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Abstract. This study reveals for the first time the formation of lead(II) sulfide 

(PbS) thin films via direct deposition of PbS powder using carbon nanodots 

(Cdots) as a complexing agent. The chemical bath deposition (CBD) technique 

was utilized and the Cdots’ mass was varied, i.e., (in g) 3, 5, 7, and 9. The Cdots 

were prepared from the waste of a rice noodle production home industry via the 

low-temperature carbonization method. The Cdots were characterized using UV-

Vis spectrophotometry, showing absorption peaks at 275 nm and 325 nm; PL, 

showing an emission peak at 500 nm with cyan luminescence; XRD, showing 

several peaks, indicating an incomplete carbonization process; FTIR, indicating 

the existence of C=C, C-H, C-O, and O-H functional groups; HRTEM, revealing 

the sizes of the Cdots in the range of 2 nm to 6 nm; and SEM, showing a smooth 

morphology of the Cdots’ surface. The thin films obtained were smooth with 

higher XRD peaks and better material distribution compared to pure PbS thin 

film. The band gap measurement indicated that the increase of the PbS band gap 

was caused by the increase of the Cdots’ mass. Hence, the thin films’ band gap 

may be tuned using the Cdots’ mass. 
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1 Introduction 

One of the most utilized semiconductors is PbS, or lead(II) sulfide, which 

possesses a small direct band gap at room temperature of 0.41 eV and a sizeable 

18 nm excitation Bohr radius [1]. Moreover, the nanostructure of PbS exhibits a 

quantum confinement effect, which makes PbS suitable as colloidal quantum 

dots [2]. On the other hand, PbS may also be prepared in the form of thin film. 

There are many routes to synthesize PbS thin films, e.g., spray pyrolysis, 

electrodeposition, spin coating, evaporation, radio frequency sputtering, and 

chemical bath deposition (CBD) [3-8]. Parameters that may affect the PbS thin 

film result include precursor concentration and deposition time [9]. PbS has 
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been used for optoelectronic device applications such as infrared (IR) sensors, 

solar cells, IR laser with room temperature tunable emission, gas sensors, 

supercapacitive electrodes, and high-performance electrochemical 

supercapacitors [10-16].  

Here, we prepared PbS thin films utilizing the CBD technique. We chose the 

CBD method, as it is convenient to conduct, inexpensive, low-temperature, 

simple, and can be deposited on a large area of various substrates [17]. 

Commonly used ingredients for producing PbS thin films via the CBD method 

are lead nitrate, sodium hydroxide, thiourea, and distilled water. However, 

excessive use of these materials may cause harm to human health or pollution to 

the environment. Lead nitrate may reduce the quality of freshwater 

environments and induce toxicity toward fish [18]. In contrast, thiourea is 

carcinogenic to humans and releases toxic exhausts of nitrogen and sulfur 

oxides when heated [19]. Hence, in this case, we explored the emergence of thin 

films by directly depositing PbS powder on a glass substrate without exploiting 

lead nitrate and thiourea. In this case, the formation of the thin films was 

assisted by carbon nanodots (Cdots), which are biocompatible and non-toxic. 

This direct deposition method offers a simple and more environmental-friendly 

way of preparing PbS thin films by reducing the substances involved in the 

preparation process. In this case, forming the thin films on a glass substrate only 

requires PbS powder, Cdots, and distilled water via simple synthesis based on 

the CBD method. 

Cdots are a zero-dimension (0D) nanomaterial with sizes less than 10 nm. Cdots 

have novel properties, including good solubility, non-toxicity, being 

biocompatibility, and excellent luminescence [20,21]. Hence, Cdots have been 

utilized for various applications, e.g., biosensors, drug delivery systems, and 

photocatalysts [22-24]. A less well-known application of Cdots that is still 

being developed at the moment is the use of Cdots as complexing or chelating 

agent. The advantage of Cdots as complexing agent is that Cdots have high 

chemical stability [25] so they can enhance the growth of PbS on glass 

substrates. Cdots have been reported as complexing agent and sensitizer in 

detecting copper (II) via ultraviolet-visible (UV-Vis) spectrophotometry [26]. 

