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ABSTRACT. The new reaction between zinc(II) chloride and glutaconic acid (C5H6O4) was studied. The results 
indicate the formation of zinc(II) glutaconate complex with a molar ratio of metal to organic ligand (glutaconic acid) 
of 2:1 with the general formula [Zn2(C5H4O4)(Cl)2(H2O)2].4H2O. The infrared spectrum of the glutaconate suggested 
that the two carboxylate groups are bidentate chelating. The current study uses a thermal breakdown approach to 
synthesize zinc oxide (ZnO) nanoparticles (NPs). The synthesized ZnO NPs were characterized using X-ray 
diffraction (XRD), scanning electron microscope (SEM), energy dispersive X-ray analysis (EDAX), and Fourier 
transform infrared spectroscope (FTIR). The crystallite size was calculated using Scherer's formula, which was 54 
nm. The degradation of hydrogen peroxide, or H2O2, solution was used to test the produced ZnO NPs' catalytic 
activity performance. The results showed that ZnO NPs could efficiently break down H2O2. The ZnO NPs' 
photocatalytic capabilities have been assessed using methylene blue (MB) and UV light in an aqueous solution, 
according to the data, 77% of photocatalytic degradation towards MB in 240 min occurs. 
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INTRODUCTION 
 
Metal oxides are an important family of materials used in environmental research, biology, 
electrochemistry, chemical sensors, catalysts, magnetism, and other domains [1-4]. There are 
numerous uses for transition metal oxide nanoparticles, including as adsorbents [1], 
superconductors [2], sensors [3], and catalysts [4]. Hydrothermal [5], sol-gel [6], combustion [7], 
precipitation-gelation, gel citrate [8], mechanochemical process [9], urea-assisted homogeneous 
precipitation [10], gas condensation [11], and microwave plasma are some of the methods 
developed for the synthesis of metal oxide nanoparticles [12]. Given that nanoparticles act as 
sensors and probes for the delivery of biomolecules into cellular systems, nanobiotechnology is 
the branch of nanotechnology that develops and applies nanotechnology instruments to research 
biological phenomena. A further area of study in nanobiotechnology is the environmentally 
benign synthesis of biogenic, biocompatible, and reasonably priced nanomaterials [13]. 
Nanomaterials can be used for a wide range of purposes, including catalytic membranes, 
nanosorbents, bioactive nanoparticles, and metal nanoparticles including titanium oxides, iron, 
and silver [14,15]. The most significant and necessary element on earth is water, however, human 
activity is constantly lowering the quality of water supplies. Water and wastewater treatment are 
two areas where zinc oxide is often used. ZnO is widely used in self-cleaning, environmental 
purification, and photocatalysis, among other processes. The development of nanotechnology has 
enhanced ZnO activity and considerably influenced photocatalysis [16, 17]. 
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With so many uses, from the relevance of metal-carboxylate complexes as model systems for 
the metalloactive sites in bioinorganic chemistry [18, 19] to their utility as novel materials in 
materials science, the chemistry of metal-carboxylates is still being thoroughly investigated. 
Thermal decomposition techniques can be used to easily create metal oxides from metal-
carboxylate precursors [20]. Interesting structural properties are exhibited by metal-carboxylates. 
Because the carboxylate group exhibits versatile ligation behavior, it can function as a 
monodentate ligand, a bridging bidentate ligand coordinating with two metals, or a bidentate 
ligand binding to a single metal, accounting for the structure diversity observed in metal-
carboxylate complexes [21-23]. Attached to the fully saturated glutaric acid, glutaconic acid is a 
member of the class of substances called dicarboxylic acids and derivatives.  

There have been thousands of recorded cases of biological, inorganic, and organic pollutants 
in water [24]. A number of them are poisonous and have major adverse effects; some are even 
deadly and cancerous. These pollutants pose a serious risk to human health, aquatic life, and the 
earth's ecology overall [25]. Dyes are among the many substances that make up industrial 
wastewater and are regarded as significant pollutants. Dyes' great thermal and photostability allow 
them to linger in the environment for a long time. Numerous colors are poisonous to life, 
mutagenic, and carcinogenic, as are the breakdown products of these dyes. They are usually not 
eliminated from water by wastewater treatment systems and traditional methods including 
adsorption, ultrafiltration, chemicals, and electrochemical processes as they are not easily 
biodegradable [26-28]. The availability of clean water is now a constant problem for humanity 
[29] because water contamination poses a serious threat to aquatic habitats and social health [30]. 
The industries that engineer dye wastewater mostly include textile, pulp, paper, paint, 
pharmaceutical, cosmetics, and food [31]. The growing problem of waterbody contamination has 
made it difficult for aquatic animals to live and consume [32,33]. This is because untreated 
wastewater or effluent is discharged into the water body, making the inhabitants toxic to them and 
their surroundings [33]. 

