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The synthesis of ZnO/GQD nanocomposites aims to increase ZnO
photoluminescence by conjugating techniques with other luminescent
materials, namely graphene quantum dot (GQD). This material is applied as a
bioimaging material. ZnO nanoparticles were conjugated with variations of
GQD, namely (0.001 g, 0.0015 g, 0.002 g) by hydrothermal method. The
results of characterization of ZnO/GQD nanocomposites using XRD show the
formation of a hexagonal wurzite structure of ZnO, there is no change in the
crystal structure of ZnO, while GQD has an orthorhombic crystal structure.
Photoluminescence shows the highest visible light emission peak of ZnO
nanoparticles at a wavelength of 620 nm which produces bright yellow
luminescence. ZnO/GQD nanocomposites (0.001 g, 0.0015 g, 0.002 g)
produced the highest photoluminescence peaks at wavelengths of 550 nm, 590

nm, and 580 nm, respectively. From the PL results, it can be concluded that
there was an increase in the photoluminescence intensity with the addition of a
small amount of GQD, namely 0.001 g, and there was a shift in the
photoluminescence peak towards short wavelengths. This proves that the
photoluminescence characteristics of ZnO can be controlled by conjugation
with GQDs. Nanocomposites ZnO/GQD potential to be developed as
bioimaging material.
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1. INTRODUCTION

The need for biocompatible and non-toxic materials continues to increase, especially in
biomedical applications. (Liu et al., 2020). One of the applications of materials in the biomedical field
is as bioimaging. Bioimaging is a form of visualization or imaging of biological objects by minimizing
all physical interference. Bioimaging materials are used for medical purposes such as diagnosing
diseases such as cancer and heart disease. Bioimaging technology uses various strategies to analyze
and solve these problems, where biocimaging techniques must be designed with the use of probes with
high specificity and sensitivity. Therefore, it is necessary to explore materials that can produce images
with high contrast and luminance. Materials that can be used to produce such images are luminous
materials. Zinc oxide (ZnO) is one of the luminous materials that can be developed as a bioimaging
material, because it is biocompatible, non-toxic, luminescence efficiency and anti-cancer properties
(Rajeshkumar et al., 2019; Kumar et al., 2020). ZnO nanoparticles show very high photoluminescence
in the visible light region, but the resulting photoluminescent ZnO is unstable due to defects, such as
Zn or O atomic vacancies, and interstitial Zn or O, and dangling bonds on the ZnO surface (Dai et al.,
2012). The luminescence of ZnO that will be utilized depend on its crystal defects and crystal
structure, therefore many ways have been developed to modify ZnO crystal defects.
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Conjugation of ZnO with other atoms can change the overall optical properties of ZnO
nanoparticles, including their luminance (Zayed et al., 2019). ZnO conjugation with various carbon
allotropes can change the optical properties of ZnO, such as ZnO conjugation with carbon quantum
dot (Astuti & Usna, 2024). Besides carbon quantum dot, conjugation of ZnO nanoparticles can also be
done with graphene quantum dot (GQD). GQD has good optical properties, as well as low toxicity so
that it can be applied in the biomedical field. GQD can be synthesized with organic materials to reduce
toxic properties that are very influential in the use of the medical field, especially bioimaging, as done
by (Wang et al., 2016) who synthesized graphene from coffee grounds. Other studies synthesized
GQD from rice husks using hydrothermal methods and Opuntia sp (Centeno et al., 2021) Combining
two luminous materials such as ZnO with GQD, can produce better optical properties and is different
from pure ZnO. (Wanas et al., 2023) have synthesized ZnO/GQD which can be used as a bioimaging
material for tumor cells. The results obtained by GQD are effective in reducing crystal defects on the
surface of ZnO. (S. Kumar et al., 2018) also conjugated ZnO with GQD using a hydrothermal method
and obtained a high photoluminescence value.

Conjugation of ZnO and GQD for bioimaging applications is still limited. Therefore, it is
reported here that the conjugation of ZnO with GQD can enhance the photoluminescence of ZnO so
that it has the potential to be developed as a bioimaging material. The purpose of this research is to
modify the optical properties of ZnO. This study also aims to determine the effect of GQD
concentration on the photoluminescence properties and structure of ZnO/GQD nanocomposites. The
synthesis method of ZnO and GQD used is the hydrothermal method, because it is able to produce
particles with a high level of crystallinity and better control in terms of size and shape. GQD was
synthesized from dried banana leaves that can be decomposed into carbon. GQD was varied in small
amounts, which is expected to be effective in improving the intensity of ZnO/GQD
photoluminescence.

