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Abstract: Traditional two-dimensional materials show great potential application in the field of electronic devices because
of its abundant electro-optical properties. Metal-atom-doping in transition metal dichalcogenides can not only preserve their
unique optical and electronic properties, but also may give rise to new ferromagnetic and ferroelectric properties, which will
open a new application field in spintronics, information storage, and transmission. In this paper, we focus on the theoretical
and synthesis study of metal elements doped transition metal dichalcogenides, as well as their structure, electronic and mag-
netic properties. The experimental synthesis methods of metal atom-doped transition metal dichalcogenides are emphatically
discussed, in which chemical vapor deposition and chemical vapor transport methods are widely used, and other ways such
as solid state reaction and magnetron sputtering method can also be used together with other methods. Finally, the challenges

of metal-atom-doping in transition metal dichalcogenides and the development of magnetic two-dimensional materials are pros-

pected.
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methods
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Fig. 1  Structure schematic diagram of 2H-MoS,(a) and 1T-MoS,(b) (2]
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Fig.2 Doping configurations (top view) (a) and formation energies (b) of isolated Fe dopant atom at different doping sites of monolayer

MoS,, the potential doping sites include two substitution sites ( Fey, and Feg) and three adsorption sites (Ag, Ay, and Ay ) (11
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Table 1 The calculated Se-TM binding length Dy, , magnetic moment M, and total energy of doped system E,,

as well as the formation energy in different experimental conditions £, in TM-doped WSe, monolayer!®’

By (eV)
System Drys.( A) M () E,(eV)

W-rich Se-rich
Se 2.628 2.380 —-339.481 0.073 -1.623
Ti 2.547 1.005 —341.497 -0.518 -2.214
\ 2.491 0 —-342.240 -0.086 -1.782
Cr 2.460 0 —342.490 0.197 -1.499
Mn 2.431 1.038 —-340.740 1.391 -0.305
Fe 2.413 1.902 —-339.046 2.492 0.796
Co 2.406 0.890 —-337.095 3.217 1.521
Ni 2.410 1.673 —-335.320 3.462 1.766
Cu 2.932 0.803 -332.079 4.901 3.205
Zn 2.620 1.642 -330.121 4.4 2.704
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Fig. 3 Effect of the initial loading of sulfur on the morphology of

Co,Mo,_ S, nanosheets; without Co; O, in the ceramic boat
(a), the amounts of sulfuris < 0.5 g (b), 0.5~0.8 g (¢),
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Co Mo, S, TEJ+ 7 W i T I Ay JEEE 2SR 1.5 nm,
T MoS, BRI LR 0.7 nm, — 44 Rt £
PERE A IR BAL Y T A R 45 T2 E— PR K

[FIRE, 48 2% W) Y He 9] A 2 X6 52 58 7= 4 7= 15 R i,
Kochat % "/ #F95 T Re BB A, ffi MoSe, /= 1 T 4 i 44
FOAHAS . B % Re W AYBE N, Mo, Re Se, 45 # & E
TN 2H ARE 1T A AR A L P R 4 e i AL S g
MRL, ARG 5 T2 AR ARG, X Z A A AW
il 25 A A K AHAE AT B MoSe, 143 F 2 AL T —Fhor i1
BT B [REHZ A AL TR [R148 Ak B2 T 5 R AR AR
JERRLE F e EER, 2H A/ Mo, Re,Se, (x=14%) i
WAL BE N 2.779% 107 w,,, 1T'FHEY Mo, Re, Se,(x =
83% ) MBEALIRIE A 6. 092x 107" w,y, %M B HEA FHY
R, T b A JE A AL W e 1A T L 2 s
JALES

AN A= M B TR] 5 i SR A fr) S g L ARt A
[, P =Py i 5t 2 5, Zhang 55 i i S AR LAY
FORLI TIEAR [F AT I 645 Mn 55% MoS, 51241 kL,
SE AR WA 4 FiR, JfE G X SFEOCHE T RERE I UE T
Mn (485%, #F— DR HE S R RIESS T Mn X
MoS, " Mo i iy45 7%, LI RRW], A 846 L Sio, Fil
WRAEAES LA Mo B A, IFHARE S 7 A
. BRERIRZEFISL, Mn 5] ABUE T 5 T G0 IE (iE
FAM SI0,) _EHI T2 MoS, (G PEF, MoS, 15 i &
AL ERZEEIERILE 90 meV MILT RS AR T 10 fi550
FERIFEK, TAE Si0, 56018 125 A 50 meV LB FIRT 3 4%
SREERIFEK , A A X A RS2 K Mn A48 AR T
MoS, 1 k& 454, Mn 77 A2 B sRAE 5 | B s B, B

