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Hierarchical structures of covellite CuS are successfully prepared by a facile one-step solvothermal
approach using CuCl,-2H,0 and sodium thiosulfate as the copper and sulfur precursors, respectively.
The as-synthesized self-assembly hierarchical structures are characterized by using powder X-ray
diffraction (XRD), field emission-scanning electron microscopy (FESEM), high-resolution transmission
electron microscopy (HRTEM), UV-vis-NIR spectroscopy and photoluminescence (PL) spectra. The
experimental XRD patterns and HRTEM confirm the formation of hexagonal structure of covellite Cus.
The solvent volume ratios of ethylene glycol (EG) to ethanol (ET) are revealed to play a critical role in
the morphology control of the hierarchical structures. The photocatalytic activity of the resulting CuS
photocatalysts is investigated by the degradation of the organic methylene blue (MB) under natural light
irradiation, which suggests much higher photoactivity of the CuS hierarchical structures than that of
commercial CuS and TiO, photocatalyst.

1. Introduction

Semiconductor photocatalysis technology has attracted much
attention since Fujishima and Honda reported the water splitting on
TiO, under UV irradiation in 1972.> This technology with TiO, is
the most widely studied in the past years due to its nontoxicity,
chemical stability and cost effectiveness. It has demonstrated
promising chemical conversion of solar energy and thus has been
utilized in various fields such as hydrogen generation,? removal of
organic pollutants and bacteria from water or air.>> However, the
practical application of TiO, is restricted due to its wide band gap
which limits the utilization of ultraviolet energy from sunlight. To
solve this problem, various techniques to extend the use of visible
energy and thus to improve the conversion efficiency were widely
explored, such as doping and decoration of TiO, with metal,
nonmetal and semiconductors with narrow band gaps.>® Besides
these efforts, other photocatalysts such as sulfides, nitrides,
chlorides, Bi-based oxides, etc., which can effectively utilize visible
light, have been also widely researched in recent years. %

In particular, copper sulphides are of great interest due to their
extraordinary optical and electrical properties which can bring many
potential applications. The stoichiometry of copper sulfide varies
from CusS, at the copper-deficient side to Cu,S at the copper-rich
side. The covellite CuS is one of the most intensively studied copper
sulfides due to its unique physical and chemical properties and its
great potential applications in many fields such as photocatalysis,*®
low-temperature superconductors,'® 2 optical filters and surperionic
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materials,”> nanometer-scale switches,?? lithium-ion batteries,?
chemical sensors,* and thermoelectric cooling material.”® The
studies on photocatalysis of covellite CuS focus mainly on visible
light source thanks to its narrow band gap and good optical
absorption properties in the visible-NIR region.*

On the other side, the physico-chemical properties, performances
and functionalities are observed to be significantly dependent on the
morphologies, nanostructure, composition and crystallinity of
materials.?® With respect to morphological control, many efforts
including hot injection,® heat up,®® ! single source precursor,* and
solvothermal **-3* have been devoted to fabricating covellite CuS of
disks,?® %0 wires, 3 spheres,® * sheets,* and flowers.*’ In particular,
hierarchical CuS nanostructures have demonstrated promising
application in photocatalysis of degradation for organic dyes.®® %
The hierarchical structures can significantly enhance the
performance of materials due to their nanosized building blocks and
micro- or submicro-sized assemblies.’® “° Hence, investigation of the
controlled hierarchical semiconductor nanostructures is of
paramount industrial and scientific importance.

Among the above-mentioned synthesis approaches, solvothermal
method, a low-cost, low-risk and easy-to-operate synthetic technique,
has been reported to be effective for fabricating various hierarchical
structures.® In the present work, we propose a facile and
reproducible solvothermal procedure to synthesize hierarchical CuS
with controllable shape and size by tuning the reaction solvents and
their volume ratios. The natural-light-induced photocatalytic activity
for the degradation of dye methylene blue (MB) is investigated, from
which the effect of solvents is discussed and the photoactivity of the
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as-synthesized CuS samples is compared with that of commercial
CusS and TiO, photocatalysts.

