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Abstract: In this research, zinc oxide quantum dots and graphene nanocomposites were synthesized via two different
methods; in the first (direct) method, ZnO-graphene nanocomposites were made by mixing the synthesized zinc oxide
and graphene. In the second (indirect) method, zinc nitrate, graphene, and sodium hydroxide were used to make
ZnO-graphene nanocomposites. XRD, FTIR, and Raman spectroscopy analyses were used for phase and structural
evaluations. The morphology of the nanocomposites was characterized by SEM. The specific surface area and
porosity of the samples were characterized by BET analysis. The optical properties of the samples were investigated
by photoluminescence and ultraviolet-visible spectroscopy analyses. Results showed that graphene increased the
photoluminescence property and shifted the photoluminescence spectrum of the composites towards the visible light
spectrum. In the visible light region, the photoluminescence of the synthesized graphene-zinc oxide composite was
closer to white light than that of pure zinc oxide. According to the results of BET test, the nanocomposite synthesized
by direct method had a higher surface area (25.7 m”.g!) and a higher porosity (0.32 cm?.g™!) than the nanocomposite
synthesized by the indirect method with a specific surface area of (16.5 m”.g”") and a porosity of (0.23 cm’.g”).
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1. INTRODUCTION

Quantum dots are one of the most practical
nanostructures in industry and medicine. In the
industry, the quantum dots are used to make LED
lights, solar batteries, etc. In medicine, quantum
dots are used to design and construct ultra-
sensitive nano-bio sensors with higher optical
stability than traditional organic pigments. The
ratio of surface to volume of samples is increased
using quantum dots. Quantum dots have unique
properties such as higher optical stability
compared to conventional organic pigments with
narrower wavelengths of the spectrum that can
stimulate the electrons and so on [1-15].

Zinc oxide is a semiconductor. Its straight
bandgap at room temperature is 3.36 eV. Zinc
oxide is used in thin-film transistors and light-
emitting diodes, and the solvothermal method is
commonly used for synthesizing zinc oxide
quantum dots. [6-16].

Graphene is constructed as the two-dimensional
structure of single graphite layers in which carbon
atoms are arranged in a hexagonal array.
Graphene has the highest electron transfer rate

and unique mechanical, optical, thermal, and
electro chemical properties [17, 18].

A composite combines two or more materials in
which the components are chemically separated
and insoluble. Composite refers to a mixture of
different materials whose constituents retain their
identity, do not dissolve into one another, and do
not form a new chemical composition [19, 20].
The addition of carbon-based materials improves
the photocatalytic activity of semiconductors.
Carbon materials are good electron conductors
and can help transfer charge between metal oxides
and pollutant molecules. Specifically, graphene,
due to its high particular surface area, electronic
conductivity, and surface-to-volume ratio, is a
significant material [21]. The addition of metal
oxides such as ZnO, TiO,, SnO; [22], V205, Cu,O
[23, 24], Bi2O3 [25], and graphene improves the
photocatalytic performance. Among them, the
graphene-ZnO nanocomposite is more stable.
Compared to pure zinc oxide, the luminescence
emission intensity of the nanocomposites is
drastically reduced. This suggests that the
presence of graphene can affect the structure of

zinc oxide [26].
Hod
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In this study, ZnO-graphene nanocomposite
quantum dots were synthesized, and their optical
properties and microstructure were studied
compared to monolithic zinc oxide. The raw
materials, graphene and zinc oxide, were
synthesized. Graphene oxide was synthesized by
the Hammer method [27-29].

The use of graphene and the formation of
nanocomposites have improved the
photoluminescence properties compared to pure
zinc oxide. In other words, with the addition of
graphene to zinc oxide and the creation of
graphene-zinc nanocomposite, the resulting
photoluminescence spectrum ends up containing
almost all wavelengths of visible light. This
means that the photoluminescence of the
synthesized graphene-oxide nanocomposite, in
visible light, is closer to white light than that of
pure zinc oxide [30].