2. METHOD

2.1 Synthesis of ZnO Nanoparticle

In this study, ZnO nanoparticles were synthesized using hydrothermal method, by mixing 0.2
M Zn(NOs), with 15 mL of ethanol. 2 mL of 15 mL of Zn(NOs). solution in ethanol was added
slowly to a 15 mL solution of 0.5 M NaOH and stirred for 2 hours using a magnetic stirrer. After that,
the sample was heated at 180°C for 15 hours in the oven using an autoclave (Astuti & Usha, 2024).
The sample was removed in the oven and a white precipitate was obtained which was then washed
three times using ethanol and distilled water, then reheated in the oven for 12 hours at 60°C.

2.2 Synthesis of Graphene Quantum Dots (GQDs)

The synthesis of GQD from dried banana leaves was carried out by hydrothermal method.
Banana leaves were washed to remove dirt and dust, then dried in oven for 2 hours at 110°C to remove
moisture content. After that, it is reheated using a furnace with a temperature of 400 ° C for 2 hours
until it becomes charcoal (blackened) to release the existing carbon bonds. Carbon from banana leaves
as much as 0.1 gram will be mixed with 10 mL of ethylene glycol and 2.5 mL of distilled water and
stirred with a magnetic stirrer for 24 hours. The sample was transferred to the oven using an autoclave
and heated for 6 hours at 200°C (Widiawati & Astuti, 2024). GQD solution was obtained but still
contained residual hydrothermal impurities, for which centrifugation was carried out as a separation
process between the sample and impurities at a speed of 300 rpm. Then the sample was filtered using
0.2 mm Wattman filter paper and the filtered solution was taken.

2.3 Synthesis of ZnO/GQDs Nanocomposite
Zn0O/GQD nanocomposites were synthesized using hydrothermal method. In this method, the
ZnO obtained was added to the GQD solution, and stirred using a magnetic stirrer for 2 hours. After

stirring, the sample was transferred into an autoclave and heated in an oven for 4 hours at 150°C. The
precipitate obtained was centrifuged and dried in an oven for 15 hours at 80°C.
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2.4 Characterization

The synthesized nanocomposite was characterized using an X-ray diffractometer (Bruker D8
Advance), a UV-Vis spectrophotometer, photoluminescence (Horiba MicrO Photoluminescence
Microspectrometer), transmission electron microscopy (FEI Tecnai G2 20 S-Twin), and Fourier-
transform infrared spectroscopy (FTIR) (Nicolet iS50). The determination of crystal size in
Zn0O/GQDs nanocomposite samples was calculated based on the Scherrer Equation, systematically
presented in Equation (1).

D= KA
Bcos@

where D is the nanoparticle crystalline size (nm) , K is Scherrer constant (0.9), 1 is wavelength of the
X-ray used (nm), B is half-maximum peak width (rad) and 8 is X-ray diffraction angle.
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Figure 1 XRD patterns of ZnO and ZnO/GQD nanocomposites with GQD variations.

3. RESULTS AND DISCUSSION

3.1 Structure and Size Analysis

XRD characterization aims to determine the structure and size of ZnO/GQD crystals. Figure 1
presents the XRD pattern of ZnO, and ZnO/GQD nanocomposites. The results of XRD
characterization of ZnO samples show diffraction peaks with the highest intensity at an angle of 20 =
36.29° with results close to 20 = 36.29°. Based on the diffraction peaks of ZnO XRD results show
similarities with the ICDD (International Center For Diffraction Data) database No. 00-005-0664. The
sample formed a hexagonal wurzite crystal structure containing ZnO phase, the lattice parameters
obtained are a =b = 3.24 A and ¢ = 5.20 A and the value of o = p =y = 90°. This indicates that the
Zn0 nanoparticles formed are pure ZnO without impurities.

Zn0O/GQD (0.001 g) XRD pattern shows two phases, namely ZnO and C (GQD). The highest
diffraction peak at an angle of 20 = 36.29°, identified as ZnO. Based on the data, it can be seen that
there is no change in 26 value or crystal structure of ZnO with the presence of GQD. GQD is known to
have an orthorhombic structure with a lattice parameters a=45A, b=53 A, andc=5.6 A and a
value of o = B =y = 90°. The synthesis of ZnO/GQD 0.0015 g compared to the XRD results of ZnO
and ZnO/GQD 0.001 g showed no significant change in the angle at the diffraction peak, namely 26 =
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36.27°. The compounds formed from the characterization results of ZnO/GQD 0.0015 g are ZnO and
C compounds. Both ZnO and GQD do not experience changes in crystal structure in this sample,
where ZnO has a hexagonal wurzite structure while GQD has an orthorhombic structure.