2. Experimental
2.1. Chemicals

Copper (1) chloride (CuCl,-2H,0O 99%), sodium thiosulfate
(Na,S,03, 99.5%), ethylene glycol (C,HO, (EG), >99%), ethanol
(ET, anhydrous, 99.9%), and N, N, dimethylformamide (DMF,
>99.5%) were purchased from Merck Company. All chemicals were
used as received without further purification.

2.2. Synthesis of CusS hierarchical structures

In a typical synthesis, 1 mmol CuCl,-2H,0 was dissolved in a 15
mL mixture solution consisting EG and ET (with a variable volume
ratios of EG:ET from 1:0 to 1:3) and stirred for 30 min. Then
sodium thiosulfate (Na,S,0s3) solution prepared by dissolving 1.1
mmol of Na,S,0; in 15 mL mixture solution of EG and ET was
added into the Cu solution under magnetic stirring. The mixture
solution was then transferred into a Teflon-lined autoclave, sealed,
and maintained at 150 °C for 24 h. The resulting CuS sample was
cooled to room temperature, followed by cleaning several times with
distilled water and ethanol, and drying in vacuum at 60 °C for 4 h. In
a comparison synthesis procedure, CuS hierarchical structures were
also prepared by using only DMF instead as solvent however
preserving all other above-mentioned reaction parameters.

2. 3. Characterization

The crystallographic information of the samples was obtained using
powder X-ray diffraction (XRD) and high-resolution transmission
electron microscopy (HRTEM). The XRD patterns were recorded by
Siemens D5000 using Cu Ka radiation (A =1.5406°A) in a scanning
26 range of 10-70°. The HRTEM images were obtained with JEOL
JEM-2010F microscopes operating at 200 kV. Additionally, the
morphology of the as-obtained CuS samples was examined with a
LEO-1430VP scanning electron microscope operating at 15 kV.
Extinction spectra of the resulting materials dispersed in
tetrachloroethylene (TCE) were measured in 1 cm path length quartz
cuvettes using a Varian Cary 5000 UV-vis-NIR spectrophotometer.
The photoluminescence (PL) spectra were recorded on a Varian
Cary Eclipse fluorescence spectrophotometer with an intense Xenon
flash lamp with excitation wavelength of 370 nm. Adsorption-
desorption isotherms of N, were measured by an automatic
adsorption system (Belsorp mini Il, BEL Japan Inc.) at 77 K (liquid
nitrogen temperature). Prior to the measurement, the samples were
pre-treated at 373 K in a vacuum for 15 h. The surface area and pore
size were determined by applying the conventional Brunauer-
Emmett-Teller (BET) method and Barrett-Joyner-Halenda (BJH)
equation, respectively.

2. 4. Measurement of photocatalytic activity

The photocatalytic activity of synthesized CuS samples in
degradation of methylene blue (MB) was investigated in the
presence of H,0, (30%, w/w) under natural light. Typically, 0.01 g
of CuS photocatalyt was added in 40 mL of MB aqueous solution
(2x10° M) and sonicated for 10 min in a dark room to establish an
adsorption/desorption equilibrium between MB molecules and the
surface of the photocatalyst. Afterwards, 0.1 mL of H,0, was added
into the mixture solution, followed by further magnetically stirring
under natural light. All these experiments are performed at the same
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time in order to make sure the irradiation density for each
photocatalytic reaction is the same. A solution of 3 mL was drawn
out at given time intervals, and the photocatalyst was separated by
centrifugation in order to measure the absorption spectra of MB and
calculate the MB concentration by wusing a UV-vis
spectrophotometry. The photoactivity of commercial CuS and TiO,
powders was also investigated for a comparison under the same
conditions. The photodegradation (%) of MB was calculated by the
following formula.

