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APRESENTAÇÃO

A obra “Engenharia Sanitária e Ambiental Tecnologias para a Sustentabilidade” 
aborda uma série de livros de publicação da Atena Editora, em seu IV volume, 
apresenta, em seus 19 capítulos, os conhecimentos tecnológicos da engenharia 
sanitária e ambiental.

As Ciências estão globalizadas, englobam, atualmente, diversos campos em 
termos de pesquisas tecnológicas. Com o crescimento populacional e a demanda por 
alimentos tem contribuído para o aumento da poluição, por meio de problemas como 
assoreamento, drenagem, erosão e, a contaminação das águas pelos defensivos 
agrícolas. Tais fatos, podem ser minimizados por meio de estudos e tecnologias que 
visem acompanhar as alterações do meio ambiente pela ação antrópica. Portanto, 
para garantir a sustentabilidade do planeta é imprescindível o cuidado com o meio 
ambiente.

Este  volume  dedicado à diversas áreas de conhecimento trazem artigos 
alinhados com a Engenharia Sanitária e Ambiental Tecnologias para a Sustentabilidade. 
A sustentabilidade do planeta é possível devido o aprimoramento constante, com base 
em novos conhecimentos científicos. 

Aos autores dos diversos capítulos, pela dedicação e esforços sem limites, que 
viabilizaram esta obra que retrata os recentes avanços científicos e tecnológicos, os 
agradecimentos do Organizador e da Atena Editora.

Por fim, esperamos que este livro possa colaborar e instigar mais estudantes e 
pesquisadores na constante busca de novas tecnologias para a Engenharia Sanitária 
e Ambiental, assim, garantir perspectivas de solução de problemas de poluição 
dos solos, rios, entre outros e, assim garantir para as atuais e futuras gerações a 
sustentabilidade.

Alan Mario Zuffo
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RESUMO: O estudo da dopagem com óxido de 
zinco (ZnO) na produção de materiais cerâmicos 
é amplamente utilizado como propriedade 
de fotocatalisadores e fotodegradação. Os 
pontos quânticos (QDs) são nanopartículas 
semicondutoras que estão emergindo 
como uma nova classe de nanomateriais 
fluorescentes para aplicações ambientais. 
Neste artigo, através do método sonoquímico 
é proposta a incorporação de pontos quânticos 

de carbono (CQDs) ao óxido de zinco. Os CQDS 
são promissores nanomateriais, obtidos a 
partir de dois precursores renováveis que são 
materiais derivados de biomassa, da quitina 
(CH), quitosana (CS) e do grafite (G) como 
um terceiro material utilizado sintetizado pelo 
método de carbonização hidrotérmica. Neste 
trabalho, propôs-se a fazer um novo conjugado 
nano-fotocatalisador para o sistema ZnO / CQDs 
para garantir a estabilidade física e química, 
ter grupos de funcionalidades químicas, com 
grupos hidroxila, amino e carbonos (-OH, -NH2, 
-C2) que possibilitem aumentar a eficiência dos 
mesmos e serem potenciais substitutos dos 
fotocatalisadores tradicionais. 

ABSTRACT: The study of zinc oxide 
(ZnO) doping in the production of ceramic 
materials is widely used as photocatalyst and 
photodegradation property. Quantum dots 
(QDs) are semiconductor nanoparticles that 
are emerging as a new class of fluorescent 
nanomaterials for environmental applications. In 
this paper, we are proposed for the incorporation 
of carbon quantum dots (CQDs) into the zinc 
oxide by the sonochemical method. The 
CQDS are promising nanomaterials, obtained 
from two renewable precursors, which are 
materials derived from biomass, as chitin (CH), 
chitosan (CS) and graphite (G) this as a third 
material used synthesized by the hydrothermal 
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carbonization method. In this work, proposed to make a conjugate novel nano-
photocatalysts based on ZnO / CQDs In order to ensure physical and chemical stability, 
have chemical functionalities groups, with hydroxyl groups, amino and carbons (-OH, 
-NH2, -C2), to investigate the possibility of increasing the efficiency of the same and 
potential substitutes for traditional photocatalysts.
KEYWORDS: sonochemical method, chitosan, quantum dots, carbonization 
hydrtothermal, fotocatalise

