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Photocatalytic degradation of Malachite Green dye
from ZnTe powders under visible light
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Abstract—ZnTe powders were synthesized by a hydrothermal
process at 180 °C. Pure powdered zinc and tellurium were used as
precursors. Aqueous solutions of three different reducing agents
(NaOH, KOH and NH4OH) were used as reaction medium. The
effect of the type of reducing agent on the crystallographic, optical
and morphological properties of the synthesized materials was
studied.
The X-ray diffraction results showed the presence of the
zincblende-type cubic phase of ZnTe in all the synthesized
powders, with the exception of the one synthesized with NH4OH,
which presented a mixture of ZnTe and ZnTeO3 phases. Scanning
electron microscopy (SEM) images showed that the synthesized
powders have particles of irregular size and morphology. The
determination of the band gap energy of the materials was carried
out by means of UV-Vis-DRS studies, obtaining values close to
those reported in the literature for ZnTe (2.2 eV), with the
exception of the material synthesized with NH4OH that presented
a bandgap energy of 2.01 eV. ZnTe powders showed good
photocatalytic activity for the degradation of malachite green,
MG, obtaining a maximum degradation percentage of 99.2% at
300 min of evaluation. Therefore, these ZnTe materials showed
promising properties to be applied as photocatalysts.
Keywords: Photocatalysis, ZnTe, Malachite Green, Photocatalytic
Degradation.

I.INTRODUCTION
Nowadays, humanity faces relevant problems related to the
environment and natural resources; one of the cases of greatest
concern is the contamination of water sources (seas, rivers,
aquifers, etc.). Water is a primordial resource, on which
socioeconomic development and the quality of life of the living
beings of the planet depend [1].
The increasing water contamination has been produced along
the years by the excessive human and industrial activities, thus
generating a large number of pollutants that end up forming part
of the chemical composition of water sources [2,3].
Water contaminants include organic and inorganic substances,
such as bacteria, viruses, parasites, fertilizers, pesticides, drugs,
nitrates, phosphates, plastics, fecal waste, dyes, and even
radioactive substances. These substances present a permanent
risk to public health, since the consumption of contaminated
water can cause lot of diseases, such as gastrointestinal
infections, hepatitis A, typhoid fever, poliomyelitis, and cancer,
among others [4,5].
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Currently, conventional processes for water treatment are
insufficient to eliminate contaminants from water sources, so
the scientific community is working hard to develop new
technologies capable of carrying out the removal and/or
degradation of contaminants present in water sources with the
aim of developing clean and low-cost processes [6].
Promising alternatives for the treatment of polluted water are
photocatalytic processes assisted with heterogeneous catalysts.
These processes are based on the use of a catalyst
(semiconducting material) activated by electromagnetic
radiation in the visible and UV spectrum range, preferably.
Through the activation of the catalyst, electron-hole pairs are
generated leading to redox reactions that allow the degradation
of the contaminants present in the water [7-8].
The photocatalytic process activated with light can be explained
as follows [9]:
Photocatalyst + hv → e-BC + h+BV
h+BV+ (H2O ⇔ H++ OH-) → •OH + H+
e-BC + (O2) → O2O2- + H+ → HO2•
e-BC + HO2• → H2O2
h+BV + pollutant ⟶ intermediaries ⟶ H2O + CO2

Zinc telluride (ZnTe) is an n-type semiconductor that presents
two different crystalline structures, zincblende-type and
wurzite-type; the zincblende phase is the most
thermodynamically stable structure. The ZnTe band gap is
around 2.3 eV (~564 nm), so the generation of electron-hole
pairs can be activated with visible light. This characteristic
makes ZnTe attractive for its application as a catalyst in
photocatalytic processes [10,11].
ZnTe has been synthesized by different synthesis methods such
as: solvothermal method [12,13], hydrothermal method [14,15],
chemical precipitation [16] and sol-gel [17]. Due to the
previously described properties of this material, it has been used
as a co-catalyst in photocatalytic processes [18-22], however
there are no reports in the literature of the use of pure ZnTe as
a photocatalyst, so the study of this material for degradation is
interesting. photocatalytic of organic contaminants in water.
In this work, ZnTe nanopowders were synthesized by a simple
hydrothermal process, using different reducing agents, namely,
KOH, NaOH, NH4OH, for studying their influence on the

structural, optical and morphological properties. Finally, the
performance of the different synthesized ZnTe powders in the
photo degradation of the malachite green dye, MG, under
visible light, was evaluated.

