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Introduction

Cuprous oxide (Cu,0) is an attractive semiconductor
with a direct bandgap of about 2.2 eV, which can
absorb visible light in the solar spectrum, and pre-
sents many excellent features, such as large storage
capacity, reasonable cost, environmentally friendly
and strong molecular oxygen adsorption capacity
[1-8]. However, the practical application of Cu,O as a
photocatalyst is still limited due to the difference in
catalytic activity of Cu,O with different morphologies
and crystal orientations, relatively high recombina-
tion rate of photogenerated charge carriers and self-
photocorrosion behavior under light irradiation
[9-11]. In order to solution this problem, rational
design and construction of heterostructure by using
n-type semiconductors with p-type Cu,O is a viable
strategy. The p—n junction with a depletion layer
formed in the interfacial region subsequently induces
an internal self-built electric field, which promotes
the separation of electron-hole pairs and enhances
the photocatalytic activity [12, 13]. The p—n junction
can accurately and effectively control the separation
distance and transmission direction and suppress the
recombination of charge carriers. In addition, the
n-type materials such as TiO, [14, 15], SnO; [16] and
ZnO [17-19] can greatly improve the stability of the
heterojunction [20, 21]. When comparing the posi-
tions of the band gaps of ZnO and Cu,0, it can be
noticed that the conduction band minimum of Cu,O

is located more negatively than that of ZnO, and the
valence band maximum of ZnO is located more
positive than that of Cu,O [22-24]. The staggered
bandgap structures of Cu,O/ZnO heterostructures
follow a typical type II mode, which can lead to
efficient spatial separation and transfer of electron—
hole pairs, reducing internal charge recombination
and enhancing photocatalytic activity [25-28]. Fur-
thermore, considering that different crystal facets of
Cu,0 have different photocatalytic activities, for low-
index facets of Cu,O crystals, researchers have
reached a consensus, namely the average surface
energies follow the order as {110} > {111} > {100}
[3, 29, 30]. However, the effects of crystal planes and
morphologies of Cu,O on the catalytic activity of
Cu0/Zn0 heterojunctions still need to be studied in
depth.

Herein, we fabricate Cu,O nanostructures with
adjustable surface morphologies and desired crystal
facets, namely cubic Cu,O with {100} facets (denoted
as C-Cu,0), octahedral Cu,O with {111} facets (de-
noted as O-Cu,O) and cuboctahedrons Cu,O with
both {111} and {100} facets (denoted as C-O-Cu,0),
respectively. Subsequently, Cu,O/ZnO p-n hetero-
junction with various Zn/Cu ratios is synthesized by
a simple and rapid strategy. A facet-dependent
photocatalytic behavior for methyl orange (MO)
photodegradation is also verified. The optimal design
of Cu,O/ZnO p-n heterojunction with excellent
photocatalytic activity, improved transport of charge
carriers and photostability forebodes a potential

@ Springer



188 | J Mater Sci (2023) 58:186-198

application of this composite material as bright pho-
tocatalysts in the fields of photocatalysis, sewage
treatment and environmental cleaning.

Experimental section
Chemicals

Cupric chloride dihydrate (CuCl,-2H,0), polyvinyl
pyrrolidone (PVP K29-32), ascorbic acid (AA),
sodium hydroxide (NaOH), trisodium citrate dihy-
drate (C4HsNazO7-2H,0), zinc acetate (Zn(AC),-2H,.
O), chloroauric acid trihydrate (HAuCly-3H,O, 99%),
Nafion solution and ethanol were purchased from
Sigma-Aldrich Co. LLC. of China. All chemicals were
analytic grade and used without further purification
treatments. Deionized water (> 18 MQ-cm) was pre-
pared from Q purification system and used
throughout all the experiments.

