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Zinc hydroxide/oxide and zinc hydroxy stannate
photocatalysts as potential scaffolds for
environmental remediation†

Osmando F. Lopes,ab Vagner R. de Mendonça,b Ahmad Umar,cd

Mohinder S. Chuahan,e Ramesh Kumar,e Suvarcha Chauhane and Caue Ribeiro*b

This work describes the facile aqueous solution based syntheses and detailed characterization of zinc based

hydroxide/oxide and zinc hydroxy stannate materials and their efficient utilization as catalyst for the

photodegradation of harmful organic dye, i.e. Rhodamine B. The detailed studies revealed that the reaction time

and temperature are important parameters by which the crystal phases and morphology of prepared materials

can be controlled. Therefore, it was observed that with increasing the reaction time and temperature, a mixed

phase of Zn(OH)2 and ZnO and pure ZnO can be prepared. The detailed characterizations showed that zinc

hydroxy stannate cubes grow in high density and possess cube shaped morphologies. The detailed

photocatalytic experiments revealed that as-synthesized ZnSn(OH)6 cubes possess higher photoactivity

compared to the zinc based hydroxide/oxide materials. The stability results indicated no significant deactivation

even after four successive re-uses in RhB photodegradation. Furthermore, the rate of �OH radical formation

during UV irradiation was also tracked to investigate the mechanism of RhB photodegradation. The same

trend was also observed on comparing the photoactivity and rate of �OH radical formation. Thus, it can be

proposed that the mechanism of RhB degradation catalyzed by the as-synthesized materials followed an

indirect oxidation of the dye by �OH radicals formed over the photocatalyst during UV irradiation, instead

of direct electron transfer between dye and photocatalyst because there was no remarkable adsorption of

the dye onto the photocatalyst surface.

1. Introduction

The growth of the global population, coupled with economic
development, has caused serious environmental problems such
as contamination of drinking water by persistent organic
pollutants.1,2 Various methods for the treatment of aqueous
organic waste have been studied, including the application of
semiconductor as photocatalyst, which stands out because of
its simplicity and high efficiency.3–5

Several semiconductor materials have been reported to be
applicable in the photodegradation of pollutants.6–8 Including

oxides and sulfides, hydroxide materials possess band structure
suitable to be applied as photocatalysts, but these materials
have been neglected, in part due to their low stability.9 Zinc
oxide (ZnO, an n-type semiconductor with a direct band gap of
3.37 eV) is considered due to its slow recombination rate of
charge carriers compared to other semiconductor oxides and
suitable redox potential values of valence and conduction
bands, which lead to reactions of interest in photocatalysis.9–13

In addition to zinc based hydroxides/oxides materials, zinc
hydroxy stannate (ZnSn(OH)6; ZHS), a non-toxic compound used
as fire-retardant and smoke suppressant for various polymeric
substrates, is also considered for photocatalysis.14,15 ZHS is a
semiconductor material with perovskite-structured hydroxide
class and possesses band gap energies in the range of 3.2 to
4.3 eV.16,17 Fu et al. have demonstrated the photocatalytic degrada-
tion of benzene using ZnSn(OH)6 materials.18 In another report, Fu
et al. presented the photocatalytic reformation of ethanol to H2 and
CH4 over ZHS cubes.19 Thus, due to its remarkable properties and
applications, ZHS was synthesized by various techniques such as
solvothermal method,18 sonochemical method,20 co-precipitation
method,21 and hydrothermal method.22 The presented methods
to prepare ZHS materials require specific reaction conditions,
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chemicals and instruments. Thus, it is necessary to develop a
simple, facile and effective low-temperature method to synthe-
size good quality ZHS materials.

In this sense, this paper reports simple and facile aqueous
solution based low-temperature syntheses of zinc based hydroxide/
oxide and zinc hydroxy stannate materials in large quantity. The
as-synthesized materials were characterized in terms of their
morphological, structural and compositional properties. Further-
more, the prepared materials were used as photocatalysts for the
photodegradation of Rhodamine B under UV irradiation. Finally,
to investigate the mechanisms underlying the photodegradation
of dye, the rate of hydroxyl radical formation under UV irradiation
was also studied and presented in this paper.

2. Experimental details
2.1. Materials

All the chemicals were used as received without further purifications.
Zinc nitrate hexahydrate (Zn(NO3)2�6H2O), tin chloride dihydrate
(SnCl2�2H2O), ammonium hydroxide (NaOH) and Rhodamine B
(RhB) were purchased from Sigma-Aldrich, and ethylenediamine
(en) was supplied by E. Merck. For all the experiments, de-ionized
(DI) water was used.

