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Abstract

In this paper, the effects of biaxial strain and external electric field on the electronic structure of
monolayer Mgl, are studied by using the first principle method based on density functional theory,
and the energy band diagram and density of states diagram are analyzed. The results show that
the monolayer Mgl, of the pure system is an indirect semiconductor with a band gap of 3.602 eV.
The phonon spectrum has no virtual frequency, indicating that it can exist stably. With the biaxial
strain from -10% to 10%, the band gap of monolayer Mgl changes from 2.944 eV to 3.406 eV. In-
terestingly, the strain value is —10% to 4%, the energy gap value is increasing, the energy gap val-
ue is decreasing in the range of 4% to 10%, and the maximum strain value of 3.673 eV is obtained
at the strain value of 4%. When the external electric field is set to 0 eV/A/e to 1 eV/A/e, it is found
that the band gap value of monolayer Mgl, is almost the same as that of pure system under the
electric field of 0.2 eV/A/e to 0.4 eV/A/e, and the semiconductor type changes from indirect band
gap semiconductor to direct band gap semiconductor under 0.6 eV/A/eto 0.7 eV/A/e, from 0.9
eV/A/e to 1.0 eV/A/e to metal. Therefore, it is determined that a semiconductor to metal phase
transition has occurred between 0.7 eV/A/e and 0.9 eV/A/e.
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1. 51§

A S IEm R D& ok (1], A SR SRR A S T 5 S T W A AT AR e, (2
BRI B EREBRR B T e ARG AR R BN 2] [3]0 25T BbBREE, AF AT E AT B ARG P oA — AR}
b, ORI TEIRER (4] SRR KA EENELE 0] TES BT, MR T A
A =4 B B AL 2R R, WK R AR . BAA R TN ERESE, 5l T
B2 . AN, BIEBAM RADG . Mk RE, b2 R T e T TR
TEAL . 9K L2 S A 8] [9] [10].

B, LuZ N[T1IRH T — R824 )8 X1k MX, (M = Mg, Ca, Zn, Cd, Ge, Pb; X = Cl, Br, I), 5]
T WA IR DR . Chen S5 A[12]0F 70 T XU AR AT 42 Cal, 52 I LA RGP, R T
KU RAE AT —=10%E] 10% I TTREFR . Ak, RILBEFR A—10%I1ZHT G K2 4%, FEHAHNAE R 4%k F|
KA, RJETENARE N 4%3] 10%E /N . Lima 58 A [1310F 58 T 4648 (NM) RIS JE 48 (TM) J5 745 24
HZE MgCly, RILFEZE MgCly FIREREFIRE R TT LA 24t 2% . Hoat %5 N[ 1414041 1 i ik jta fin 52 AZ F 4
HUI R T 4 Gel, 1 FL P45, WFIU4E R 4 Gel, JB TREBA N 2.188 eV [Wa1#: G4k . Bl XU
MARXY F7TRDM 12%E1-12% 107840, 24 N AR EIE F-6%I], 2D Gel, [FRERR # ZE &G 30, (H1E RN AE—6%
B 12%0), BeBRHh 218 N %, Almayyali 5[ 151850 1 ML EE(Znly) 78 XU N AR (—6% 2] 6%)1FEFH T I HL
TRV, I RERIZ T .

T RESE XY Mgl, ZAMERIRD, XU &AM 2 A A RE I EE I 5 AN
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F, Lu [11]52W] Mgl /2 — M REE N 3.67 eV HIAIE -S4k, ik, X152 Mgl, FATHAHZET DFT
(density functional theory) )5 — £ JF 3 7 VA0 70 1 HEINRUHI N AZ J2 A3 1 3L 2 Mgl 4540 THET
R IO AR K A0 B3 R AR RGR T B L2 Mgl HLF-45 . FRAT TR XU B AR G 1 B O —10% %2
10%, THHEZREH, ERARTEEIA-10%% 4%, BERREEETIE R, HLEX N A TEE N 4% % 10%HH,
RERRAEIR /N . KB HLIZ B E N 0 eV/A/e & 1 eV/A/e, KRILHE)ZE MgL #E 0.2 eV/A/e ¥ 0.4 eV/A/e B35 F
RE BRI [F) 20 14 A AR ZE AN K, T BH REBRAELZE 55 HL3%) T IR AN B BT ZE SR FB3 T 0.6 eV/A/e 0.7 eV/A/e
RE BB TEIZ T8/ A S SRR AR AE T iR BERERR Y S BB R B S, R ZAE 0.9 eV/A/e F
1.0 eV/A/e A N4 @ IF Bl T rgE, Uil 2 Mgl 7E 3% 0.7 eV/A/e 1] 0.9 eV/A/e Z A1 KA T 5
24 R A AR o