Synthesis of Cu,O crystals

Cu,0O crystals with different morphologies were
synthesized through a reported process [31] with
slight modification. Simply, a certain amount of PVP,
018 g of CuCl:2H,O, 0.1 g sodium citrate, and
100 mL DI water were mixed in a 300-mL round-
bottom flask under vigorous stirring. Subsequently,
10 mL (2 M) of NaOH aqueous solution and 10 mL
(0.6 M) of ascorbic acid aqueous solution were suc-
cessively added into the mixed solution slowly. All
these procedures were carried out with vigorous
magnetic stirring in a water bath at 50 °C. After 3 h of
aging for crystals growth, the mixture was cen-
trifuged with water and ethanol to obtain the Cu,O
crystals. In order to control the morphologies of Cu,O
crystals, the amount of PVP in the reaction system
was designed to be 0.5 g for C-Cu,0, 3.3 g for C-O-
Cu,0 and 8.8 g for O-Cu,0.

Deposition of Au nanoparticles
on the surfaces of Cu,O crystals

CuyO crystals were chosen as the carrier of Au
nanoparticles by a simple visible-light irradiation
treatment [32]. In brief, 20 mg C-O-Cuy,O crystals
were well mixed with 30 mL DI water through
ultrasonic treatment, and then, 3 mL (0.5 M) HAuCl,
aqueous solution was added into the above
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suspension quickly and exposed in visible light for
10 min by using a 300-W xenon lamp assembled with
a UV cut-off filter (wave length > 400 nm).

Synthesis of Cu,O/ZnO p-n heterojunction

CuyO/ZnO p-n heterojunctions with different Cu,O
crystals (cubic, octahedral and cuboctahedral) and
various Zn/Cu molar ratios (1:1, 1:2, 1:3, 1:4 and 1:5
in the precursor solution during preparation process)
were synthesized by a simple hydrothermal method.
The corresponding Cu,O/ZnO heterojunctions were
denoted as C-CZ (cubic Cu,O/Zn0O), O-CZ (octahe-
dral Cu,O/Zn0O) and C-O-CZ (cuboctahedral Cu,O/
ZnO). Taking the Zn/Cu ratio of 1:1 in preparation
process as an example, 0.02 g (0.140 mmol) of the
above Cu,0 crystals (such as C-O-CZ), 0.5 g of PVP
and 24.5 mL of DI water were added into a 50-mL
beaker and adequately mixed, and then, 0.5 mL of
zinc acetate aqueous solution (0.556 M) was added
dropwise under constant stirring, and finally, the
suspension was transferred to a 50-mL Teflon-lined
stainless steel autoclave and heated at 180 °C for
45 min. The final product was washed with DI water
and ethanol by centrifugation and then dried at 70 °C
for 3 h. Changing the amount of zinc acetate aqueous
solution in the reaction system from 0.5 mL to 0.25,
0.17, 0.125 and 0.1 mL, respectively, the C-O-CZ-x
composites with different Zn/Cu molar ratios were
finally obtained (x = 1, 2, 3, 4 and 5, respectively).

Characterization

The morphologies and structures of samples were
observed by a scanning electron microscope (SEM,
Hitachi 54800) with an EDS (energy-dispersive
spectroscopy) detector operated at a voltage of 20 kV
and a transmission electron microscope (TEM, Hita-
chi H-7650) operated at a voltage of 200 kV. The
crystalline structure was investigated by an X-ray
diffractometer (Bruker AXS D8) using the Cu Ka
radiation (4 = 0.15418 nm) with the 20 scan from 10
to 80° at a step of 0.02°. Elemental analysis was per-
formed by X-ray photoelectron spectroscopy (XPS)
using a Thermo Fisher Scientific ESCALAB Xi + in-
strument with an Al Ko radiation source, and the
resulting binding energies were calibrated to the Cls
(284.6 eV) peak. Inductively coupled plasma optical
emission spectroscopy (ICP-OES, Agilent 720ES,
America) was used to measure actual content of the
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prepared samples. The optical properties of samples
were obtained through a Hitachi U-3900 UV-Vis
spectrophotometer and a Hitachi F7000 photolumi-
nescence (PL) spectrophotometer at an excitation
wavelength of 560 nm.