2.2. Synthesis of zinc based hydroxide/oxide photocatalysts

Zinc based hydroxide/oxide materials were synthesized by a simple
and facile aqueous solution approach at a low temperature. Three
samples were prepared; i.e. almost pure Zn(OH)2, hereafter called
as Zn-1; mixed Zn(OH)2 and ZnO referred to as Zn-2 and pure ZnO
denoted as Zn-3. For the synthesis of Zn-1, in a typical reaction
process, 0.1 mol L�1 Zn(NO3)2�6H2O was prepared in 100 mL DI
water, which was mixed well with 0.1 mol L�1 ethylenediamine
with continuous stirring. The stirring was continued for 10 min.
The pH of the resulting solution was maintained at 11 by adding a
few drops of NH4OH solution. The final solution was then heated
and refluxed at 55 1C for 1 h. The same reaction procedure was
repeated to prepare Zn-2 and Zn-3 samples; however, the tempera-
ture and reaction time were varied. To prepare Zn-2, the reaction
mixture was refluxed and heated at 70 1C for 5 h, while Zn-3 sample
was synthesized at 85 1C for 10 h. After completing the reaction, the
mixture was allowed to cool at room temperature. The obtained
white colored precipitates were collected after repeatedly washing
with DI water and finally with ethanol, and they were left to dry at
room temperature in air.

2.3. Synthesis of zinc hydroxy stannate cubes

Large-quantity synthesis of zinc hydroxy stannate (ZnSn(OH)6;
ZHS) cubes was successfully done by a simple and facile aqueous
solution method. In a typical reaction process, 0.3 mol L�1

Zn(NO3)2�6H2O, 0.3 M ethylenediamine and 0.03 mol L�1

SnCl2�2H2O, all prepared in 100 mL DI water each, were mixed
well under continuous stirring. To maintain the pH at 11, a few
drops of NH4OH were added in the resultant solution. The
obtained solution was then further stirred for 30 min. After
stirring, the final obtained solution was heated and refluxed at

95 1C for 12 h. After the completion of the reaction, the mixture
was allowed to cool at room-temperature. The obtained grayish-
white colored precipitates were collected after repeatedly washing
with DI water and ethanol, and the materials were left to dry in a
hot air oven.

2.4. Characterizations of as-synthesized samples

The crystallinity and phase identifications of the prepared
samples were examined by X-ray powder diffraction (XRD;
Shimadzu XRD-6000) at 30 kV and 30 mA with Cu-Ka radiation
in the range of 2y = 10–751. A field emission gun-scanning
electron microscope (FEG-SEM JEOL JSM 6701F) operating at
2.0 kV was used to observe the morphologies of as-synthesized
materials. High resolution transmission electron microscopy
(HRTEM; TECNAI F50) operating at 200 kV was used to verify
the morphology and crystallographic orientations. The scattering
properties were examined by Raman-scattering spectroscopy (Horiba
Jobin-Yvon Raman spectrometer coupled to an Olympus TM BX41
microscope) using a 514.5 nm argon laser. The chemical composi-
tions were evaluated by Fourier transform infrared absorption
spectroscopy (FTIR-PerkinElmer Spectrum 1000). The analysis of
N2 adsorption at 77 K was conducted in a Micrometrics ASAP 2000,
and the specific surface area was obtained by applying the BET
modeling. To obtain the band gap of the as-synthesized samples,
UV-vis diffuse reflectance spectra were recorded on a Varian model
Cary 5G spectrometer from 200 to 800 nm using the Tauc method
for the calculation. The measurements were performed in the total
reflection mode with an integration cell containing MgO powder.

2.5. Photocatalytic performance evaluation

The photocatalytic activity in terms of the oxidation of RhB dye
was tested under UV illumination. All the experiments were
performed in a photoreactor at a controlled temperature (18 1C)
using a UVC radiation source (Lamps Phillips TUV, 15 W;
maximum intensity = 254 nm). The powder of the as-synthesized
materials (150 mg L�1) was dispersed in aqueous RhB solution
(5.0 mg L�1). The solutions were kept in the dark for 12 h before
the photocatalytic tests to evaluate possible adsorption. However,
none of the samples showed significant adsorption. To evaluate
the photocatalytic performances, UV light was irradiated over the
resultant solution for various time intervals and the absorbance
was measured using a UV-vis spectrophotometer. At regular time
intervals, the samples were collected and analyzed in a UV-vis
spectrophotometer (Shimadzu-1601PC) in the absorbance mode,
monitoring RhB degradation kinetics at 554 nm.

