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Abstract 

     The Ultraviolet‐shielding (UV‐shielding) and water resistance properties of graphene quantum 

dots/polyvinyl alcohol (GQDs/PVA) composite-based film have been investigated. The GQDs/PVA 

composite-based films were fabricated with different GQDs concentrations of 0, 5, 10, 15, and 20 wt%. 

The optical property of GQDs was carried out by utilizing fluorescence spectroscopy. Characterizations 

of GQDs/PVA composite-based films were performed by using FT-IR spectroscopy, and UV-vis 

spectroscopy. It was found that GQDs exhibited the strongest excitation wavelength in the UV range. 

GQDs/PVA composite-based films offered an improved UV-shielding capacity when compared to 

PVA films and glass. Particularly, the GQDs/PVA composite-based film containing 20 wt% GQDs 

exhibited a UV transmittance of 9.8%, combined with 84% optical transparency. For humidity  

environment application, the highest contact angle was explored for the 10 wt% GQDs contents  

suggesting sustainability for humidity environment application. Accordingly, GQDs played an important 

role in UV-shielding by considering the effect of UV absorption of GQDs and the UV absorption of 

GQDs can be explained in terms of the photon excitation by UV light. This GQDs/PVA composite 

could be potentially applied as transparent UV-protective coatings for pharmaceutical packing, food 

products packing, and UV-shielding or UV filter glass.  

1. Introduction  

 

 Present, the serious acute and chronic health effects caused by 

terrestrial solar ultraviolet (UV) radiation that directly radiates from 

the sun are in critical condition since the risk of direct contact with 

UV is high. The wavelength of UV spectra is further subdivided into 

UVA (320-400 nm), UVB (280-320 nm) and UVC (100-280 nm) 

[1,2]. Normally, the spectra of terrestrial solar UV radiation reach 

the Earth’s surface is ~295-400 nm [1]. UVC has no irradiation to 

the Earth because it is completely absorbed by stratospheric ozone. 

UVB accounts for less than 5% of terrestrial solar UV radiation, 

whereas it has high intensity at around midday [2]. Accordingly, 

UVA is the main component of terrestrial solar UV radiation, which 

remains fairly consistent throughout the day. It is well-known that 

the main cause of the sun's damaging effects on the skin is the risk 

of harmful involving sunburn [2] and the risk factor of skin cancer [3,4] 

and the acceleration of skin aging [3]. Additionally, Photodegradation 

of foods, beverages, and pharmaceuticals that is sensitive to UV light 

can lead to structural changes [5,6]. Hence, research and development 

of UV protection are necessary. 

 Graphene and graphene-based nanomaterials (i.e., graphene oxide, 

reduced graphene oxide, and graphene quantum dots) have a large 

number of applications such as photonic [7], optoelectronic [8], and 

UV filters [9,10], which benefit from a characteristic absorption in UV 

region [11-14]. Among them, a graphene quantum dot (GQDs) is a 

promising material for UV‐shielding films because of its strong 

absorption spectrum in UV region [12], size-dependent optical 

properties [12], almost transparent to visible light [15], rapid 

synthesis via carbonization of citric acid precursor [12], and tunable 

photoluminescence colors on changing band gap via different 

synthesis conditions [16]. In addition, GQDs/polymer-based UV‐

shielding films may have advantageous mechanical properties due 

to flexibility and without the crystal structure distortion of the GQDs 

in the film. In example, UV-shielding property of silan-functionized 

graphene quantum dot nanofluids (SiGQDs) gel glasses has been 

reported previously [17]. SiGQDs gel glasses are able to block the UV 

from 190 to 400 nm in all wavelengths, meanwhile high transparency 

in the visible region is still obtained. However, Polyvinyl alcohol is 

a candidate because it has a wide variety of potential applications, 

especially for packaging [18-20]. Therefore, GQDs/Polyvinyl alcohol- 

based film was also a promising material for UV protection packaging 

(i.e., food and pharmaceutical bags). 

 In this work, the Ultraviolet‐shielding (UV‐shielding) property 

of graphene quantum dots/polyvinyl alcohol (GQDs/PVA) composite- 

based film was investigated. GQDs/PVA composite-based films 

were prepared by screen printing of GQDs/PVA composite gel on 

the glass substrate and characterized using several techniques including 

preliminary optical test, fluorescence spectroscopy, Fourier transform 
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infrared spectroscopy (FT-IR), ultraviolet-visible (UV-vis) spectroscopy, 

and contact angle measurement. GQDs/PVA composite gel was 

prepared by adding GQDs in PVA at different concentrations of 

0, 5, 10, 15, and 20 wt%. PVA is a promising candidate because it 

is highly transparent [21] and water solubility [22]. These hydroxyl 

groups (OH) of PVA are a source of hydrogen bonding [23] and 

hence assist the formation of polymer composite by growing nano-sized 

materials inside polymer matrixes. GQDs are a good candidate for 

UV‐shielding applications because it meets a commercial ultraviolet 

filter requirement of broad absorption in the UV region. According 

to previous reports, GQDs is high solubility in polar solvents such 

as ethanol [12], and water [8,24]. Therefore, hydroxyl groups and 

carboxyl groups that functionalized onto crystalline GQDs [12] 

may be served hydrogen bonding on PVA chains. 