1 |  INTRODUCTION

Studies using nanostructures zinc oxide háve been intensively investigated for 
production of ceramic materials have a variety of practical applications, especially the 
search for doping with elements that combined can be used in improvements in these 
applications as used for the rare earth elements. Doping of nanostructures using zinc 
oxide (ZnO) have interest to a variety of optical applications and potential material for 
high power laser, diode light, etc. and due to it is extensive range of applications such 
as sensors, LEDs (diodes in very high storage capacity, photocatalysis, among others 
investigated by (Chen et al, 2011) and (Gomes et al, 2016) and (Jung et al, 2012) have 
been extensively studied by (GONÇALVEs et al, 2002) as (PHURUANGRAT et al,  
2014) and (GUO et al, 2011). Currently ZnO has been widely used as photocatalyst 
and photodegradation properties according to (CHEN et al, 2009), (WU et al, 2011), 
(FAISAL et al, 2013), (OLIVEIRA et al, 2006), (ESPINOSA et al, 2000), (SIN J-C et al, 
2014) and  (KUMAR et al, 2015).

Quantum dots (QDs) are semiconductor nanoparticles that are emerging as a 
new class of fluorescent nanomaterials for environmental applications as reported  by 
(REZAEI et al, 2013), (SHEN et al, 2008), (ALAMO-NOLE et al, 2013), (SOLTANI et al , 
2012), (MANSUR et al, 2014) and (JAVED et al. 2011). The semiconductor nanocrystals 
known as carbon quantum dots (CQDs) as demonstrated by (KUMARI et al, 2014), 
(SHARSHIR et al, 2017),  (MANGAYIL et al, 2015), (NOVAKOVIĆ  et al, 2008) and 
(ÖZDEMIR et al, 2011) which have physico-chemical, electronic, magnetic and optical 
properties, have recently emerging as a new class of fluorescent nanomaterials for 
environmental applications as noticed by (SAILIN et al, 2017) and (WANG et al, 2017). 
The CQDs must be water-soluble, biodegradable, non-toxic and have photoactivities 
of the conjugates for environmental applications as reported by (ULLAH et al, 2008). 
Due to these characteristics, they are proposed to improve properties in different fields 
such as potential substitutes for traditional photocatalysts. Hydrothermal carbonization 
(HTC) is frequently used to synthesize CQDs because this method is considered as 
eco-friendly with great production viability and low cost. Os CQDs  from two renewable 
precursors which are biomass-derived materials namely chitin (CH), chitosan (CS), 
and graphite (G) as a third material vem features such as biocompatibility, non-toxicity 
and being eco-friendly by (SIVAKUMAR et al, 2015) and (RAJABI et al, 2013). The 
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graphite (G) form of these nanoparticles shows desired properties such as high thermal 
conductivity, low cost and high solar absorptivity as compared with most of the other 
nanomaterials. (VILLAROEL et al, 2014)  

Several routes for ZnO preparation with nanostructures doped with rare earth 
elements have been reported by (ALAMO-NOLE et al, 2013), (SOLTANI et al , 2012) 
abd (MANSUR et al, 2014), including methods as hydrothermal, magnetic spray 
deposition, pulsed laser deposition, photolithography and wet chemical recording by 
(JAVED et al. 2011) and (KUMARI et al, 2014). However, for this study we investigate 
the process of the sonochemichal method for incorpared quantun dots the structure 
of zinc oxide. This method have been advantageous because easy process, low cost, 
lower temperature and greater control of morphology by  (SHARSHIR et al, 2017) and 
(MANGAYIL et al, 2015).