2. HHEE

AR T3 BRI )5 — 1 JF 3 )5 CASTEP 8 i1HH 1 B 450y S A2 E[16] [17]. ik
B UBE I AL(GGA)FI Perdew-Burke-Ernzerhof (PBE)/E A R4 (18] N T iR R T2 A i+ 2
[BIISE R, 73 Il 2pe3sy A 5s,5ps 19 Mg Al T N2 o SRATEEERE AR . 9 7 8E Gy z Bh7 [l 1o
JEIAREAER, AT 20 AMESZE. HAVEA Grimme [19]52 256 (A0S IE DFT-D J5i%K
THERIS IR AR . ARTREBLE Y 1000 eV, A7 BLHIX HUFEfEH 14 x14 % 1k &5 Monkhorst-Pack [¥#%
[20]. FTA Sk 5eahnit, ELZEWS MEEREAIEME M 1 x 107 eV #10.01 eV/A.

AR B e i SR

Eza_aoxl()o% (1)
a4

b, a Fl ag 5 BIFRoR A RS RIE R Sk S8, WU T N—10% 48 10%, BB 2%k
R FUERIEE S SRR 4 AR R AE . X T oMz kU, BETEA 0 eV/A/e 2 1 eV/A/e,
[FERERE 0.2 eV/IA/e 1N — DK 5.

3. ZR5ITL
3.1. B Mgl M Tttt

Figure 1. (a) Top- (b) Front- and (c) Side view of monolayer Mgl,
B 1. B8F Mgl (a)fif R E-(b) EME-K(c) MILE

B2 Mgl AN TT iR ZE Ry, 2 IAIEEA P-3M1(No.164). & 1(a). B 1(b)FIE 1(c)7 HIER T H)2 Mgl,
IR IEREE AL . AE 1(e)rTBLE H, MgL B =AM 7= [-Mg-1, &4 Mg JR-7 A EH N
ANTET, TEEJ\HARA[21]. $Z2 Mgl IR S H N a=b=417 A, K (dver)s A (Omgrme)
R T2 B (h) 7359008 2.939 A, 90.383°F1 3.371 A, S5ERTHIERSAE —8[11] [22], X145 KB
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TERIMNSHERE RGN, TFERRTHM.

1R T Mgl BB (dvg)~ BE (Omgrmg) TR T2 JE BE (A BEAS [F) XA R AR (AR R 25 3 . XU
REAEFE—10%F] 10%Z (A, BB (dvg-) FIEE F (Outgo1omg) B WG K, B R 7 J2 JE S (hy )BTRS o D T SRR
FJE Mgl fIFesE th, THE T A RILAER S E Mgl (L 2) 7 1 it Z5A e A, DR GRS
T HE Mgl RS E T ] 3 R T AERZE Mgl RET DA R sl 28 % FE A 73 25 % 5 (total and partial density
of states, TDOS 1 PDOS). M 3 BJLLEH, B2 Mgl, & —FhlajizE Sk, REHE AN 3.602 eV, TDOS
FECRAM I -5p Pul, Ty RERE Mg-3s HUEF 1-5p PUBER sp 2, X5 BTEHE—3%(7].
AR, T B RAE(VBM) A3 5 AME(CBM) 73 A2 T T A MR

g
. IS
/AN

2%7\

Frequency(THz)

T M K r
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Figure 2. The phonon dispersion curve of pure monolayer Mgl,
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Figure 3. The energy band gap, total and partial density of states (TDOS and
PDOS) of monolayer Mgl,
3. B MgL RET, SSEEMISHER
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3.2. WHNETHIEE Mgl, KB F4549

