Controllable synthesis of cuprite (Cu,0) microcrystals and their shape-dependent
photocatalytic performances
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Microcrystals of cuprite (Cu,O) samples exhibiting octahedral and spherical morphologies were synthesised via a facile chemical method and
were then characterised by X-ray powder diffraction and scanning electron microscopy. It was observed that the potassium sodium tartrate
(KNaC4H404-4H,0, PST) and gelatin addition had a prominent effect on the morphologies. The possible formation mechanism of Cu,O
microcrystals was discussed based on the effects of PST and gelatin. Furthermore, the photocatalytic activities of the prepared Cu,O
microcrystals were investigated by UV-vis spectrophotometry, demonstrating that their behavior was influenced by the different

morphologies, and the Cu,O microspheres possessed the highest activity.

1. Introduction: Cuprite (Cu,O) is a direct bandgap semiconductor
and its energy gap (E,) is about 2.17 eV. Cu,O can be applied
in antiseptic, germicide, catalyst and colourant in daily life
[1, 2]. In the past years, many methods have been used for
obtaining Cu,O with various morphologies [3-9]. Many
reducing agents such as glucose [10—15], ascorbic acid [16-18],
fructose [19], hydrazine hydrate [20-23], wureophil [3],
glacial acetic acid [24], sodium borohydride [25] and polyol [26]
will be introduced when copper salts (Cu®") are used as
raw materials. Most of these reducing agents are usually
expensive and toxic to some extent. Additionally, some organic
compounds such as Polyvinylpyrrolidone (PVP) [27, 28] and
Cetyltrimethylammonium bromide (CTAB) [29] have also been
used as surfactants and templates to control the size and shape
of Cu,O. However, no reports can be found in the literature
on the shape-controlled synthesis of Cu,O microcrystals via PST
reduction and gelatin templating control. Few works have been
reported on photocatalytic degradation of micro-sized Cu,O
crystals.

In this study, a facile and environmental synthesising method has
been presented. It has been found that PST can be used as an effect-
ive reduction to transform Cu®" to Cu™ to form octahedral Cu,O
microcrystals in alkalic aqueous solution at low temperature. At
the same time, spherical Cu,O microcrystals will also be synthe-
sised by using proper content of gelatin in alkaline solution of
PST. The as-prepared Cu,O microcrystals with different shapes
have various UV—vis absorption properties and can be applied in
effective removal of some dyes in wastewater.

2. Experiment section: All reagents are analytical grade and used
without any further purification. In a typical chemical synthesis,
0.005 mol CuSO,4-5H,0 and 0.005 mol KNaC4H4044H,O were
added into 80 mL deionised water to from a light blue solution.
Then, a dark blue solution was immediately acquired when 0.5 g
NaOH was introduced to the above light blue solution. Finally,
the above dark blue solution was heated for 3 h at 100°C in
an oven and the octahedral Cu,O microcrystals were obtained.
Spherical Cu,O microcrystals were prepared in the dark blue
solution with 1.5 g gelatin. The phase, morphology, chemical
composition and photoproperties of the as-prepared samples were
characterised by the powder X-ray diffraction (XRD), scanning
electron microscopy (SEM) equipped with an energy dispersive
spectrometer (EDS) and UV-visible spectrophotometer (V-650,
Jasco) at room temperature.
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For the investigation of photocatalytic activity of Cu,O micro-
crystals, 0.3 g Cu,O was added to 200 mL rhodamine B (RhB)
solution (10 mg/L) and vigorously stirred for 30 min in the dark to
reach the adsorption—desorption equilibrium. Then, the above sus-
pension was irradiated under a 300 W xenon lamp (PLS-SXE300)
as a visible light source (1>400 nm). After irradiating for a certain
time, 5 mL solution was taken out and be measured by a UV-vis
absorption spectrum to acquire the concentration of RhB.

3. Results and discussion: Fig. 1 shows the XRD patterns of
the prepared samples with different morphologies by a facile
hydrothermal route. In the 26 values of 29.4, 36.3, 42.3 and 61.3,
the corresponding main characteristic d values of the XRD patterns
for the samples of Cu,O were 3.0377, 2.4778, 2.1436 and
2.0951 A, respectively, which could be exactly indexed with those
of JCPDS Card No. 05-0667 and thus showed an absence of other
crystalline forms in the prepared samples. In comparison, the
crystallinity of octahedral Cu,O microcrystals is higher than that of
spherical microcrystals, which can be deduced from the narrow
half height wide from the (111) crystal plane.

The morphology and chemical composition of the synthesised
Cu,O microcrystals have been investigated by SEM and EDS.
The corresponding results were indicated in Fig. 2. From Fig. 2a,
it could be found that the Cu,O microcrystals obtained from
Cu(II)-PST precursor solutions exhibited an octahedral shape and
the average size of each crystal was about 1-3 um. The eight
crystal planes for each octahedron have been researched and consid-
ered to be a (111) crystal face family ({111}) [22]. Figs. 2¢ and d
illustrated sphere-like Cu,O microcrystals with an average diameter
of 1-2 um which were prepared from Cu (II)-PST solution with
1.5 g gelatin. Every microsphere was consisted of lots of Cu,O
nanoparticles and has a rough surface and porous structure.
Chemical compositions of octahedral and spherical microcrystals
are Cu and O which were shown in different modes in Figs. 2b
and d, respectively.