Moreover, Cdots have also been used as chelating agent in detecting ferric ion 

[27]. In this study, Cdots were utilized to assist the growth of the PbS material 

on a glass substrate, producing thin films [28]. Cdots may also be prepared from 

various, inorganic, biomass, and waste materials [29-35].  

In this study, the precursor for the Cdots was waste from a rice noodle home 

industry. This waste is usually dumped in the surrounding environment, causing 

an unpleasant smell and potential health problems for the surrounding 

community [36]. To overcome this problem, we attempted to reduce and reuse 
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the waste, especially by using it as precursor for Cdots. This could contribute to 

solving the problem of waste dumping and also enhances the value of the waste 

into a novel and valuable nanomaterial. Moreover, the Cdots are produced with 

a low heating method using an electric stove at a temperature of 205 ºC without 

using (cooking) oil. The heating process is transferred to the precursors through 

direct conduction, providing an effective heat transfer process in producing the 

Cdots. To the best of the authors’ knowledge, this is the first time this method 

has been used to synthesize Cdots. 

2 Method 

The tools used in this study were 25.4 x 76.2 mm2 glass slides (Sailbrand), 30 x 

30 cm2 aluminum foil (KlinPak), 1000 mL beaker glass (Pyrex Iwaki), 250 mL 

beaker glass (HERMA), filter paper, mercury thermometer, plastic wrap, 

microwave (Electrolux EMM2308X), electric stove (Maspion S-301), a 

pounder, 10-mL sample bottles, magnetic stirrer (B-ONE AHS-12A), UV-Vis 

spectrophotometer (Shimadzu UV-Vis 2450), cuvette, photoluminescence (PL – 

custom made using Ocean Optic and laser 405 nm), X-ray diffraction (XRD – 

Rigaku Miniflex 600 Benchtop), Fourier transform infrared spectrometer (FTIR 

– Thermo Nicolet Avatar 360), scanning electron microscope (SEM – Phenom 

Desktop ProXL), and high-resolution transmission electron microscope 

(HRTEM - Tecnai G2 20 S-Twin FEI). Meanwhile, the materials used in this 

study were distilled water, rice noodle home industry waste (as precursor for the 

Cdots), and PbS powder (Sigma-Aldrich) with 99.9% trace metals basis. The 

rice noodle waste came from a rice noodle home industry located in Klaten, 

Indonesia. 

Preparation of rice noodle waste powder. First, the rice noodle waste was 

collected from the rice noodle home industry in Klaten, Indonesia. The waste 

was then dried in the sun for three hours to reduce the water content. Next, the 

waste was wrapped inside aluminum foil and carbonized at low temperature via 

roasting using an electric stove at 205 ºC until the carbon waste became 

blackish and dry. Finally, the carbon waste was ground manually until it 

became homogenous and smooth.  

Synthesis of Cdots from the carbon waste. The preparation of the Cdots was 

carried out using microwave heating. The first step was to weigh the mass of the 

carbon powder, as much as 13.5 g, and then put it into an empty water bottle. 

900 mL of distilled water was added into the water bottle and then shaken. The 

bottle was left for 24 hours to extract the carbon compounds. Moreover, the 

liquid was filtered to separate the liquid from the solid. After filtering, the liquid 

was placed in a 250-mL HERMA beaker glass and heated in the microwave at 

medium heating for 25 minutes. The crusts on the beaker glass were then gently 
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scratched and collected into a sample bottle, ready to be used as Cdots. The 

Cdots were then characterized using UV-Vis, PL, FTIR, XRD, SEM, and 

HRTEM. 

PbS thin film fabrication. Thin films were made utilizing the CBD technique. 

This method used liquid mixtures of PbS and Cdot powder in distilled water 

with mass variation of the Cdot powder, namely: a) PbS + 0 g of Cdots; b) PbS 

+ 3 g of Cdots; c) PbS + 5 g of Cdots; d) PbS + 7 g of Cdots; and e) PbS + 9 g 

Cdots. The steps taken for each sample were as follows. Put 0.3 g of PbS 

powder into a 250-mL beaker glass. Then add 150 mL of distilled water and stir 

using a magnetic stirrer at maximum stirring power for 30 minutes to create a 

homogeneous mixture. Add another 3 g of Cdots into the same beaker glass and 

stir again for 30 minutes. After stirring, two glass slides, which have been 

cleaned using alcohol for 24 hours, are carefully placed into the beaker glass 

with an inclined position leaning against the beaker glass until the glass slides 