 

2.  Experimental 

 

 A schematic diagram of the GQDs/PVA composite-based film 

preparation is shown in Figure 1. 

 The GQDs were prepared by tuning the carbonization degree of 

the citric acid precursor as described in the previous report [12]. 

Briefly, 1.0 M of citric acid precursor (CA) was first prepared by 

dissolving 52.535 g of citric acid (monohydrate) powder (99.5%, 

Loba Chemie; MW 210.14 gmol-1) in 250 ml of ethanol (99.5%, 

Merck). Then, a pyrex beaker was heated at a constant temperature 

of 250C using a hot plate stirrer (IKA C-MAG HS7). After that, 

the CA solution was added dropwise into a heated beaker to maintain 

the temperature. According to the heating CA solution, the CA 

solution changed from an initial colorless solution to melted yellow. 

Finally, the synthesized GQDs were stored at room temperature. 

To prepared UV‐shielding films, a transparent PVA gel was first 

prepared by dissolving 15 g of polyvinyl alcohol powder (Fluka; 

MW~67,000 gmol-1) in 85 g of distilled water. Then, the GQDs 

was added into a transparent PVA gel at different concentrations of 

0, 5, 10, 15, and 20 wt%, and stirred at room temperature until a light 

yellow of GQDs/PVA composite gel was formed. Next, UV/ozone 

treatment was used to clean the surface of glass substrates. After 

that, the GQDs/PVA composite gel was coated on a glass substrate 

using a screen-printing technique. In all cases, the film thickness of 

approximately 60 µm was controlled by using one layer of tap spacer 

(3M magic tape 810). Finally, GQDs/PVA composite coated on glass 

substrates were sintered at 120C overnight to form the GQDs/PVA 

composite-based films. 

 Optical properties of the GQDs were analyzed by fluorescence 

spectroscopy (ShimadzuRF-6000). Excitation-emission contour maps 

of the GQDs were performed by utilizing excitation wavelength in 

the range of 300-500 nm. Fourier transform infrared (FT-IR) 

spectroscopy (Thermo scientific NicoletTMiS) was carried out on 

the surface of GQDs, PVA, and GQDs/PVA composite to identify 

the material's molecular composition and structure. FT-IR spectra 

were observed in the range of 500-4000 cm-1. Optical properties of 

UV‐shielding films were obtained by UV-vis spectroscopy (Shimadzu 

UV-2450). Transmittance spectra of UV‐shielding films were recorded 

in the range of 300-900 nm. Contact angle measurement was carried 

out for 60 s under a small drop (15 L) of water. 

 

 

Figure 1. A schematic diagram of UV‐shielding films preparation. 

 

3.  Results and discussion 

 

 Figure 2 shows a simple test for the optical transmittance of 

the GQDs solution. The optical transmittance was observed by 

irradiating three different colors of laser pointers to the GQDs 

solution. The GQDs solution was obtained by adding ethanol into 

the synthesized GQDs to maintain initial volume and stored in a clear 

bottle. Based on observation by naked eyes, the GQDs solution had 

a high transmittance for under irradiation of the green and red lasers 

excepted for under the purple laser irradiation (wavelength at 

405±10 nm) in which without a transmittance. This result suggested 

that the GQDs solution could be absorbed near UVA light such as 

purple but could not be absorbed visible light (i.e., green and red). 

 

 

 

Figure 2. Simple test for the optical transmittance of the GQDs solution. 

The optical transmittance was observed under purple, green and red laser 

irradiation that has wavelength at 40510, 53210, and 65010 nm, respectively. 
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Figure 3.  Excitation–emission contour map of the GQDs prepared at 250C 

using 1.0 M of citric acid (a), and a schematic diagram for light-absorption/ 

emission of the GQDs (b). 

 

 To determine the characteristics of the GQDs, the excitation-

emission contour map of the GQDs was observed using fluorescence 

spectroscopy and is shown in Figure 3(a). The emission wavelengths 

from 350 nm to 700 nm can be achieved with the variation of the 

excitation wavelength in steps of 1 nm from 300 to 500 nm. The bright 

area of the excitation wavelength (y-axis) corresponds to high 

excitation intensity, which was directly related to light absorption in 

the GQDs. The bright area of the emission wavelength (x-axis) 

corresponds to high emission intensity, which was due to photo-

emission by the GQDs. It was found that the GQDs exhibited the 

strongest excitation wavelength in the range of 320-400 nm and the 

strongest emission wavelength in the range of 442-497 nm. Thus, 

this result indicated that the GQDs had potentially UV absorption. 

