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Carbon dots (C-dots) are zero-dimensional nanomaterials with excellent fluorescence and metal adsorption 
properties. In this study, carbon dots (C-dots) were synthesized from fast-growing wood sawdust waste using 
a hydrothermal method. The objective of this research is to characterize C-dots derived from fast-growing 
wood sawdust with the addition of a passivation agent using a hydrothermal method and to evaluate the 
efficacy of the synthesized C-dots as a sorbent for dyes and Pb, as well as a Pb detector in water. The synthesis 
of C-dots has been successfully demonstrated through the observation of blue fluorescence in solution. The 
optical properties testing yielded absorbance peaks within the ultraviolet wavelength range (200-400 nm), 
indicative of electron excitation within the chemical bond. The formation of C-dots is corroborated by the 
results of the FTIR test, which demonstrates the existence of functional groups on the surface of C-dots. The 
fluorescence spectrum exhibits the highest emission intensity value at a wavelength of 454 nm. Fast-growing 
wood sawdust-derived C-dots demonstrated efficacy in dye and Pb (II) metal adsorption, exhibiting high 
adsorption capacity for metal ions. This study revealed that the concentration of Pb metal in river water can 
be diminished using C-dots. Different formulations exhibited varying degrees of effectiveness in Pb metal 
adsorption. 
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1. INTRODUCTION

Water sources have been extensively employed for a multitude of 
purposes, including agriculture, industry, domestic use, the construction of 
water storage facilities, and numerous other applications. As the global 
population continues to grow, the water sources that are currently utilized 
by communities are increasingly subjected to pollution, which is reducing 
the quality of available water. This is a significant issue that will require 
urgent attention in the future. The deterioration in water quality will result 
in a reduction in its usability, adverse effects on the health of living 
organisms, and a decline in the value and potential of natural resources 
(Asrini et al., 2017). The quality of water can be influenced by the quality 
of the water supply, which is dependent on human activities. The current 
issue is the indiscriminate disposal of industrial and household waste. The 
presence of heavy metals and harmful dyes in water that has not 
undergone an appropriate management process represents a significant 
environmental contamination risk (Han and Liu 2024). 

The failure to implement an effective wastewater management process has 
the potential to result in environmental contamination, which in turn can 
lead to a range of adverse effects on human health and well-being, as well 
as on the overall productivity of the community. It is therefore necessary 
to identify a solution to enhance the quality of polluted water, with the 
potential of nanotechnology offering a promising avenue for this. The most 
extensively researched area of carbon-based nanotechnology is the 
development of carbon nanoparticles (C-dots). Carbon dots (C-dots) are 
carbon-based nanoparticles with a diameter of less than 10 nm, exhibiting 

a zero-dimensional structure (Wang and Hu 2014). Carbon dots (C-dots) 
offer a number of advantages, including high-intensity fluorescence, stable 
chemical properties, an environmentally friendly profile, relatively low 
production costs, straightforward synthesis and application, and high 
solubility in water (Sun and Lei 2017). The detection of heavy metals in 
polluted water is crucial as metal ion contamination can lead to 
environmental pollution and detrimental cumulative effects on living 
organisms (Zou et al., 2015). 

The synthesis of C-dots can be achieved through two main methodologies, 
namely through bottom-up and top-down methods. The bottom-up 
method comprises a series of relatively straightforward stages in 
comparison to the top-down method (Etefa et al., 2024). One of the most 
frequently employed bottom-up methods is the hydrothermal method. 
This method is classified as a straightforward synthesis technique due to 
its reliance on reactor-based heating. The synthesis of C-dots by the 
hydrothermal method is a heterogeneous chemical reaction that occurs 
with aqueous solvents under high pressure and temperature conditions. In 
some instances, the incorporation of passivation agents is necessary to 
yield C-dots with defined chemical reactivity (Li and Dong, 2018). 

The capacity of C-dots to identify heavy metal ions has been validated 
through the assessment of their fluorescence intensity, a process that has 
been subjected to scientific scrutiny (Li and Li, 2021). One of the heavy 
metals that has been identified as a pollutant in river water is lead (Pb). 
Lead metal is classified as a type of heavy metal that is considered a 
hazardous pollutant. Lead is predominantly found in aqueous 
environments, and its accumulation can have detrimental effects on human 
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and animal health. As posited the ingestion of Pb metal has been linked to 
a reduction in cognitive abilities, stunted growth, and even paralysis in 
children by (Widayatno et al., 2017). Furthermore, the symptoms of Pb 
metal poisoning can include nausea, anemia, and abdominal pain. 

One of the carbon sources employed in the synthesis of C-dots is fast-
growing wood sawdust waste. If left unaddressed, this waste can have a 
detrimental impact on the environment, necessitating its repurposing to 
ensure its environmental value is retained (Olaiya, Lawan, and Olonade 
2023). This research employs fast-growing wood sawdust due to its 
abundant availability. Materials comprising cellulose have the potential to 
serve as a source of C-dots, as evidenced by the potential of fast-growing 
wood sawdust waste to do so (Sa’diyah et al., 2021). Cellulose is also a 
naturally abundant polymer that can be utilized as a source material for 
the synthesis of C-dots (Shen et al., 2016; da Silva Souza et al., 2018). The 
objective of this study is to characterize C-dots derived from fast-growing 
wood sawdust in the presence of passivation agents via the hydrothermal 
method and to evaluate the efficacy of C-dots synthesized from fast-
growing wood sawdust as a dye sorbent, Pb metal detector, and sorbent in 
river water. 