are partially immersed in the liquid. Then, cover the beaker glass with plastic 

wrap to avoid contamination by other materials. Heat 400 mL of water in a 

1000-mL beaker glass using a magnetic stirrer until the thermometer shows a 

temperature of 75 °C; this is the water bath. Put the beaker glass containing the 

mixture into the water bath. Then the system is heated in the magnetic stirrer for 

two hours, maintaining a temperature of 75 °C. After 2 hours, the glass slides 

are carefully removed and placed under running water for a few minutes. The 

glass slides are then put into the microwave for 5 minutes to reduce the 

moisture content.  

 

The above steps were repeated for pure Cdots, pure PbS, and PbS with Cdot 

masses of 5 g, 7 g, and 9 g. The thin films were then characterized using XRD, 

FTIR, and SEM. 

3 Results and Discussion 

To confirm the formation of Cdots, various characterizations were conducted. 

The absorbance and emission spectra of the Cdots can be seen in Figure 1. 

Absorption peaks occur at wavelengths of 275 nm and 325 nm. The peak at 275 

nm shows an electronic transition of π → π*, which points to carbon bonds of 

C=C in the core of Cdots, whereas the shouldering peak at 325 nm indicates an 

electronic transition of n → π* corresponding to the surface state of Cdots 

containing oxygen functional groups [37]. The absorption spectrum is then 

clearly extended to the visible region [38]. The PL characterization showed an 

emission peak at around 500 nm corresponding to cyan luminescence (see inset 

of Figure 1). This cyan luminescence confirms an optical property of the Cdots 

that originates from the relaxation of electrons on the surface states of the 

Cdots. Another characterization to assess the Cdots’ purity was done using 
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XRD. The result of the diffraction pattern of the Cdots is given in Figure 2. 

Several peaks are visible in the XRD spectrum of the Cdots. This means that the 

Cdots produced contained impurities as a result of a deficient carbonization 

process in the preparation of the Cdots [39].   

 

Figure 1 Absorption and emission spectra of the Cdots. 

 

 

Figure 2 Diffraction spectrum of the Cdots. 

 

To determine the Cdots’ functional groups and to confirm the Cdots’ absorption 

peaks, FTIR was used. The results of the FTIR characterization are shown in 

Figure 3. This test was carried out on the liquid mixture used for the CBD 
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process. The functional groups correspond to specific bands at particular 

wavenumbers that depend on each functional group’s ability to vibrate and 

absorb IR energy. For the pure Cdots (Figure 3 – dash-dotted line in green 

color), C=C bonds were found in two bands, at wavenumbers of 994.93 cm-1 

and 1636.61 cm-1, with strong and medium transmittances, respectively. The 

C=C bonds indicate the presence of Cdot cores, which correspond to the 

absorption peak of the Cdots at 275 nm. In addition, O-H bonds were also found 

in two bands at wavenumbers 3266.73 cm-1 and 1365.23 cm-1 with strong and 

medium transmittances, respectively. Furthermore, C-H and C-O bonds were 

found at wave numbers 2922.17 cm-1 and 1147.74 cm-1 with medium and strong 

transmittances, respectively. These last three bonds indicate the surface state of 

the Cdots in accordance with the shouldering peak at 325 nm of the Cdots. The 

bonds on the Cdots’ surface may serve as complexing agents for PbS thin films. 

It can be seen in Figure 3 that the higher the mass of the Cdots that is added to 

the mixture, the higher the bond content in the mixture. 

 

 

Figure 3 IR spectra of PbS with Cdots and pure Cdots. 