Degradation (%) = (1 - Ad/Ay) x 100%

Where, Ay and A represent the initial absorbance of MB at 664 nm
and the absorbance at time t, respectively.

3. Results and Discussion

3.1. Structural and morphological characterizations

As described in the experimental section, the solvothermal synthesis
of CuS structures basically involves a reaction between copper
chloride and sodium thiosulfate at 150 °C in a mixed solvents of EG
and ET. Figure 1 illustrates the FESEM images of various samples
with different magnifications, which reveals that different
hierarchical structures are achieved by tuning the solvent volume
ratios of EG:ET. Overall the shapes of the hierarchical structures
evolve from microspheres to microflowers with the increasing
amount of ethanol solvent present in the synthesis reaction. The
microspheres with average diameters of 2-4 um were achieved in the
absence of ET (Figure 1la-d). The higher magnified FESEM images
show that these microspheres are actually composed of agglomerated
nanoplates (Figure 1d). The resulting samples in the presence of
small amount of ET were also sphere-like structure with smaller
average microsphere diameter. For example, 2:1 EG:ET ratio leads
to the formation of microspheres with diameter around 1.5 pm
((Figure 1e-f). However, flower-like structures could be achieved by
increasing the EG:ET ratio from 1:1 to 1:3 (Figure 1g-l). These 3D
hierarchical microflowers also exhibit self-assembled nanoplates and
voids between the neighboring nanoplates. Indeed, it is revealed by
TEM observation that the representative microflowers obtained with
EG:ET 1:1 are composed of stacked plates, and the edge length of
the plates is around 1.0 um (Figure 3a). Kundu et al. have reported
the synthesis of various CuS nanostructures by varying the solvent
volume ratio of water:EG in a reaction between Cu(NOs;), and
Na,S,0;.** They observed the formations of spheres consisting
nanoplates in the presence of water alone, nanotubes in the case of

Figre 1. FESEM images in different magnifications of CuS
hierarchical structures achieved with different EG:ET solvent
volume ratios. (a-d) 1:0, (e-f) 2:1, (g-h) 1:1, (i-j) 1:2 and (k-I) 1:3.
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1:1 water:EG solvent ratio, and sphere-like clusters in the presence
of EG alone. In contrast, we obtained microspheres consisting
nanoplates when EG alone was used as solvent. These results
indicate that the type of precursors might play important role in
controlling the morphologies of CusS.

Besides precursors of Cu and S and solvents, other synthesis
parameters such as surfactants, reaction temperature, etc., have been
also reported to play a critical role in the morphology-controlled
nanostructures of Cus,.S in a solvothermal procedure.®* %2 Tanveer et
al reported that mixed architectures of spherical and hierarchical
structures of covellite CuS with inconsistency in shape and size were
achieved by using ethylenediamine as solvent, however solvent
diethylene glycol instead led to mainly hollow nanospheres of CuS
coupled with rattle like architectures.? Additionally, influence of
surfactant PVP was also investigated in their work, which
demonstrated that hollow microspheres with a highly consistent size
and shape could be obtained in the presence of higher amount of
PVP, however less PVP instead resulted in irregular spherically
aggregated microstructure with spherical particles attached on their
surface. It was reported that increasing the amount of surfactant
cetyltrimethylammonium bromide (CTAB) facilitated the formation
of regular hexagonal nanoplates due to the sufficient capping to CuS
by CTAB in a reaction of CuCl, with Na,S,03.2