The monitoring of the degradation of malachite green, MG, was
carried out using the same spectrophotometer mentioned above,
employing quartz cells to contain the MG test solutions.
II.3 Evaluation of the Photocatalytic Degradation

II.EXPERIMENTAL PROCEDURE
ZnTe nanopowders were prepared by a hydrothermal method
using an alkali-aqueous medium at 180 °C. All the participant
precursors were of reagent grade chemicals. ZnTe nanoparticles
were synthesized from pure Te and Zn. Zinc powders<10μm (
≥98%), and Te powders (99.99%) were used as precursors.
Finaly, mixtures of deionized water and, separately, KOH
(reagent grade,≥85%), NaOH (reagent grade, ≥98%) and
NH4OH (ACS reagent, 28.0-30.0% NH3 basis), as reducing
agents, were prepared to obtain the starting solutions.

For the photocatalytic evaluation of the ZnTe nanopowders, an
aqueous solution of MG with a concentration of 20 ppm was
prepared. A two-neck reactor was used (see figure 1) in which
70 ml of the MG solution and 0.7 g/L of the catalyst, ZnTe
powder, were loaded.

II.1 ZnTe powders synthesis
ZnTe nanopowders were synthesized by a hydrothermal
process; 6 molar, 6M, solutions of three different redox agents,
KOH, NaOH and NH4OH, were used as reaction medium. In 40
ml of the reaction medium, 9 mmol of powdered Zn were added,
and it was kept under constant magnetic stirring for 30 min.
Next, 4 mmol of Tellurium powder were added to the previous
solution, maintaining it under magnetic stirring for 1 hour.
Subsequently, the resulting solution is transferred to a Teflonlined stainless steel autoclave and placed in an oven at a
temperature of 180 °C for 18 h. The resulting material is
recovered by filtration performing continuous washes with
ethanol and deionized water. Finally, the resulting material is
dried at 80 °C for 12 hours. In what follows the samples will be
labeled as ZnTe-KOH, ZnTe-NaOH, and ZnTe-NH4OH.
II.2 Characterization techniques
The crystallographic characterization of the ZnTe nanopowders
was carried out in an X'pert PRO Panalitycal diffractometer
with a Cu-Kα= 0.154 nm anode (40 kV, 100 mA). In order to
confirm the zincblende phase of the synthesized material, the
diffractograms obtained
were indexed
using
the
crystallographic cards of the Joint Committee on Powder
Diffraction Standards (JCPDS). In addition, the crystallite size
values were estimated by using the Scherrer´s equation (Eq. 1),
using a K value of 0.9.
∙

∙

(1)

Where, λ is the wavelength of the radiation used, 0.154 nm,
FWHM is the Full Width at Half Maximum, in radians, and θ
is the angle of the diffraction peak of interest.
The magnitudes of the bandgap energy (Eg) were estimated by
the Kubelka-Munk method [23], using the diffuse reflectance
spectra obtained by a Jasco, model V-670, UV-Vis
spectrophotometer with an integrating sphere.
The morphology of the powders was analyzed by Scanning
Electron Microscopy (SEM), using an FE-HRSEM Auriga
3916 equipment.

Fig. 1. Photocatalytic reactor

Subsequently, the reactor is introduced into the irradiation
system; the reactor was kept under constant magnetic stirring in
the absence of light for 30 min, and then the reactor was
irradiated with a strip of 300 LEDs uniformly distributed along
the strip. The total irradiation power is 13 W, with a wavelength
of 507 nm, according to the manufacturer. The photocatalytic
performance of the samples was evaluated by monitoring the
discoloration of the test solution by UV-Vis spectroscopy. The
monitoring was carried out in two stages; in the first, aliquots at
times of 0, 5, 10, 30 and 60 min were taken, and, in the second
every 60 min up to 300 min. Finally, for each solution sample
taken, the absorbance spectra in the range of 200 to 800 nm
were obtained, from which the photocatalytic degradation of the
dye used, MG, was determined.
The quantification of the photocatalytic degradation or the
percentage of discoloration (%D) of the MG solution was
carried out using the following equation:
%

100%

(2)

Where CO is the initial concentration of the MG solution and Ct
is the concentration of the MG solution at the irradiation time
(t).
III.RESULTS
III.1. X-Ray Diffraction
Figure 2 shows the diffraction patterns of the ZnTe powders
synthesized by the hydrothermal process for the different redox
agents. The diffraction patterns were compared with the ZnTe
crystallographic chart (JCPDS 00-015-0746).

sample, as observed in the pattern of diffraction, thus decreasing
the Eg value of the material. On the other hand, the ZnTe-NaOH
and ZnTe-KOH samples show values close to the reported
value of ZnTe, 2.3 eV [26].