 

HRTEM and SEM characterizations were used to make images of the Cdots. An 

HRTEM image of the Cdots can be seen in Figure 4. The HRTEM 

characterization was conducted on the pure Cdot powder used to prepare the 

PbS thin films. The HRTEM image shows Cdots as spots or dots that are darker 

in color than their surroundings. The circular dot shape of the Cdot particles is 

spread over several areas of the HRTEM image. Samples of the Cdot particles 

are shown in Figure 4(a) inside the red circles. This follows the TEM result in 

[40], where dark spots were obtained. These circular Cdots’ diameter sizes were 
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measured to obtain the frequency distribution of diameter size, which produced 

the histogram shown in Figure 4(b). It can be seen in Figure 4(b) that the 

diameter distribution of the Cdots was in the range of 2.0 nm to 6.0 nm, with the 

highest diameter count or frequency of 28.61% at a diameter of around 3.0 nm, 

which means that the Cdots’ average diameter was around 3.0 nm [41,42]. 

Moreover, the morphology of the bulk of the Cdot powder can be seen from the 

SEM image in Figure 5(a). The SEM image of the Cdot powder was smooth 

throughout, with smaller chunks on top. The smaller chunks had a thickness of 

around 1 micron (see blue arrow in Figure 5(a)). 

 

Figure 4 HRTEM image of the Cdots (a) and histogram of the Cdots’ sizes 

(b). 

 

The results of various prepared thin films can be seen in Figure 6. All of the thin 

films were produced based on the CBD method. The Cdots thin film on the 

glass substrate is shown in Figure 6(a). The thin film was quite transparent, with 

some parts of the film being thicker than the other regions. The pure PbS thin 

film is shown in Figure 6(b), where the PbS does not fully adhere to the glass 

substrate. Moreover, PbS materials are sporadically present on the glass 

substrate and are less homogeneous. However, using Cdots as complexing agent 

produced smoother and thicker thin films on the glass substrate for PbS with the 

addition of 3 g – Figure 6(c), 5 g – Figure 6(d), 7 g – Figure 6(e), and 9 g – 

Figure 6(f) of Cdot powder. The thickest PbS thin films that adhered to the glass 

substrate were qualitatively obtained by adding 3 g and 9 g of Cdots. This 

indicates that increasing the mass of the Cdot powder does not necessarily 

increase the thickness of the PbS on the glass substrate. In order to further 

confirm the formation of thin films, XRD tests were conducted. The results are 

given in Figure 7. The pure PbS thin film had the lowest peaks. The highest 

peaks were obtained for the PbS with addition of 3 g of Cdots. This again 

confirms that increasing the amount of Cdot powder does not increase the 
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intensity peaks of the PbS formed. Furthermore, it clearly shows that Cdots can 

assist the formation and growth of thin films.  

 

Figure 5 Surface morphologies of (a) Cdot powder, (b) PbS powder, (c) 

PbS materials on the Cdot surface, (d) Cdot thin film, and (e,f) PbS thin films. 

 
Further inspection was done on the surface morphology of the thin films in 

Figure 5 via SEM. Figure 5(b) displays the surface morphology of the PbS 

powder. Figure 5(c) displays the surface morphology of clumps of PbS 

materials attached to the surface of the Cdots. However, the resulting thin films 

were homogenous throughout the SEM region, verifying the smoothness of the 

thin films in Figure 6.  
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Figure 6 Thin films on glass substrate of (a) Cdots, (b) PbS, (c) PbS (with 3 

g of Cdots), (d) PbS (with 5 g of Cdots), (e) PbS (with 7 g of Cdots), and (f) PbS 

(with 9 g of Cdots). 

 

 

Figure 7 Diffraction patterns of the thin films. 
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The band gap is another essential characteristic of PbS thin films, which was 

obtained from the Tauc plot shown in Figure 8(a). Moreover, the graph of the 

PbS band gaps concerning the Cdots’ mass is given in Figure 8(b). From Figure 

8(b), it can be seen that adding Cdots tended to increase the band gap of the PbS 

thin films. This makes sense, since the band gap of pure Cdots is higher than 

that of pure PbS thin film. Hence, the more Cdot powder is added to the 

mixture, the higher the PbS thin-film band gap. Here, the band gap of the pure 

Cdots was 3.00 eV, whereas for the pure PbS it was 1.86 eV. The band gap of 

the PbS increased to 1.96 eV, 2.49 eV, 2.59 eV, and 2.88 eV as the mass of the 

Cdots was increased from 3 g, 5 g, 7 g, and 9 g, respectively. According to 

Kothari and Chaudhuri [43], the band gap of PbS thin film strongly depends on 

the thickness of the film. The thicker the film (50 nm to 450 nm), the lower the 

band gap (2.4 eV to 1.6 eV). Although our results were in the order of the 

results in [38], the results seem counterintuitive with the appearance of the PbS 

thin films in Figure 5, which shows that the thickness of the film was highest 

with a Cdot mass of 3 g, confirmed by the XRD results in Figure 7. This may 

mean that the effect of the Cdots on PbS thin film is stronger than the thickness 

parameter of the film.  