It has been shown that photocatalysis is a viable technique for treating wastewater that 
contains both organic and inorganic contaminants. Many academics have been interested in this 
method in recent years to remove pollutants from water, like pesticides and dyes [34]. A number 
of these studies have employed semiconductor aqueous solutions irradiated by UV light to analyze 
contaminants through photodegradation. Water contamination, both surface and ground, has 
increased in recent years because of population growth. Owing to their high toxicity and lack of 
biodegradability, organic dyes used in the food and textile sectors are thought to be the primary 
sources of environmental pollution and harm human health by causing cancer. Methylene blue 
(MB) dye is used in a few industries, including cotton, jute, paper, wool, leather, and silk [35]. It 
is also added to food coloring. Methylene blue dyes have significant impacts on the immune 
system and reproductive system. They also show genotoxic effects and may be carcinogenic [36]. 
Therefore, these dangerous colors need to be removed from industrial effluents. Many techniques 
have been employed, including biological treatment [37], adsorption [38], and photocatalysis [39, 
40], to remove these colors from industrial effluents. The use of photocatalysts in water and air 
pollution has been shown to reduce the harm that organic dye pollution causes to people and the 
environment by either breaking down hazardous organic compounds or converting them into less 
harmful molecules [39]. Consequently, the field of study on photocatalysis employing 
heterogeneous catalysts is intriguing as this technique aids in the full mineralization of these 
environmentally dangerous dyes [40]. 

Here in the present study, nanostructured ZnO material was prepared via the controlled 
thermal decomposition in the air of the zinc(II) glutaconate complex, and this material was 
analyzed for its structural and morphological properties using the FTIR, XRD, SEM, TEM, and 
EDX techniques. The zinc(II) glutaconate complex which was used as precursor 
[M2(C5H4O4)(Cl)2(H2O)2].4H2O. The catalytic degradation of the prepared ZnO material as a 
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catalyst toward H2O2 was examined at room temperature as well as investigated the effectiveness 
of ZnO-NPs on the removal of methylene blue (MB) from aqueous solution. 
 

EXPERIMENTAL 
 
Chemicals  
 
All of the studies distilled water came from Millipore, France's Milli-Q direct 8 purification 
system. Zinc(II) chloride (≥98%), ZnCl2, and glutaconic acid (97%) were bought from (Sigma-
Aldrich). NH4OH (30-33% NH3 in H2O), diethyl ether (≥98%), methanol (99%), and dimethyl 
sulfoxide (99%) were received from Aldrich-Sigma chemical company, St. Louis, Missouri, 
United States.   
 
Synthesis of zinc(II) glutaconate complex 
 
By combining stoichiometry quantities of zinc(II) chloride (2 mmol; 0.273 gm) with glutaconic 
acid (1 mmol; 0.131 g), the zinc(II) glutaconate complex was created. After neutralizing with 
ammonium hydroxide (1 M) in 25 mL methanol solution (1 mmol) of glutaconic acid, the mixture 
was gradually added to 25 mL (2 mmol) of ZnCl2 in aqueous solution. Following ammonium 
hydroxide neutralization, the mixture was heated in a water bath for 2 h to a temperature of around 
70 to 75 °C. The precipitate was filtered out, repeatedly rinsed in hot water to eliminate 
ammonium ions (NH4

+), dried at around 80 °C to a consistent weight, and then placed in a vacuum 
over CaCl2. The precipitate was then annealed in a muffle furnace for 2 h at 600 °C, and the ZnO 
NP were then produced. 
 