The reuse of the ZHS cubes was also investigated. After each
reaction cycle, the photocatalyst was separated from the RhB
solution by centrifugation. Then, a new solution was placed in
contact with the used photocatalyst, and the following reaction
was performed four times. For this test, 500 mg L�1 of ZHS in
RhB solution (5.0 mg L�1) was used for 4 h.

To investigate the mechanism underlying the RhB photode-
gradation, analyses of the rate of hydroxyl radical formation were
also performed.23 The experiments were performed indirectly
through the detection of 2-hydroxyterephthalic acid formed
by the reaction of hydroxyl radicals with terephthalic acid
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(TPA-Aldrich, 98% pure). For this experiment, particles were
dispersed in a solution of terephthalic acid at a concentration
of 4 � 10�4 mol L�1, prepared in NaOH (2 � 10�3 mol L�1). The
suspension was irradiated using the same conditions of photo-
degradation tests and �OH radical formation was evaluated by
measuring the change of fluorescence intensity emitted from
2-hydroxyterephthalic acid at 425 nm when excited at 315 nm in
a Perkin Elmer LS 50B fluorescence spectrometer.

3. Results and discussion
3.1. Detailed characterizations of zinc based hydroxide/oxide
photocatalyst

The crystallinity and crystal phases of the as-prepared zinc
based hydroxide/oxide materials were characterized by X-ray
diffraction pattern, and results are shown in Fig. 1(a). In the
XRD patterns for Zn-1 and Zn-2 samples, several well-defined
diffraction reflections, which are related to the mixed phases of
zinc hydroxide, Zn(OH)2 and ZnO, are seen. The observed diffrac-
tion reflections are consistent with the PDF # 01-089-0138 and
01-080-0075 for Zn(OH)2 and ZnO, respectively. Interestingly, it
was observed that, with increasing reaction temperature and
time, the intensities of Zn(OH)2 reflections were decreased and
ZnO reflections were increased. This phenomenon confirms that
the longer reaction time and higher reaction temperature are
important for the conversion of Zn(OH)2 to ZnO. With further
increasing the reaction time to 10 h and the temperature to
85 1C, pure ZnO powder was obtained, as confirmed by the

observed XRD pattern for Zn-3, which exhibits several well-defined
diffraction reflections that are related with pure wurtzite hexagonal
phase ZnO. The results clearly confirmed that pure ZnO materials
can be synthesized by optimizing the reaction conditions to
appropriate reaction time and temperature.

Furthermore, because the Raman-scattering technique is
believed to be more sensitive than XRD analysis for analyzing
the phase mixtures of prepared materials, the materials were also
analyzed by Raman-scattering spectroscopy at room-temperature,
and the results are shown in Fig. 1(b). In the spectrum of Zn-1
sample, several well-defined peaks are observed at 120, 141, 151,
259 and 361 cm�1, which can be assigned to translational modes
(Zn–O). All these peaks are related to zinc hydroxide and marked
as ‘#’. The observed zinc hydroxide peaks are similar to those
reported in the literature.24 Furthermore, two small peaks at
206 and 378 cm�1 are also seen in the spectrum, which can be
assigned as vibrational modes M1 and A1 (TO). These small
peaks are related with the wurtzite hexagonal phase of ZnO and
marked as ‘*’ in the spectrum. The observed Raman-scattering
result suggests that the as-synthesized Zn-1 sample is the mixture
of Zn(OH)2 and ZnO. The observed result is fully consistent
with XRD results.

In addition to the peaks that appear for Zn-1, Zn-2 sample
exhibited additional peaks at 331, 437 and 580 cm�1, which are
related with the wurtzite hexagonal ZnO and can be assigned as M2,
Ehigh

2 and A1 (LO), respectively. It is clear from the observed spectrum
that the peak intensities of Zn(OH)2 phases are decreased, while the
intensities for ZnO related phases are increased. This clearly reflects
that with increasing reaction temperature and time, Zn(OH)2

changes to ZnO, and Zn-2 sample possess higher amounts of
ZnO compared to Zn-1 sample.