Photocatalytic performance measurement

The photocatalytic performance measurement was
taken by the photodegradation of MO solution under
visible-light irradiation. Concretely, 15 mg catalyst
was added into 40 mL (20 mg/L) MO solution in a
quartz reactor system. Before irradiation, the sus-
pension was magnetically stirred in dark for 30 min
to reach an adsorption—-desorption equilibrium.
Meanwhile, a blank experiment was also conducted
by using this MO solution without adding any cata-
lysts. Subsequently, a 300-W xenon lamp (CEL-
HXF300 Beijing Aulight Co., Ltd, China) assembled
with a UV cut-off filter (providing visible light >
400 nm) was placed 10 cm away from the suspen-
sion as the visible-light source. During irradiation
process, the suspension was always under magnetic
stirring, and a circulation water-cooling system was
used to maintain the temperature of suspension at
room temperature. After irradiating every 30 min,
5 mL of the suspension was removed from the pho-
tocatalytic system and centrifuged at 3000 rpm for
5 min to remove the catalyst particles from the sus-
pension. The MO concentration in solution was
evaluated for the photocatalytic efficiency of the cat-
alyst by measuring the adsorption at 464 nm using a
Hitachi U-3900 UV-Vis spectrophotometer at room
temperature.

Active species trapping experiments

Active species trapping experiments were carried out
using different scavengers: carbon tetrachloride
(CCly) as e scavenger, disodium ethylenedi-
aminetetraacetate (EDTA) as hole scavenger, p-ben-
zoquinone (BQ) as O,  scavenger and isopropyl
alcohol (IPA) as OH™ scavenger. Typically, 1 mM
different scavengers were added into the MO solu-
tion, respectively, and the change in MO absorption
spectra by the addition of scavenger was used to
determine the active species in the photocatalytic
reaction.

Photocurrent measurement

The transient photocurrent measurement was
implemented through a CHI660D electrochemical
analysis instrument with a standard three-compart-
ment system [4], including a working electrode, a
platinum counter electrode and an Ag/AgCl refer-
ence electrode. The electrolyte was phosphate buffer
saline (PH = 7) aqueous solution, and the irradiation
source was a 150-W halogen tungsten lamp with an
UV cut-off filter (providing visible light > 400 nm).
For the preparation of the working electrode, 20 mg
of catalyst, 25 pL of absolute ethanol, 25 pL of DI
water and 80 pL of Nafion solution were sonicated to
form a viscous slurry. The slurry was then coated on
fluorine-doped SnO, transparent conductive glass
(FTO glass) to form a uniform film and heated in
vacuum at 80 °C for 4 h.

Results and discussion

Morphological and structure
of photocatalysts

The morphologies and microstructures of Cu,O
crystals prepared by reducing Cu”*" with ascorbic
acid in the presence of different amounts of PVP are
shown in Fig. la—c. It can be seen that the C-Cu,O
crystal has six exposed {100} crystal facets, O-Cu,O
has eight exposed {111} facets and the C-O-Cu,O has
six exposed {100} facets and eight exposed {111}
facets. All three types of Cu,O crystals have relatively
regular morphology and dimension uniformity with
an average size of about 1 pm. Obviously, with the
increase of the amount of PVP in the reaction system,
the morphological evolution of Cu,O crystals is from
cube to cuboctahedron and then to octahedron. Due
to the difference in electronegativity between Cu and
O atoms, the {100} facets of CuyO crystals are pre-
dominated by only Cu or O atoms, leading to the
electrically neutral state of {100} facets. As for the
{111} facets, it is composed by both Cu and O atoms,
the Cu atoms with dangling bonds on the {111} facets
would lead to these facets to be positively charged, so
the {111} facets have strong absorption capacity to
some negatively charged capping agent, such as PVP
[33-36]. As a result, the addition of PVP can inhibit
the growth of {111} facets and delay oxidation etch-
ing, so that the {111} facets can remain stable after the
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Figure 1 SEM images of Cu,O crystals with different
morphologies: a C-Cu,0, b C-O-Cu,0 and ¢ O-Cu,O. SEM
images of Cu,O/ZnO heterojunctions with different Zn/Cu molar