Instrumentation 
 
The molar conductance of the prepared 10 mol/cm3 zinc(II) glutaconate complex in DMSO 
solution was measured by the HANNA Edge conductivity meter (Hanna Instruments, UK). The 
microanalytical analyses (% carbon, % hydrogen, and % nitrogen) contents was measured by 
using a Perkin Elmer CHN 2400, USA). The metal content was determined gravimetrically by 
converting the compounds into this corresponding oxide. FTIR spectroscope was used to 
characterize the new substance. First, a background spectrum was performed to provide a relative 
scale for transmittance strength, the yield spectrum in which the instruments attributes were 
disregarded, such that the spectra produced from samples contain just the spectral features of the 
samples. FT-IR spectra were considered molecular fingerprints of the material. Infrared spectra 
of zinc(II) glutaconate complex and zinc(II) oxide NPs were measured in the range of 400-4000 
cm-1 on FT-IR Nicolet 6700, Thermo Scientific, USA. Thermogravimetric analysis was carried 
out in the temperature range of 25 to 700 °C in nitrogen atmosphere by thermogravimetric TGA–
51analyzer, Shimadzu, Japan with heating rate 10 °C/min with platinum crucible. X-ray 
diffractometer (Bruker D8 Adv., Germany) with Ni-filtered Cu-Ka line as the radiation source 
(λ= 1.54056 Å) was used to create XRD patterns. X-ray diffractogram rang in 2θ = 10-80° at room 
temperature. Scanning electron microscope (SEM, JEOL.JSM-6610LV, Tokyo, Japan) was used 
to analyze the morphology of the surface employing a scan of a closely focused electron beam 
across the surface of the samples. Energy-dispersive X-ray detection was taken in JEOL.JSM-
639OLA equipment with an accelerating voltage of 20 kV to study the chemical structure and 
composition of complexes. The transmission electron microscopy images were performed using 
JEOL JEM-1200 EX II, Japan at 60-70 kV. 
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Catalytic activity of ZnO NPs 
 
By titrating the non-decomposed H2O2 with a standard KMnO4 solution, ZnO materials' catalytic 
activity towards the breakdown of H2O2 was attained. In a conical flask, 100 mL of 0.1 N H2O2 
and 100 mg of produced ZnO were combined at room temperature while magnetic stirring was in 
place. A range of time intervals, from 10 to 50 min, were used to evaluate the H2O2 breakdown. 
After that, a 5 mL aliquot of the reaction mixture was titrated in the presence of the acidic H2SO4 
solution using 0.1 N of KMnO4. The volume of the KMnO4 solution was compared before and 
after the catalytic breakdown, and the difference was found. 
 
Photocatalytic degradation of ZnO NPs 
 
A conical flask was filled with a known amount of nano-synthesized zinc(II) oxide and 100 mL 
of an aqueous solution of methylene blue dye (MB) (10 ppm). Adsorption took place for 30 min, 
followed by 4 h of exposure (UV lamp). Absorbance was evaluated every 20 min by extracting 2 
mL of the irradiated solution, centrifuging it for 15 min, and using a spectrophotometer to 
determine the filtrate's absorbance at its maximum wavelength (664 nm). The dye's decolorization 
rate was calculated and reported in Equation 1: 
 
Dye decolorization, % = (A0 - At)/ A0×100                                                                              (1) 
 
where A0 is each solution's starting absorbance and At is the absorbance at the specified time. Two 
variable factors were examined and their impacts on the photocatalytic degradation of the MB 
dye were the dose of nano-synthesized zinc(II) oxide and the length of irradiation. 
 

RESULTS AND DISCUSSION 
 
Zinc(II) glutaconate complex interpretation 
 
For the characterization of a white solid zinc(II) glutaconate complex, 
[Zn2(C5H4O4)(Cl)2(H2O)2].4H2O (Figure 1) was analyzed by elemental analyzer, conductivity, 
infrared spectroscopic, thermal analysis (TGA/DrTGA) and morphological characterization 
techniques like XRD, and SEM. The carbon, hydrogen, and chloride contents in the synthesized 
zinc(II) glutaconate were determined by elemental analysis, Mol. Wt.: 437.86, Yield: 86%, M.P. 
> 300 °C; Analysis calculated for C5H16Cl2O10Zn2: C, 13.72; H, 3.68; Cl, 16.19, Zn, 29.87% 
Found: C, 13.55; H, 3.60; Cl, 16.11; Zn, 29.79%; while content of zinc metal was determined 
from thermal gravimetric analysis by heating the prepared complex to most stable oxides at 800 
°C. The content of crystallization water molecules was calculated from TGA curves and by 
heating the complexes at conforming temperatures. For zinc(II) glutaconate complex in dimethyl 
sulfoxide (DMSO) with 10–3 M concentration, the molar conductance value is Λm = 48 
Ω−1mol−1cm−1, assigned to non-electrolytic nature [41]. This verified that outside of the 
coordination sphere, chloride ions were not present in ionic form. 
 