 

 

Figure 8 Tauc plot (a) and band gaps (b) of the thin films. 

 

Interestingly, this also indicates that the band gap of the thin films may be tuned 

using the Cdots’ mass. This is, in a way, in accordance with the results given in 

[40,44,45], where the dynamical density functional theory (DDFT) was utilized 

to calculate the proper ratio of N and O on the surface state of Cdots in 
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generating near IR absorption, which was confirmed by experiments. Moreover, 

the carbonyl group (C = O) on the surface of the Cdots can decrease the band 

gap of the Cdots. Here, we argue that the PbS band gap increase is caused by 

the presence of the C – O functional groups. As the mass of the Cdots increases, 

more C – O functional groups are formed, hence increasing the band gap of the 

PbS. 

As a complexing agent, Cdots can increase the growth of PbS on a glass 

substrate. The XRD results show that the highest peak was given by PbS with 

the addition of 3 g Cdots. This explains that increasing the amount of Cdot 

powder does not increase the peak intensity of the PbS formed. However, this 

shows that Cdots can help the formation and growth of PbS thin film. 

Furthermore, it can be seen from the SEM – Figures 5(e) and (f) – and 

photographic images of the thin films – Figures 6(c)-(f) – that the PbS material 

adheres to the surface of the Cdots. This can be caused by the Cdots’ surface 

state containing oxygen functional groups, which become an adhesive for the 

PbS materials to adhere to the surface of the Cdots. 

4 Conclusion 

PbS thin films were produced directly from PbS powder via the CBD technique 

using Cdots as complexing agent. The films adhered smoothly to the glass 

substrate and had higher XRD peaks and better PbS material distribution (based 

on the SEM images) than the pure PbS thin film. The thickest PbS thin film was 

obtained with a Cdots mass of 3 g, producing a band gap of 1.96 eV. The band 

gap of the PbS thin films increased as the Cdots’ mass increased. This indicates 

that the band gap of the films can be tuned using the mass of the Cdots as 

complexing agent. Direct deposition of the PbS powder without using other 

chemical compounds than Cdots offers a more environmentally friendly way of 

producing PbS thin films. Moreover, Cdot-tuned PbS thin films may be used in 

various applications such as IR and photovoltaic sensors. In order to explore 

this, further studies are needed on the PbS thin films produced by measuring 

their electronic properties.  

Acknowledgements 

The authors acknowledge the Faculty of Mathematics and Natural Sciences, 

Universitas Negeri Yogyakarta for funding this study through the Professorship 

Acceleration Scheme 2021. 

 

 



12 Ariswan, et al. 

References 

[1] Chalapathi, U., Park, Si-Hyun & Choi W. J., Two-Step Chemical Bath 

Deposition Enhanced Mobility of Pbs Thin Films, Materials Science in 

Semiconductor Processing, 136 (106147), 2021. 

[2] Ngo, T. T., Masi, S., Mendez, P. F., Kazes, M., Oron, D. & Sero, I. M., 

Pbs Quantum Dots as Additives in Methylammonium Halide Perovskite 

Solar Cells: The Effect of Quantum Dot Capping, Nanoscale Advances, 

1(10), pp. 4109-4118, 2019.  

[3] Khan, Z. R. & Shkir, M., Improved Opto-Nonlinear and Emission 

Properties of Spray Pyrolysis Grown Nd: Pbs Nanostructured Thin 

Films, Physica B: Condensed Matter, 627 (413612), 2022.  

[4] Ikhioya, I., Ehika, S. & Ijabor, B., Influence of Deposition Potential on 

Lead Sulfide (Pbs) Thin Film Using Electrodeposition Technique, Asian 

Journal of Chemical Sciences, 3(4), pp. 1-8, 2018. 

