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Abstract

In this paper, based on the first-principles calculation method, the generalized gradient approxima-
tion density functional theory was used to optimize the two kinds of geometrical structure of MgMoO4
(B-MgMo0. and y-MgMo0,), and the lowest-energy stable configurations were obtained. On this ba-
sis, the electronic structure and optical properties of MgMo0O, under different pressures were calcu-
lated. The study found that the band gap of MgMo0O. decreases with the increase of pressure, and the
transition from direct band gap to indirect band gap occurs during the pressure-induced phase tran-
sition. After the phase transition, the polarization ability of y-MgMo0.becomes stronger, which is
conducive to the separation of electron-hole pairs, indicating that the pressure is conducive to the
improvement of the photo-catalytic activity of the material. The absorption spectrum is mainly ultra-
violet absorption, and the absorption peak intensity in the high-energy region increases with the in-
crease of pressure with a high absorption coefficient. The intensity of reflection peak increased ob-
viously after pressure transition, and the pressure increases the reflectivity. According to the exami-
nation of the electronic structure and optical properties in this paper, MgMo0O. has potential appli-
cation value in electronic and optoelectronic devices and ultraviolet luminescence.
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A AR R R AR IR &, w8017 eI 0TS e R OB T AR b B SR A . BB
ROACHAR EEOIEREREL . EREL . PHERZL. MERZE. RERREL. HHBRISIAR[L] [2] [3] [4] [B]. H S
PRIk A m AR e EBUR R R S O BT, MHAERERE . Aot it
BRSSO ELAT T ) F 8 AT 5% [6] [7] [8].

HARPEAEEMHEICER, SRHKREHTAEGRRIENEEERE . & i RIE . B
T B PUSTYESZ BN R 2% E8BEREE . ey ARE T ESEE, ©
fI1k20 MMoO,, i M ARE M BB T-(Pb* . Ca®*. Ba?". Sr¥'. Mg? Ml Cd?*4%), fEX gt iy,
“HheE M BT HEE TS 8 NMASE T 4 MEEFRMTECAL. AR RR TR . Ot
WA R AL, TEARIRES . L e S INERMR . BEfAR. fERERR ARSI N

TEFHIR #h . MgMoO, H T Ay my i 18 [ 44 0 it A PR 8 6 2 T 52 B OQVE[9] W R4 T
MgMoO, EA MR &5 #, — N2 = RHEE R [10], X a-MgMoO,(P1); 71— N2 AL R [11], XM
B-MgMo0O,(C2/m), XFiFp&ERIH Mo #RRPU T ARIAL. 7F MoO? Hh, JEZS Mo®™ (42 B il B 132
(s?p?d), HHAE—ERERME FEORIY, O b 2p BUBE R T2 Bk )G, [ Mo® ) 4d BLIEIRIT, BHED X
[ FIFE A&, KRS R ST . SR Sh 75T 2 4M(220~350 nm)[X i H.AT Mo-O %5 Ham i i i a1 . [A
b, SGTAHIR B FEADRE I 2 UM 46 52 T

R 53 (R RIE TR I X B S SR T R SR T E R RS F2 1) DA B 85 45 24 SR % SH R 2k Al A IR o 25 1
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Jii . Spasski Z5[1214R3E 7 A FE K4 4E T MgMoO, A 1 K 6 367 MgMoO 4 Yb* il & e k47 1
WHFE, DFFE R W, YD*H 5 2% MgMoO, S 21 AP X H B4 B KOG 0 45 2% Cr¥* [9] [13]. Yb* [12] [14].
Nd** [15]. Eu® [16] [17]. Eu®*F1 Dy** [18]. Eu" 1 Bi* [19]ff] MgMoO, ik, A —te it 57 (1 K,
WFRRERM, 5 Y,0,5:0.05Eu>5¢ YA b , Mo goM0O, EU* g 20 5 6K 7E 400 nim BRI 2 B H B8 3 (138 % 7 »
I HLAE 394 nm Sk T T Eu® f-f B MR 7 206 R 5171

