). [RImF, —Rlifesa s
PERE W2 O TR ) 7 vk 45 1 — ARk 4H, H1 Cc=
il 4k 51 (499 mAN/g) 215 T —#ifk 51 (240 mAh/g)([&l
5(9), (h)). i {b SR Ok AR B T A R rp, RiAR
HIMEE. mERF LA —ERE FZh T
BUEAE, #0% T MR IL R OGS R e M. [FIET, 7E5
TR A AR v TR A H ] ) LiSe, HiHL SR ) 2
T LIS, LA il fb 4R A A5 R RE 2 T i AL
Pkt Kimif g o A A fLREVE D B A AR, 18
B E R T BA SRR = 4EfLIE S5 1 —
b sA S AL AH, R LA TR E A RE, A
T 25 S A R MERE AL T i fb4H, 7E2 C
(M0S,, 1 C=670 mAh/Q)HL L% T, —Hlfb4H it
A 744 mAhgE T i Ak A9 710 mAh/g.

Caolft 3 21 1905 1 1 A5 /K B i i 45 T Al Ak 41



PR

(b) )
12 4
1.0 / :
i :
et LST path 1 :
0.8 -
o "
3 :
% 0.6 ’
2 .
Transition state
0.4
o
- Epoe=0.542 eV
. a
b % n.u Ll ad Ll - L - L hd Ll b L
P4 ¢Mo @Se «Li 0.0 0.2 0.4 0.6 0.8 1.0
a

Path coordinate

Bl 4 (M4 R0 () ML FIEMLAARHM R TR EAE; (b) SR TH B AR RN RN, e B2 TH fLAE 21
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Figure8 (Color online) Schematic illustration (a) and SEM image (b) of SnSe,/rGO. Schematic illustration (c) and lattice expansion (d) of SnSe, and

SnSe,/rGO structure change?
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Figure9 (Color online) SEM (&) and TEM (b) image of the SnSSe sample. (c) Specific cycling performances and rate capability of the SnSSe elec-

trodes within the voltage ranges of 0.5/0.1-3.0 V
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Clean and sustainable energy supply is regarded as the most significant problems in the 21st century, which is ultimately
related to our daily lives, global environment, economy, and human health. Although fossil fuels as the main energy
sources will continue to play acrucia role in responding our energy needs in the future, they come at a tremendous price,
including arapid increase in greenhouse gas emissions and long-lasting environmental pollution. The imminent shortage
of fossil fuels and growing ecological concerns is pushing scientists and engineers to exploit sustainable, clean, and
highly efficient technologies to supply and store energy.

With the permanently increasing demand in energy resources, massive efforts have been devoted to devel oping advanced
energy storage and conversion systems. Novel materials hold the key to fundamental advances in energy conversion and
storage, both of which are vital in order to meet the challenge of global warming and the finite nature of fossil fuels.

Graphene as one of the most successful functionally nanomaterials, which have attracted great attention due to their
unique properties of large surface area, superior e ectric and thermal conductivities, high mechanical flexibility, chemical
stability, which render them great choices as aternative electrode materias for electrochemical energy storage systems.
The ultrathin two-dimensional (2D) morphology of graphene with unique propertiesis triggering a great deal of attention
toward the family of 2D structures. The types of 2D inorganic graphene analogues nanomaterials such as metal
dichalcogenides have also been studied and applied in various applications including electronics, optoelectronics, energy
storage devices, solar energy, electrocatalysts for hydrogen evolution reaction and so on.

Layered transition metal dichalcogenides (MoS,, M0Se,, WS,, WSe,, etc.) as the typical graphene analogues, which
are a chemically diverse class of compounds having band gaps from 0 to ~2 eV and remarkable electrochemical
properties. The band gaps and electrochemical properties of layered transition metal dichalcogenides can be tuned by
exchanging the transition metal or chalcogenide elements.

Among numerous transition metal dichalcogenides, layered metal seleniums exhibit many novel properties, especially
in the electrochemical energy field, which may be beyond those existing in layered metal disulfide. The excellent
electrochemical performances of the layered metal seleniums materials could be attributed to their unique intrinsic
structure. Firstly, the layered metal seleniums have a higher electrical conductivity than layered metal disulfide owing to
its narrower band-gap energies. In addition, the larger diameter of Se atom provides the layered metal seleniums with
expanded interlayer spacing, which will afford more active reaction sites for electrolyte ion storage and reduce the energy
barrier for electrolyte ion insertion.

Benefiting from their remarkable electrochemical properties, these layered metal seleniums will play meaningful roles
for low-cost and environmentally friendly energy storage and el ectrocatalysts for hydrogen evolution technologies.

In this review, we summarize the physic structures, synthesis methods of 2D layered metal diseleniums, as well as its
application in the field of electrochemical energy, including the Li ion battery, Na ion battery, supercapacitor, Mg ion
battery and hydrogen evolution reaction. Finally, we make the prospects and the development trends on the layered metal
diseleniums.

layered metal dichalcogenides, two dimensional layered selenide, electrochemical energy storage, electrocatalyst
doi: 10.1360/N972017-00129
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