4(a)FIE 4(b) 7 T HZE Mgl B RET 520U N AR B 5200 o T8I R (1Y) 1R R RR S0 77 )ik B
IF>M->K > MWE 4@RE 4b), FATIE BN AL T $2 Mgl R 2 a3 34k, &F
SR AR IR I HLAE U R E N —10%5] 10%I, FEFE M 2.944 eV ZE4L 3] 3.406 eV, X ZRHH
KU AR ] DA R 2503 AR ks S8, 3T SO AT LI X RN e AR EAE-10% 3 4% [, A7
KA (valence band maximum, VBM)F1 54 5 /ME (conduction band minimum, CBM){}48 73547 F T il M
Mo SR, B NARIEEIN 6%E] 10%, i ME(VBM)EBS RS T milf M mifsh. & 5 BoRpz
Mgl (IREBME RN 2. IIE 5 ATRLE MG Y, BEAE RAARAR I N, RERSMEBWG N . TmAEH AR T,
RERRSEIG KT /)N, 5K e B AELE DU N ARAE 9 4% I L N EUAS, HUE N 3.673 eVe HH X PRI G JR
AL 2 XU At N2 A PR e N ) 1 - 2 TR AR A L, TS 7 51 5 D7 2 TR s P TR s i, gk T
SERET GRS . @I FRAT TS (DOS) R BB B AR R HLE Mgl A7 32 /& B Mg-3s
1 1-5p HUEN sp Z4AbILFEITTER, RILFE-10%E] 10%)8 38 4558 B A Z N 3 350 43 T o5 408 11 e (e S 1
KGN, 1E 4%IXANRARE N e AR K. B, ReRRI ALt 2 el KE /N . 251K, R RAE
THIREFRAELE RS Cal, AHALR].

Table 1. The Bond Length dy (A), Bond Angle Omg-1-mg () and Atomic Layer Thickness (%1.1) (A) of Mgl, with Biaxial Strain
i 1. RX$B1F_“Z7|1.R—F Mglz E"Jig'll/( dMg.] (A), gi% emg.].Mg (o)&}:‘%%%gg(}lll) (A)

Biaxial Strain dyigr (A) Orgrvg () (h) (A)
~10% 2.828 83.128 3.635
-8% 2.849 84.651 3.583
6% 2.870 86.138 3.530
-4% 2.892 87.589 3.477
2% 2915 89.003 3.424
0 2.939 90.383 3371
2% 2.964 91.708 3318
4% 2.989 93.009 3.265
6% 3.105 94.275 3211
8% 3.042 95510 3.157
10% 3.069 96.718 3.101
2.944eV 3.166eV _ 3.333eV ) 3.546eV
. /
A
A 2

Energy(eV)

S~ SRS
27—

1
i %ﬁ

I MK ' ' MK ' T MK I' T MK T I' MK T

-10% Mgl, -8% Mgl, -6% Mgl, -4% Mgl, 2% Mgl,
(a)
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Figure 4. (a) The energy band versus under different compressive
strain. (b) The energy band versus under different tensile strain
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Figure 5. The energy band values curve of monolayer Mgl, with
different biaxial strain

5. FEINETH#E Mgl, BIBERR L

N T AT REB AR, LA AT 4 B REBR Se 3 K SN R IR o FRATTTH S T AR TR XU
AR TR B Mgl IR AS %5 5 F 73 25 % 2 (TDOS A PDOS). JEHUIRERIERI M-S eV £ 5 eV Z i, XA,
F& T FOKREL L SR B TR R M. WE 6 AT LSRRI, BEE R AE G, 7
WY R AE VO AR Ok A . Hodh, N ARE N-10%K, B2 % B (TDOS)EA i il 4 L fE Al N
—4.9 eV MNAEA 10%H, EARNA-2.82 eV HEIRERR HeH K5 I/ R J5E PR XU A% ) it s i
TIRTF AR AL E, TSN T 545 5 2 A () R s P o AR R, 3 T 5 S8R e 5 4 R A R
IS FRAT1 AT S B FE(TDOS) B A3 2555 FE (PDOS) A B B A8 T B2 Mgl I #8701 Mg-3s A1l
[-5p BB sp R ILFITTER, 7E-10%3] 10%MNAF 255 FE R 5 071 35070 BT o 8 16 R A S 386 K5 ik
N, AE A% NARE T REEAE O, Ik, R BEBR A8 1h A S KR ) o
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Figure 6. The total and project density of state (TDOS and PDOS) of monolayer Mgl, under biaxial strain

& 6. BEHNTTEE Mgl, B9

Pz
BEE

EFMNSEERE

T B b PR AR AT SR N A R BLUE Mgl RIS A, AT T AR % 2 Bos Mg Al T
H e L g AN RS i ey, e, 3% 2 ) Mg total AT T total 4351 3R 7n 542 Mgl, FB Mg JEFF1 T RT3 1
[E 4 A4, Mg charge fil I charge 7 AR /N LR L 4. AAFE 2 A LATE ZE R I Mg JiFF11 T 543731

