Applied Physics N F¥#, 2023, 13(4), 102-110 Hans X
Published Online April 2023 in Hans. https://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2023.134012

<Hr

BZ35em 352 M AR IS ST

X R AR

P TOR R B, i

ks H . 20234F3H23H; FHHEM: 20234F4H13H; kA HM: 20234F4420H

i E

AICRADFT + USSR T 5SS MRS B T2 U RGBS B & 3T 204 v] A
RINEREW SN S Z AL RIS 4NEE T L. Wb, BRATEHE T & F S AR F ik K
WBCE AR SHE, THEE BRI R — S AL R %4 3.68 eV, 5 #1145 2= AL KT &~ 3.86 eV,
H— W RIS AL R 5HIEAF3.51 eV (353 nm), i IS EAHI RS IEFES.73 eV (332 nm), Fi—
MRS M R4S AL R ST KA B TR AN, LBES AL CaMoO4 i R TE R /N X R IEH R

XA
FREZRER, HEM, BTSN, b, REREX

The Theoretical Study of Ca Vacancy of
CaMoO; Crystal

Huanhuan Liu

College of Science, University of Shanghai for Science and Technology, Shanghai

Received: Mar. 23", 2023; accepted: Apr. 13", 2023; published: Apr. 20", 2023

Abstract

The electronic structures as well as the optical spectrums of CaMo0O, containing Ca vacancy are cal-
culated by the DFT + U method. The analysis of electronic structure shows that the hole is shared by
4 nearest O atoms of Ca vacancy. The optical absorption and luminescence energy of Ca vacancy in
-1 and -2 charge state are calculated, the absorption peak of Ca vacancy of -1 charge state is 3.68
eV, the absorption peak of Ca vacancy of -2 charge state is 3.86 eV, the emission peak of Ca vacancy
of -1 charge state is located at 3.51 eV (353 nm), the emission peak of Ca vacancy of -2 charge state
is located at 3.73 eV (332 nm), the wavelengths of the emission peaks of Ca vacancy of -1 charge
state and -2 charge state both belong to the ultraviolet region, indicating that the Ca vacancy is re-
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sponsible for the luminescence of the CaMo0; crystals in the ultraviolet region.
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Figure 1. The structure of perfect CaMoQO, supercell; the blue atoms are
Ca atoms, the purple atoms are Mo atoms, the red atoms are O atoms
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Figure 2. Total and partial density of states of calcium vacancy in 0 charge state (7, ), —1 charge state (V, ), —2
charge state (V")

B 2. |V, 1MV, 2 MV S ERN RS EEMD SEE

N T RIS A S AL RS (R, BRATTH R TS B AR AR S T RPRESER, Bk
P53 R R T A BORSH LR, WlE 2 frose WEFRRTBAE |, 0 i Ai—1 A s 22 07 i) A5 3
FERREEL T A H SRS . BRI WA AR T I AL, BATHT DG g, IR
R A SR T4 e Jo] L ) ST 1 2P B . SR, —2 AN AR 28 L R AN B RO B tH T BRI 2
A REARE R A AR T2 A B S AL 2 IR LT R ORFFRUE (KRS, IR Rt e b e, T BLis
A FINHT RIS RS o IEAE 247 AT UG E A 23 A 51N R AR BE 2 - BRI 5 A HE AR AT AR K IR

3.1.2. BEERE

Figure 3. The spin density of Ca vacancy of 0 charge state (V(,), the blue
atoms are Ca atoms, the purple atoms are Mo atoms, the red atoms are O atoms
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Table 1. The uncorrected and corrected defect formation energies of CaMoQO,4 with Ca vacancy of different charge states

F* 1. AAARMNTSIS=AIRTRBL 5 &R A RIRIZ IEFIS IE R GRIGR AR RE

PNlE] q & IEHT BIEE
|29 0 9.04 9.04
-1 6.99 7.00
0 9.21 9.21
|8 -1 6.40 6.41
-2 3.44 3.50
Ve -1 6.53 6.54
-2 3.21 3.25
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Figure 4. Optical transition process of calcium vacancy be-
tween 0 (¥, ) and —1 charge state (V,,)
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Figure 5. Optical transition process of calcium vacancy be-
tween —1 (7, ) and —2 charge state (V)
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