synthesis reaction. This feature ensures that we can
control the ratio of {100} and {111} facets by control-
ling the amount of PVP added. In order to verify the
above hypothesis, we performed an experiment of
visible-light reduction of [AuCl]™ ions onto the
surfaces of C-O-Cu,O crystals. The SEM image in
Fig. S1 (a) shows that Au nanoparticles preferentially
deposit on the {111} facets due to its strong absorp-
tion capacity to negatively charged [AuCly]™ ions.
The XRD patterns in Fig. S1 (b) show the character-
istic diffraction peaks of Au with {111} and {311}
planes located at 38.2°and 77.5°, respectively, which
indicates that the photogenerated electrons of Cu,O
are selectively concentrated on the {111} high-energy
facets, and holes tend to shift to the low-energy {100}
facets. The accumulated electrons on {111} facets
favor the nucleation and growth of Au nanoparticles,
indicating that the coexists of {100} and {111} facets
are beneficial for the efficient separation of electron—
hole pairs [30]. Therefore, we may get the conclusion
that the catalytic activity of the Cu,O crystals follows
the order as C-O-Cu,O > O-Cu,0O > C-Cu,O.

When zinc acetate aqueous solution was added
into the hydrothermal reaction, Cu,O/ZnO p-n
heterojunctions with different Zn/Cu molar ratios
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ratios (1:5, 1:3, 1:1) for (al)—~(a3) C-CZ, (b1)-(b3) C-O-CZ and
(c1)—(c3) O-CZ heterojunctions, respectively.

were obtained. As shown in Fig. 1(a;) to Fig. 1(c3),
with the increase of the Zn** precursor, the ZnO
nanoparticles distributed on the surface of the Cu,O
crystal gradually increase and basically cover the
surface of the Cu,O crystal. For C-CZ crystals, the
edges and corners are low-energy crystal facets of
{100}, which do not produce preferential deposition
effects. For C-O-CZ and O-CZ heterojunctions, since
their exposed {111} facets are relatively high-energy
crystal facets, ZnO nanoparticles are preferentially
deposited on the high-energy edges and corners of
the Cuy,O crystals [37]. This further confirms the
hypothesis that the {111} facets have higher catalytic
activity.

Figure 2 shows the TEM and high-resolution TEM
(HR-TEM) images of C-CZ heterojunction with Zn/
Cu molar ratio of 1:3 (C-CZ-3 heterojunction). The
average sizes of Cu,0O crystals and ZnO nanoparticles
are 1 pm and 4 nm, respectively (Fig. 2a). The HR-
TEM image of Fig. 2b shows that the lattice fringe
spacing of 0.247 nm corresponds to the {111} plane of
CuyO, and the lattice fringe spacing of 0.191 nm in
semiconductor domain is consistent with the (102)
facet of hexagonal wurtzite ZnO. The results
demonstrate that the close contact between the two



J Mater Sci (2023) 58:186-198

Figure 2 a TEM and b HR-
TEM images of C-CZ-3
heterojunction. The
corresponding EDS mapping
images of ¢ Cu, d Zn and e O
elements.

components at the heterojunction interface is formed,
which may facilitate the transfer of photogenerated
electron at the interfaces. In addition, the EDS map-
ping of p—n heterojunctions is also studied, indicating
the existence of Cu, Zn and O elements and their
uniform distribution (Fig. 2c-e).

Figure 3 shows the XRD patterns of pure Cu,O
crystals and O-CZ heterojunctions. The diffraction
peaks of Cu,O crystals with different morphologies
are similar (Fig. 3a), and all characteristic diffraction
peaks belong to face-centered cubic Cu,O single
crystal (JCPDS card NO. 05-0667), and no character-
istic peaks related to CuO or Cu crystals are found
[38]. The peak intensity of {111} crystal planes at
20 = 36.4° increases sequentially when the mor-
phologies of Cu,O crystals change from cube to
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cuboctahedron and finally to octahedron. We also
investigated the XRD patterns of O-CZ heterojunc-
tions with different Zn/Cu molar ratios. As shown in
Fig. 3b, with the increasing molar ratio of Zn/Cu
from 1:1 to 1:5, the XRD patterns from O-CZ-1 to
O-CZ-5 are complete with no change, indicating that
the structure of O-CuyO crystals is well preserved
when the heterojunction is formed. We can also find
the characteristic diffraction peaks of hexagonal
wurtzite ZnO (JCPDS card No. 36-1451) [39] from
O-CZ heterojunctions at 31.8, 34.2, 47.5, 56.5 and
66.4°, and these diffraction peak intensities gradually
decrease when the Zn/Cu molar ratio decreases from
1:1 to 1:5, which indicates the easy control of ZnO
nanoparticles well decorated on the surface of Cu,O
crystals.