The sonochemical method allows the preparation of a wide variety of materials, 
including nanostructured. The d ultrasonic radiation present frequency higher than 
those detectable by the human ear, above 20 KHz. The sonochemical method have 
interations into the chemical and physical reactions of the particles do not result only 
from the interaction between the sound waves and the solution, they result mainly 
from the effect of acoustic cavitation, formation, growth and implosion of bubbles at 
localized points, increasing local temperature and pressure in a short time interval. This 
synthesis (sonochemical method) irradiation was employed by using a high intensity 
ultrasonic, the mixture transferred to a collecting cup which was adapted to be used in 
the sonochemical, the prepared colloidal suspensions will be processed in a cavitational 
ultrasonic waveform by the formation and collapse of microbubbles, these generated 
cavitations are responsible by the observed chemical effects and are produced by 
the subjection of a liquid to the ultrasonic energy that can oscillate between stable 
or unstable and are mostly responsible for the effects on the chemical reactions by 
(NOVAKOVIĆ  et al, 2008) and (ÖZDEMIR et al, 2011)

In this work we report the study of conjugate  novel nano-photocatalysts based on 
ZnO/CQDs In order to ensure a physical and chemical stability, have groups chemical 
functionalities, with hydroxyl groups (-OH) and amino (-NH2), carbons (-C2) to investigate 
the possibility of  increase the efficiency of the same with and potential substitutes for 
traditional photocatalysts (YANG, YUNHUA, et al, 2012).

2 |  EXPERIMENTAL SECTION 

2.1 Synthesis processes 

Using the sonochemical method, ZnO powders incorporated with CQDs from 
renewable precursors were obtained. For this synthesis, first were obtained the zinc 
oxide using the zinc nitrate (Zn(NO3)2) pure were dissolved in 80 mL deionized water 
under constant stirring. The zinc ions were added stoichiometric. The pH of the solution 
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was adjusted to 10 by adding NH4OH, and the mixture was then transferred to a 
exposed to high-intensity ultrasonic irradiation (Branson Digital Sonifier) in a continuous 
mode with amplitudes 60% used time of 15 minutes min duration with temperature at 
100° C, the final product a whiten power was obtained this product was separated by 
centrifugation, washed with deionized water and ethanol, and dried at 100 ℃ in air. 

For synthesis of CQDs used are derived from biomass precursors chitin, chitosan 
and graphite were dissolved in ethanol (20 mL) and placed in Teflon-lined, hydrothermal 
reactor at 200°C for 6h. The light brown solution obtained was centrifuged at 10000 
rpm for 10 min to remove the solution containing fluorescent CQDs from the solid black 
precipitate and with a photoluminescence quantum yield (F) of CQDs was determined 
following the procedure  by using quinine sulfate as a reference (Sahu et al,2012).

After were obtained ZnO powders incorporated with CQDs from renewable 
precursors were dissolved in 80 mL deionized water under constant stirring and the 
mixture was then transferred to a exposed to high-intensity ultrasonic irradiation 
(Branson Digital Sonifier) in a continuous mode with amplitudes 60% used time of 
15 minutes duration. The mixture transferred to a collecting cup which was adapted 
to be used in the sonochemical, the prepared colloidal suspensions was processed 
in a cavitational ultrasonic waveform by the formation and collapse of microbubbles, 
these generated cavitations are responsible by the observed chemical effects and 
are produced by the subjection of a liquid to the ultrasonic energy that can oscillate 
between stable or unstable and are mostly responsible for the effects on the chemical 
reactions by (NOVAKOVIĆ  et al, 2008) and (ÖZDEMIR et al, 2011)

The final product a whiten power was obtained this product was separated by 
centrifugation, washed with deionized water and ethanol, and dried at 100 ℃ in air. 
The white powder obtained through the sonochemical synthesis were deagglomerated 
in an agate mortar and thus resulting in obtaining post-homogeneous and fine for 
characterization. The sonochemical synthesis irradiation was employed by using a 
high intensity ultrasonic. 