The UV—vis spectrums of two-shaped Cu,O microcrystals were
carried out and shown in Fig. 3a. Comparing the results, it can be
found that the maximum absorption wavelengths for octahedral
and spherical Cu,O microcrystals are at 550 and 750 nm, respect-
ively. Their corresponding bandgap energies (E,) could be esti-
mated on the following equation [24] and the results were figured
out in Fig. 3b
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Fig. 1 XRD patterns of the as-prepared samples
a Octahedral microcrystals
b Spherical microcrystals
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Fig. 2 SEM images and EDS analysis of the samples
a, b Octahedral microcrystals
¢, d Spherical microcrystals
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Fig. 3 UV-vis. Spectrums of Cu,O microcrystals with different shapes
a UV-vis. absorption spectrums
b Their corresponding curves of curves of (ahv)’~hv

where K and « are a constant and the absorption coefficient, Ephoton
and E, are the discrete photoenergy and the bandgap energy. The
energy intercept of a plot of (ozEphOmn)2 versus Eppoon Will
produce E, for a direct bandgap semiconductor. It can be estimated
that the £, of the as-prepared octahedral and spherical Cu,O micro-
crystals are 1.7 and 1.5 eV which are all lower than that of the bulk
Cu,O(~2.2 eV) [22]. The shaped and sized effects of Cu,O
powders were also observed.
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In next experiments, the role of PST in the formation of Cu,O
microcrystals was researched. First of all, PST would reduce Cu*"
to Cu'which formed Cu,O at 100°C. Secondly, some irregular
Cu,0 particles would be obtained when the content of PST was
too much or too little in the reaction systems (seen from Fig. 4).
That is to say, proper content of PST is beneficial to the formation
of Cu,0 octahedrons. The proper concentration of PST will control
the supply of Cu" ions, which affect the formation of Cu,O in the
reaction. Therefore, it can be concluded that the PST plays double
roles in controlling the phase and morphology. Additionally,
some irregular Cu,O crystals will be obtained due to lower pH
values (pH=4-6) and higher pH values (pH =9-14) in the reaction
systems when the insufficient or excess PST was used, which is
valued to be further studied in our next work.

It has been known that the gelatin can be used as an effective
template to control the shape of Fe;0, nanomaterials [30]. In the
preparation of Cu,O, it was also found that the used gelatin could
effectively make Cu,O octahedrons turn into Cu,O microspheres
in the reaction progress. A content of gelatin influencing on
shapes of Cu,O microcrystals was figured out in Fig. 5. It further
proves that too much or little content of gelatin is bad for generating
pure spherical Cu,O microcrystals.

Based on the above experimental results, the possible formation
mechanism of octahedral and spherical Cu,O microcrystals was
illustrated in Fig. 6. For octahedral Cu,O microcrystals, Firstly,
small Cu,O octahedrons will be slowly generated due to the
lower release of Cu" ions in the solution. The supersaturation con-
centration of Cu" ions will be controlled by Cu,C,H4Oq species
produced from Cu* and C4H,0%" ions. Accordingly, the initially
formed nano-sized Cu,O octahedrons can further grow into larger
ones via the Ostwald ripening process. However, the above forma-
tion process will be changed due to introduction of gelatin to the
reaction system. The added gelatin can be regarded as effective tem-
plates for assembling the formed Cu,O nanoparticles into micro-
spheres in order to reduce their surface energy. These Cu,O
microspheres produced by inter-particle aggregations exhibit a
polycrystalline microstructure.

To demonstrate the potential application of the as-prepared Cu,O
microcrystals, the octahedral and spherical Cu,O microcrystals
were comparatively used as photocatalysts for degradation of

Fig. 4 Contents of reductive agents (PST) influencing on shapes of Cu,O
microcrystals

a 0.001 mol

b 0.01 mol

Fig. 5 Contents of gelatin influencing on shapes of Cu,O microcrystals
al05g
b2g
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Fig. 6 Schematic illustration of the reaction pathways that lead to the
formation of octahedral and spherical Cu,O microcrystals
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Fig. 7 Photodegradation efficiencies of RhB as a function of irradiation
time over different samples

a Plot of Cy/C, versus irradiation time

b Plot of In (C/Cy) versus irradiation time

RhB in water, respectively. As illustrated in Fig. 7a, for two-shaped
catalysts, the relative concentration of the RhB (Cy/Cp) will
gradually decrease with the irradiation time (¢). The fitted lines
(In(C/Cp)~t) mean that the photocatalytic process can be
expressed by a pseudo-first-order kinetic model (seen from
Fig. 7b) which has been reported in previous literatures [30-33].
In comparison, Cu,O microspheres have relative higher photocata-
lytic performance due to their special micro/nanostructure which
had the lower bandgap.

The previous references have reported that the octahedral Cu,O
crystals show a higher activity in the photodegradation of organic
pollutes [33, 34]. However, our results reveal that the different
photodegradation activities of octahedral and spherical Cu,O
microcrystals arise from their intrinsic differences in the crystallo-
graphic structures, in which the spherical Cu,O crystals possess
more interfaces. Therefore, the photocatalytic superiority of the
spherical Cu,O crystals can be attributed to the introduction of
many active interfaces in the Cu,O microspheres, which can accel-
erate the formation of highly oxidative .OH radicals, leading to the
enhancement of the decomposition of RhB dyes.

4. Conclusion: In summary, a novel approach for preparing
micro-sized Cu,O was presented. Octahedral Cu,O microcrystals
could be prepared in Cu(ll)-C4H4;0KNa—NaOH system.
However, spherical Cu,O microcrystals could be obtained from
the above reaction system with proper gelatin addition. The
C4H4O6KNa-4H,O and the added gelatin played reductive,
shape-controlling and template roles, respectively. Cu,O
microspheres have relative higher photocatalytic performance
than that of octahedral Cu,O microcrystals. This easy method
will propose a new way to synthesise micro/nanostructured
materials.
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