5y I WL AN G LT o B XU RS N—10% 38 N3] 10%, Mg A1 T e s 4
i Mg J5 TR B TR

HLT I

BRI, X SR

Table 2. Internal charge distribution (e) of constituent atoms in the Mgl, monolayer under biaxial strain by Mulliken popula-

tion analysis

% 2. 18 Mulliken BT T RN E T Mel, B/R PAMETHIAEBERE 5 7h(e)
Biaxial Strain Mg total Mg charge I total I charge

-10% 4.82 0.35 3.59 —0.18

—8% 4.82 0.37 3.59 —0.18

—6% 4.81 0.38 3.60 —-0.19

—4% 4.80 0.40 3.60 —0.20

2% 4.79 0.41 3.60 -0.21

0 4.78 0.43 3.61 -0.22

2% 4.78 0.45 3.61 -0.22

4% 4.71 0.46 3.62 -0.23

6% 4.76 0.48 3.62 -0.24

8% 4.75 0.49 3.62 -0.25

10% 4.75 0.50 3.63 -0.25
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3.3. MEMMSMEIAN BB Mgl YR F 45912

B FORBAI I T HEINAN 37 E 1 52 Mgl REFF 450 . Mg i mEE T xy i, P
z 5, IRV 2 Rl e WUER BRGNS H 7 S HUE Mgl IR S B R TE R 7. BERR AR
thita A i 2k R AE IS 8. 7E 0.2 eV/A/e I REFRAE N 3.606 eV, JilELIZ N 1.0 eV/A/e BF AR EL T 4 )@ . M
7 I 8 Al LIS EIZE B3 9 0.2 eV/A/e 2 0.4 eV/A/e I, BERRAE S b F4li v 20 2 Mgl AER (H AH 2
AR, BLHFGHRIN T HZE Mgl Reir S5 MR, B2 Mgl 5382 — MR RE SR Sk . 2l
it NE] 0.6 eV/A/e £ 0.7 eV/A/e B, HZ Mgl REBRE A PR AR A T B B, ReRRE R4
PEAKE] 2.309 eV Al 1.355 eV JFHANEEREMIE SR, UERA SR Bl n DA RU46 56 52 Mgl (AR 56 1
AR SRR, AP RN, FRIZ 0N (1470 4 FC 7R 0 7 0 45 K o R 5 R e A i e 2 S8
R GARBN G RAHAE . RATWELEITE 0.7 eV/AJe I B2 Mgl /& — AN ELEERER 10 Sk, 7E 0.9 eV/A/e
AR N T 248, PRI AT DUHEN HEZE 0.7 eV/A/e & 0.9 eV/A/e Z A1 HZ Mgl, KA T 2 S46 5 48 AR .
RATXAFAR B JE R 0 F 3 B S R AR AR Ak, R o e E O RS, B R R AN B
B, AR S ORI ZL . i KB — e RN, B LRSS, AT LSRN
&g, Fk, s e DUE R Mgl KA SRS R AR . JEH, 0.9 eV/A/e £ 1.0 eV/A/e T
FZE MgL iHHA T8k

0.2eV/A/e
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Figure 7. Band structure of Mgl, monolayer applied electric field
E 7. eI THIRE Mgl, HIRETHLE
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Figure 8. Band gap curve of Mgl, monolayer under electric field

& 8. SR T H R Mgl, RIRERRTE (L Lk

4. 7518

A B — 1 SRR 5 VR T T U N AR R AN L3 5 B2 Mgl B HL TS50 . 5 BRI, R Mgl
SE—FhIEE R Sk, FLRERBRME N 3.602 eV, T il A MAIESE T 45fE . i TDOS =%
KH 1-5p P, Ty R B 3s-Mg PUE N Sp-1 HUiE sp 221007k 7E-10%~10% M XU RS Y, fg
B (B T DA i i 4, RE R il 28 Je 38 K5 kD, 78 4%k Bl R AE 3.673 eV K 4N I B E N 0 eV/A/e
% 1 eV/Ale, RILHJZE Mgl 1 0.2 eV/A/e F 0.4 eV/A/le HL37 FRERE 54013 RABEBMEM Z R K, 1£0.6
eV/A/e 0.7 eV/A/e - FARE T (A2 REBR 1 AR AR E 4 RERR Y 344, 0.9 eV/A/e B 1.0 eV/A/e 4
J&, BIFEIELE 0.7 eV/A/e ] 0.9 eV/A/e Z AR T 2 Sk S 4 @ AR AR .
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