FTIR analysis 
 
The zinc(II) glutaconate metal complex was prepared as a solid with a molar ratio of metal to 
organic ligand of 2:1 with general formula [Zn2(C5H4O4)(Cl)2(H2O)2].4H2O. The prepared 
complex is characterized by FTIR spectra in Figure 2(A and B) and the assignments are presented 
in Table 1. When the acid is converted to the complexes, the bands of stretching vibration of the 
C=O group, υ(C=O) in the COOH group at 1697 cm-1 disappear, whereas the bands of asymmetric 
vibrations υas(OCO), at 1460 cm-1 and the bands of symmetric vibrations υs(OCO) at 1246 cm-1 
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appears. In FTIR spectrum of the zinc(II) complex, there are broad absorption bands of υ(OH) 
with maximum at 3459 and 3352 cm-1 and characteristic bands of bending to water hydrated, 
δ(H2O) at 163 cm-1 confirming the presence of crystallization water molecules linked by hydrogen 
bands, the bands of C-H vibrations at 1175, 1000-700 cm-1. When compared to ionic form data 
(where the COO- groups' (Δυ = υas(OCO) - υs(OCO)) values are smaller than the ionic salt value), 
the prepared complex difference between symmetrical and asymmetrical vibrations, as 
summarized in Table 1, strongly suggests that COO- groups are functioning as bidentate chelating 
ligands [42]. 
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Figure 1. Chemical structures of glutaconic acid and [Zn2(C5H4O4)(Cl)2(H2O)2].4H2O complex. 
 
Table 1. Infrared frequencies (cm-1) and tentative assignments for glutaconic acid (A), zinc(II) glutaconate 

complex (B), and zinc oxide NPs which were synthesized by annealing at 600 °C (C). 
 

Compounds Assignments 
υ(O-H) δH2O υ(C=O); COOH υas (OCO)

 υs (OCO)
 υas - υs

 υ(M-O)
 

A - - 1697, 1655 - - - - 

B 3459, 3352 1630 
- 

1460 1246 214 523, 478 

  C - -  - - - 527, 443 

 
Figure 2B displays the FTIR spectrum of the ZnO nanoparticles that were synthesized. The 

absorption peaks located at 527 and 443 cm-1 is indicative of the vibration mode of metal-oxygen 
(ZnO stretching vibrations). The functional group contained in the synthesized ZnO NPs is 
indicated by the peaks. 
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Figure 2. Infrared spectra of (A): zinc(II) glutaconate complex, and (B): zinc oxide NPs which are 

synthesized by annealed at 600 °C. 

 
Figure 3. TGA/DrTGA of zinc(II) glutaconate complex. 
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Thermal analysis 
 
The prepared zinc(II) complex is stable at room temperature. During heating, this is decomposed 
within temperature range 25-to-700 °C (Table 2, Figure 3). The hydrated zinc(II) glutaconate 
complex is stable up to 25-140 °C and on further heating, they are dehydrated in two stages started 
from 25-to150 °C and 150-to-250 °C, respectively to associated an anhydrous complex [1, 41]. 
After dehydration, the anhydrous compound decomposes in within 250-to-700  °C stage. The 
exothermic signal at 563 °C can be attributed to the decomposition reaction of the intermediate 
formed: ZnCO3, with the loss of two coordinated water molecules, CO2, chlorine gas, and two 
acetylene molecules with simultaneous formation of ZnO as a residual product. 
 
Table 2. Maximum temperatures and mass loss values of the decomposition stages of 

[Zn2(C5H4O4)(Cl)2(H2O)2].4H2O complex. 
 

Decomposition stages Tmax/C Assignments 
%weight losses 

Found Calc. 