[5] Vankhade, D. & Chaudhuri, T. K., Effect of Thickness on Structural and 

Optical Properties of Spin-Coated Nanocrystalline Pbs Thin Films, 

Optical Materials, 98 (109491), 2019.  

[6] Abdallah, B., Kakhia, M., Zetoun W. & Alkafri, N., Pbs Doped ZnO 

Nanowires Films Synthesis by Thermal Evaporation Method: 

Morphological, Structural, and Optical Properties, Microelectronics 

Journal, 111 (105045), 2021.  

[7] Filho, J. M. C. S. & Marques, F. C., Structural and Optical Temperature-

Dependent Properties of Pbs Thin Films Deposited by Radio Frequency 

Sputtering, Material Science in Semiconductor Processing, 91, pp. 188-

193, 2019. 

[8] Chalapathi, U., Park, S.-H. & Choi, W. J., Two-Step Chemical Bath 

Deposition Enhanced Mobility of Pbs Thin Films, Materials Science in 

Semiconductor Processing, 136 (106147), 2021. 

[9] Seghaier, S., Kamoun, N., Brini, R. & Amara, A. B., Structural and 

Optical Properties of Pbs Thin Films Deposited by Chemical Bath 

Deposition, Materials Chemistry and Physics, 97(1), pp. 71-80, 2006.  

[10] Gao, X., Guo, R. & Li, B., Study on Chemical Bath-Deposited Pbs Thin 

Films with Subsequent Rapid Thermal Treatment: Treatment 

Temperature-Dependent Microstructure and Near-Infrared Absorption, 

Physica Scripta, 96(12), 2021. 

[11] Ekinci, A., Sahin, O. & Horoz, S., Chemical Bath Deposition of Co-

Doped Pbs Thin Films for Solar Cell Application, Journal of Materials 

Science: Materials in Electronics, 31(2), pp. 1210-1215, 2020.  

[12] Whitworth, G. L., Dalmases, M., Taghipour, N. & Konstantatos, G., 

Solution-Processed Pbs Quantum Dot Infrared Laser with Room 

Temperature Tunable Emission in The Optical Telecommunications 

Window, Nature Photonics, 15(10), pp. 738-742, 2021.  



 Carbon Nanodots as Complexing Agent 13 

 

[13] Burungale, V. V., Devan, R. S., Pawar, S. A., Harale, N. S., Patil, V. L. 

P., Ma, Y. R., Ae, J. E., Kim, J. H. & Patil, P. S., Chemically Synthesized 

Pbs Nanoparticulate Thin Films for A Rapid NO2 Gas Sensor, Materials 

Science, 34(1), pp. 204-211, 2016.  

[14] Sonawane, N. B., Gurav, K. V., Ahire, R. R., Kim, J. H. & Sankapal, B. 

R., CdS Nanowires with Pbs Nanoparticles Surface Coating as Room 

Temperature Liquefied Petroleum Gas Sensor, Sensors and Actuators A: 

Physical, 216, pp. 78-83, 2014. 

[15] Pandit, B., Sharma, G. K. & Sankapal, B. R., Chemically Deposited 

Bi2S3: Pbs Solid Solution Thin Film as Supercapacitive Electrode, 

Journal of colloid and interface science, 505, pp. 1011-1017, 2017. 

[16] Pandit, B., Pande, S. A. & Sankapal, B. R., Facile SILAR Processed 

Bi2S3: Pbs Solid Solution on MWCNTs for High‐Performance 

Electrochemical Supercapacitor, Chinese Journal of Chemistry, 37(12), 

pp. 1279-1286, 2019. 

[17] Choudhury, N. & Sarma, B. K., Structural Characterization of Lead 

Sulfide Thin Films by Means of X-Ray Line Profile Analysis, Bull. Mater. 

Sci., 32, pp. 43-47, 2009.  

[18] Paul, S., Mandal, A., Bhattacharjee, P., Chakraborty, S., Paul, R. & 

Mukhopadhyay, B. K., Evaluation of Water Quality and Toxicity After 

Exposure of Lead Nitrate in Fresh Water Fish, Major Source of Water 

Pollution, The Egyptian Journal of Aquatic Research, 45(4), pp. 345-351, 

2019.     

[19] Information on https://pubchem.ncbi.nlm.nih.gov/compound/Thiourea, (3 

May 2022).  