The schematic diagram for the light-absorption/emission of the GQDs 

is proposed in Figure 3(b).  

 When the GQDs absorbed light (hence energy), electrons were 

raised from the ground state to the excited state. Then, electrons 

return to the ground state with a variety of transitions which may 

involve the emission of light. This effect is termed fluorescence. 

The emitted light will always be longer wavelength than the exciting 

light because the feature of quantum dots is the photoluminescence 

red-shift relative to absorption [25-27], also called the Stokes shift 

[28]. The energy may also be lost by non-radiative processes (electron 

relaxation), and eventually dissipated as heat. 

 Figure 4 indicates the FT-IR spectra of the GQDs, PVA, and 

GQDs/PVA composite. FT-IR spectra of the GQDs/PVA composite 

containing 5 wt% GQDs was demonstrated to represent the material's 

molecular composition and structure for GQDs/PVA composites 

that prepared using 10, 15, and 20 wt% of GQDs in PVA because 

all vibration modes were quite similar. FT-IR spectra of the GQDs 

(Figure 4(a)) showed the C−H stretching at 2985 cm-1, the C=O 

stretching at 1706 cm-1, the −OH band at 1374 cm-1 [29], the C−OH 

stretching at 1181 cm-1, and the C−O stretching at 1020 cm-1, implying 

the vibration of hydroxyl group (OH) and carboxyl group (COOH) 

that functionalized onto crystalline GQDs [11,12]. A FT-IR spectrum 

of gaseous CO2 in a porous structure was detected at 2360 cm-1. FT-IR 

spectra of the PVA (Figure 4(b)) showed the OH stretching at 3282 cm-1, 

the CH2 asymmetric stretching at 2940 cm-1, the C−H bending of 

CH2 at 1420 cm-1, the OH rocking with CH wagging at 1324 cm-1, 

and OH bending and the C−O stretching of acetyl groups at 1085 cm-1, 

and the C−C stretching at 842 cm-1, identifying molecular composition 

of PVA [30]. Figure 4(c) shows that peak intensities of the GQDs/ 

PVA composite were decreased in all vibrations, which could be an 

effect of the feature of GQDs/PVA composite’s solid. Obviously, 

the OH stretching at 3282 cm-1 of PVA shifted toward lower wavenumber 

to 3267 cm-1. This is in good agreement with a previous report [31-35] 

that a shifted toward lower wavenumber of PVA indicating hydrogen 

bond formation between PVA molecule and polar materials. In addition, 

FT-IR spectra of the GQDs/PVA composite exhibited a decrease in 

intensity of -OH groups also indicating hydrogen bond formation 

between PVA molecule and the polar surface of GQDs. Thus, this result 

also suggested the hydrogen bond formation between PVA chains 

and GQDs [36] because the active COOH and OH groups that 

functionalized onto crystalline GQDs could be served physical  

cross-linking points on PVA chains via the hydrogen bonding. 

 

 

 

Figure 4. FT-IR spectra of the GQDs (a), PVA (b), and the GQDs/PVA 

composite containing 5 wt% GQDs (c). 
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Figure 5. UV-vis transmittance spectra (a), and average transmittance (b) of GQDs/PVA composite-based films prepared at different GQDs concentrations 

of  0, 5, 10, 15, and 20 wt%. 

 

 Figure 5(a) shows the UV-vis transmittance spectra of GQDs/PVA 

composite-based films prepared at different GQDs concentrations. 

It was found that GQDs/PVA composite-based films containing 

5, 10, 15, and 20 wt% GQDs exhibited low UV transmittance excepted 

for PVA film (0 wt% GQDs) that still had high UV transmittance. 

Obviously, the GQDs/PVA composite-based film containing 20 wt% 

GQDs had minimum UV transmittance. This result implied that the 

GQDs caused a decrease in UV transmittance. Therefore, the average 

transmittance of GQDs/PVA composite-based films prepared at 

different GQDs concentrations is presented in Figure 5(b). 

 The average transmittances in UV and visible regions were 

analyzed under wavelength steps of 1 nm from 300 nm to 400 nm, 

and 400 nm to 740 nm, respectively. It seems that PVA film had 

the highest average UV transmittance of 91%, combined with 98% 

optical transparency under visible light, suggesting it was not capable 

of UV and visible shielding. In the case of GQDs/PVA composite-

based films, the average UV transmittance decreased from 25% to 9.8% 

by increasing of the GQDs concentration, and their average UV 

transmittance was inversely proportional to the amount of the GQDs. 

