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Abstracts: The single phase Cu,O nanomaterials had been fabricated via facile hydrothermal method using non-toxic
precursors of CuS0O4.5H,0 and Na,SO; (then, the CuSO,4 0.3M and Na,SO; 0.3M solution are mixed with volume ratios
of 1:5, 1:6, 1:7 and 1:10, respectively). The observed materials were characterized using fine analysis methods such as
X-ray diffraction, scanning electron microscopy, UV-Vis diffuse reflectance spectroscopy, and UV-Vis spectroscopy. The
fabricated Cu,O samples had flower-like morphology which was assembled from octahedrals. The samples had an
average crystalline size of ~20.1-23.3 nm and a narrow bandgap of ~1.98 eV. The photocatalytic activity of samples was
investigated via Congo red (CR) dye photodecomposition experiment, the catalyst dose and the concentration of CR
values were studied as the factors affecting the photocatalytic efficiency. The results showed that the fabricated Cu,O
samples had good photocatalytic ability in decomposing the CR solution in the visible region. The Cu,O (M) sample
had the best degradation efficiency of the CR solution was the (reached 91.3% after 300 min under visible light radiation
of the 150W Led lamp at the CR concentration of 20 ppm). The photo-decomposition rate constant of My sample
reached 0.00774 min™,

Keywords: Octahedral Cu20, flower-like crystals, heterogeneous photocatalysts, Congo red, visible light radiation.

1. INTRODUCTION

Cuprous oxide (Cuz0) is known to be a p-type semiconductor with a theoretically narrow direct gap band (Eg=
2.17-2.2 eV), which is highly attractive due to the unique properties of the materials. The outstanding advantages of
Cu20 material are non-toxic properties. Raw materials for the production of Cu20 are available in nature. The Cu20
fabricated processes are relatively simple and inexpensive [1-7]. Therefore, Cu20 is one of the fascinating
semiconductor materials that is attracting attention in production and application research in many areas such as
biosensors, gas sensors, lithium-ion batteries, optoelectronics, luminescence, photocatalysts for air purification,
water purification by solar energy, etc. [4-12]. Research works have reported that Cu20 semiconductor
nanomaterials in particular as well as semiconductor nanomaterials in general (ZnO, TiO2, etc.) have been
fabricated by various methods such as: thermal oxidation, spray pyrolysis, extraction deposition, laser reduction,
microwave, liquid phase synthesis, reduction method, electrochemical method, hydrothermal method, RF sputtering
[5-7,13-16]. The sizes and the morphologies (including nanowires, nanoflowers, octahedra, cubes, spheres, hollow
spheres, etc.) of nanomaterials depend on the fabrication methods and affect the properties of the material [1,4-
7,12-26]. However, the preparation of cuprous oxide nanomaterials with controllable size and morphology to suit
designed applications is still an attractive goal for scientists [21-26].

In this report, the nano octahedral Cuz0 p-type semiconductor material was fabricated by a facile hydrothermal
method from non-toxic precursor materials - CuSO4.5H20 and Na:SOs. The objective of this research is to
investigate the various ratios of precursors on the morphology of the materials as well as the physicochemical
properties of the fabricated Cu2O nanomaterials. The photocatalytic activity of obtained Cu20O nanomaterials was
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characterized via CR decomposing experiment in which the effect photocatalyst dose, CR concentration on
photocatalytic activity was also studied and discussed.