Stage, 25-150 C 142 C 2H2O (uncoordinated) 8.42% 8.22% 

Stage, 150-250 C 195 C 2H2O (uncoordinated) 8.11% 8.22% 

Stage, 250-300 C 275 C 2H2O (coordinated) 8.08% 8.22% 

Stage, 300-650 C 371, 435, 502, 563 C Cl2 + 2C2H2 + CO2 57.64% 58.03% 

Total loss 25-to-700 C 6H2O + Cl2 + 2C2H2 + CO2 82.25% 82.69% 

Residue 700 C ZnO 17.75% 17.31% 
 

XRD analysis 

In nature, zinc oxide appears as a crystalline material and exhibits n-type semiconductor 
characteristics. Its high excitation binding energy (60 meV), strong electrochemical coupling 
coefficient, low dielectric constant, outstanding optical absorbance, and wide band gap of 3.37 
eV at room temperature [43]. The excellent purity of the ZnO synthesized utilizing the thermal 
decomposition in air of the zinc(II) glutaconate complex technique was confirmed by the observed 
ZnO spectrum. Figure 4 displays the X-ray diffraction of synthetic ZnO NPs. The X-ray 
diffraction map (Figure 4) reveals that ZnO is the sole substance or phase to exhibit peaks; this 
indicates that the sample synthesized is extremely pure. As can be observed in Figure 4, the 
sample's nanoparticle nature is reflected in the broadening of the X-ray diffraction lines. Several 
notable peaks in X-ray diffraction were taken into consideration, and the related d-values were 
compared to the standard [JCPDS file No. 80-0075] [44]. Metal oxide is pure zinc oxide with a 
hexagonal structure, as demonstrated by X-ray diffraction. The results of X-ray diffraction (XRD) 
showed that the diffraction peaks were located at 31.05°, 32.63°, 36.22°, 47.52°, and 56.61° with 
lattice planes of (100), (002), (101), (102), and (110), respectively. ZnO NPs' crystallite size was 
calculated using the Debye-Scherrer equation, and it was discovered to be 54 nm [45]. 

K 

 cos
D =

                                                                                                                     (2)                                              

where the wavelength of the X-ray is λ and equal to (1.5418 Å) for Cu Kα radiation, K is taken 
as 0.94 and is constant, full width at half maximum (FWHM) is β of prominent intensity peak 
(100% relative intensity peak), and the peak position is θ. 
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Figure 4. XRD patterns of ZnO NPs which were synthesized by annealed zinc(II) glutaconate 

complex at 600 °C. 
 
SEM, EDX and TEM analyses 
 
The SEM images of ZnO NPs (Figure 5A) made with the thermal decomposition in the air of the 
zinc(II) glutaconate complex approach showed the development of nanoparticles with 
considerable aggregation. ZnO nanoparticles were found to have precise structure. The capping 
agent (glutaconic acid) could be used to reduce particle size during synthesis. By measuring the 
intensity of the distinctively released X-rays, the energy dispersive X-rays Analysis (EDAX) tool 
was used to confirm the proportionate elemental composition of ZnO nanoparticles (Figure 6). 
Only the elements zinc and oxygen were detected by EDX in the synthesized ZnO NPs. The 
atomic and weight percent compositions of the elements (oxygen = 17.36%; zinc = 82.64%) are 
in agreement with EDX analysis verifying the synthesized ZnO NPs' purity [46]. TEM was used 
to evaluate the main particle sizes and morphologies of ZnO NPs produced using the annealed 
zinc(II) glutaconate complex at 600 °C. Most of the particles, have rods, grain-like shapes (Figure 
5B), and are in the nanoscale range with the average size of 50 nm.  
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Figure 5A. SEM image of ZnO NPs synthesized by annealed zinc(II) glutaconate complex at 600 

°C. 
 

 
 
Figure 5B. TEM image of ZnO NPs synthesized by annealed zinc(II) glutaconate complex at 600 

°C. 
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Figure 6. EDX spectrum of ZnO NPs which is synthesized by annealed zinc(II) glutaconate 

complex at 600 °C. 
 
Catalytic activity of the ZnO NPs 
 
The catalytic activity data for H2O2 degradation at room temperature and constant ZnO weight 
and H2O2 concentration (0.1 N) are listed in Table 3. The rate of H2O2 decomposition increased 
with time; the synthesized ZnO products from the thermal decomposition of zinc(II) glutaconate 
complex had a rate constant is 3.87×10-3 after 50 min [47]. Because the surface is very effective 
and has reactivable active areas, it may be used repeatedly to remove pollutants at a lower 
economic cost. It is also simple to create using readily available, low-cost components. One 
crucial stage in determining the practical utility of photocatalysts and creating heterogeneous 
photoactivity technologies for wastewater treatment is the regeneration of ZnO NPs. At a ZnO 
NPs catalyst weight of 100 mg, the catalytic impact of ZnO NPs on hydrogen peroxide breakdown 
demonstrates that the reaction rate of ZnO NPs is 3.87×10-3 M-1.min-1. Depending on the type of 
oxide, HO• has a different affinity for its surfaces. Inversely related to the variation in the metal 
cation's ionization potential is the trend for HO• adsorption energies onto the various metal oxides 
[30, 31]. 
 