2.2 Photocatalysis experiments

The photocatalytic degradation experiment was performed in a box containing a 
glass with lamps mounted horizontally, this being the source of radiation. Before going 
to degradation box, 0.05 g of powders was added in a 50 mL solution of methylene blue 
and was kept stirred for 15 min on a magnetic stirrer; thereafter, ´~ same solution was 
maintained under stirring in an ultrasound for the same period of time. Samples were 
with drawn at intervals of 30 min and then centrifuged before analysis. The measure 
much of methylene blue was degraded, UV–Vis spectrophotometer was used, which 
analyzed maximum absorption (MA) level at 664 nm, corresponding to its wavelength 
of maximum absorption, these percentages of material degradation efficiency were 
analyzed. Using the Tauc relation (TAUC et al, 1972) extracted from the UV–vis spectra 
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were determined the optical band gap (absorbance onset) and the blue-shift from the 
absorption coefficient data as a function of the wavelength.

2.3 Characterization 

The structure of the crystalline phases in the calcined powders was investigated 
by X-ray diffraction (XRD) using a Rigaku MiniFlex II diffractometer with CuKα radiation 
(λ = 1.5418Å).  For the phase identification, the measurements were carried out in the 
range of 2θ within 10° to 90° and the step speed of 0.02º/ min with fixed time of 2 s.

The lattice parameters and position were determined by means of the Rietveld 
refinement method and were analyzed by the Structure Analysis System (GSAS) 
program with the EXPGUI graphical interface program and the lattice parameters and 
atomic positions obtained were used to model these unit cells using the Visualization 
for Electronic and Structural Analysis (VESTA) program, version 3.1.2.

The values of the crystallite size and average strain value were obtained, using 
the Scherrer equation, which are  related to the volume-weighted crystallite size, (D) to 
the integral width (taken on a 20 scale) of the size broadened profile. By applying some 
weighted average strain value, the approximate value is obtained from the integral 
width of the extended strain profile, and it was obtained by the GSAS program, as 
represented in Equation (1) and (2) (WANG et al, 2017).

The samples were investigated by EDS spectroscopy using a field-emission gun 
scanning electron microscopy (FEG-SEM; Carl Zeiss, Supra 35-VP Model, Germany) 
operated at 14 kV. The wavelengths related to higher absorbance peak of the degradation 
of Zinc Oxide obtained by analysis of the UV–Vis spectroscopy were the response 
variables with the percentage of doping efficiency values by (ULLAH et al, 2008), 
(SIVAKUMAR et al, 2015) and (RAJABI et al, 2013). The PL spectra were recorded at 
an excitation wavelength of 350 nm at room temperature using a photoluminescence 
spectrometer Hamatsu R446 “lock in” SR-530.

3 |  RESULTS AND DISCUSSION

The patterns of the X-ray diffraction of the samples synthesized by the 
sonochemical method  are shown in Figure. 1. The XRD was used to verify the crystal 
structure and purity of the samples. Figure 1 presents the X-ray diffractograms of ZnO/ 
CQDs powders as response surface obtained according to the sonochemical method, 
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showing its crystallization with the presence of phase that identifies the formation 
of zinc oxide having the wurtzite type hexagonal structure. All the diffraction peaks 
can be indexed to the hexagonal structure of ZnO (JCPDS No 36-1451) having the 
P63cm space group (PHURUANGRAT et al, 2014). This was verified by standard 
XRD crystallographic record with the JCPDS No. 36-1451 through the search-match 
program, which indicated the incorporation of quantum dots at zinc oxide network 
through observing the formation of a single phase crystal structure for pure ZnO and 
ZnO with increasing quantum dots, ZnO/CQDs as shown Figure 1 and in detail the 
structure CQDs when don’t have increasing into zinc oxide (fig.1b). 

Figure 1.  X-ray diffraction diagram of powder ZnO/CQDs samples prepared with sonochemical 
method and detail sample CQDs.