Fig. 2. X-ray diffractograms of ZnTe-NaOH, ZnTe-KOH, and ZnTe-NH4OH

The diffractograms showed the characteristic diffraction peaks
of the ZnTe zincblende-like cubic crystalline structure, with a
preferential orientation along the (111) plane [24]. Particularly,
the ZnTe-NH4OH sample showed diffraction signals
corresponding to an orthorhombic phase of Zinc Tellurite
(ZnTeO3), according to the crystallographic chart (JCPDS 00044-0240). This result can be associated with the fact that,
ammonium hydroxide, being a weak base, compared to
potassium and sodium hydroxides, the reducing power of this
compound is lower, so it does not induce the total reduction of
tellurium, having as remaining species partially reduced in the
solution, leading to the formation of ZnTeO3 [25].
On the other hand, the crystallite sizes were calculated for the
samples of the materials ZnTe-NaOH, ZnTe-KOH and ZnTeNH4OH, using the Scherrer´s equation; the values obtained
were 39.2, 74.0, and 62.6 nm, respectively. It was observed that
the sample that presented the smallest crystallite size was the
ZnTe-NaOH sample, whereas the ZnTe-KOH sample presented
the largest crystallite size of the three ZnTe synthesized
samples.

Fig. 3.

A) Diffuse reflectance spectra, and B) Kubelka–Munk plots for band
gap calculation of ZnTe-NaOH, ZnTe-KOH, and ZnTe-NH4OH

III.2 Diffuse reflectance UV-vis Spectroscopy

III.3 Morphology, SEM

Figure 3A shows the diffuse reflectance spectra of the materials
ZnTe-NaOH, ZnTe-KOH and ZnTe-NH4OH in a wavelength
range of 300 to 800 nm. It was observed that all the samples
presented reflectance spectra with values lower than 40 %, this
is due to the opacity of the sample. All spectra show an
absorption edge in the visible spectrum range of 530-600 nm.
From the diffuse reflectance spectra, the band gap energies (Eg)
of the materials were calculated by applying the Kubelka-Munk
method as shown in figure 3B, the Eg values obtained were 2.18,
2.17, and2.01 eV, for the ZnTe-NaOH, ZnTe-KOH and ZnTeNH4OH samples, respectively. These values agree with those
reported in the literature [26]. It was observed that the Eg for the
material synthesized with NH4OH presented the smallest value
of Eg of the three synthesized samples, this is due to the
presence of the phase of the ZnTeO3 material present in the

Figure 4 shows the SEM images of the three synthesized ZnTe
materials at the same magnification. Image 4A corresponds to
ZnTe-KOH; where the surface covered with particles of
variable sizes and shapes is observed, the size of the particles of
this material is greater than 200 nm. Image 4B, corresponding
to the ZnTe-NaOH sample, heterogeneous particle
morphologies were observed, however, the predominant
particle sizes are in a range of approximately 200 to 800 nm. In
the case of the ZnTe-NH4OH sample, a conglomerate of
particles was observed, forming structures with irregular
morphologies. Therefore, the ZnTe-KOH and ZnTe-NaOH
samples showed better particle dispersion, being the synthesis
with NaOH as redox agent, the one that offered a better particle
dispersion.

A)

presented a good removal of the contaminant by this
mechanism, presenting the following decreasing order: ZnTeNaOH > ZnTe-NH4OH > ZnTe-KOH. On the other hand,
during the photocatalytic process, the maximum degradation
was obtained with the material synthesized with NaOH in a
period of 300 min.

B)

Fig. 5. Dye concentration change (ppm) during adsorption, photolysis and
photocatalytic degradation in visible light for ZnTe-NaOH, ZnTe-KOH and
ZnTe-NH4OH samples

Figure 6 shows the change in dye concentration during
adsorption, and photocatalytic degradation under visible light
as a function of time, for the different synthesized samples, as
well as dye photolysis, MG.

Fig. 4. SEM images of samples. A) ZnTe-NaOH, B) ZnTe-KOH, C) ZnTeNH4OH

C)

III.4. Photocatalytic characterization
Figure 5 shows the UV-Vis absorption spectra of the Malaquite
Green work solution, MG, of the dark period adsorption, in
addition to the spectra of the MG solution with catalyst after
300 min of exposure to visible radiation, named photocatalytic
degradation measurement. In the first place, during the dark
period, the reaction system showed a decrease in the absorbance
of the contaminant due to an adsorption process, the materials

Fig. 6. Dye concentration change (ppm) during the adsorption, photolysis and
Photocathalytic degradation under visible light for samples, ZnTe-NaOH,
ZnTe-KOH and ZnTe-NH4OH