B b2 A1, IR R R 7t YA AR G A R M R AT AT B il B TE R W, ARMELE 293 K
F) 640 K Ju Bl N &A1 SR, TERERNRIE T, @SN T HIRG A, 75 640 K I A FAHH
AR NARANTEA, 18 770 K B WAEA EMEE AR NN T AH[20]. @R R, BT IR R RS R ARk,
WRGE RSBl 2 R AR AR o B X R AT S AT o R = g5 R SR W, p-MgMoO, 7 1.5 GPa UL |
AT S FIAAR (C2Im—C2/m), &N p-MgMoO,4. 5B 28 2 B W5~ MoO, IY T 44 (1 ig 5% SR 3 110,
PEEESE Mo MBI 4 NI E) 6 NEJR T, Mo 37 M I T A 2]\ & e A2 48k [21] [22].
sty VAR 465 ) P 0 00 SR 4 6 LM R 72 AR RS T R T3 5T B-MgMo Oy I 2 5T, T 52 A RV I IR A
R ESHEAKWEFE— DO ASCRHAENENDERZENFR, RAARKESNTF
MgMoO, I ARG, 0 L EAT 58— 1k JEU B A v 55, D9 DLAHIR 26 24 Atk 1) S 06 284 5o v A0 82 FH 4 43 8
AP B

2. FREHEG®
2.1. IRipER

£ MgMoO, éi A1+, f-MgMoO, Z5H4 IS (a1 BE . C2/m, @ik S ECh: a=b=6.867553 A, ¢ =
7.030000 A, a=p4=101.68849°, y=84.6237". y-MgMoO, £/ MEEN: C2/m, FHESHN: a=b=
6.537456 A, c = 7.611 A, a = £ =107.26796°, y = 84.94078". ¢ 1 4 0 GPa ] f-MgMoO, F1#1745 5 1.95 GPa

[t y-MgMoO, ZE AL H ARSI RIS 2 o 151 1 AARYE STIRIRE fO 25K 5 B SL I AR S5 i o A f i
M, B-MgMoO, £ H Al y-MgMOoO, S5 A4 24 R SR HE R A (455 24 N RT)
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Figure 1. (a) Crystal structure of f-MgMoOQ, at 0 GPa; (b) Crystal structure of »-MgMoO, at 1.95 GPa
1. (a) 0 GPa §Y f-MgMoO, S iFx4EH); (b) 1.95 GPa Y y-MgMoO, B & 1A LEH
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Table 1. Crystal structure information of f.-MgMoO, and y-MgMoO, [21] [23]
%2 1. p-MgMoO, 1 y-MgMoO, I @A £E415 B [21] [23]

p-MgMoO, y-MgMoO,
E71 0 GPa 1.95 GPa
a=b(A) 6.867553 6.537456
c(A) 7.030000 7.611
a=p() 101.68849 107.26796
7 () 84.6237 84.94078
V (A% 317.470182 296.619436
X Yy z X y z
Mo1 —0.25340 0.25340 0.50000 0.28603 0.71397 0.50000
Mo2 -0.27120 -0.27120 0.09530 0.28543 1.28543 0.13990
Mgl -0.82340 0.82340 —0.00000 0.30880 0.69120 0.00000
Mg2 0.19860 0.19860 0.35930 0.30930 1.30930 0.65550
o1 -0.11260 1.19000 0.30360 0.34670 0.64930 0.26070
02 -1.52090 -0.21730 0.02250 0.01200 0.68140 0.42390
03 -1.22310 -0.50850 0.61130 0.34730 1.34730 —0.06600
04 0.13930 1.13930 0.03830 0.31810 1.01210 0.08230
05 0.20030 0.20030 0.63180 0.34970 0.34970 0.41600

22. H&GFZE

AR F Materials Studio A4 EHE L #FH CASTEP (Cambridge Sequential Total Energy Package)#5
o, BETHEZ MBS, KIBGZ R BRIl GGA T ¥ PBE 2 ki 4b ¥ [24] [25] [26]. FfHIK A&
RESH USP [24] 5034 Fo 1 5 85 1 S8 Z IRAH FLAR FH 35, b i IS B kAT S5 A A SRl BRGS [27]507%:.
MRACTH S R ELAARNE B 2 0 B e 2 fs .