The crystallization has been the presence of peaks that vary from a lower intensity 
to a higher intensity with the single phase of ZnO, as can been observed through the 
card JCPDS 36-1451 and this is due to the increase in temperature in which at 100 ºC, 
there are small peaks up to 100 ° C with higher peak intensities, these peaks acquire 
a higher intensity of crystallization as shown in Figure 1. The peaks revealed that the 
prepared particles have an increase in intensity of 2θ when the ZnO is replaced and 
different the structure the CQDs when don’t have incorporated zinc oxide. The results 
of the Network Parameters and Unit Cell Volumes have their values confirmed by the 
values previously reported (SHEN et al, 2008) and thus, they have similar values when 
a = 6.25 (Å) and c = 12.16 (Å). Thus, observing Table 1 confirmed the structure values 
through the use of the Rietvield refinement method by (MANSUR et al, 2014) and 
(JAVED et al. 2011) 

The Figure 1 shown diffractograms with the JCPDS No. 36-1451 where a = 3.25 
Å, c = 5.20 Å as according with the literature and peaks (100), (002), (101), (110), 
(103) and (112) correspondents principals peaks of ZnO. The crystalline of material 
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as observed as compared when incorporated the quantum dots, assumed the same 
parameter of ZnO. 

XRD of the samples of the CQDs are shown in  Figure 1 (b), all the patterns were 
same of the main structure with an sp2 set with stacking faults based on a wide 002 
peak at approximately 2θ = 20.6 °, and no other peak was detected, thus confirming 
the amorphous nature of all, as studied for quantum dots of biomass derivatives (chitin 
and chitosan) the results pattern of the XRD of the graphite  showing the  (002) higher 
peaks revealed centered around 2θ = 21.25 ° confirmed with the structures similar to 
graphite as studied previously (FRADE et al, 2012).

The Figure 1 shown diffractograms with the crystalline peaks of the material 
incorporated by the dots, Zno / CQDs, the characteristic peaks of the single phase of 
Zno were maintained and thus identified the doping of the material.

The XRD data were processed by Rietveld refinement. The Rietveld refinement 
method by (PHURUANGRAT et al, 2014) and (FRADE et al, 2012) was used to explain 
the possible differences in the structural arrangements induced by the processing of 
the ZnO particles. The Structure Analysis System (GSAS) program with the EXPGUI 
program with the graphical interface by (MONTERO-MUÑOZ et al, 2018) and (KEIJSER 
et al, 1983) was used to perform the refinement. The refined parameters were: scaling 
factor and phase fraction; background, were used to model these unit cells using the 
Visualization for Electronic and Structural Analysis (VESTA) program, version 3.1.2. 
was modeled using a displaced Chebyshev polynomial function; peak shape, which 
was modeled using Thomson-Cox-Hasting pseudo-Voigt; change in lattice constants; 
fractional atomic coordinates; and isotropic thermal parameters. The results of the 
Rietveld refinement are shown Figure 2.

Figure 2. Rietveld refinement plot of sample of ZnO and ZnO/CQDs prepared with sonochemical 
method at a) refinement plot of sample ZnO and b) refinement plot sample of ZnO/CQDs.

Figure 2 shows the corresponding refinement at a temperature until 100 ° C with 
the ZnO increasing quantum dots.  The appearance of characteristic diffraction peaks 
for a pure ZnO sample corresponding to (1 0 0), (0 0 2), (1 0 1), (1 0 2), (1 1 0), (1 0 
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3) and (11 2) planes is in good agreement with the standard XRD peaks of crystalline 
bulk ZnO with hexagonal wurtzite structure JCPDS No. 36–1451, a = 3.2501 Å , c = 
5.2071 Å, space group: P63mc . The gradual changes of the FWHM of characteristic 
peak (002) is shown as an inset to show the refinement of evolved structure, at 1000 
ºC, the best result is obvious from the spectrum by  (SALEM et al, 2018) and (SABIR 
et al, 2014).