2. EXPERIMENTAL PROCEDURE

2.1. Synthesis of graphene oxide and graphene

The Hammers method was used to produce
graphene oxide. First, 180 ml sulfuric acid
(Merck- 112080) with 20 ml phosphoric acid
(Merck- 100573) were mixed in a beaker with a
magnetic stirrer. Then, 1.5 g graphite powder
(Merck- 104206) was added to the mixture of
sulfuric acid and phosphoric acid, and the beaker
was placed in a water and ice bath to fix the
temperature below 100]. Next, 9 g potassium
permanganate powder (Merck- 105082) was
slowly added to a mixture of acid and graphite,
and the suspension was mixed for 15 minutes, and
the temperature was increased to 4501 for 24
hours. Then, the mixture was cooled to room
temperature. A solution of 3 mL of oxygenated
water and 200 mL of deionized water was made,
and its temperature was reduced to 0°C. Next, the
mixture of acid and graphite is slowly added to a
water and oxygenated water solution. Adding the
mixture of acid and graphite to the solution of
deionized water and oxygenated water caused a
strong reaction which changed the color of the
mixture to brownish-yellow. Then the suspension
was centrifuged for 30 minutes, and the solid was
washed with deionized water and hydrochloric
acid, with a volume ratio of 1 to 1. In this step, the
graphene oxide plates were separated in a
deionized water bath under ultrasonic and dried in
an oven at 700 for 12 hours [27, 28].

.

100 mg of graphene oxide and 100 mL of
deionized water were mixed using an ultrasonic
mixer for 10 minutes. Then, the solution was
transferred to a reflux system and was mixed
using a magnetic stirrer at 100C]. Then, 1 mL of
hydrazine hydrate (Sigma Aldrich- 04604) was
added to the solution, and the system was left for
24 hours. After that, the balloon contents were
washed with deionized water and ethanol and
centrifuged. At the end of this period, brown
graphene oxide was restored to black graphene.
The graphene was dried at 7000 for 12 hours.

2.2. Synthesis of zinc oxide

For the synthesis of ZnO, 10 mL of a 1 M solution
of ZnSO4 (Merck- 108883) was mixed with 10
mL of a solution of 1 M Na,COs (Merck- 106395)
and 1 M NaOH (Merck- 106462) with a volume
ratio of 1 to 1 at the temperature of 60(1. It made
a white suspension.

The suspension was then separated with
centrifuging and washed with deionized water.
Then, for nucleation and growth of
nanoparticles of ZnO, 0.38 g of stearic acid
(Merck- 800673) was added to 4.5 mL of a
solution of water-ethanol with a volume ratio of
1 to 1, and then 0.5 g ZnO powder was added
and mixed. The suspension was transferred to a
Teflon container in a stainless-steel autoclave.
To complete the reaction, the solution was held
at 180(] for 72 hours. The product obtained was
separated by centrifuging and washed with
ethanol. The powder dried in an oven at 700] for
12 hours [21, 31].

2.3. Synthesis of  graphene-zinc  oxide
nanocomposite by solvothermal method
(Indirect method)

0.2 g graphene was dispersed in a 50 mL solution
of ethanol and deionized water with a ratio of 2 to
3 and mixed for 30 min. Zinc nitrate (Merck-
108833) was added to the graphene solution and
mixed for 15 minutes to produce a homogeneous
dispersion. A diluted sodium hydroxide solution
was added to the mixture until a pH value of 12
was obtained and mixed for 30 min. The mixture
was transferred to a Teflon stainless steel
autoclave and put in an oven at 90 for 12 hours.
The solid precipitation was separated from the
solution by centrifugation, repeatedly washed
with deionized water and ethanol respectively,
and dried at 70[7 in an oven for 12 hours [30, 32].
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2.4. Synthesis of graphene-zinc oxide nano-
composite by solvothermal method (Direct
method)

0.2 g graphene was re-dispersed in a 50 ml
solution of ethanol and deionized water with a
ratio of 2 to 3 and was mixed for 30 min. Then,
0.8 g of zinc oxide was added to the solution, and
the suspension was mixed at room temperature
for 1 hour. The mixture was transferred to a Teflon
stainless steel autoclave and put in an oven at 90
for 10 hours. The solid precipitation was
separated from the solution by centrifugation,
repeatedly washed with deionized water and
ethanol respectively, and dried at 700J in an oven
for 12 hours.