Table 1 Crystal size

Sample Brad (°) Cos 20/2 D (nm)
ZnO 0,00312 0,7632 58.14
ZnO/GQD (0,001 g) 0,00312 0,7632 58.14
ZnO/GQD (0,0015 g) 0,00357 0,7468 51,22
ZnO/GQD (0,002 g) 0,00401 0,7580 46,21

XRD characterization of ZnO/GQD (0.002 g) nanocomposite show the highest diffraction
peak of ZnO (26 = 36.24°) There is no change in the crystal structure of ZnO or GQD, but there is a
shift in the diffraction angle to be smaller than the other samples. The addition of a lot of GQD causes
crystal deformation in ZnO (Sangam et al., 2018). The shift in diffraction peaks indicates a change in
interplanar spacing in the crystal lattice. This is caused by several factors such as strain, temperature,
and changes in crystal size. In this case, the shift in diffraction peaks is caused by changes in crystal
size due to the addition of GQD. Where the diffraction peak shifts to a lower angle, which is caused by
lattice expansion. The XRD data shows a decrease in the diffraction angle from 26 = 36.29° to 26 =
36.24°, which goes hand in hand with an increase in the interplanar spacing from 2.47 A to 2.49 A.
The addition of GQD also causes a decrease in ZnO diffraction intensity because GQD covers the
surface of the ZnO crystal (EL-Dafrawy et al., 2021).

(b)
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Figure 2. TEM images of the ZnO/GDQ (0,002 g) (a) Low ratio, (b) High ratio

The crystal size of ZnO nanoparticles and ZnO/GQD nanocomposite was determined using
the Scherrer equation (Equation 1). The crystal size calculation of ZnO nanoparticles and ZnO/GQD
nanocomposites are shown in Table 1.The crystal size of ZnO was found to be 58.14 nm. The
Zn0O/GQD nanocomposite of 0.0015 g obtained a crystal size of 51.22 nm. The results of the crystal
size of ZnO/GQD 0.0015 g show that the addition of GQD can reduce the crystal size, this is due to
the formation of heterostructures from GQD (Mandal et al., 2021).
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The particle size was characterized using HR-TEM. The TEM test results are shown in Figure
2. Figure 2 shows ZnO/GQD nanocomposite particles with spherical morphology which are ZnO
nanoparticles. Furthermore, ZnO is coated by a hexagon-patterned sheet of GQD. The average particle
size of ZnO/GQD nanocomposite is 70 nm.

2.2 FTIR analysis

FTIR characterization was performed on ZnO/GQD nanocomposite material with variations of
GQD 0.001 g, 0.0015 g, 0.002 g. This characterization aims to see the functional groups contained in
the ZnO/GQD nanocomposite. The FTIR spectrum uses wave numbers 400 cm™ to 4500 cm™. The test
results show transmission peaks related to the vibrational energy seen in Figure 3.
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Figure 4 Absorbance spectra of Fe;04/ZnO nanocomposite and Fe304/ZnO /GQDs nanocomposite with
isopropanol variation
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All ZnO/GQD nanocomposite samples with GQD variations of 0.001 g, 0.0015 g and 0.002 g have an
O-H functional group around 3263.56 cm™ which indicates the absorption of water molecules in ZnO
nanoparticles. The C=C group bond is at a wavelength of about 1649.14 cm™. This peaks indicate the
formation of GQD, as C=C is the main functional group in GQD (da Costa et al., 2018; Wanas et al.,
2023). The absorption region at a wavelength of about 1388.75 cm™ indicates the presence of C-H
functional groups and Zn-O bond at wavelengths (422.42, 451.34, 480.28, 507.28, 599.86) cm™ The
presence of Zn-O and C=C functional groups indicates that ZnO and GQD are formed in ZnO/GQD
nanocomposites by the hydrothermal method (Liang et al., 2020).

3.3 UV-Vis Spectrophotometer Analysis

Further characterization uses a UV-Vis spectrophotometer to determine the width of the
energy band gap in the GQD sample. UV-Vis characterization results display the value of wavelength
(nm) against absorbance (a.u). The measurement of the absorbance spectrum of GQD is shown in
Figure 4. The red straight line shows the extrapolation of the graph to the X-axis. The intersection
point of this line with the X-axis gives the energy band gap (Eg) value of GQD, which is 3.63 eV. The
GQD energy gap result reported here is slightly lower than the GQD energy gap value obtained by
(Martinez-Rovira et al., 2019) which is close to 3.68 eV.
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Figure 5 Photoluminescence result of ZnO nanoparticle and ZnO/GQDs nanocomposite

3.4 Photoluminescence (PL) Spectroscopy Analysis

PL characterization was performed to determine the luminescence properties of ZnO and
ZnO/GQD nanocomposites. The results obtained from this test are the emission intensity of ZnO,
ZnO/GQD (0.001 g, 0.0015 g, 0.002 g) against the wavelength value. PL characterization results were
obtained by firing 325 nm laser light to produce the spectrum.