Figure 3 XRD patterns of
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The XPS spectra of O-CZ-3 heterojunctions were
further measured, and the high-resolution XPS
spectra show that the binding energies of Cu 2p3,»
and Zn 2p3,, are about 932.6 and 1021.8 eV, respec-
tively (Fig. 4). The EDS image of O-CZ-3 heterojunc-
tion is shown in Fig. S2, giving a proportional
relationship of Zn/Cu about 1:3.17. This results are
similar to the elemental contents of Cu,O/ZnO
heterojunction samples via the ICP-OES measure-
ment (Table S1) in Supporting Information. The
experimental results indicate that molar ratios of Zn/
Cu in the CuyO/ZnO p-n heterojunctions slightly
lower than those in precursors due to possible loss of
source material in the reaction process.

Photoluminescence and photocurrent
properties of photocatalysts

Figure 5a displays the PL spectra of O-CZ with dif-
ferent Zn/Cu molar ratios. The intensity of PL peaks
at ~ 605 nm presents a tendency to increase and
then decrease with the maximum obtained from
O-CZ-3. This can be attributed to the suppressed
recombination of photogenerated electron-hole pairs
after ZnO loading on the surface of Cu,O. However,
when loading amount of ZnO is too much, the
accumulated ZnO affects the transmission path of
photogenerated electron-hole pairs, causing the
increase in recombination rate and the decrease in PL
peak intensity. Therefore, the preferred Zn/Cu molar
ratio is 1:3. The transient photocurrent characteriza-
tion also confirms this view. As shown in Fig. 5b, the
highest photocurrent response is obtained for the
O-CZ-3 heterojunction with the Zn/Cu molar ratio of
1:3, hinting its lowest electron-hole pair recombina-
tion rate and optimal catalytic activity.

J Mater Sci (2023) 58:186-198

Photocatalytic degradation of methyl orange

The catalytic performance of pure Cu,O crystals and
CuyO/ZnO p-n heterojunctions was investigated by
degradation experiments of MO under visible-light
illumination, and the adsorption peaks of MO at
464 nm in the presence of different photocatalysts
under visible-light irradiation are shown in Fig. S3.
The curves of the MO degradation percent as a
function of time are shown in Fig. 6. Before visible-
light irradiation, the suspension containing MO and
catalysts is magnetically stirred in darkness for
30 min to achieve an adsorption-desorption equilib-
rium (Fig. 6a). In the case of the absence of catalyst,
the concentration of MO solution is almost unchan-
ged after a period of 150-min visible-light irradiation,
indicating the self-degradation of MO solution can be
ignored. The difference in the catalytic performances
of Cu,O crystals with different morphologies follows
the order of C-O-Cu,0 > O-Cu,O > C-Cu,0. These
experiment results are consistent with our previous
hypothesis, that is, the catalytic performance of Cu,O
crystals is facet dependent, and C-O-Cu,O composed
of {111} and {100} facets exhibits better catalytic
activity than the other two kinds of Cu,O crystals.
The different catalytic performance originates form
the number of terminal copper atoms per unit surface
of different facets [29, 40], so theoretically the Cu,O
crystals with {111} facets exposed would possess a
better catalytic activity than the Cu,O crystals with
{100} facets exposed due to the more aggregation of
terminal copper atoms on the {100} facets. More
importantly, the coexistence of {111} and {100} planes
of C-O-Cu,0O crystals can induce better separation of
electron-hole pairs due to the slight difference in
energy levels between the two planes; thus, the
photogenerated electrons selectively aggregate on the

Figure 4 XPS spectra of a Cu
2p core level and b Zn 2p core
level for O-CZ-3
heterojunctions.
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{111} facets, and holes tend to shift to the {100} facets
[30], resulting in the better catalytic activity of C-O-
CuO crystals than the O-Cu,O and C-Cu,O crystals
(Fig. 6a).