We noticed that overall the CuS nanoplates of the microspheres
obtained in the presence of EG alone are smaller in size than that of
nanoplates of the microflowers achieved with mixed solvent of EG
and ET. This evolution as well as the morphological evolution from
microspheres to microflowers could be explained by the variation of
the viscosity and stabilizing properties of the solvents present in the
reaction system. EG was reported to serve as not only solvent but
also stabilizing agent in the synthesis of metal (Pt, Ru) nanoparticles
(NPs).* FTIR spectrum analysis confirmed that the stabilization by
EG in CuS synthesis occurred through OH~*! In the present work,
Cu,S nuclei is formed first by the reaction of Cu and S precursors,
followed by the growth of plate-shaped NCs due to the intrinsic
anisotropic characteristics of the CuS hexagonal crystal structure.*
On the other side, during the formation of hexagonal CuS
nanoplates, the competition between particle growth and nucleation
is partially controlled by diffusion process,*® which is dependent on
the properties of solvents and surfactants. Higher solvent ratio of ET
results in faster diffusion rate due to its lower viscosity (relative to
EG), and thus leads to larger size of CuS nanoplates. Furthermore,
higher volume ratio of ET also leads to weaker stabilization capacity
and thus less self-assembly structures are expected, which allows the
conversion from microspheres to microflowers by increasing ET
amount.

The crystallinity of the samples was examined by XRD
characterization (Figure 2a), which revealed that the diffraction

a b,

I I‘ EG:ET=1:3
-~ —_ AEG:ETH:S
5 I I‘ EG:ET=1:2 =5
3 . /'\ EG:ET=1:2
& I ll A EG:ET=1:1 &
> A > AEG.ET=1.1
0 EG:ET=2:1 w
= c EG:ET=2:1
] SET=1: ]
E M EG:ET=1:0 E ” EG:ET=1:0

Cu$ (JCPDS 6-0464)
1l IJ [ L
3

10 15 20 25 30 35 40 45 50 55 60 65 70 415 45.4'? ‘ 4‘3‘4 I5D
two theta (°) two theta (°)

Figure 2. (a) XRD patterns of various CuS hierarchical structures

achieved with different solvent volume ratios of EG:ET. (b) XRD

patterns of CuS samples displaying (110) diffraction planes.
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patterns of all the as-synthesized structures are compatible with
hexagonal structure of covellite CuS (space group: P6s/mmc, JCPDS
Card 06-0464). No additional diffraction peaks from other phase or
impurities could be observed, suggesting the high purity of the
resulting covellite CuS structures. On the other side, HRTEM image
of single plate revealed a lattice spacing of around 1.9 A, which
could be indexed to (110) plane of the hexagonal covellite (CuS)
phase (Figure 3b). Furthermore, energy dispersive X-ray spectra
(EDS) reveals that the Cu to S atomic ratio of the as-synthesized
sample is around 1:1. All these results confirm the formation of
covellite CuS crystal structure.

According to the full width at half-maximum (fwhm) of the
diffraction peak, the average crystallite size of the CuS can be
estimated from the Scherrer equation (eg. 1) and reported in Table
S1 (see the supporting information).

D= KM (BriicosO) €]

Where Dy is the particle size perpendicular to the normal line of
(hkl) plane, K is a constant (0.9), Bnq is the full width at half-
maximum of the (hkl) diffraction peak, 0y is the Bragg angle of
(hkl) peak, and A is the wavelength of X-ray.

Similar with the previously reported synthesis of CuS structures in
the presence of EG, the formation of covellite CuS in our case might
involves the dehydration of solvent EG which leads to formation of
aldehyde and water (eqn (2)),"**"*® and subsequent reaction
between Cu*and  S* (eqn (3)).

HOCH,CH,OH & CH3CHO + H,0 (1)
CH3CHO + Hzo + CU(CI)Z + Na28203 — 2CuSl + CH3COOH +
2NaCl+2HCl  (2)

It is noteworthy that the present solvothermal procedure involves the
mixing precursors of Cu and S in solvents and heating up to the
desired temperature, which in principle is suitable for large-scale
synthesis.* This is different with other synthesis procedures such as
hot-injection which invokes a fast injection of precursors and thus is
unsuitable for up-scaling production.