2.5. Characterization of the prepared nano-
composites

The diffraction patterns were obtained with an
XRD analysis (Philips PW1730) with Cu—K «
target with k= 1.54060 A to identify the final
phases. Raman characterization was conducted
using a portable Raman device (RIGAKU, Japan)
with a 1064 nm wavelength. FTIR analysis was
performed using the Vertex 70 Bruker
spectrometer with a 4 Cm! resolution. The
morphology of samples was analyzed by SEM
instrument (MIRA3, TE-SCAN). Surface area
measurements were done by the BET method.
First, the samples were heated at 2000 for 1 hour

and then were degassed in a vacuum to remove
the contaminants. Then the absorption of nitrogen
gas at a constant temperature of 77 K was
measured. For analyzing the photocatalytic power
of the graphene-zinc oxide nanocomposite, 0.25 g
graphene-zinc oxide nanocomposite that was
synthesized by the direct method was added to
500 mL solution of 10 ppm methylene blue in
deionized water and was exposed by visible white
light (NARVA— LT8ETS5/760-010 daylight) and
was mixed at the same time by a magnetic stirrer.
Some samples were taken from the mixture
during the light exposure at a specified passing
time. 10 mL of methylene blue solution was used
in each sample. After taking the samples, they
were centrifuged at 5000 rpm for 10 minutes. 5
mL of each taken methylene blue in deionized
water samples were subjected to
spectrophotometer testing.

3. RESULTS AND DISCUSSION

Figure 1 presents the XRD patterns of graphene,
zinc oxide, and graphene-zinc  oxide
nanocomposites (prepared by direct and indirect
methods). According to Figure 1, graphene was
synthesized as a single-phase according to the
standard card [00-001-0640], zinc oxide was
synthesized as a single-phase according to the
standard card [01-079-0207].
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Fig. 1. Figure 1. The XRD patterns of graphene, zinc oxide, and graphene-zinc oxide nanocomposites prepared
by direct and indirect method
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As shown in Figure 1, graphene-zinc oxide
nanocomposites (prepared by direct and indirect
methods) have two phases of graphene [00-001-
0640] and zinc oxide [01-079-0207], and no new
phases were detected.

The FTIR spectra for the graphene-zinc oxide
nanocomposites synthesized are shown in
figure 2.

According to figures 2a and 2b, for the graphene-
ZnO nanocomposites, a characteristic peak at
1501-1638 ¢cm™ corresponding to the stretching
vibrations of C=C is observed, which confirms

the formation of the graphene structure. FTIR
peaks observed at 670, 876, 2852-2922 c¢cm! for
refer to the C-H bonding. The other peak at
1384 cm! refers to N-O banding, and the peak at
3416 c¢cm! refers to the O-H group due to
moisture absorbed, and the 2034 cm! peak
shows the C=C banding [33-35].

Figure 3 shows the SEM images of the graphene,
zinc oxide, graphene-zinc oxide nanocomposites
synthesized by the direct method and graphene-
zinc oxide nanocomposites synthesized by the
indirect method.
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Fig. 2. FTIR spectra of graphene-zinc oxide nanocomposites synthesized by (A) the direct method and (B)
indirect method
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Fig. 3. SEM images of (A) graphene (B) zinc oxide (C) graphene-zinc oxide nanocomposite synthesized by the
direct method and (D) graphene-zinc oxide nanocomposite synthesized by the indirect method

According to figure 3, the synthesized graphene
has a thickness of about 10 nm, and the
synthesized zinc oxide has a spherical
morphology with an average diameter of 29 nm.
Also, the nanocomposite, which was synthesized
by the direct method, has zinc oxide particles with
an average diameter of 34 nm. The sample was
synthesized by the indirect method has zinc oxide
particles with an average diameter of 39 nm.

In the indirect method of synthesizing, zinc oxide

particles were formed on the graphene plates in
the form of pins and needles, while in the direct
method, the particles are spherical. The particle
size in the sample synthesized by the direct
method is more fine-grained than the one
synthesized by the indirect method. Figure 4
shows the BET isotherms of adsorption/desorption
of the N, gas on the specific surface of both of the
graphene-zinc oxide nanocomposites samples that
were synthesized by direct and indirect methods.
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Fig. 4. BET isotherms of adsorption/desorption of the N, gas on the specific surface of both of the graphene-zinc
oxide nanocomposites samples.

As shown in figure 4 and according to IUPAC
classification, these isotherms are type IV. This
means the graphene-zinc oxide nanocomposite
samples have mesoporous. It can be concluded
that the graphene-zinc oxide nanocomposites
sample that was synthesized by the direct method
has a higher specific surface area. This confirms
the results of the SEM images in Figure 4. The
size and shape of the porosity of powder particles
are also some of the factors affecting
photocatalytic properties [30, 36].
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Figure 5 shows the BET plot of both graphene-
zinc oxide nanocomposites samples synthesized
by direct and indirect methods.

According to figure 5, the specific surface area of
both graphene-zinc oxide nanocomposites
samples synthesized by direct and indirect
methods is calculable.