Table 2. Geometric optimization parameter setting of f-MgMoO, and y-MgMoO,
% 2. f-MgM0O,. 7-MgMoO, BT L S48 B

I 37 W SIS
1 x 1075 eV/atom

NN 2
0.001 A

S ONLP
0.05 GPa

J - [R1AH ELAE FH 3 RSSO
0.03 eV/A

Jext B-MgMoOy. y-MgMoO, HEATENTRERIMN, TEMRRIRSE, FT k mBUER®RE. [Ee
T AEEUE 520 eV, 7K R T 5 R AL EAE k S E N 6 x 6 x 6.2 5N ZE B FHUIELLZ5 2 5 Mg-2p°3s.
Mo-4s%4p°4d°5s’. 0-2s%2p*.

FEHFH Materials Studio H11¥] CASTEP BLHLIEAT it M 5 A4 LU AN 8 57 T SIS 75 2R A7 Wi Sl i,
DA E ANV S S HOE R S B . CASTEP ALHUA Sy x4 Frick S n MR 5 o i i RO S 3R (L TR 1)
ZH . ACAE 0 GPa NitBAF 2K f-MgMoO, 7 [ fE & 3.745 eV, 53CHR[21]7E 0.87 GPa T it 54321
4 3.58 eV 45T, XK A ST A RS AT EER
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Figure 2. Band structure maps of MgMoO, under different pressures: (a) 0 GPa-5-MgMoOQy; (b) 1 GPa-5-MgMoOy; (c) 2
GPa-y-MgMoO;; (d) 5 GPa-y-MgMoO,

B 2. RRIE ST MgMoO, ROBEREA#IEL: (2) 0 GPa-f-MgMoOs; (b) 1 GPa-f-MgMoOy; (¢) 2 GPas-MgMoOs; (d) 5
GPa-y-MgMoO,

ST HL TS5 A T VR KT R AR i i AR S A RO S MR (RN R R AR L 2. MgMOO, TEAN A 71 T
REFT RNl 2 B, 206 i AR A HLH X 0, B Il 20 iR R TR RE . 1] 2(a) FTIA] 2(b)
N B-MgMoO, 7£ 0 GPa 1 1 GPa ~IJRE T4, Fefeir 8 T BB, Sy A W A T4 BN IX I
G xi. 0 GPa B ) B 3.745 eV, Bl & JJHI36 N, 1 GPa B 1) BRAE IR/ v 3.742 eV 1] 2(c) R 2(d)
4 y-MgMoO, 7£ 2 GPa. 5 GPa FHIREI&5H4, AHAL ] p-MgMoO, J& TR BR, Sl A7 T4 BELIH X 1)
G A5, M T4 B FAT IR IX G M SR A 52 18G5 Z s 2 18] $K B R R REAL T4 5 T AL . 2 GPa
T y-MgMoO, i BiAE N 3.220 eV, 5 GPa i iy FREJR/N A 3.216 eV HLEANFEIE S FHIREW 4544, EEUH
AT RN, R 446 R AE T LB B B (B ey BRI e A8, TR 0 oxab e B BAT B 2 i ] s 1

NRE—2 5T MgMoO, [RE &5 #, FRATR LT TABERTH A, 4568 % E KRR &5 fm] LA
S AT AN [R) JE - B AN [E U X By AN e B DTk, AR FE - 1) R 3 R AR AIE < TH B R &) 3 B,
BHIER SR ATV 420(O) A 2p S F14H(MO) I 4d S 4Lk, Sai 34 32 Mo [ 4d LA /D& O 1 2p
A Mg 1) 2p L. HA, O JEF 1 2p BUELE oK BRI R I H B R A Jm 38 . MgMoO, I RE Y
B T MoO, 70 5 Mg®* LA 2 1. J\Ifi1E MoO, % B B T4 Sl A2 B TR, BE X
TARBEX IR AR o T K BEZLHE 20 1) TDOS AR MED K [ WA BHERERE , TDOS M #E/N, #4k
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Figure 3. Total and partial density maps of states of f-MgMoO, at (a) 0 GPa and (b) 1 GPa and y-MgMoO, at (c) 2 GPa and
(d) 5 GPa
3. f-MgMoO, 7E(a) 0 GPa F(b) 1 GPa, y-MgMoO,7E(c) 2 GPa. (d) 5 GPa THIASEE . HSEERE

R FEE B v [28] . 400 2453 B-MgMoO, 7E 0. 1 GPa, p-MgMoO, 7E 2. 5 GPa [% /3 i) TDOS 84>
FA 22,420, 22.158. 21.225 F121.188, X EMKFE MgMoO, FTE K I 35 1K 77 B34 hn i 4 K .