The Raman-scattering spectrum of Zn-3 sample reveals
several well-defined peaks at 204, 331, 379, 437, 540, 580, and
661 cm�1. The peaks appearing at 379, 437 and 580 cm�1 are
assigned to the vibration modes of A1 (TO), Ehigh

2 and A1 (LO)
optical phonons, respectively. Moreover, additional modes
(M1 to M4) at 204, 331, 540 and 661 cm�1 are assigned to overtones
and combinations.25,26 All the observed peaks in the Raman-
scattering spectrum of Zn-3 sample are efficiently matching the
typical pure wurtzite hexagonal phase ZnO. All the observed
Raman-scattering results are consistent with the XRD observa-
tions of zinc based hydroxide/oxide.

The general morphologies of as-synthesized zinc based
hydroxide/oxide were examined by FEG-SEM analysis, and
the results are shown in Fig. 2(a) and (b). The as-synthesized
zinc based hydroxide/oxide exhibit the typical FEG-SEM images
of as-synthesized sample Zn-1 and revealed that the synthesized
Zn(OH)2 materials possess flake-shaped morphologies, which are
considerably agglomerated with flakes stacked upon each other.

Fig. 2(c) and (d) exhibit the typical FEG-SEM images of Zn-2
sample and confirmed that the grown structures are broken
small rods. Interestingly, the broken rods exhibited perfectly
hexagonal surfaces and facets throughout their lengths, typical
of hexagonal ZnO. Sample Zn-3 exhibits large-quantity growth
of perfectly hexagonal-shaped pure ZnO rods (Fig. 2(e) and (f)).
The rods possess sharp tips and wider bases. In addition to

Fig. 1 (a) Typical XRD patterns of the as-synthesized zinc based hydroxide/
oxide samples. In the pattern, (&) is identified as Zn(OH)2 and (K) is identified
as ZnO. (b) Raman spectra of Zn-1, Zn-2 and Zn-3 samples. In the spectra,
(#) is identified as Zn(OH)2 and (*) is identified as ZnO.
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well-defined rods, some broken rods were also seen in the
micrograph. The perfect hexagonal morphologies of rods confirmed
that the prepared material possesses wurtzite hexagonal phase.

3.2. Detailed characterizations of zinc hydroxy stannate (ZHS)
cubes

Fig. 3(a) exhibits the typical XRD pattern of the as-synthesized
ZHS cubes. The measured XRD pattern exhibits various well-
defined diffraction reflections that are related to the cubic
phase of ZnSn(OH)6 with a cell edge of 7.80 Å and space group
Pn3m (PDF # 20-1455).

The general morphologies of as-synthesized ZHS materials were
examined by SEM, and results are demonstrated in Fig. 3(b). As can
be seen from the observed SEM images, the synthesized material
possesses cubic morphologies. The synthesized cubes are grown in
large quantity with edge lengths around 500 nm. Furthermore, the
scattering properties of as-synthesized ZHS cubes were examined by
Raman-scattering spectroscopy, and the results are shown in
Fig. 3(c). Only a sharp and strong Raman-scattering peak at
660 cm�1 appeared in the observed spectrum, which is related to
the cubic phase, ZnSn(OH)6 (identified by Rocklin Residents Unite
For Fido, RRUFF, ID number R070216).27 Fig. 3(d) depicts the
typical FTIR spectrum of the as-synthesized ZHS cubes. Clearly,
the FTIR spectrum exhibited a shift at 3200 cm�1, which is
assigned to Sn–OH bonds. This is noteworthy because in the
other samples (see Fig. S1 at ESI†), the bonds are diffused,

which may refer to a disordered linkage of water and OH
groups over the surface. The FTIR spectrum also shows a sharp
peak at 1174 cm�1, which may arise due to Sn–OH bending,
while the peak appearing at 775 cm�1 may be attributed
to water hydrogen bonding. The origination of a sharp peak
at 540 cm�1 is due to the Sn–O stretching mode.28

The detailed morphological properties of as-synthesized ZHS
cubes were examined by transmission electron microscopy (TEM)
equipped with high-resolution TEM (HRTEM). Fig. 4(a)–(c) exhibit
the typical low-magnification TEM images of as-synthesized ZHS
cubes. It is clear from the observed TEM images that the prepared
material possesses a cube shape and grows in high density. The
typical sizes of the cubes were around 500 nm; however, some size
deviations were also seen in the micrographs. The cubes exhibited
sharp edges, as confirmed from Fig. 4(c).