2. EXPERIMENTS
2.1. Synthesis of Cu,0 Nanoparticles

All chemicals were of analytical grade and used without any further purification included of CuS0O4.5H20 (Merck),
Na2S0s3 (99.8%, AR-China), C2HsOH (Merck), NaOH (Merck), HCI (Merck), Congo red (Cs2H22NeNa206S2 (CR),
99%, AR-China) and doubly distilled water. A mixed solution consisting of two precursors solutions of CuSO4 0.3M
and Na2SOs 0.3M was uniformly stirred with different volume ratios (1:5, 1:6, 1:7 and 1:10) to obtained a green
mixed solution. This mixed solution was stirred at room temperature at a constant stirring rate of 350 prm for 30 min,
the solution was changed to a light blue color. After that, the mixed solution was transferred to the Teflon line, then
put into stainless steel autoclave to perform the hydrothermal process at the temperature of 120 °C for 24 hours.
After the hydrothermal process completed, a paste was obtained which was then filtered, washed by centrifugation
three times with distilled water and two times with absolute ethanol until a neutral pH. The washed samples were
then dried at 90 °C overnight in the open-air oven. The obtained products were red-brown fine powders denoted by
Mzs, M1-6, M1-7 and Ma-10 (with precursors volume ratios 1:5, 1:6, 1:7 and 1:10, respectively).

Characterizations. Methods used to determine the properties of materials such as: the X-ray diffraction spectra
(XRD, X'pert Pro (PANalytical), Cu-Ka radiation 1.54065 A, scanning speed 0.03%2s, scanning angle 28~ 25-75°);
the micro-raman spectra (Renishaw Invia Raman Microscope); the scanning electron microscopy (SEM, HITACHI
TM4000 Plus); the solid Uv-vis spectra (Jasco V-750) with integrated sphere 60 mm (ISV-922), 200 nm/min and the
liquid UV-Vis absorption spectra (Agilent 8453).

2.2. Experiment Photocatalytic Activity

The A mixed solution of 0.2 g/L Cu20 catalyst was added to 50 ml of 20 ppm CR solution in a pyrex beaker. The
mixed solution was stirred for 60 min in the dark to reach adsorption-desorption equilibrium. The reaction mixture
was then illuminated with the 150 W Led lamp. Periodically according to the reaction time, about 5 ml of the reaction
mixture sollution would be taken out for UV-Vis measurements on an Agilent 8453 spectrophotometer at the
maximum absorbance of CR dye (496 nm) on the basis of Beer-Lambert law. From that, the remaining
concentration of CR in the solution could be determined after each lighting time. The photocatalytic performance
was determined via following formula.

P= [(Co-Ct)/Co]x100% (1)
In which, Co and C: are CR concentrations at the beginning and at time t during experiment, respectively.
3. RESULTS AND DISCUSSIONS
3.1. X-ray Diffraction and Raman Shift Spectra Results

Figure la presents the X-ray diffraction spectra (XRD) of Mi.s, M1.s, M1.7 and Mi.10 samples. The XRD results
showed that all samples have the similar XRD pattern with the characterizing diffraction peaks at position 26 with
values of 29.6°, 36.4°, 42.45°, 61.5° and 73.3°. These are assigned to the characteristic peaks of the lattice faces
(110), (111), (200), (220) and (311) in octahedral Cuz20 crystal with JCPDS card No 5-669. In addition, there were no
diffraction peaks of other phase or impurity that were attributed to Cu and CuO [8,11,13,21]. The Debye-Scherrer
equation was applied to calculate the average crystal size at the diffraction peak with the strongest intensity (111)
[11,16,21,27,28]. Where d is the average crystal grain size, B is full width half maximum (FWHM) of the peaks, A is
Bragg's angle and A= 1.54060 A for CuKa. The average crystal sizes of M1.s, M1s, M17 and Mi.10 samples were
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determined to be 22.4, 23.3, 21.5 and 20.1 nm, respectively.
d= (0.9xL)/(B*cosb) (2)

Figure 1b exhibits the raman spectra of M1s, M1, M1.7 and M1.10 samples. The raman spectra of all samples,
the appearance of four peaks at wavenumber 220 cm1, 520 cm? and 642 cm-, which are assigned to the 2Eu, Tzg
and T1u(TO) characteristic vibrations of the Cu20 single-crystal phase natural p-type semiconductor [22,29-32], was
clearly observed. In addition, the raman vibrations which are attributed to the CuO or Cu crystalline phase were not
found from the raman spectra [29-32]. This showed that the results of the raman spectra were completely consistent
with the results from the XRD spectra above.
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Figure 1. a) XRD pattern and b) Raman spectra of M5, M1.6, M1.7and M1-10 samples
3.2. Scanning Electron Microscopy Results (SEM)