Firstly, to characterize the photoactivity of the samples, in order
to achieve equilibrium adsorption state, they were kept in the
dark for 30 min. Subsequently, the UV-Vis spectra of the
samples were obtained to determine the equilibrium adsorption

percentage for each material, obtaining an adsorption
percentage of 85.1, 61.2, and 74.4 % for ZnTe-NaOH, ZnTeKOH and ZnTe -NH4OH, respectively. The highest adsorption
percentage was shown with the ZnTe-NaOH material, this may
be due to the fact that this material has a smaller particle size
(200-800 nm) compared to the other synthesized samples, so
the specific area of this material is greater.
To quantify the photocatalytic degradation that each ZnTe
sample, it is necessary to know the photochemical stability of
the MG, by monitoring the photolysis over a period of time of
300 min, obtaining a degradation of just 0.5 ppm, demonstrating
the stability of the MG under exposure in visible light.
The results of the photocatalytic degradation for the three
materials showed that the remaining concentrations of the MG
at the end of the evaluation time (300 min) were 0.1620, 0.5892,
and 1.9819 ppm for the ZnTe-NaOH, ZnTe-KOH and ZnTeNH4OH materials, respectively. The material that presented the
maximum degradation of the MG was ZnTe-NaOH, followed
by ZnTe-KOH, and finally ZnTe-NH4OH.
Figure 7 shows the percentages of dye removal of the samples
during the photocatalytic evaluation time. The maximum
percentages of MG dye removal were 99.2, 97.1, and 90.1 %
for the ZnTe-NaOH, ZnTe-KOH and ZnTe-NH4OH materials,
respectively, with the ZnTe-NaOH material showing the
highest percentage of MG dye removal. Therefore, for this case
study, the materials synthesized with NaOH were the best to
carry out the photocatalytic degradation of the MG dye. This
may be possible because these materials had the smallest
particle size range (200-800nm) at comparison of the rest of the
samples. The material synthesized with NH4OH showed the
lowest percentage of dye degradation. This may be due to the
agglomeration of the particles present in the material,
preventing a good adsorption of the contaminant on the catalyst,
observed as a result of less dye removal.

!"

(3)

Where k is the rate constant of the apparent reaction, which can
be calculated from the slope of the graph of the mentioned
equation, (ln(Co/C) vs t); where C0 and Ct are the initial (t= 0)
and instantaneous (t) solution concentration, respectively [27,
28].
Figure 8 shows the graph of the calculations obtained from the
previous equation for the different ZnTe samples.

Fig. 8. Linear fit of the photocatalytic reactions kinetic, for the different ZnTe
materials in the MG dye.

Table 1 shows the MG removal percentages for the different
synthesized samples. As can be seen, the constant k of the
ZnTe-NH4OH material is lowest from the set of the three
catalysts, so it can be elucidated that it requires a higher
activation energy, and therefore showed the lowest percentage
of degradation from the set of materials analyzed in this study.
On the other hand, the ZnTe-KOH and ZnTe-NaOH materials
showed the highest values of the estimated kinetic constants,
this is consistent with the high removal of the dye during the
photocatalytic process.
Table 1. Summary of photocatalytic results
SAMPLE ID

Fig. 7 Percentages of photocatalytic degradation under visible light for
samples, ZnTe-NaOH, ZnTe-KOH and ZnTe-NH4OH

The kinetics of the photocatalytic reactions of the MG with the
ZnTe materials were treated with a pseudo first order kinetic
model. The linear form of the reaction kinetics takes the form:

MALAQUITE GREEN
REMOVAL AFTER 300 MIN (%)

(S-1)

ZnTe-NaOH

99.2

0.0083

ZnTe-KOH

97.1

0.0086

ZnTe-NH4OH

90.1

0.0038

IV. CONCLUSIONS

K

In this work, ZnTe was synthesized by a hydrothermal process
using three different reducing agents, NaOH, KOH and
NH4OH. The results of the X-ray diffraction characterization
confirmed the presence of the zincblende type cubic phase of
ZnTe with a preferential growth orientation on the (111) plane.
Particularly the material synthesized with NH4OH presented a
ZnTeO3 phase, this due to the fact that this base has a lower
reducing power compared to NaOH and KOH. The results of
UV-Vis spectroscopy, DRS, showed that materials have a
bandgap energy value slightly lower than 2.2 eV, due to the
heterogeneity of particle size. In the particular case of the ZnTeNH4OH a bandgap of 2.01 eV was measured, this is associated
with the presence of the ZnTeO3 phase. The SEM images in all
cases show heterogeneous particle sizes and irregular
morphologies.
In the case of the photocatalytic evaluation, the synthesized
materials generally showed a good photocatalytic activity in the
degradation of MG dye, being the material synthesized from
NaOH that presented the maximum percentage of degradation,
99.2 %.
The results obtained in this work show the potential of ZnTe
synthesized in powder form for its application in the area of
photocatalysis.
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