Table 1 showed the Rietveld refinement parameters, crystallite size, and degree 
of crystallinity. The quality of the refinement was quantified by the corresponding pre-
determined values: profile residual Rp, weighted profile residual Rwp and adjustment 
quality χ2. In table 1, it was verified that the lattice parameters and unit cell volumes 
are very close to the values recently published in the literature (SARIC et al, 2017), 
considering the crystallite size the effects of zinc oxide on the morphology quantum dots, 
the particle sizes, purity and the phase of ZnO samples have been investigated.  The 
results have been listed in Table 1 according to (KAHOULI et al, 2015) and (MIRZAEI 
et al, 2017).

Compounds ZnO ZnO/CQDs

Crystal System Hexagonal Hexagonal

Space Group P63cm P63cm

A 3.25161 3.25161

B 3.25161 3.25161

C 5.20689 5.20689

V(Å³) 47.67 47.80

X² 1.36 1.41

Rwp (%) 24.45 28.67

Rp (%) 17.32 20.19

Table 1. Structural Parameters for ZnO and ZnO/CQDs from Rietvield refinement of powders X 
–ray diffraction data.

The quantification of these parameters was made through the experimental XRD 
and it was carried out in the P63mc space group using the structural parameters for 
ZnO as the initial model. ZnO / CQDs refining, the atomic positions were accurately 
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fasten for all cell samples, and these values were assigned by Vesta program for the 
structure formation. Also, the doping of CQDs and the temperature used caused the 
formation or reduction of structural defects: oxygen vacancies, distortion on the bonds, 
stresses and strains on the crystalline lattice. The values of the adjustment parameters 
(Rwnb, Rb, Rexp, Rw, and χ2) suggest that the refinement results are reliable as shown 
in Table 2 according to (NGOC-TRAM LE et al, 2018), (SAADELDIN et al, 2018) and 
(KIMIAGAR et al, 2018)

(a)Atoma X y z occupancy B Site Sym.

Zn1 0.33333 0.66667 0.00661 1.000 0.629 2b 3.m

O1 0.33333 0.66667 0.38133  1.000 0.629 2b 3m

 b)Atomsb

Zn1 0.33366 0.66667 0.10839 0.998 0.133 12d 1

O1 0.33298 0.66667 0.49121 0.992 3.795 12d 1

CQDs 0.00000 0.00000 -0.06518 0.992 75.565 2a 3m.

aZnO synthesized by Sonochemical method.

bZnO/CQDs  synthesized by Sonochemical method.

Table 2. Atomic coordinate obtained experimentally from the structural of ZnO and ZnO/CQDs 
refinement by the Rietveld method and theoretically calculated with an electronic and structural 

analysis Vesta program. 

These unit cells were modeled using the Visualization for Electronic and Structural 
Analysis (VESTA) program, version 3.1.2, for Windows as shown in Figure 3 for doping 
ZnO/CQDs all at 100 ºC temperature (GHAMSARI et al, 2019). Therefore, the SEM 
results indicated that the CQDs in the ZnO structure were adequately stabilized by the 
functional groups (-NH, -CC, -O), which is in reasonable agreement with the values 
obtained in the x-ray shown in Figure 1. The fluorescent quantum yield was thus 
calculated to be 17.1% using quinine sulfate as a reference (Sahu et al, 2012).
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Figure 3. Schematic representation of the structure corresponding to sample of ZnO and ZnO/
CQDs prepared with sonochemical method at a) structure of ZnO .

The SEM/ EDS mapping the samples are as shown in the Figure 4 (a-h), the 
micrograph of ZnO shown at Fig. 4 (a, b and c) as observed hexagonal wurtzite 
structure type flower. The analysis of prepared samples identified the ZnO at hexagonal 
structure in the homogeny distribution for samples as shown Figure 4 (h). The CQDs via 
sonochemical method using temperature at 100 ºC can been observed as shown the 
micrograph for the system ZnO/CQDs at Fig. 4 (d, e and f) observed hexagonal wurtzite 
structure type roods and the distribution of the atoms for samples as shown the Figure 
4 (g) confirmed the presence different functional groups ( such as carboxylic groups, 
hydroxyl groups, amines, amides),  attributed to the stretching  of -CH, -NH and –OH, 
-CO, -CC and -CH, respectively, for formulation CQDs (Yang et al, 2012). The particles 
of ZnO-CQDs, provides a better defined as roods different to that morphology of pure 
ZnO as type flower, but the system of ZnO-CQDs a greater amount of clusters and 
larger particle size (THABIT et al, 2018).
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Figure 4. EDS mapping of the synthesized powder ZnO/CQDs samples prepared with 
sonochemical method. a) Zno samples and b) ZnO/CQDs samples.

