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subsequent scavenging of these electrons and trapping of
holes by H2O2 molecules, as shown below:

CuS + hv → hvb
+ + ecb

− (1)

H2O2 + hvb
+ → ˙OOH + H+ (2)

H2O2 + ecb
− → ˙OH + OH− (3)

˙OOH → ˙O2
− + H+ (4)

When the as-prepared NSHMS of CuS were irradiated with
natural light in the presence of H2O2, the holes present in
the conduction band (CB) would be excited to the valence
band (VB), with simultaneous formation of electrons in the
CB.53 These electrons and holes can be captured by H2O2

molecules, so the formations of oxidants (eqn (1)–(4)) have
taken place. It has been demonstrated that because of their
high oxidative capacities, the photo-generated oxidant species
are in favor of oxidizing organic contaminants.50

The obtained CuS NSHMS possesses the highest photo-
catalytic activity among all as-prepared CuS products due
to at least the following several factors. Firstly, the
NSHMS have the largest surface area (36 m2 g−1) due to
coexistence of hollow interior, hierarchical shell walls with
nanosheet building blocks and unique double pore sizes.
The as obtained unusual and special complex hollow
architectures absorb more MB-molecules, which allowed
for more efficient transport of the injected electrons to

them from the excited MB dye, leading to enhancement of
the photocatalytic performance.54,55 Secondly, the special
hierarchical architectured shell walls due to cavities within
the entire shell walls not only reduce reflection and thus
harvest the light well, but also promote transfer of light-
generated charge carriers to the reactive surface and allow
rapid diffusion of the reactants and products during the
reaction.56 The crystallinity of CuS NSHMS is better than
that of the other as-prepared products, as shown in Fig. 1,
since poorly crystallized CuS products lead to fewer
defects acting as electron–hole recombination centers in
the CuS products. Moreover, the crystallite size (34 nm) of
the CuS NSHMS (Fig. 12d) is smaller than the other as-
synthesized products; contributing highly to the photocata-
lytic degradation of organic dye. These results are consis-
tent with the finding by Tian et al.57 In addition, good
dispersing and uniformity can also provide a large active
surface area.58,59

Based on the above discussion, it is easily believable that
the photocatalytic superiority of as-prepared CuS NSHMS
with nanosheet building blocks is attributed to their high
specific surface area, unique existence of double pore sizes,
wholly exposed nanosheet building blocks, coexistence of
hollow interior and hierarchical shell walls, good crystallinity,
small crystallite size, excellent dispersing and uniformity.
Moreover; it is to be noted that the photodegradation experi-
ment of MB dye was carried out under illumination by natu-
ral light. This suggests that the potential application might
be quite feasible in practice.

Fig. 12 (a). Ln(C0/C) of the as prepared CuS products. (b) First order rate constant k (min−1) of the as prepared CuS products. (c) Stability test of
as-prepared CuS NSHMS. (d) Triplet graph among crystallite size, BET surface area and first order rate constant (K ) of as-synthesized products.
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Conclusions

In summary, a facile and well-controlled synthesis of CuS
hollow microspheres fully exposed with uniquely well defined
nanosheets building blocks was successfully achieved via a
template free solvothermal method. The photocatalytic supe-
riority of the as-prepared CuS NSHMS was attributed to their
high specific surface area, active components and entirely
nanosheets building blocks and entirely isolated existence of
CuS NSHMS, along with so many influencing factors for
enhancing the photocatalytic degradation of MB dye under
natural light. The present study not only opens a new horizon
for the synthesis of entirely isolated, hollow microspheres
based on unique building blocks with fully exposed surfaces
for many other chalcogenides, but is also of fundamental
importance for the investigation of their potential application
in other fields, including sensors, optics, and so forth.
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