Figure 5 displays the photoluminescence spectra produced by ZnO and ZnO/gQD
nanocomposite variants having wavelengths from 300 nm to 1000 nm and showing different
intensities as in the appendix. The emission peaks are broad in the range of 500-700 nm. ZnO light
emission peaks at a wavelength of 620 nm that show yellow emission. The yellow emission was
caused by the electron transition from Zni to the oxygen vacancy state (Vo).

In the photoluminescence (PL) results of ZnO material there is a small peak at a wavelength of
400 nm that is Near Band Edge (NBE) and Deep Level Emission (DLE) are the two main emission
mechanisms each associated with a specific electron transition in the ZnO energy structure. NBE

Jurnal llmu Fisika, 17 (1), March 2025, pp. 101-109



Zelin and Astuti: Enhancement of Photoluminescence In ZnO/GQD Nanocomposites for Bioimaging ...

originates from the recombination of excitons (electron-hole pairs) near the band edge of ZnO. It is
usually in the ultraviolet (UV) region with a wavelength of about 370-380 nm. This emission indicates
the crystalline quality of ZnO and the presence of slight structural defects. A strong NBE intensity
indicates that the material has a high degree of crystallinity (Ozgiir et al., 2005). DLE emission comes
from electron transitions between defect levels in the band gap and is usually in the visible region
(green, yellow, or red) with longer wavelengths (lower energy) than NBE. This emission occurs due to
defects such as oxygen vacancy (Vo), zinc vacancy (Vzn), interstitial zinc (Zni), or interstitial oxygen
(Oi) (Vanheusden et al., 1997).

When GQDs are added to ZnO materials, the phenomenon of disappearance or weakening of
DLE and NBE emissions in the photoluminescence results can be caused by several physical and
chemical mechanisms. GQDs have electron donor or acceptor properties. When GQD is combined
with ZnO, electron transfer occurs between GQD and ZnO due to the difference in energy levels. So
that electrons that previously contributed to the recombination of NBE excitons or recombination in
DLE defects will be transferred to GQD. As a result, the intensity of PL emission from NBE and DLE
decreases or even disappears because the formation of electron-hole pairs is disrupted (Shen et al.,
2013). GQDs can cover the ZnO surface or bind to defects such as oxygen vacancy(Vo) and zinc
vacancy (Vzn), the impact of which is non-radiative recombination associated with defects where the
main cause of DLE is reduced. DLE disappears because the defects responsible for the emission have
been passivated. GQD can modify the energy band structure of ZnO through doping interactions, the
energy level of defects in ZnO changes due to doping, so that the electron transition that produces
DLE does not occur (Astuti & Usna, 2024).The emission peaks from the variation of GQD solution
volume on the ZnO/GQD nanocomposite show an increase in visible emission at 550 nm, 590 nm, and
580 nm. The emission peak widens in the visible light range from 500 nm to 800 nm, this is due to the
addition of GQD. The addition of GQD causes a shift of the emission peak to short wavelengths, i.e.
550-590 nm, in the green emission range. This happens because GQD itself is green emission when
illuminated by UV light and GQD can change the band gap of ZnO through electron transfer or the
formation of new bonds. This can increase the effective band gap energy, which results in light
emission at shorter wavelengths (Centeno et al., 2021).The highest emission peak in the ZnO/GQD
nanocomposite variation is at a wavelength of 550 nm, which produces a green emission. The
presence of carbon atoms in the 0.001 g ZnO/GQD nanocomposite sample has the highest intensity,
because the addition of GQD can increase the surface area of ZnO and change the optical properties of
Zn0O.

4. CONCLUSION

Zn0O/GQD nanocomposites have been successfully synthesized using hydrothermal method.
XRD, TEM, FTIR, UV-Vis and Photoluminescence (PL) characterization results confirmed the effect
of GQD concentration on the structure and photoluminescent properties of ZnO/GQD. The addition of
a small amount of GQD (0.001 g) to ZnO can increase its photoluminescence intensity. In addition,
there is also a shift in the emission band towards short wavelengths due to the addition of GQD. ZnO
without GQD has an emission peak of 620 nm which produces yellow color photoluminescence. After
the addition of GQD, the emission peak shifts to wavelengths in the range of 550 nm-590 nm which
produces green photoluminescence. This proves that the photoluminescence of ZnO/GQD
nanocomposites can be regulated by the addition of a certain amount of GQD. Based on the results
obtained, the ZnO/GQD nanocomposite has the potential to be developed as a bioimaging material.
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