Figure 5 showed the optical properties of the pure ZnO, and ZnO / CQDs were 
obtained by sonochemical with the PL measurement, respectively. The effect of 
adsorption on the PL emission properties of ZnO has been well studied in literatures by 
(TAUC et al, 1972), (JUNG et al , 2011) and (FANG et al , 2018). 

The photoluminescence spectra of the ZnO pure and ZnO / CQDs system of 
nanoparticles collected at room temperature (RT). Figure 5 shows the PL of the CQDs 
is the emission starts at 477 nm and ends at 648 nm. The difference in PL intensity 
between ZnO pure and ZnO / CQDs is attributed to the presence of surface groups 
(O-H, N-H, and C = O) of carbon quantum dots as reported by (JUNG et al , 2011) and 
(BRISCOE et al, 2015) are influenced for values band gap.
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Fig.5. (a) Optical band gap plot using Tauc equation of the ZnO pure and (b) the ZnO/ CQDS.
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Figure 6 shows the band gap energy values of the ZnO semiconductor is about 
3.29 eV and with the addition of the CQDs that has band gap energy of 3.15 eV, the 
value of the bulk has the decrease of ZnO / CQDs with a value of 3.23 eV. Therefore 
the particle size of ZnO and ZnO / CQDS under study in this work is small enough to 
make the particle surfaces have a dominant role in the PL process.

Figure 6. Degradation efficiency versus time of sample ZnO –CQDs particles obtained using 
sonochemical method at 100°C, respectively for ZnO and ZnO-CQDs. 

Figure 7 shows the increased photocatalytic activity of ZnO ZnO / CQDs system 
nanostructures can be attributed to increase the CQDs into the structure ZnO. However, 
these ions can act as a center of recombination between the electron excited during the 
photocatalysis processes by (OLIVEIRA et al, 2006) and (TAUC et al, 1972). 

The effect the photocatalytic of ZnO has been reported studied in literatures by 
(KIMIAGAR et al, 2018), (THABIT et al ,2018) and (FANG et al , 2018) so the effect the 
photocatalytic for ZnO above 70% this case the ZnO for this study as shown in Figure 7 
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obtained a degradation of 74% and when including CQDs as shown had a degradation 
of 70% with a significant response to the doping of the CQDs in the zinc oxide structure.  

4 |  CONCLUSION

The study of Zinc oxide included CQDs into the system by sonochemical method 
was analyzed. The low temperature at 100 ℃ was efficiency the formation of a single 
phase crystal structure for increasing CQDs the  peaks that correlate to the wurtzite ZnO 
(JCPDS = 36-1451) at 31.77, 34.48 and 36.50 that correlate to the ZnO (100), (002) 
and (101) planes for the samples CQDs. The quality of the refinement was quantified by 
the corresponding pre-determined values: profile residual Rp, weighted profile residual 
Rwp and adjustment quality χ2 has been studied at literature and confirmed in this study. 
The SEM shows that the samples of pure ZnO have large amounts of ZnO with similar 
nanoparticles with flower shape. Among the particles of ZnO/CQDs, provides a better 
defined as roods different to that morphology of pure ZnO, but a greater amount of 
clusters and larger particle size. The photocatalytic activity as observed the efficiency 
degradation of ZnO pure and the included CQDs was efficient in the degradation of the 
material with 70% efficiency.  The gap band Eg = 3.29 eV for ZnO and with CQDs the 
band gap Eg = 3.25 eV. The investigated the possibility of increasing the efficiency of 
the same and potential substitutes for traditional photocatalysts.
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