[20] Boakye-Yiadom, K. O., Kesse, S., Opoku-Damoah, Y., Filli, M. S., 

Aquib, Md., Joelle, M. M. B., Farooq, M. A., Mavlyanova, R., Raza, F., 

Bavi, F. & Wang, B., Carbon Dots: Application in Bioimaging and 

Theranostics, International Journal of Pharmaceutics, 546, pp. 308-317, 

2019. 

[21] Shahraki, H. S., Ahmad, A. & Bushra, R., Green Carbon Dots with 

Multifaceted Applications – Waste to Wealth Strategy, FlatChem, 

31(100310), 2022. 

[22] Wu, J., Chen, G., Jia, Yl, Ji, C., Wang, Y., Zhou, Y., Leblanc, R. M. & 

Peng, Z., Carbon Dots Composites for Bioapplications: A Review, 

Journal of Materials Chemistry B, 10(6), pp. 843-869, 2022. 

[23] Wang, L., Pan, H., Gu, D., Li, P., Su, Y. & Pan, W., A Composite System 

Combining Self-Targeted Carbon Dots and Thermosensitive Hydrogels 

for Challenging Ocular Drug Delivery, Journal of Pharmaceutical 

Sciences, 111(5), pp. 1391-1400, 2022. 

[24] Han, M., Zhu, S., Lu, S., Song, Y., Feng, T., Tao, S., Liu, J. & Yang, B., 

Recent Progress on the Photocatalysis of Carbon Dots: Classification, 

mechanism and applications, Nanotoday, 19, pp. 201-218, 2018. 

https://pubchem.ncbi.nlm.nih.gov/compound/Thiourea


14 Ariswan, et al. 

[25] Zhang, M., Zhai, X., Sun, M., Ma, T., Huang, Y., Huang, B. & Yan, C., 

When Rare Earth Meets Carbon Nanodots: Mechanisms, Applications 

and Outlook, Chemical Society Reviews, 49(24), pp. 9220-9248, 2020. 

[26] Shahamirifard, S. A. R., Ghaedi, M., Montazerozohori, & M., 

Masoudiasi, A., Carbon Dots as Absorbance Promoter Probes for 

Detection of Cu(II) Ions in Aqueous Solution: Central Composite Design 

Approach, Photochemical & Photobiological Sciences, 17, pp. 245-255, 

2018.  

[27] Chan, K. K., Yap, S. H. K. Y. & Yong, K. T., Solid State Carbon Dots-

Based Sensor Using Optical Microfiber for Ferric Ion Detection, IEEE 

International Conference on Sensors and Nanotechnology, pp. 1– 4, 2019. 

[28] Sengupta, S., Perez, M., Rabkin, A. & Golan, Y., In Situ Monitoring the 

Role of Citrate in Chemical Bath Deposition of Pbs Thin Films, Crys. 

Eng. Comm., 18(1), pp. 149-156, 2016. 

[29] Ortega-Liebana, M. C., Chung, N. X., Limpens, R., Gomez, R., Gomez, 

L., Hueso, J. L., Santamaria, J. & Gregorkiewicz, Uniform Luminescent 

Carbon Nanodots Prepared by Rapid Pyrolysis of Organic Precursors 

Confined Within Nanoporous Templating Structures, Carbon, 117, pp. 

437-446, 2017.  

[30] Dwandaru, W. S. B., Bilqis, S. M., Wisnuwijaya, R. I. & Isnaeni, Optical 

Properties Comparison of Carbon Nanodots Synthesized from 

Commercial Granulated Sugar Using Hydrothermal Method and 

Microwave, Mater. Res. Express, 6(10), pp. 1-8, 2019.  

[31] Choi, S., Kim, G. J., Ko, Y. H., Lee, J. E., Lee, S. J., Zheng, X., Hong, S., 

Park, J. G., Lee, K. S. & Prabhakaran, P., Highly Stable Mixed Halide 

Prevoskite Quantum Dots Synthesized in the Presence of Fluorous 

Ligands, Nano Select, 3(7), pp. 1156-1167, 2022. 

