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Abstract

A photochromic effect caused by interstitial oxygen presents in the yellowish lead molybdate
crystals, which seriously affects the application of the crystals in optical instruments. So it is es-
sential to understand the properties caused by intrinsic defects in lead molybdate crystals. In
this work, the defect formation energy has been obtained by taking the finite-size (FNV) correc-
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tion into consideration. The optical spectra also have been gotten under the consideration of elec-
tron-phonon coupling. The calculated results indicate that the spectra of the interstitial oxygen in
lead molybdate peaks are of 1.73 eV and 2.15 eV, respectively, which are in very good agreement
with the experimental value of 2.14 eV (580 nm). The positions of the emission peak correspond-
ing to the O; and O; defects are 1.23 eV and 1.97 eV, which are consistent with the experimen-

tal results (1.8 eV and 2.1 eV). The absorption band 580 nm coincides with the absorption band
obtained from our calculation of the interstitial oxygen, so we predict that the 580 nm absorption
band comes from the interstitial oxygen.
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Figure 1. Lead molybdate with interstitial oxygen
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FTA BB S5 R 45 /AL M8 ] Vienna Ab-initio Simulation Package (VASP) [24]58 . HL ¥ [A]FI4H H.
1 FH 1+ projector argument wave (PAW) [25]77EIFTHAR, 28He - #HICHA HH generalized gradient approxi-
mation of Perdew-Becke-Ernzerh (GGA-PBE) [26] /75 ik . I TA: Mo: 4d°5s', Pb: 6s°6p>, O:
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Table 1. Comparison of PMO bandgap values calculated using different functional functions with experimental values (in
eV)
= 1. ERAEPZETER PMO HIEES KR ERMLERER: V)
PMO PBE HSE Exp
Band gaps 2.79 3.44 3.37

1H5H45%] HSE 5 PBE KM TH(VBM) 5 S I(CBMYO. B 2 J5, BATHHAT B 1E, SR LaEd:
PrEWE 2 Brs. HrP common reference level NAILSHEHES .
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Figure 2. Schematic diagram of band edge correction for
interstitial oxygen

E 2. SERNTLEIEREE

Table 2. The distance variation between the vacancy and the nearest oxygen atom before and after structural relaxation (in A)

2. MU REREBEREMEFHSERNMEERZ: A)

FILERR ) PR B HHBR-Pb, HHRR-Pb, HHRT-Mo -0
Ak T 2.7889 2.7889 2.5875 2.4309

0, 2.6062 2.6062 2.8987 2.7252

O 2.8976 2.8976 2.0681 2.3580

oy 2.8654 2.8654 2.0600 22384
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5 FL B TR R (K T RS B — B AR, Y — AN P A — AN AR R T AR
JAMATEHES], A e BB o B ATEHES, i B IR 27 A AN R S AR AR P, R 20
VAT R REHEATAE IE .

7 FL R T BB T PR T LA (28]

E'(D*)=E(D")-E(perfect) + sty +q(Eyyy + E, —AV)-E,, 2)

Hoh E(DY) Fm & BRI IR B R, E (perfect) & SE MM A B BER, 1, REANINLES, By, 1710
RETER MM T E, RPFOKRENE, AV NEBMRMS ARG AR EHZE. E,, BEREZK
REMMBIET, AT LARIR .

Ecorr :E;tlzt_qu (3)
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Ir (= _l 3—»rqd (7’)
)=l (12)
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Figure 3. Correction of defect formation energy

# 3. BRPERZAREIZ IE

PATHET 3 vhis HAB IE AT J5 RSB I TR RRE -

Table 3. Interstitial oxygen defect formation energy with and without correction (in eV)

= 3. FIHBREREIEIERT/ERIERPETZALRE(RAL: V)