AN[FEAFIEXT MoS, G HLPE T AR 22 5, J& MoS, 5 A [Rl4
JEG TR AH E A FH 77 A AS ) 9 J B 728 S 30 AY ik 0 T4 AR
REMLEITE Mn 193824 0] LLE AR MoS, [ HL T 2544,
EAEAE 5 MRS rh S IR 27 B8 Dy T ) R AF A7 K
B TAE,

Cwc | nc T

UHP Ar Substrates
g 400scc

®Mo S @Mn

B4 ESHTIBIL S % Mn 825 MoS, . ik 5 MG
HCE AR IRy b, Ak BH R R T I A X
(a), AEKIENCEHE A0 (b) AL GeiE MR R (354
1 Si0,) (¢) 2
Fig. 4  Synthesis of manganese-doped MoS, using vaporization tech-
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o, G A A AR S RS, BESE TR, EIRIR T
WA KBRS, BAEG R T 25, SEE,
K Ti,, Cr, Se, 2 i it HL Ao S48 ARG 2 1 B 45y THI S 1 40
AT SR AL T 2%

WETE ISR B T B AR 2, Ding 2 718
T RIS ] MoS, 824 & 8 Cr A Ti 9 AR, &
AR T RIB2% MoS,, Jiril 45 0 v B A B2 K42 7t . JF
FLAER MoS, i ZAE TR SR T B I B B g2
AE, MREE R I, R R HOR S 1R B 2 R
B/ ESE Cr MTi B, BIEAXHE & 75%, %
BRI EEBPERRA AR A R AF . [FRE, MLACH B k2 3
Jrik, EE S HAESA MM W0 LA R
SHERE G T Re 524 MoS, IUHUR A, IR
IR A AL R 2 A5 B B 2 A R R IRk
HAER R 0.5 mm AHIE R R TReF I MU B vk
WA TR, A ARSI L L =S, K
L AR A 5 (1 e 5, 0 N JE A B Tl Ak A
TR A P 2R

TEVE A SR AR AL 1 42 JE T R AR 2T LA AR 4 b
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Hh A ki

537 &

FHE p BURT 0 BDIRZS, JAIAFRR Bl R R
PESE, EURXT AR UL, #ErEE)R s TR SRRt
AR, BESHESE AN W UE Y RAFAE R R 221, X &R
JUER B 23T PR <5 o A 1) ) a0 — 205 S 6 6 i 2 R O
PE AR TT 10 22—

4 % iE

B bR A 5 RAE R R A kR,
REZ B ITRUES T g BRI 5. 2R
HL 2R RN 2E AR o 3 I VR 4 R Ak ) 19 e AN ff e T
T B A BRI TE RN LA 2, X T E R T R 1B
FHIETFIR T — WA s K], S, —
YRR B SE B0 8 20 AR — 119 2 b} 3k U 3 4k A
RSB 2 L S — A bR AL i sl . BRr, 45 F
& IRITE NI AR AR BRI K REas 8] TF & 41
Wb £ i e iR A I A — A R Pk L B34k, X
HWBREE T et BRRETE A AT AL I AR A R
XFASR A e T4 JEHL A 5 BAEGE AL 3 0 K
HATEEMBERE L,

2017 4F, Huang %5 9 WHRGE T 76 30 )2 = ik #%
(Crly) PR 2] 7 ki v, BIF 9T & 0 RGO 7 JR R0
(MOKE) EBH T 222 Crl, B AT 11 4 B HE T ) 79 2k g e
P, BCETA BRG] 0 R R bR 2 2 A
B, PRTREEA Y, O RS Cl, JZ B
HEInHRE B E AR, W2 RBUO B, AL
JEWAEBUN RO E . e bR T H R B 2% 6
S REEEVETR, PEAASSURARA AR, Gl 1k
PR T HEATRIEAL IR {5 B RVBCHE A7 U A 7 FH R
T R, AR 7=l Ak B At B (%) R A R R
Y K B AR R IR AT
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