The scanning electron microscopy (SEM) of Mis, Mi.s, M1-7 and Mi-10 samples were shown in Figure 2. In the
SEM images, it was observed that the Cu20 samples with the CuSO4:Na-SOs precursor materials ratio of the 1:5 to
1:10 all have the flower-like morphology. However, the flower-like morphology of the samples were different, from
small porosity (M1.s sample) to more porosity (M1.s sample) and almost non-porous or smooth surface (M1.z sample)
and the surface with small crystals with thin flakes separated from the bulk crystal surface (M1-10 Sample) create a
distortion of the flower shape (compared to samples with low ratio of Na2SOs precursor). Furthermore, in the inserts
of M1s, M1.6 samples, it was clear that these samples’ crystals were octahedra (the part circled by the red circle).

Figure 2. Scanning electron microscopy (SEM) of M1.5, M1.s, M1.7 and M1.10 samples
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At a higher ratio of the initial precursor (M1.7 sample), the insert of the M1.7 sample showed that the octahedra
crystal was slightly distorted (the part circled by the red circle). Meanwhile, in the sample with the highest ratio of
the initial precursor (M1.10 sample), the octahedra crystal was no longer observed, the crystal was greatly distorted,
and at the same time there were a appearance of several thin flake crystals separated from the bulk. This showed a
strong influence of initial precursor ratio on the morphology of the composites [4-7,11-12,23-24].

3.3. UV-vis Absorption Spectra Results

The solid UV-vis of M1s, M1s, M17 and Mz1-10 samples were showed in Figure 3a. It was observed in Figure 3a
that the samples all had high absorbance (~96%) in the wavelength region of A< 520 nm, peak absorption at A~ 530
nm (this was consistent with single-crystal phase Cu.O materials) [2,9]. The absorption was widened at the
wavelength region A~ 530-680 nm and gradually decreased at A> 700 nm. Based on the solid UV-vis absorption
spectra of the fabricated samples (from Figure 3a), the plot of the dependence relationship of (ahv)?2 versus photon
energy hv by applying the Tauc equation [2,15,16,22,23,33,34] for the direct p-type semiconductor materials
showed in Figure 3b. In Figure 3b, using the extrapolation along the linear line of the plot with the photon energy
axis hv, the Eg bandgap energy of the fabricated samples could be determined. The Eg values of all samples were
approximately equal and were reached ~ 1.98 eV. This Eg bandgap energy value of the fabricated samples, it was
found to be suitable for materials with good ability to absorb the light in the visible region [22,23,33,34].
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Figure 3. a) The solid UV-vis of M1.s, M1.s, M1.7 and M1-10 samples; b) The plot of the dependency relationship according to the
Tauc equation of (ahv)? versus photon energy hv

