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Theoretical study on the effects of Cu doping and
defect coexistence to ZnO photocatalysis
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Abstract; The effects of Cu doping and defect coexistence on the photocatalytic properties of ZnO are studied by
density functional theory. Both O —rich and O - poor doping conditions are considered. The results show that O
—rich condition is beneficial to Cu doping, while O — poor condition has an inhibitory effect. When Cu doping
concentration is lower, the main doping mode is Cu,, under the two conditions. When the concentration is high-
er, Cu,, — Cu,, is main doping mode under O —rich condition, and both Cu,, — Cu,, and Cu,, — Cu; may appear
under O - poor condition. Under O — rich condition, Cu doping can promote the generation of V, and O, de-
fects, these defects tend to be closest to Cu atoms. Cu doping effectively reduces the band gap of ZnO, and with
the increase of doping concentration, the band gap will continue to decrease. The coexistence of V,, , V, and O,
defects increases the band gap of the models. Cu doping and the coexistence of V, , V., O, defects make the
models respond to visible light, which expands the absorption range of ZnO to sunlight. For Cu doping models,
Cuy, — Cu,, is a favorable photocatalytic model under O — rich conditions. For defect coexistence models, Cu,, —
Cuy, —V,, is a favorable photocatalytic model under O — rich condition, and then followed by Cu,, -V, and
Cuy, - 0,. Cuy, -V, is a favorable photocatalytic model under O — poor conditions.
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Table 1 ~ Formation energies of Cu doping and defect coexistence models (unit; eV)

Model 0 -rich 0 = poor Model O-rich O - poor Model O-rich O - poor
Zn0O — — Ve 1.93 6.41 Vou 4.10 -0.39

— — — Vo 1.98 6. 47 Vou 4.11 -0.37
Cug,, 0.18 2.42 Cuyzp — Cuyg -0.18 4.31 Cugyy = Cuyyye 0.16 4.64
Cuyy 0.18 2.42 Cuy,y — Cuyyyy -0.05 4.43 Cuy,y — Cugys 0.13 4.62
Cugyy = Vus 1.35 8.08 Cuyzyp = Cuyg = Vye 0.62 9.59 Cuyy — Cugys = Vzun 1.21 10. 18
Cuzar = Ve 1.51 8.24 Cuyy = Cuzg = Vo 0.99 9.97 Cuyy — Cuype = Vi 1.25 10.22
Cugpy — Vo 1. 81 8. 54 Cuy,y — Cuzg = Ve 1.30 10. 28 Cugyy = Cugne = Vi 1.26 10. 23
Cuy,y — Vog 3.62 1.38 Cuy,, — Cuyg — Vs 2.64 2. 64 Cuyy — Cuye — Vo 3.40 3.40
Cugyy = Von 4.24 1.99 Cuy,y = Cugg = Vo 3.34 3.34 Cug,y = Cugye = Vou 3.43 3.43
Cuzy = Vois 4.24 1.99 Cuyyp —Cuyg = Vg 3.35 3.35 Cuyy — Cugye = Vg 4.22 4.22
Cuz,; = Vor 4.25 2.00 Cuy, — Cuge — Ve 3.92 3.92 Cuyy — Cugye — Vo 4.22 4.22
Zny; 7.83 3.34 Oy 2.88 7.37 Cuy; 5.31 3.06
Zny, 7.83 3.34 0,; 2.88 7.37 Cuy; 5.32 3.08
Zny; 7.83 3.34 (O 2.88 7.37 Cus; 5.31 3.06
Cuy,yy —Zny; 7.04 4.79 Cuy,; — 0y 9.44 Cuy,, — Cuy; 4.12 4.12
Cugay = Zny; 6.64  4.40 Cuzy = Oy 2.55 9.28 Cugyy, - Cuy, 4.00 4.00
Cuy,,y, - Zny; 6.67  4.43 Cuyyy - Oy, 2.57 9.30 Cuy,, - Cusy, 4.02 4.02
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4.12 eV, 4.00 eV f14.02 eV. FiREdEEM, M
Cu BAURBEBACHT, RNREE O &% 0 &4
T, Cu #RAELABR Zn 1907 X782, JLF
AR Ca B . 24 Co BAKEESN, W 0
FAFTLL Cu JEBURB 2 F, 20 0 &1 T Al fE
2B Cu BUCHIE] BRI IR B4R .

XFV, BEIEAERIRL, & O £ T, Cuy,,
= Vo s 16,7 FITEBLRE ST 51 R 1.35 eV, 1.51 eV
F11.81 eV, Cuyy, — Cugg = Vi 16 FITEAESY
Wk 0.62 eV, 0.99 eV F1 1.30 eV, Cu,,, -
Voo, 7. ) FIEREEST IR 1. 21 eV, 1.25
eV Fl 1.26 V. FIREC(E Y & TAIBL Cuy, . Cuyy
- Cuyg 1 Cuy,, = Cuy,, B9 IE JNRE, (HEK T
Vi WIERE . B RITE O 55/F T Cu #5244

Cuy,6

HET OV, A, BV, SREE AR R B LR
RTAERI Cu BB . 37 0 5F T, Cuy,, -
Vs, 6.7~ Cugy = Cuge = Vi e~ Cuyy —
=~ Vi, 7,1y BB ILAEST T 8. 08 ~ 10.28 eV
ZIa, LRSS EMER I . Cuyyy = Vs
= Vs Hl Cuypy = Cuyys = Vo, FIE IERE
TEFZEBARI R R, 3R] Cu BIAETIAV,
if ] TR Cu 1.

XFF Vo AR, & O 5T Cuyyy,y -
Vo, 1,15, 1) WIEBLEE 539 A 3.62 eV, 4.24 eV,
4.24 eV f14.25 eV, Cuyy — Cuys — Vo, 1s, 16 Y
B Bl ol 2.64 eV, 3.34 eV, 3.35 eV fl
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Fig. 2 Band structures of pure ZnO and partial models
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