Considering that MO is an anionic dye, thus the
surface charge of the photocatalyst is an important
influencing factor for the adsorption and photocat-
alytic degradation of MO. The adsorption experi-
ments before adsorption—-desorption equilibrium
without light irradiation are shown in Table S2 in
Supporting Information, which shows that with the
deposition of appropriate amount of ZnO in the C-O-
CZ heterojunction, it is helpful to adsorb anionic MO,
while excessive ZnO is not conducive to the adsorp-
tion of MO because of electronic repulsion [41, 42].

Obviously, the dye concentration adsorbed without
light irradiation depends on the Zn/Cu molar ratio of
CuyO/ZnO p-n heterojunctions. Therefore, we set
the concentration of MO at adsorption—desorption
equilibrium point as the normalized initial concen-
tration Cy. From the catalytic performance curves of
the C-O-CZ heterojunctions with various Zn/Cu
molar ratios in Fig. 6b, it can be seen that after
150 min of visible-light irradiation, the degradation
effect of the C-O-CZ heterojunction has a significantly
improvement than pure Cu,O crystal, especially the
C-O-CZ-3 heterojunction, the degradation rate
reaches ~ 98%. This indicates that the formation of
CuyO/ZnO p-n heterojunctions accelerates the
transfer of photoinduced electrons from Cu,O to
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ZnO, which increases the lifetime of the carriers and
thus improves the catalytic efficiency. However,
superfluous deposition of ZnO nanoparticles onto
Cuy,O surface decreases the contact area between
Cu,0 and the MO solution to some extent, and not
enough photoinduced carriers can be formed at the
limited active sites, hindering the catalytic degrada-
tion of MO. The effect of Cu,O morphology and Zn/
Cu molar ratios on catalytic performances of C-CZ
and O-CZ heterojunctions is also explored into and
compared with the results of C-O-CZ heterojunctions
(Figs. 6¢c and 6d), verifying the controllability of
photocatalytic performances by designing the crystal
structure and content of catalysts. Our results indi-
cate that the order of catalytic efficiency follows C-O-
CZ > O-CZ > C-CZ.

Reusability of photocatalytic

In addition to photocatalytic activity, the sustain-
ability and stability of Cu,O/ZnO p-n heterojunc-
tions are very important for their practical
applications. As shown in Fig. 7a, the data curves of
the MO degradation percent after five cycles of cat-
alytic experiments under the identical circumstances
have been obtained for the O-CZ-3 heterojunction as
a reference. After five-cycle experiments, the catalytic
effect of O-CZ-3 heterojunctions almost remains
unchanged. The SEM images show that the ZnO
nanoparticles are firmly anchored on the surface of
Cu,0, and the O-CZ-3 heterojunctions still maintain
good morphology and stability after five cycles.
Weak characteristic peaks related to CuO appear in
the XRD pattern due to the slight oxidation of Cu,O
to form CuO on the surface of Cu,O. The generation
of the thin CuO layer can prevent the further oxida-
tion of Cu,O, thus ensuring the stability of the Cu,O/
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—— 1st cycle
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Time/min
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ZnO heterojunction. On the other hand, the presence
of ZnO promotes the rapid transfer of photoelectrons
and holes, which can also delay the occurrence of
photocorrosion [43].