3.4. Evaluation of Photocatalytic Properties

+ Effect of the catalyst dose. Figure 4a were plots of the photocatalytic activity of Mis, M1s, M1.7 and Mi-10
samples for decomposition of the CR solution under visible light irradiation. Figure 4b was plots of photocatalytic
efficiency for the degradation of CR solution of samples after 60 min in dark and 300 min of visible light radiation.
The plots in the Figure 4a, Figure 4b showed that, after 60 min in completely dark, the samples achieved
photocatalytic efficiency very low of 43.1% except for the M1.s sample had a slightly better efficiency of 44.8%. Next,
after 300 min under visible light radiation, the M1.s sample achieved the highest decomposition efficiency of 91.3%.
The M1s and Mi.10 samples achieved the lowest color degradation efficiency of 79.3%. The M1z sample achieved
the degradation efficiency of 84.5%. Here, it could be seen that a number of factors had affected the photocatalytic
performance for degradation the CR dye solution such as: crystallinity, morphology, crystal grain size of the material
samples [2,11,21,22,33-39]. Figure 4c showed the rate constant of the photocatalytic reactions which determined
based on the Langmuir-Hinshelwood kinetic model according to the plot of the relationship between the In(Co/C)
function versus time (t) [2,11,34,39]: In(Co/Ct)= kaapt (Where Co and C: were the initial concentration and the
concentration at time t of the reactants, respectively, kaap Was the rate constant for the photodegradation reaction of
the CR organic dye). The rate constant plots (Figure 4c) showed the values of In(Co/Ct) and reaction time t were
consistented with the first-order kinetic model with a high R? correlation coefficient (R?> 0.935). The decomposition
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rate constant of M1s sample was the highest reached 0.00774 min-l. The decomposition rate constants of the Mi.s
and Mi.7 samples were 0.00470 mint and 0.00557 min-1, respectively. The decomposition rate constant of Mi-10
sample was the lowest reached 0.00468 min-l. It could be seen that the photocatalytic efficiency increased or
decreased proportional to the CR colorant decomposition rate constant and the porosity state on the surface of the
fabricated samples as observed in SEM figure above (Figure 2). The M1.s sample reached the highest photocatalytic
performance for decomposition of pigment at the CR concentration of 20 ppm.
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Figure 4. a)The degradation of the CR dye solution under visible light radiation; b)The plots of photocatalyst efficiency versus
time; ¢)The photocatalytic kinetics of M1-s, M1-6, M1.7, M1.10 Samples

+ Effect of CR pigment concentration. Figure 5a was a plot to investigate the photocatalytic degradation of M1-s
sample in CR solutions with varying concentrations of 10 ppm, 20 ppm, 30 ppm and 50 ppm. Figure 5b was plots of
photocatalytic efficiency for the degradation of CR solution of fabricated samples after 60 min in dark and 300 min
of visible light radiation which were taken based on the plots of Figure 5a.
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Figure 5. a)lnvestigation of photocatalyst degradation for CR solution with their different concentrations; b)The plots of
photocatalyst efficiency of Mi.s sample for degradation of the CR different concentration solutions

The plots in the Figure 5a, Figure 5b showed that, when the CR concentration increased the efficiency of the
photocatalytic reaction decreased. The highest photocatalytic efficiency was achieved 93.1% (with the CR solution
concentration of 20 ppm) and gradually decreased to 78.7% (with the CR solution concentration of 50 ppm). This
could be explained by the rate of the reaction was proportional to the dose of catalyst added. However, when the
Cuz20 concentration exceeds a limit, the rate of reaction slowed down and became dependent on the Cuz20
concentration. When the photocatalyst content was greater than the limit value, the catalyst particles would be
redundant to partially shield the photosensitive surface of the catalyst [2,25].

CONCLUSIONS

The single-phase Cu20 nanomaterials were successfully synthesized from CuS0O4.5H.0 and Na2SOs
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precursors via facile hydrothermal method. The morphology of the samples was in flower shape with different
surface porosity state and all the fabricated Cu20 samples showed octahedral crystals shape except for the M1.10
sample (octahedral shaped crystals were no longer observed, the crystals were greatly distorted). The fabricated
Cu20 samples all had small crystal sizes of 20.1-23.3 nm with the narrow bandgap energy Eg~ 1.98 eV calculated
by applying the Tauc equation. All these samples had good photocatalytic ability to decompose the CR pigment
solution in the visible region. The investigated parameters such as the dose of photocatalyst, the concentration of
CR solution were also factors affecting the photocatalytic efficiency. The best CR degradation efficiency reached
was the Mis sample (reached 91.3% after 300 min under visible light radiation of the 150W Led lamp at the CR
solution concentration of 20 ppm). The decomposition rate constant of Mi.s sample reached 0.00774 min-l. These
photocatalytic properties for decomposision the above dye solution, it was expected to be had the ability applied in
the treatment of contaminated water sources especially in wastewater treatment of the textile-dyeing industry.
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