32. ENMEEEH

I FEL R B0 A AR R R 45 0 SO S ME TR B O o 2 AR R U 2 P 5 AT E R A fL R R A IR
ASWAR
e(w)=¢(0)+ig, (o) 1)

Hf: o AHHIIE, (o) AN HREURSEES, (o) A iR EUT BT

A PR RR BRI I LT BRI IO ROW AR Ak, SRR SARTESNEIAE R IAAGFR B, SRR AE XS
FELAHT PR R A RE S R AL BE 1. B 4 TR 73N MgMoO, I A FL ek B, 4 NBHLRER E = 0 IFF, 4
FL BRI S0 R AR AR BT R FE AR A R S A FLUH 50 64(0), W&l 4(c)fion . #ZEHT, 0 GPa It -MgMoO,
FA O 2.735; 1 GPa I f-MgMoO, B/ U £y 2.746; TRBUHAS S, 2 GPa i y-MgMoO,
AT ECH 3.197, 1 5 GPa i p-MgMoO, # A/ L H H0% i #) 3.242. HULT L, MgMoO, &4
S EUH B A (KT IS K, AHAS IS, 5 GPa I -MgMoO, 4 2 1 Bt il PR AT B TR SR 8 g ok, )
RE S, A RITFHRTFEITS B, A BT EBCE M R GHEATE
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Figure 4. (a) Real parts ¢;(w), and (b) imaginary parts e,(w) of the
complex dielectric function of MgMoO, under different pressures; (c)
Change of static dielectric constant ¢;(0) with pressure

4. RNEEAT MgMoO, FIE N R EBISEER e1(w) (2)y KE
R ex(w) (b); () BESMTEBH .(0)BEE BT

NS AEE T, LRI BT RS s RS A 2 R B BROE A 5. MgMoO,
(R4 i I KT O-2p BB T 1) Mo-4d HUE R H T BRI . T K 7 51k 2 25 45 H A AR,
B-MgMoO, 55 y-MgMoO, HJHLFRRIT I FEARL, A RIS LRI o A o kR R 7R T B A R 7 P 75
BUMFEMREE, KRBT RBERT IR, EERRETREE. MHASHT, 0 GPa i f-MgMoO, 11t
T-HEE N 4.852 eV, 1GPalif -MgMoO, FJ 7t TREE N 4.869 eV; JEEUHHAE S, 2 GPa i y-MgMoO, ¥4
THEE N 6.525 eV, 5 GPa It} p-MgMoO, K1)t T fe &N 6.705 eV. MgMoO, It ReEffi & & /1 B e
WHEK, AR p-MgMoO, e T RE B BIPEIR . THE LSRR, A el R A SRR R SR Y B T 7
PRGN 3E K, AT DAHEWT, MgMoO, [ FEE % FEAE IR TR A N <38 s heh (v 52tk B o5 T 7
R K, X5 A4 DOS 153 145 ik 58 4 — 5[ 7]

3.3. WRdirieig

W ZRH S T ARG AR RO T I BE f1 . & 5 AR 73R MgMoO, HIWR I, 4 —ANE
S E R BEREY AT 4 N =84, & 0~15 eV, 15~25¢eV LK 35~47 eV,
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Figure 5. Absorption spectra of -MgMoO, at 0 GPa and 1 GPa and y-MgMoO,
at 2 GPa and 5 GPa

[& 5. f-MgMoO, #£ 0 GPa. 1 GPa. y-MgMoO,7E 2 GPa. 5 GPa THIMRUK

0 GPa If, f-MgMoO, fEfE & 8.42 eV i, MRS ik H BIIAAY 1.39 x 10° em ™, RSO (1) B =3
& 2.59~11.69 eV; fERERN 20.13 eV B, WU RHCH UG 0.51 x 10° em™, WRISOE I ) B Vi B 2
18.14~23.17 eV; fERER N 39.40 eV B, WK ARFUA R K(E 1.74 x 10°em™, {ERER N 43.47 eV i, T}
e R HH BLI% A 0.48 x 10°cm ™, WS (1 A VG 2 37.23~46.57 eV. RGO ZIRIG T 2.59 eV [t
REEEAL, 0 R T 2 S B 1 B B KT R .