Table 3. Catalytic activity data of the ZnO synthesized from the annealed zinc(II) glutaconate complex at 600 

°C. 
 

Results 
tmin 

10 20 30 40 50 
V(KMnO4) 5.6 5.4 5.2 5.1 5.0 

N(H2O2) ax 0.113 0.109 0.105 0.102 0.100 

Ln(ax) -2.183 -2.219 -2.258 -2.284 -2.304 

K 3.8710-3 

*K (min-1) = rate constant of the H2O2 decomposition. 
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Photocatalytic degradation 
 
The process of using photocatalysts to break down organic compounds that contaminate water or 
air or transform them into less hazardous chemicals has been shown to reduce the harm that 
organic color pollution does to both humans and the environment [39]. Consequently, the use of 
heterogeneous catalysts in photocatalysis research is intriguing as it aids in the complete 
mineralization of these environmentally dangerous dyes [40]. By varying the dosage of the 
appropriate synthetic materials and the duration of irradiation, the photodegradation of MB by 
synthetic nano zinc oxide was examined. The impact of various dosages of synthetic nano zinc 
oxide materials was investigated within the range of 50-600 mg in comparison to the MB dye 
solution. For the nanostructured zinc oxide, the photodegradation of dye was (~77%) at this 
dosage; beyond this optimal dosage, the dye's photodegradation was negligible. By setting the 
amount of ZnO NPs (50-600 mg) and varying the irradiation period from 20-240 min, the 
photodegradation of MB dye (%) was measured (Table 4). According to the aforementioned 
findings, the larger surface area of the nanostructured smart zinc oxide contributes to its higher 
photocatalytic efficiency. The low band gap energy of ZnO NPs (~3 eV) rather than that of the 
bulk ZnO, the ZnO NPs exhibits the highest photodegradation efficiency in the current 
investigation. The ZnO NPs has the lowest band gap energy and the highest photocatalytic 
efficiency. This could be because a lower band gap energy makes it easier to move an electron 
from valence band (VB) to conduction band (CB) and more holes are created in the VB, which in 
turn causes more ·OH radicals to be produced in the VB. In other words, the more electrons there 
are in the CB, the more superoxide radicals it will produce. According to earlier research in the 
literature, organic pollutants like MB dye photodegrade due to the action of ·O2

- and ·OH radicals 
[48]. 
 
Table 4. The relationship results between photodegradation of MB (%) against dosage of ZnO NPs (mg) and 

time of UV-irradiation (min). 
 

Dosage 
ZnO NPs, mg 

Photodegradation 
MB dye, % 

Time 
UV-irradiation, min 

Photodegradation 
MB dye, % 

50 60 20 62 
100 62 40 64 
150 63 60 65 
200 65 80 66 
250 67 100 68 
300 69 120 70 
350 71 140 71 
400 72 160 73 
450 73 180 74 
500 75 200 75 
550 76 220 77 
600 77 240 80 

 

CONCLUSION 
 

Zinc oxide nanoparticles with hexagonal structure is synthesized successfully with annealed 
zinc(II) glutaconate complex at 600 °C. Synthesized zinc oxide nanoparticles were characterized 
by FTIR, SEM, EDX, and XRD. From the TEM study, it is found that particles have with average 
size of ~50 nm. Global environmental contamination by coloured effluents is a serious concern, 
therefore, our study aims to evaluate the applicability of Zinc oxide nanoparticles, ZnO NPs for 
the removal of methylene blue (MB) from wastewater solution and also to study the catalytic 
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activity performance of the prepared ZnO NPs examined by the degradation of H2O2 solution. 
The highest dye removal rates associated with ZnO-NPs could be due to either the high production 
of reactive oxygen species (ROS), which are essential for dye degradation, or the large number of 
active sites on nano-catalyst surfaces that increase with concentration. 
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