Interestingly, similar to the SEM analysis, it was seen that
some flask-shaped morphologies, made of small particles, are
also attached on the outer surface of the cubes. Fu et al. have
explained that the formation of such flakes and particles on the
outer surfaces of ZHS cubes are most probably due to the adsorp-
tion of small particles, as observed for In(OH)3 cubes.18,29 Fig. 4(d)
exhibits the HRTEM image of the flake-shaped particles. The
interplanar distance of 1.15 nm cannot be assigned to any ZHS
phase planes, as previously proposed.18,29 Probably, this distance is
related to a meso-organization of lamellar structure, given as a
precursor of cubic morphology. Fig. 4(e) shows the HRTEM image
of small particles (flake-shaped), which are also attached on the
outer surface of the cubes; this confirms the growth mechanism
of cubes by the adsorption of small particles.

3.3. Photocatalytic degradation of Rhodamine B using zinc
based hydroxide/oxide structures and ZHS cubes

The as-synthesized zinc based hydroxide/oxide and zinc hydroxy
stannate structures were used as catalysts for the photodegrada-
tion of RhB under UV irradiation, and the results are shown

Fig. 2 Typical FEG-SEM images of as-synthesized zinc based hydroxide/
oxide samples; (a and b) Zn-1; (c and d) Zn-2; and (e and f) Zn-3.

Fig. 3 Typical (a) XRD pattern, (b) SEM images; (c) Raman-scattering
spectrum and (d) FTIR spectrum of as-synthesized zinc hydroxy stannate
cubes.
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in Fig. 5(a). RhB photolysis was evaluated without any catalyst
and nearly 10% of RhB was degraded after 3 h of irradiation. It
is important to mention that there was no adsorption of the dye
onto the photocatalyst surface, indicating that direct dye oxida-
tion is not taking place in the experiments. Fig. 5(b) exhibits the
first-order kinetics plot for RhB photodegradation, where
the slope of the line is the pseudo-order rate constant (k0).
The values of k0 are presented in Table 1.

The photoactivities towards RhB degradation for the pre-
pared zinc based hydroxide/oxide and zinc hydroxy stannate
structures could be related to the synthesis conditions. The
samples containing higher amounts of Zn(OH)2, such as Zn-1,
showed lower photoactivity, followed by samples such as Zn-2,
which contain higher amount of ZnO compared to the previous
one, and Zn-3, which is pure ZnO. This trend is related to the
amount of ZnO phase, which is known to be a better photo-
catalyst than Zn(OH)2. However, the prepared ZHS cubes
exhibited highest photoactivity, and thus despite its larger
band-gap, it presents itself as a potential candidate to be
applied as an effective photocatalyst for the photodegradation
of various harmful dyes and pigments.

The photoactivity order observed can be explained as the
sum of two effects: specific surface area and electronic proper-
ties (band gap). Band gap values were obtained applying the
Tauc model to the data obtained from UV-vis diffuse reflectance
spectroscopy (see Fig. S2 at ESI†), and the values are shown in
Table 1. The band gap values found are in agreement with those
reported in the literature for each phase.2,16 It can be observed
that the Zn-1 and Zn-2 samples presented band gap values of
2.94 and 3.08, respectively, this confirms that the minor activity
of the sample containing Zn(OH)2 phase compared to that of the
ZnO phase is due to inadequate electronic properties (unsuitable
redox potential of valence and/or conduction band). The Zn-3
and ZHS samples showed band gap values of 3.18 and 3.22,
respectively, which are in accordance with other work, and they
possess suitable electronic properties to cause redox reactions
for the degradation of organic pollutants.9–13,30

Another important parameter for photocatalytic results
observed was total available surface area for as-synthesized
samples.23,31 It is noticed that phase formation influenced this
parameter because from samples Zn-1 to Zn-3, a remarkable
reduction of SA was observed (Table 1). However, it is also
important that the photoactivity was improved even in the SA
reduction, which means that the ZnO phase was more active
than the hydroxide forms (mainly due to the suitable electronic
properties of ZnO phase). Moreover, the zinc hydroxy stannate
formation improved the surface area, returning to values com-
parable to the Zn-1 sample. This means that the improvement in
the photocatalytic activity of this sample may be explained by a
sum of two parameters, i.e. suitable electronic properties and
higher specific surface area.

The photodegradation of organic compounds in a hetero-
geneous process can occur by two main mechanisms. First,
direct oxidation occurs when a pollutant initially adsorbs over
the semiconductor surface; subsequently, the hole formed will

Fig. 4 Typical (a and b) low-magnification and (c, d and e) high-resolution
TEM images of as-synthesized zinc hydroxy stannate cubes.