3.2. Optical properties

Figure 4a provides the optical spectra of the representative CuS
hierarchical structures achieved with different EG:ET volume ratios
(1:0, 1:1, and 1:3). The broad feature in the 330-600 nm wavelength
range is attributed to excitonic absorption from covellite CuS
compound.® The optical band gaps (Eg) are determined from their

Figure 3. TEM and HRTEM images of the CuS structure obtained
with 1:1 EG:ET solvent ratio. (a) TEM image; (b HRTEM image of
a single hexagonal CuS nanoplate lying flat on the amorphous-
carbon-coated copper grid.
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optical spectra by extrapolation of the linear region of band gap plot
of (ahv)? versus energy (=hv) (see Figure S2 in the supporting
information), where o is a corresponding absorption, h is plank
constant, v is frequency, and hv is the photon energy. The band gap
values of the CuS structures obtained with EG:ET ratios of 1:0, 1:1
and 1:3, are respectively estimated to be 2.02, 2.02, and 2.04 eV.
These results are in the range of band gap of covellite CusS reported
previously,** and also indicate that the morphology of CusS in our
case have no much effect on the band gap. Besides the excitonic
absorbance in the visible region, the CuS samples exhibit additional
very broad absorbance in the NIR region (Figure 4a), which could be
attributed to localized surface plasmon resonance of copper sulfide.
Compared with the covellite nanoplates previously reported,®® these
microspheres and microflowers exhibit weaker and broader NIR
plasmonic absorbance with significant red shift, which might be due
to the agglomeration of the resulting plates and the big size of the
hierarchical structure.

The representative covellite Cu$S hierarchical structures were further
characterized by the PL spectroscopy in acetone at room
temperature, as depicted in Figure 4b. Although it was reported that
CuS does not show emission peaks in the 400-800 region,? both the
microspheres and the microflowers in our work exhibit an intense
emission peak at around 423 nm and weak peaks in the range of 475-
550 nm by using a 370 nm excitation wavelength. The emission
around 423 nm in CuS and Cu, ¢S has also been reported by Kumar
et al. ' The appearance of the weak peaks in 475-550 nm region are
consistent with that reported by Yang et al. and Zhu et al., which
might be due to the surface defects and an interface coupling effect
between the grain boundaries.>**® The minor shift in peak position in
different samples might be due to the difference of the morphologies
(shape and size) (Figure 4b), which was also discussed in the
hierarchical architectures of covellite CuS.*® This makes sense since
the nature of the emission spectra of CuS depends on not only the
inherent structure but also the morphology. %47 %

3.3. Photocatalytic activities

The narrow band gaps of the resulting CuS hierarchical structures
allow us the application of these materials for photocatalysis under
visible or natural irradiation. Consequently, we tested the
photocatalytic activities of the as-synthesized CuS samples in MB
degradation under natural light irradiation in the presence of H,O,.
Figure 5A illustrates the curves of the MB photodegradation versus
the irradiation time. The characteristic absorption peak of MB at 662
nm was used to monitor the photocatalytic process and to calculate
the degradation efficiency. It was noted that H,0, is critical for the
photocatalysis on CuS,** > although the degradation of MB could be
negligible in the presence of only H,O, (Figure 5al). On the other
side, we observed little change of the MB concentration under
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Figure 4. (@) UV-vis-NIR spectra, and (b) room temperature
photoluminescence of the CusS hierarchical structures achieved in the
presence of 1:0, 1:1 and 1:3 EG:ET solvent volume ratios,
respectively.
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darkness after reaching the adsorption/desorption equilibrium
between MB molecules and the CusS surface. All these observations
confirmed that the decrease of MB concentration under natural light
irradiation in the presence of CuS is indeed due to the
photodegradation process. As depicted in Figure 5a and Figure S3,
the degradation performance of various photocatalysts follows the
order: EG:ET = 1:1 (99.2%) > 1:2 (98.6%) > 1:0 (95.6%) > 2:1
(94.7%) > 1:3 (92.7%) > commercial TiO, (86.3%) > commercial
CuS (49.9%). That is, the CuS microflowers obtained with 1:1
EG:ET ratio display the best photocatalytic activity as compared
with all the other photocatalysts discussed herein.