Figure 6 shows the porosity size distribution of
both graphene-zinc oxide nanocomposites
samples synthesized by direct and indirect
methods.
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Fig. 5. BET plot of both of the graphene-zinc oxide nanocomposites samples that were synthesized by direct and
indirect methods.

o &



http://dx.doi.org/10.22068/ijmse.2603
https://cmi.iust.ac.ir/ijmse/article-1-2603-en.html

[ Downloaded from cmi.iust.ac.ir on 2026-06-17 ]

[ DOI: 10.22068/ijmse.2603 |

Iranian Journal of Materials Science and Engineering, Vol. 19, Number 3, September 2022

-
=
S
9
St
=
2 . i ;
e Graphene-Zinc Oxide
Nano composite
(Indirect)
0 10 20 30 40 50 60 70 80 90 100

rp (nm)
Fig. 6. The porosity size distribution of both of the graphene-zinc oxide nanocomposites samples that were
synthesized by direct and indirect methods.

Figure 6 compares the porosity distribution of the
two samples, both of the graphene-zinc oxide
nanocomposites samples that were synthesized by
direct and indirect methods. According to figure
6, graphene-zinc oxide nanocomposite, which
was synthesized by the direct method, has smaller
particles.

Table 1 shows the specific surface area, porosity
volume, porosity radius, and porosity surface area
of both graphene-zinc oxide nanocomposites
samples that were synthesized by direct and
indirect methods.

Figure 7 shows the results of the photo-
luminescence (PL) emission test of graphene,
Zn0, and graphene-ZnO nanocomposite samples
with an excitation wavelength of 360 nm.

As shown in figure 7, the spectra show a sharp
emission peak in the blue region with a maximum
of 430 nm, corresponding to the exciton emission
of graphene and ZnO. Pure ZnO has higher
emission intensity in visible blue spectra due to
defect states such as oxygen vacancies in the

structure of ZnO. However, with the formation of
the composite, these defects decreased, and the
composites have emission in the spectra that are
more approached to white light. This might result
in an improvement in ZnO applications [30, 36-40].
Due to the Photoluminescence results, the
radiation intensity of the graphene-zinc oxide
nanocomposite synthesized by the indirect
method is more than the direct method. This
happened because the particle size in graphene-
zinc oxide nanocomposite synthesized by the
direct method is smaller than graphene-zinc oxide
nanocomposite synthesized by the indirect
method, and it causes more internal absorption.
Figure 8 shows the ultraviolet-visible (UV—Vis)
absorption spectra of Methylene blue solution
samples in response to graphene and ZnO.
Sample in visible light spectra. So, graphene
could be used as a composite part with ZnO to
increase the photocatalytic power in visible light.
Pure ZnO gives a sharp absorption peak at 369
nm corresponding to the bandgap of 3.36 eV.

Table 1. Specific surface area, porosity volume, porosity radius, and porosity surface area of both of the
graphene-zinc oxide nanocomposites samples that were synthesized by direct and indirect methods.

Sample as, et (m?/g) | Ve (em®/g) | rp peakArea (nm) | ap (m?/g)
graphene-zinc oxide nanocomposite (direct) 25.684 0.3214 12.17 31.167
graphene-zinc oxide nanocomposite (indirect) 16.455 0.2316 21.86 19.767
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Fig. 7. Photoluminescence emission spectra for graphene, ZnO, and graphene-ZnO nanocomposites acquired
with the excitation wavelength of 360 nm.
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Fig. 8. UV-Visible absorption spectra of Methylene blue solution samples.

As shown in figure 8, the sample containing pure
graphene has less absorption than the pure ZnO
this indicates a good crystalline ZnO structure
that usually shows absorption in the UV region.
The position of the 369 nm peak remains

s B

unchanged, whereas, only the intensity decreases
with the corresponding decrease in ZnO
concentration in the nanocomposites. So,
variation in the ZnO concentration in the
nanocomposites did not cause any changes in the
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bandgap of the nanocomposites. Also as shown in
figure 8, the intensity of the absorption spectrum
in  graphene-zinc  oxide  nanocomposite
synthesized by the direct method is more than
graphene-zinc oxide nanocomposite synthesized
by the indirect method. This happened because
the particle size in graphene-zinc oxide
nanocomposite synthesized by the direct method
is  smaller than  graphene-zinc  oxide
nanocomposite synthesized by indirect method as
shown in Figure 3 (SEM images). It means the
effective surface in graphene-zinc oxide
nanocomposite synthesized by the direct method
is more than graphene-zinc oxide nanocomposite
synthesized by the indirect method [27-30].
Figure 9 shows the UV—Vis absorption spectra of
Methylene blue solution samples during the
exposure time.

