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Abstract: The first-principles pseudopotential plane wave method based on density functional theory
was used to investigate the geometric structures and electronic properties of H,F,Zn, K, Al doped
two-dimensional (2D) MgCl, monolayer materials. The results show that the crystal structures of
these doped systems distort in different degrees. Due to the influence of s-state electrons of H, Al and
Zn, the impurity levels of doped MgCl, appear in the forbidden bands, while the impurity levels of F
and K doped systems appear in the valence bands. Compared with the 5. 996 eV band gap of intrinsic
MgCl, material, the band gap widths of H,F,Al.K and Zn doped systems decrease to 5. 665,5. 903,
4.409,5.802,5.199 eV, respectively. The charges around the impurity atoms of five doped systems
are redistributed. The charge transfers are consistent with the charge density difference results.

Compared with the intrinsic work function 8. 250 eV of MgCl;, ., the work functions of H,F,Al,K and
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Zn doped systems decrease to 7.629,7.990,3.597,7.685,7. 784 eV, respectively.
Keywords: density functional theory; forbidden band; doping; work function

MgCl, 85 T e A a I R i B 7 ik, B E AR, BA T M %R, B P3ml 25 MBI
JRREER T KL CFE . WEERINLRE , MO TINER . FE RS K A Y. MgCl, 322 H F B
EFRURALF BN R AL B 45 EMS IR Zegler-Natta B4 2, MgCl, 1T 15 1 1 AL Bk oo 9
AR MgCL B H ARG o 735 R b v 76 19 1 FH A 52 M0 32 BT 12 56 . MgCl 78 84 KB LA
B e R MeCl, A BN B RE . 5 T R8sl 2 s 2 2 2Rk

MgCl, H2 2 i Cl—-Mg—Cl 3 NEFREIE MM = A 458, H Cl—Mg &t H A7 55 1 3L 0
P Mahida ST BFGEFR, Y S4EROR MgCLy 46 98 B2 i, L3 B M TR 4 ) B 0 A B AR
HLZ MgCl, 2 —Fh A BN Tt i 40 K 28 1 IR 5800 % G 4 N R DU 25 . flL 48 2R AR 2 R R 2 1)
MRk Lu & RS — M R BE5E T MgCL )2 M &5 M Fl i 7 H T, 25 R R, MgCL [ Bk
6.08 eV; Lima 5" F H 45 — 1% J5L B () DMol3 A e 58 1 34F 4 J@ (NMD 3 ¥ 4 J8 (TMD Ji - %F
MeCl, FZBEB IR, 458K, &R 7% NM(H,B,C,N,O,F)f1 TM(V,Cr,Mn,Fe,Co,
ND JFEF R B 2 R ECRZ B B A RRRE & A28k, NM Il TM JEF 2 s 1b 1) MeCl, # 2 H#
BLR HL T AR R A L 4 1 R £

H1 T JH 43 s R AR 6 s Ji B L 45 e Xt MgCly B2 55 44 R H - 1 BT 5% el i F 9 e b, TRt AR SC
FHIE T4 97 RS (DF D B 55 — PR R BT 98 HLFL ALK, Zn JEF 8B 45 MgClL, 52 3k i 1A
G5 R 0L T T 1 5 T

1 HEFEMER

ARXBETEYERE T HEZ KIS HE LAY VASP (Vienna ab-initio simulation package) %% 4
A AT, O T A O A - S B . AR B R (GGA) R, Gl i
Perdew-Burke-Ernzerhof (PBE){Z bR 4b HL # - [8] (1) 3¢ 4 F1 SCBX AH B /E . 2R Fl Monkhorst-Pack""™
J7 BAE Brillouin XAUF 3] 53 FUMA S X FR ke i, T TS LA FIPE B0 £ s B8 E 5 X5 X 2,
ZHITE MM SR TAHAE N Mg(35°),Cl(3s°35), H(1s'), F(25°2p7), Zn (3d" 45 ), K (4s'),
AL(3s*3p") . B5H LA 5 - T I ) A% BT 8 12 B R 500 eV, H A THR I SIORS FE B b B R T
1X107° eV, BEHEGNIE T LB JI/MNT 0.1 eV/nm B, 589502559, S B 1k A <5 J8 1 )2 8] /Y A6