The photocatalytic stability of the CuS photocatalyst (EG:ET=1:1)
was further investigated by repeating the MB degradation for five
cycles, under the same degradation conditions in each cycle. In each
recycle, the CuS photocatalyst was separated by centrifugation and
washed with ethanol before re-using for photodegradation. Figure 5b
presents the plot of degradation percentage as a function of cycle
number, which indicates that the photocatalytic efficiency of CuS
decreased only 3.1 % after five cycles. It is noteworthy that no
change of crystal structure could be observed on the CuS even after
5 cycles of photocatalysis, which is confirmed by XRD
characterization (Figure S4). These results suggest that the CuS
exhibits good stability and robustness as photocatalyst.

It has been generally accepted that the photocatalytic efficiency is
predominantly correlated with the separation/recombination of
photo-excited electron/hole pairs, the morphologies, specific surface
area, crystallinity, particle size, the adsorption/desorption of organic
molecules on the catalyst surface, etc. “®*® In order to figure out the
surface area and the porosity, the representative samples are
investigated by N, adsorption/desorption isotherms. It reveals a
characteristic type IV isotherm in Figure S5a. The calculation results
of surface area and pore size based on BET and BJH methods,
respectively, are provided in Table S1, which indicate a wide pore
size distribution. Compared with other photocatalysts, the priority of
photocatalytic activity the CuS microflowers obtained with 1:1
EG:ET ratio could be attributed to the following parameters: a) The
presence of surface defects on the CuS nanoplates, which are
indicated by PL analysis, can act as electron acceptors and thus
facilitate the efficient separation of photo-excited electron/hole
pairs.>* b) The CuS obtained with EG:ET 1:1 has smaller surface
area compared with other CuS samples (Table S1), however it shows
larger average pore size. The presence of large pores favors
enhanced diffusion of the dye molecules and thus facilitates the
photodegradation.® c) The CuS nanoplates of this unique flower-like
hierarchical structure can serve as “mirrors” and the photoabsorption
can be enhanced by the reflection among the nanoplates.”” d)
Compared with TiO,, the CuS photocatalyst can effectively utilize
visible energy from the natural light.
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Figure 5. (a) Photodegradation efficiencies of MB as a function of
natural light irradation time by various photocatalysts. (1) in the
presence of only H,O,, (lI) EG:ET=1:0, (lll) EGET=2:1, (IV)
EG:ET=1:1, (V) EGET=1:2, (VI) EG:ET=1:3, (VII) commercial
CuS and (VIII) commercial TiO,. (b) Photocatalysis stability test of
the as-synthesized CuS for MB degradation.
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Figure 6. Mechanism of the MB photodegradation on CuS
photocatalyst.

Although CuS with 1:1 EG:ET exhibits the highest photocatalytic
efficiency among the various samples discussed herein, we noted
that other CuS hierarchical structures also exhibit close
photocatalytic activity for the MB photodegradation (Figure S4).
This good photocatalytic activity of CuS hierarchical structures has
been investigated by evaluating the decomposition rate of cationic
dye MB solution in the presence of H,O, under natural light.!* The
photodegradation of other dye molecules (cationic dyes like
rhodamine B (RhB), malachite green (MG), neutral dye like methyl
red (MR), and anionic dyes like methyl orange (MO) and eosin)
were also researched on hierarchical hexagonal stacked plates of
CuS under indoor illumination.’® In this work, the degradation
kinetics is observed to be quite faster for the cationic dye molecules
than neutral and anionic ones. This is because CuS photocatalyst
inherits negative surface charge due to the surface bound OH" ions,
which facilitates the attraction of cationic dye molecules to the
catalyst surface and subsequently facilitates the electron transfer ** to
enhance the photodegradation efficiency.