Particularly, the GQDs/PVA composite-based film containing 20 wt% 

GQDs exhibited a UV transmittance of 9.8% (UV-shielding capacity 

of 90.2%), combined with 84% optical transparency under visible light 

and remained transparent to visible light. However, the average visible 

transmittance decreased from 98% to 85% by elevating the GQDs 

concentration because of higher GQDs content. This is in good 

agreement with a previous report [17] that the optical transparence 

in visible region is still higher than 80%. These results suggested 

that the GQDs played an important role in UV-shielding by considering 

the effect of UV absorption of GQDs, and remain transparent to 

visible light. 

 The absorption coefficient of UV‐shielding film based on GQDs/ 

PVA composite prepared at different GQDs concentrations is shown 

in Figure 6. It has seen that GQDs/PVA composite-based films 

containing 5, 10, 15, and 20 wt% GQDs exhibited a high absorption 

coefficient excepted for PVA film (0 wt% GQDs) that had the lowest 

absorption coefficient. Besides, the absorption coefficient in the UV 

range increased with increasing of the GQDs concentration and 

their absorption coefficient was directly proportional to the amount 

of the GQDs. Accordingly, these results implied that GQDs presented 

excellent properties for UV absorption. 

 In addition, contact angle measurement was performed to investigate 

the water-resistant behavior of GQDs/PVA composite-based films 

as shown in Figure 7. It seems that the PVA film (0 wt% GQDs) 

demonstrated a minimum contact angle in which abundant polar group 

(OH). For GQDs/PVA composite-based films, contact angle turned 

to high value and the maximum value was obtained for the 10 wt% 

GQDs, which benefited from a polar- polar interaction between GQDs 

and PVA to remain non-polar surface (hydrophobicity) of the 

composite film. This is in good agreement with a previous report [36] 

that a decrease in the number of -OH groups of PVA. Additionally, 

the evolution of the contact angle for a water drop versus time is shown 

in Figure 8. The time-dependent contact angle exhibited small change 

after contact with water for 60 s. The result indicated that the hydrophobic 

surface was improved for GQDs/PVA composite film with an 

appropriate mixture of GQDs and PVA. The high contact angle 

suggesting that the composite films can resist water interaction 

which may be a suitable coating material for long-time applications 

under a humidity environment. 

 

 

Figure 6. Plot of absorption coefficient versus wavelength for GQDs/PVA 

composite-based films prepared at different GQDs concentrations of 0, 5, 

10, 15, and 20 wt%. 
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Figure 7. Contact angle of glass substrate (a), PVA film on glass substrate 

(b), and GQDs/PVA composite-based films prepared by using: 5 wt% GQDs (c), 

10 wt% GQDs (d), 15 wt% GQDs (e), and 20 wt% GQDs (f). 

 

 
 

Figure 8. Evolution of the contact angle for a water drop versus time of glass 

and GQDs/PVA composite-based films for different GQDs concentrations. 

 

 As aforementioned, the decrease of UV transmittance showed 

the opposite trend with increasing the GQDs concentration (Figure 5(b)). 

This result suggested that UV transmittance could be decreased 

when the concentration was more than 20 wt%. In spite of superior 

UV-shielding characteristic, water resistance was reduced for the 

20 wt% GQDs. This indicated that it could not be applied for waterproof 

packaging products. Accordingly, the GQDs/PVA composite-based 

film containing 10 wt% GQDs was an optimum condition for both 

UV‐shielding and water resistance. 

 

4.  Conclusions 

 

 GQDs were successfully prepared by tuning the carbonization 

degree of the citric acid precursor. To fabricate UV‐shielding films, 

GQDs/PVA composite gel was prepared by adding the GQDs into 

a transparent PVA gel at different concentrations of 0, 5, 10, 15, 

and 20 wt%. UV‐shielding films were successfully prepared by 

screen printing of the GQDs/PVA composite gel on the glass substrate 

and sintering at 120C overnight. The film thickness of approximately 

60 µm was controlled by using one layer of tap spacer for all cases. 

Optical properties of UV‐shielding film based on GQDs/PVA 

composites were investigated and compared to PVA films. It was found 

GQDs/PVA composite-based films offered an improved UV-shielding 

capacity when compared to PVA films. Particularly, the GQDs/PVA 

composite-based film containing 20 wt% GQDs exhibited a UV 

transmittance of 9.8 (UV-shielding capacity of 90.2%), combined with 

84% optical transparency under visible light and remain transparent 

to visible light. For humidity environment application, the highest 

contact angle was explored for the 10 wt% GQDs contents suggesting 

sustainability for humidity environment application. Accordingly, 

GQDs played an important role in UV-shielding by considering the 

effect of UV absorption of the GQDs and the UV absorption of the 

GQDs can be explained in terms of the photon excitation by UV light. 

This GQDs/PVA composite could be potentially applied as transparent 

UV-protective coatings for pharmaceutical packing, food products 

packing, and UV-shielding or UV filter glass. 
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