RIS FAL AT BIE RIEIE
o} 0 3.631 3.631

-1 3.185 2.942

O 0 4.421 4.421

-1 2.059 1.835

-2 2.017 1.126

oy 0 5.847 5.847

-1 3.106 3.026

-2 1.051 0.614
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TESRIS BRI T A B P AL BE R A B 2 G, B R T - A FRA RN, AT PUEALK T
S HH S TR S I B ot I P PR A 1 AR R S I 1

HRAE #2257 - HE% J5E # (Frank-Condon Principe) [29], FATHE FH A (4)K 15 K& HHE[30]

LS
L(e)=2e" — &, (Em —ney~¢) (16)

AE,
Q

g

Aoh, AT IEA MR RN S (AQ) =Y, mAR:, . AQ=M’AR, aREJT, i={xy.z}, ARN
MR E. THECIERA XS EITE 4.

Hrp STREER T, S, = (Q, NHRINF), g, NEMERE, E,p, NEETH. ¢ THIETHE.

Table 4. Calculation of the effective parameters of the interstitial oxygen defect spectra

4. HHEHERBRIELENAYSH

BRERA Mw)  AR(A)  ho,(eV)  ho,(eV) S, S, E,, AE(eV) AE,((eV)
o} 47.99 1.16 0.0064 0.0049 49.84 38.04 1.41 0.19 0.32
oy 47.01 0.78 0.0025 0.0089 8.84 30.87 1.83 0.37 0.02
XTI T 5
f(hv)=Y 6(E,- pho—hv)W, (17)
p—©
— 1 2 1
n+ 2 _ =
w, :exp[—(Zn-ﬁ-l)S][T} xIp{ZS[(n +1)n]2j (18)
N (19)

exp[ha))—l
kT
Hh B R HEALRE R, ho R TRE: hviRloThbR: 12 R

THE GRS 1A BI 25 R F P ROE I R . B 22 50 - REB IR AL S 7E T Re s RN &, 15931
ISR S . LT RRIE 45 S vl DU R B AR AR B SR R, AT TARER T BhBE BEGAIAN s Tl 1] (1
FRRIESE R, AR BRSO A 55 16— 4 Az 8 Ak 45 ] (Configuration coordinate) @114 4 Firw

WIE 4 AHE W, E,, =Eyp +AE,, E,, =E;p —AE, o SOKRERKICLE B EEM T, 7EK
3(a) . BREGREF RGN AT 2 IR A2 ERITE(O) +h —> 0,), & 3(b)H, LA FE FIRE R A= fE B if RE
e 54 Z R A SBRIE(O +h — 0.

THRAF BN B AR 2 J5, W] LASE B v B AR B B UE — e R R At R St o B TR o A PR W AR A S
ek ERTE 5 T, M POK BRSO B AL B R, W] LU AR RR Of A1 Of MM A B 7E 1.73 eV (717.5
nm)Fl 2.15 eV (576 nm), K S HIALE NLE 1.23 eV (1008.5 nm)F1 1.97 eV (629.4 nm). L 576 nm KWK
WU e B2 580 nm [20] 5L IR . IXFEMILE LKW, 580 nm ¥ SLIGIR IS I (AR K I\ mT e R B T =40
HRRAA O o HAMUSE RN, — S SRR I BSOR A SHE A NZ AR FE LT AR X o

DOI: 10.12677/app.2023.134017 152 S A B


https://doi.org/10.12677/app.2023.134017

L

4 3
Ef: ECBM o 1 Ef= EVBM O 1
O +h 0"+h
3t
2k
g § AEe =0.02 eV ————=7 e
s (>
N’ 2 | -’
22 B
en see=osrev 2‘0 absorpti luminescence
2 | T e o ption
= = 1 L 183 1.85eV
= 1r absorption luminescence = zpL = 199 €
Egp =142¢V 173 eV 123 eV
0 T TAEg=0.19eV \ AEg =037 eV
- Tt Tttt TTTTT 0F Y ______
Configuration coordinate Configuration coordinate
(@) (b)

Figure 4. Configuration coordinate of O] and Of
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Figure 5. The absorption and luminescence spectra of O] and Oy
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