1 GPalif, f-MgMoO, fEfE &N 8.42 eV i, MRS i BUAAY 1.40 x 10°cm ™, RSO (1 B =3
& 2.60~11.77 eV; fEfEREN 20.15 eV i, WCREH B 0.51 x 10° em™, WG ) g B L2
18.15~23.25eV; fERER N 39.42 eV i, W ARFUA R A(E 1.75 x 10°em™, {ERER N 43.38 eV i, I}
i R HH B 0.50 x 10°em ™, WS 1 A VG 2 37.25~46.49 eV. RGO ZIRIG T 2.59 eV 1t
REERAL, R0 s T2 55 JiC 1) LT BB BRI B4

HAJ5, 2 GPalt, p-MgMoO, 7EAERH 5.34 eV I, WLUCR A H BLAE —MI&(E 1.40 x 10°em ™, Lk
JTE e G2 2.22~10.68 eV 7ERER N 20.06 eV i, BRI REH IS —ANIEME 0.59 x 10°em ™, )
WO () BE BV B 17.71~22.26 eV {EREE Y 39.46 eV I, WU REGAF KM 2.47 x 10°cm ™, 1EARE
BN 4292 eV I, TRICAREH DL 0.66 x 10°em b, MR A fE R T L 36.98~44.99 eV, WRUALILZ%
LT 2.22 eV IDGREELAL,  [RIREST LA T0 21 575 i 14 L BB A

5 GPa i, y-MgMoO, fEfE &N 5.41 eV i, WG I H B ME 1.44 x 10°em ™, WG B ) g S
f& 2.22~10.82 eV; fERERN 20.13 eV B, WU RHCH UG 0.60 x 10° em™, RIS i) B Vi B 2
17.72~22.37 eV; fERER N 39.50 eV i, WA FUA B K (H 2.51 x 10°em™, {ERERN 42.77 eV i, T}
R H LA 0.73 x 10°em ™, MR G 1 g RS A 36.99~44.87 eV, WIBGASEEA T 2.22 eV K
REERAL, R0 s T2 55 JiC 1) LT BB BRI B4

HAZJE T p-MgMoO, AHEL TAHAZ T f-MgMoO,, BEAE 5 /198G K, Wil B e R X R A 1 B
A4, 43 eV P I (1 g B 77 O BE IN Tal I B8 7 [71(43.47—43.38—42.92—42.77 eV), BT 30,
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P, AN, ARG IR R AL, HoeT DU E AT . R, AT IR AR BT A
HLF 280 5RO ROG T T B A T AE I S FANMA -

3.4. RStE

6 NAE LI T MgMoO, S it # Bt FRe B OE R . WEIHP T LUE i, AHAZHT, 7 0 GPa.
1 GPafIESI N, B-MgMoO, [EA S #4514 0.0607. 0.0612; EHHMHA )G, £ 2 GPa. 5 GPa [fi/E
HF, p-MgMoO, HIf s S5 243 515 0.0799. 0.0817. AFHCFT L, JE/IVEH N S 80#e A SO R L T 9
RGN, IXFRE m EAH AR MgMoO, /& RIS FRE RN 0 eV I IS, XFLLAMEHI R iR T .
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Figure 6. Reflectivity spectra of f-MgMoO, at 0 GPa and 1 GPa and y-MgMoO,
at 2 GPa and 5 GPa
& 6. B-MgMoO, 7E£ 0 GPa. 1 GPa. y-MgMoO, 7£ 2 GPa. 5 GPa TFHI& &Y

FiEE
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