HAE, fE8)2 MgCL 1 ¢ By m E{i 4 2 nm N Y “’*
BB 2 2. ~ T Cl /K){\ .
— 4 MgCl, 52 AR LA 45 H £ 00 0 P ) ‘ m‘% .
MR 1 TR, Kbt Mg 5T, g et .,
% CLFETF. Cl(1~6) K5 Mgl J§ 483 it )5 7 I)Ef =

~
Mg(1~3) K5 CIl {7 4B /Y J5 7, 45 = mf ¥ 2
MgCl, 245y Cl1JE 5By H 5 F J5 7,
Mgl 5 F A ALK 5 Zn 5T m © Mg

ME AT B4 CLIRTFRERBXA 3 4~ Mg J&
FHH 4, 4 Mg B F5AFEEZER 6 4 Cl JFT B 1 % MgCl, 2 K140 E #0 U 4L &
ﬁk%@, Mg*Cl %EK?‘] 0.252 3 nm, Cl*Mg*Cl %E Fig.1 Top and side views of 2D MgCl, monolayer
14 92.400°, B d=0.139 6 nm.

2 HR5UE

AR BZE MeCL JUAAL)E . H @M W 5 N a=0=0.364 1 nm. Z&5HE 5 CHk[10-11 318 )2
MgCl, fiHsH 8 (a=6=0.367 0 nm Al a=5b=0. 361 0 nm) (Y ELIS{E AT,



et

2

IV S, S JLRMOT R B2 24t MgCl, 502 1088 — 2 R #3153

439

AAE MgCl, B2 Raman Y6 an & 2 fr .
mE 280, 7645 230 cm ™ AR I — > Raman 1.
T4k MgCl, BALJZ 0 BE T 45 40 A 245 2 B A1 3 TR,
i & 3 AT UL, ARAE MgCl, B2 1Y BEHF 25 F h S A1 I
LG TR A ol AU | A W s 0 SR NE
BN 5.99 eV, HHEITHE 45 (5. 959 eV A
6.08 eV, HARE(DOSH UL, M I &
BEH Mg T 2p PUE STHER, R I8 EEE Mg
JFETFH 2s 1 2p BLIE M ClL JRT W) 2p #LiE Ze 4 1m
B AAE MgCl, )2 09 45 4 1% 18 1 i858 (STMD #R
FaniE 4 Fros. B & 4 w70, MeCl, 7w Y i T3
Cl T sk 09 % 7R = B B .

% /au.

50 100 150 200 250 300 350 400 450 500 550
o/cm™!

B 2 % MgCl, 3 E# Raman J¢iff
Fig. 2 Raman spectroscopy of 2D MgCl, monolayer
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Table 1 Main parameters of doped MgCl, systems

%5 ¥ H F Al K Zn
B /nm X—Mg 0.208 6 0.210 4 — — —
X—Cl — — 0.256 9 0.286 3 0.249 2
JZ# /nm d 0.147 5 0.141 3 0.141 8 0.154 8 0.139 6
B/ Mg2—X—Mg3 109. 623 109. 217 — — —
Cl2—X—CI3 — — 87.510 85. 392 87.820
CI3—X—Cl5 — — 92. 630 94. 808 92. 250
Cl5—X—Cl6 — — 87.525 85. 279 87.840
Cl6—X—Cl1 — — 92. 335 94.519 92. 089
Q/e —0.59 —0.69 0.53 1.19 0.63
Ik B/ eV 7.629 7.990 3.597 7.685 7.784
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Fig. 6 Band structures of H (A),F (B),Al (C),K (D)and Zn (E) doped MgCl,
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