Overall the mechanism of converting solar energy to chemical
energy in photocatalysis of Cu,.S is similar with that of extensively
researched TiO, photocatalyst, except that electrons (e”) and holes
(h*") could be excited even under visible irradiation, to the
conduction band and the valence band edge, respectively (Figure 6)
(eqn (3)).** “2 % These photo-excited e  and h* then can transfer to
the surface of the photocatalyst (CuS particles), where they react
with oxidants and reductants, respectively, or recombine in the
absence of e and h* traps. For example, the excited e reacts with
dissolved O, to form 'O, (egn (5)), while h* reacts with surface
hydroxyl groups to form hydroxyl radicals ("OH) (eqn (6)).* % The
recombination of e - h* could be greatly minimized in the presence
of H,0,, which traps the e and h* to form "OH and "O, species
(eqn (7)-(9)).** % 1t was reported that the accumulated e~ in the CB
can be also transferred to oxygen to form H,0,,*? which could be
further reduced to "OH. Organic contamination molecules such as
MB, could be decomposed to intermediates or mineralized products
through an oxidation reaction by the so-formed "‘OH or ‘O, species
(Figgzreﬁsﬁ) (eqn. (10)),% or directly by the holes accumulated in the
VB.*

CuS +hv— h*(CuS) + e (CuS) @)
H,0 — H* + OH" )
e (CuS) + O,— 0O, (5)
h* (CuS) + OH —"OH 6)
e (CuS) + H,0,— OH + OH" @)
h+ (CUS) + H202 —'OOH + H+ (8)

This journal is © The Royal Society of Chemistry 2012
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"OOH — "0, +H" (9)
MB +'OH + 0, — degradation products (10)

3.4. Hierarchical structure of CuS obtained with DMF solvent

For comparison, we also prepared covellite CuS structures by using
DMF instead of EG/ET as solvent, and the structural, optical and
morphological characterization and photocatalysis are depicted in
Figure 7. Irregular sphere-like hierarchical structure consisting
nanoplates was generated, which is similar with the hierarchical
architectures of CuS obtained by reacting Cu(NO3),-3H,O with
thiourea in a DMF solvent.*> The decomposition of MB on this
sample is 63.0 % under the same conditions of photocatalysis
discussed above, indicates that it’s photocatalytic activity is lower
than other CuS hierarchical structures obtained in EG/ET solvents
but higher than commercial CuS photocatalyst.
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Figure 7. The results of CuS achieved by using DMF as solvent: (a)
SEM image, (b) XRD pattern, (c) optical spectra (inset is PL), and
(d) photodegradation efficiencies of MB.

4. Conclusions

In summary, we have demonstrated a simple and effective
solvothermal procedure for synthesis of hierarchical structures of
covellite CuS nanoplates. It is revealed that the morphology and size
could be tuned by choosing different solvents of EG, ET and DMF,
and by tailoring the EG:ET volume ratio. The solvent DMF alone
leads to the formation of irregular sphere-like hierarchical structure.
Microspheres consisting CuS nanoplates are also achieved in the
presence of solvent EG alone, or in a mixed solvent with EG:ET
over 1:1. However microflowers composed of CusS plates are formed
in the presence of more ET (1:1 to 1:3 of EG:ET). The band gap
energies of the resulting hierarchical structures are estimated to be
around 2.02-2.04 eV. Furthermore, the photocatalytic efficiency of
the as-synthesized CuS hierarchical structures for MB degradation
under natural irradiation is higher than that of commercial TiO, and
almost two times of commercial CuS powders. The hierarchical CuS
microflowers achieved with 1:1 EG:ET exhibits the priority of
activity over other photocatalysts and demonstrates excellent
photocatalytic stability and recycling capability, without significant
loss of efficiency and change of crystal phase upon 5 cycles of
photocatalysis. In principle, the solvothermal approach present here
could be suitable for up-scaling synthesis of CuS, and might be
exploited to the synthesis of other semiconducting micro- and

J. Name., 2012, 00, 1-3 | 5



New Journal of Chemistry

nanostructures for potential applications in the fields of optics,
sensors, environmental pollution, and so forth.
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