[32] Zhao, W., Wang, Y., Liu, K., Zhou, R. & Shan, C., Multicolor Biomass 

Based Carbon Nanodots for Bacterial Imaging, Chinese Chemical 

Letters, 33(2), pp. 798-802, 2022. 

[33] Xu, Y., Li, D., Liu, M., Niu, F., Liu, J. & Wang, E., Enhanced-quantum 

yield sulfur/nitrogen co-doped fluorescent carbon nanodots produced 

from biomass Enteromorpha prolifera: synthesis, posttreatment, 

applications and mechanism study, Scientific Reports, 7(1), 2017. 

[34] Sawalha, S., Silvestri, A., Criado, A., Bettini, S., Prato, M. & Valli, L., 

Tailoring the Sensing Abilities of Carbon Nanodots Obtained from Olive 

Solid Wastes, Carbon, 167, pp. 696-708, 2020. 

[35] Xu, J., Lai, T., Feng, Z., Weng, X. & Huang, C., Formation of 

Fluorescent Carbon Nanodots from Kitchen Wastes and Their 

Application for Detection of Fe3+, Luminescence, 30(4), pp. 420-424, 

2015.  

[36] Rachmawati, H., Raharjo, M. & Lanang, H., Pengaruh kondisi fisik 

sumur dan penurunan kualitas air (BOD) terhadap kejadian penyakit 



 Carbon Nanodots as Complexing Agent 15 

 

(studi kasus industri soun di Desa Manjung Kecamatan Ngawen 

Kabupaten Klaten), Media Kesehatan Masyarakat Indonesia, 18(2), pp. 

19-22, 2019.   

[37] Macairan, J. R., Medeiros, T. V., Gazzetto, M., Villanueva, F. Y., 

Cannizo, A. & Naccache, R., Elucidating the Mechanism of Dual-

Fluorescence in Carbon Dots, Journal of Colloids and Interface Science, 

606, pp. 67-76, 2022.  

[38] De, B. & Karak, N., A Green and Facile Approach for The Synthesis of 

Water-Soluble Fluorescent Carbon Dots from Banana Juice, RSC 

Advances, 3(2), pp. 8286-8290, 2013. 

[39] Hu, Q., Gong, Z., Liu, L. & Choi, M. M. F., Characterization and 

Analytical Separation of Fluorescent Carbon Nanodots, Journal of 

Nanomaterials, 2017 (1804178), 2017. 

[40] Permatasari, F. A., Nakul, F., Mayangsari, T. R., Aimon, A. H., 

Nuryadin, B. W., Bisri, S. Z., Ogi, T. & Iskandar, F., Solid-State 

Nitrogen-Doped Carbon Nanoparticles with Tunable Emission Prepared 

by A Microwave-Assisted Method, RSC Advances, 11(63), pp. 39917-

39923, 2021. 

[41] Lauria, A. & Lizundia, E., Luminescent Carbon Dots Obtained from 

Polymeric Waste, Journal of Cleaner Product, 262 (121288), 2020.  

[42] Meng, W., Bai, X., Wang, B., Liu, Z. & Lu, S., Biomass-Derived Carbon 

Dots and Their Applications, Energy & Environmental Materials, 2(3), 

pp. 172-192, 2019. 

[43] Vankhade, D., Kothari, A. & Chaudhuri, T. K., Direct-Coating 

Photoconducting Nanocrystalline Pbs Thin Films with Tunable Band 

Gap, Journal of Electronics Materials, 45, pp. 2789-2795, 2016. 

[44] Umami, R., Permatasari, F. A., Muyassiroh, D. A. M., Santika, A. S., 

Sundari, C. D. W., Ivansyah, A. L., Ogi, T. & Iskandar, F., A rational 

design of carbon dots via the combination of nitrogen and oxygen 

functional groups towards the first NIR window absorption, Journal of 

Materials Chemistry C, 10(4), pp. 1394-1402, 2022. 

[45] Santika, A. S., Permatasari, F. A., Umami, R., Muyassiroh, D. A. M., 

Irham, M. A., Fitriani, P. & Iskandar, F., Revealing the synergetic 

interaction between amino and carbonyl functional groups and their 

effect on the electronic and optical properties of carbon dots, Physical 

Chemistry Chemical Physics, 24(44), pp. 27163-27172, 2022.  

 

 

 