Fig. 5 (a) Photodegradation kinetics of RhB under UV light (254 nm);
(b) First-order kinetics plot for RhB photo-degradation; (c) the spectra
profile of 2-hydroxyterephthalic acid and (d) Plot of spectrum intensity at
425 nm for each sample in different times of UV exposure.

Table 1 Specific surface area (SSA) and band gap of as-synthesized zinc
hydroxide/oxide and zinc hydroxy stannate structures. Pseudo first-order
rate constants for the RhB photo-degradation tests (k0) and kOH�

Sample Eg (eV) SSA (m2 g�1) k0 (h�1) kOH (min�1)

Zn-1 2.94 33.8 0.08 1.28
Zn-2 3.08 15.1 0.127 1.38
Zn-3 3.18 4.6 0.133 1.53
ZHS 3.22 38.3 0.167 2.71
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migrate to the surface of the material and oxidize the adsorbed
pollutant. In indirect oxidation, the electron–hole pair acts to
form free radicals from surface groups, such as M–OH, O2, and
adsorbed water. The formed radical species are generally �OH,
HO2

� and O2
��, which are able to oxidize organic compounds

in solution.23,31

Therefore, to investigate the photodegradation mechanism,
the rate of �OH radical formation over a photocatalyst surface
during UV radiation was tracked for all the samples studied,
and the results are depicted in Fig. 5(c) and (d). Considering a
zero order kinetic ([�OH]t = kOH�t) for the reaction of hydroxyl
radical formation over a semiconductor surface, the plot of the
intensity at 425 nm against the irradiation time should be
linear and the slope of the curve should be directly proportional to
the rate of hydroxyl radical formation (Table 1).23 Interestingly, the
analysis followed the same trend as compared to the photoactivity
of the samples, showing the relation between the photodegrada-
tion of the dye and hydroxyl radical formation. Finally, it can be
observed that both kinetic constants (k0 and kOH) follow the same
trend. Therefore, we can conclude that attack by �OH radical and
dye oxidation, i.e. an indirect photodegradation mechanism, is
the main photodegradation process.23 This result is in agreement
with the studies reported by Kumari et al., who evaluated the
photodegradation mechanism of RhB dye by zinc stannate
(Zn2SnO4 and ZnSnO3) under UV light.32

From these results, it is possible to infer that the zinc hydroxy
stannate structure influences the reactivity of zinc sites with
adsorbed OH groups because the FTIR results demonstrate the
linkage of OH to Sn sites, and thus it is possible that both Zn and
Sn sites were active in the photocatalytic process. This is a remark-
able observation because Sn sites are generally inactive. It is known
that SnO2 sites do not exhibit significant photocatalytic activity
most likely due to the relative position of (reduction potential) its
conduction band, which is insufficient for reducing molecular
oxygen (O2 + e� - ��O2 E = �0.33 eV).31 In addition, it is well
known that Sn and Sn oxides when coupled with the other oxides
can improve photoactivity by acting as dopant or forming
heterostructures.33 However, it is possible that in perovskite-
structured ZHS, Sn sites can be active, i.e., the Sn sites can have

sufficient redox potential to promote O2 reduction, and thus
improve ZHS photoactivity.

The cyclic stability results are shown in Fig. 6. These results
indicated that no significant deactivation was observed with ZHS
cubes even after four successive re-uses for RhB photodegradation.
Therefore, the prepared ZHS cubes exhibit stable photocatalytic
properties and an insignificant photocorrosion process, which is a
problem generally associated with Zn compounds.34,35

4. Conclusion

In summary, zinc based hydroxide/oxide and zinc hydroxy stannate
structures were synthesized by a facile aqueous solution process at a
low temperature. It was investigated that by controlling the reaction
parameters, mixed phases of Zn(OH)2 and ZnO, pure ZnO and
ZnSn(OH)6 structures can be prepared. All the synthesized materials
were used as photocatalysts for the photocatalytic degradation of
RhB under UV-light irradiation. The most active photocatalyst,
among all the prepared samples, was found to be ZnSn(OH)6.
Furthermore, the RhB photodegradation mechanism could be
correlated to the attack of hydroxyl radicals formed during UV
irradiation, instead of the direct oxidation of dye over the photo-
catalyst surface. Finally, the as-prepared ZnSn(OH)6 cubes presented
themselves as potential material for the efficient photodegradation
of organic dyes and pigments with high stability.
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