Photocatalytic degradation mechanism
of MO on Cu,O/ZnO heterojunction

The photocatalytic degradation mechanism of Cu,O/
ZnO for the target pollutants is shown in Fig. 8a. ZnO
is a typical n-type semiconductor with a band gap of
about 3.3 eV, whereas Cu,O is a typical p-type
semiconductor with a band gap of about 2.2 eV
[43, 44]. When these two materials are combined
together to form a p—n heterojunction catalyst, there
is a significant band energy shift between the two
materials, with electrons diffusing from the Fermi
level of ZnO to Cu,0, leading to the accumulation of
negative charges in the Cu,O junction region and the
formation of positive charges over ZnO until their
Fermi levels reach equilibrium [45, 46]. Due to the
presence of n-type ZnO with a positive charge and
p-type Cu,O with a negative charge, an internal
electric field can be formed in the depletion layer,
which can provide an internal driving force that
drives the transfer of photogenerated electrons from
the narrow bandgap semiconductor Cu,O to ZnO,
while the photogenerated holes remain on the VB of
Cu,O [12, 47, 48]. As a result, the photoinduced
electrons and holes are efficiently separated from
each other and their recombination is prolonged.
Moreover, in order to investigate the role of active
species during the photocatalytic degradation of MO,
the active species trapping tests were performed
using four different scavengers to identify the main
active species involved in the photocatalytic degra-
dation experiments. CCly, EDTA, BQ and IPA were
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)
-
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Figure 7 a Photodegradation test of MO by using O-CZ-3 heterojunction for five cycles, b corresponding SEM image and ¢ XRD

spectrum of O-CZ-3 heterojunction after five-cycle measurements.
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Figure 8 a Photocatalytic degradation mechanism of MO by using Cu,O/ZnO p—n heterojunctions under visible-light irradiation. b The
active species trapping experiments for photocatalytic degradation of MO over O-CZ-3 heterojunction.

added into the suspension of MO as scavengers for
e”, h*, :O,” and -OH, respectively. Take O-CZ-3
heterojunction as an example, the effect of scavengers
on the reactive species in the process of catalytic
reaction is displayed in Fig. 8b. After the solution
with O-CZ-3 heterojunction is visible-light irradiated
for 90 min, BQ and IPA are introduced, and the
photocatalytic degradation of MO is remarkably
suppressed, indicating that the-O,” and -OH are the
main reactive species for degradation. In addition,
the presence of CCly and EDTA has slight inhibitory
effect, which implies that e~ and hole are also
responsible for the degradation of MO. The pho-
todegradation of MO using Cu,O/ZnO p-n hetero-
junctions can be described as

Cu,O + hv — CuO (h" + €7) (
Cuy0 (e7) ’&nsfgr) ZnO (e7) (
ZnO (e7) + Oy — ZnO + -0, (
H,0 + CuwO (h") — -OH + H* (4
O; + MO — CO, + H,O +... (
OH™ + MO — CO, + HyO +... (

Through the above characterization and experi-
mental results, it can be concluded that decorating a
certain proportion of ZnO nanoparticles on the sur-
face of Cu,O to form a p—n heterojunction can effec-
tively improve the catalytic activity and stability.
Among the three crystal face-dependent Cu,O with
different morphologies, the C-O-Cu,O with {111} and
{100} planes exhibits more outstanding catalytic per-
formance because the energy-level difference
between {111} and {100} planes of C-O-Cu,O leads to

electron-hole pair separation faster than C-Cu,O
composed of {100} planes and O-Cu,O composed of
{111} planes.

Conclusion

In summary, a simple preparation strategy for Cu,O/
ZnO heterojunctions with cube, cuboctahedron and
octahedron morphologies is designed and realized by
a rapid hydrothermal method. The decoration den-
sity of ZnO nanoparticles can be adjusted by chang-
ing the adding amount of Zn** precursors. It is
shown that the photocatalytic efficiency of the pre-
pared Cu,O/ZnO heterojunctions relies not only on
the construction of p—n junctions but also on the
morphologies of Cu,O crystals and the coverage
density of ZnO nanoparticles. Through the experi-
mental analysis, we can find that photocatalytic effi-
ciency of the p—n junction increases with increasing
the coverage density of ZnO nanoparticles; however,
when the loading capacity of ZnO nanoparticles
reaches a certain degree, the agglomerated ZnO
nanoparticles cover the active sites of Cu,O crystals
and, meanwhile, act as recombination sites for pho-
togenerated electron-hole pairs, reducing the cat-
alytic capacity of Cu,O/ZnO heterojunctions.
Therefore, reasonable controlling for the morphology
of Cu,O crystal, the loading capacity of ZnO
nanoparticles and p—n junctions structure is vital for
the improvement in catalytic efficiency of Cu,O/ZnO
heterojunction catalysts.
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