According to figure 9, the maximum pick of
absorption occurs at 664 nm.

For calculating the concentration of the
methylene blue samples, some reference samples
were made at specified concentrations and were
subjected to UV-Visible absorption spectra
testing. For this test, absorption of the light with a
wavelength of 664 nm was the maximum pick of
Methylene blue light-absorbing, was measured.
The equation of the calculated line is equation 1.

Equation 1:
y=Ax+B )
In this equation, the “A” parameter is 0.1589, and
the “B” parameter is 0.0712. According to
equation 1, the concentration of the samples was
calculated.
The photocatalytic efficiency was calculated by
using equation 2.
Equation 2:
Co—Cy
- x 100 (2)
In this equation, Co is the primary, and C; is the
secondary concentration.
Table 2 shows the efficiency of photocatalytic
properties of graphene-zinc oxide nanocomposite
that was synthesized by the direct method of
decomposing the methylene blue in solution
samples during the exposure time. As shown in
table 2, 36.41% of methylene blue decomposed at
6 hours ofexposure to visible white light.
When samples are exposed to adequate
electromagnetic radiation, the electrons absorb
energy stimulated and transported to the higher
energy levels. These levels are unstable for
electrons. So, in the process of returning to the
stable situation, the electrons start to react with
Methylene blue molecules, which causes
decomposing methylene blue.

Efficiency =

00:00
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Fig. 9. UV-Visible absorption spectra of Methylene blue solution samples during the exposure time.
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Table 2. The efficiency of photocatalytic properties of graphene-zinc oxide nanocomposite that was synthesized
by the direct method on decomposing the methylene blue in solution samples during the exposure time.

Sample 1 2

3 4 5 6 7

Exposure time [h] 00:00 | 00.30

01:30 02:30 03:00 04:00 06:00

Total efficiency (In comparing to R
the first sample) - 5.54%

11.07% | 14.52% | 18.39% | 27.82% | 36.41%

As a result, due to the changes in methylene blue
concentration in the samples, these solutions show
different optical absorption rates compared to the
reference sample. In other words, the effects of
the photocatalytic properties of the samples
change the color of Methylene blue solution in the
visible wavelength region and change the amount
of light absorption of the solution.

Raman spectra for the graphene-ZnO nano-
composites are shown in Fig. 10.

According to figure 10, The “D” and “G” bands
at 1284 and1594 Cm™ respectively are the
characteristic peaks for the carbon components of
graphene. The “G” peak arises from the stretching
of the C-C bond of Graphite materials and is
highly sensitive to strain effects in the sp? system.
The disordered structure of graphene causes the
“D” peak. The “2D” band for graphene is

observed at 2705 cm™ and the “D+G” band is
located at 2916 cm™. The “2D” band is the
second-order two-photon process that usually
appears due to multilayer-structured graphene.
The “2D” band in figure 10 indicates the presence
of a few layers of graphene [30, 37, 41-43].

4. CONCLUSIONS

-Graphene-ZnO nanocomposite synthesized by the
direct method had particles with an average
diameter of 34 nm, while the graphene-ZnO
nanocomposite synthesized by the indirect method
had particles with an average diameter of 39 nm.

-The specific surface area of graphene-ZnO
nanocomposite synthesized by the direct method
was larger (25.684 m’.g!) than that of the one
synthesized by the indirect method (16.455 m>.g™).
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Fig. 10. Raman spectra for graphene, ZnO, and graphene-ZnO nanocomposites were synthesized by direct and
indirect methods.
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-The higher surface area increased the absorption
of light and the photocatalytic reaction rate. As a
result, the graphene-zinc oxide nanocomposite
synthesized by the direct method had higher
photocatalytic power than the graphene-zinc
oxide nanocomposite synthesized by the indirect
method.

-Using graphene in the formation of
nanocomposites improved the photo-
luminescence property compared to pure zinc
oxide. In other words, by adding graphene to zinc
oxide, the resulting photoluminescence occurred
almost in all of the visible light wavelengths. This
means that photoluminescence of the synthesized
graphene-zinc oxide nanocomposite, in the
visible light spectrum, is closer to the white light
than the pure zinc oxide photoluminescence.
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