2. MATERIALS AND METHODS

2.1   Materials 

The materials used were fast-growing wood sawdust, methylene blue 

(MB) (Merck), 1000 ppm Pb  metal stock (Merck), citric acid (Merck), urea 
(Merck), and demineralized water. The following tools were utilized in 
the study: an oven (Memmert UNB 400), furnace (Thermolyne FB1410m-
33), 100 mL goblet, 100 mL measuring cup, 250 mL, 500 mL, 100 mesh 
sieve, UV LED flashlight, sonicator (Cole-Palmer), pipette, sudip, 30 mL 
porcelain cup, centrifuge (GEMY PLC 05), hydrothermal autoclave, and 
100 mesh sieve. Subsequently, the resulting C-dots solution was subjected 
to characterization tests utilizing a Fourier Transform Infrared 
Spectrometer  (FTIR), a UV-Vis spectrophotometer, and a fluorescence 
spectrophotometer. 

2.2 Sample Preparation and C-dots Synthesis 

The work comprises the following steps: preparation of raw materials, 
preparation of fast-growing wood sawdust samples, preparation of C-dots 
using the hydrothermal method, and testing and characterization. 

2.2.1 Raw Material Preparation 

The raw materials were procured from the Forest Products Department 
workshop at IPB University. The fast-growing wood sawdust was obtained 
from a mixture of several types of fast-growing wood, including jabon 
wood (Anthocephalus cadamba Miq.), sengon wood (Falcataria 
moluccana), teak wood (Tectona grandis), and Mangium wood (Acacia 
mangium). 

2.2.2 Sample Preparation of Fast-Growing Wood Sawdust 

A quantity of 1 kg of fast-growing wood sawdust was subjected to solar 
drying until it reached a moisture content of zero. Subsequently, the dried 
fast-growing wood sawdust is placed within a drum furnace to undergo 
combustion. The sample is placed into the drum from the top and then 
ignited by burning the air hole at the bottom until the charring process is 
complete. Subsequently, the resulting charcoal is filtered using a 100-mesh 
sieve (Jaouadi 2021). 

2.2.3 Synthesis of (C-dots) using Hydrothermal Method 

Subsequently, 1 gram of carbon was combined with demineralized water 
in a glass beaker, and the passivation agents were introduced in 
accordance with the specifications outlined in Table 1. Subsequently, the 
solution was placed in a hydrothermal autoclave and heated in an oven at 
200°C for six hours. Subsequently, the solution resulting from the 
hydrothermal process was homogenized using a sonicator and subjected 
to further separation through centrifugation. Moreover, the supernatant 
phase, obtained following centrifugation, was subjected to drying in an 
oven. 

Table 1:  Formulation for making carbon dots (C-dots) 

Formultion Carbon Precursor (g) Citric Acid (g) Urea (g) NH4OH (g) Referral Method 

F1 1 1 - 1 (Pandiyan et al. 2020) 

F2 1 1,3 0,7 - (Kasprzyk et al. 2018) 

F3 1 - 1 - (Sendão et al. 2020) 

F4 1 - - - (Rani et al. 2020) 

2.3 Characterization of C-dots 

2.3.1 Fourier Transform Infrared Spectrometry (FTIR) 

The C-dots samples were combined with potassium bromide (KBr) of 
spectroscopic grade at a ratio of 1:100 (mass:mass). The resulting mixture 
was compressed into thin pellets. The pellets were subjected to analysis 
via FTIR (Nicolet 6700 Thermo Scientific, USA) within the wave number 
range of 4000 to 400 cm-1. 

2.3.2 Fluorescence Spectrophotometer 

The Horiba FluoroMax-4 emission spectrometer (Irvine, CA, USA) was 
employed to ascertain the fluorescence emission capacity of the 
synthesized C-dots at a specific excitation wavelength. A solution of C-dots 
with a concentration of 200 ppm was prepared using demineralized water 
as the solvent, with a total volume of 50 mL. The C-dots solution samples 
were measured with excitation wavelength parameters of 360 nm, and the 
emission spectra were recorded in the wavelength range of 375 to 700 nm. 
The emission spectra were compared with a blank of demineralized water 
under the same conditions (Lin et al., 2014). 

2.3.3 UV-Vis Spectrophotometer 

The ultraviolet-visible (UV-Vis) absorption spectra of the C-dots samples, 
with a concentration of 200 parts per million (ppm), were scanned with a 
UV-Vis spectrophotometer (Shimadzu 1800, Japan) using a quartz cuvette 
within the wavelength range of 200 to 800 nanometers (nm). Moreover, 
the quantum yield value was determined through the use of a quinine 
sulfate standard, employing the following equation:(Zhang, Liu, and Li 
2023). 

ΦS

ΦR
=

IS

IR
× (

1-10-AR

1-10-AS
)=

nS
2

nR
2
                                                                                                          (1) 

where, ΦS  is quantum yields of sample , ΦR is quantum yields of standard, 

IS is emission intensity of the tsample IR is emission intensity of the 
standard, AS is sample absorbance, AR is standard absorbance, nS  is 
refractive index of the sample solvent, and nS is refractive index of the 
standard solvent 

2.4 C-Dot as Metal Pb and Methylene Blue Adsorbent 

2.4.1 Pb(II) adsorption test 

A total of 0.5 grams of C-dots sample was added to a Pb2+ solution with a 
concentration of 5000 ppm and then stirred until homogeneous. The 
sorption efficiency of C-dots was determined based on different contact 
times. The contact times used in this study were 30, 60, and 120 minutes 
(Raymond et al. 2023). Next, 5 mL of each solution was sampled based on 
different contact times and then transferred to a 50 mL volumetric flask, 
then 0.1 M HNO3 solution was added to the mark. The solution was again 
diluted up to 100x by pipetting up to 0.5 mL and measured in a 50 mL 
volumetric flask, so that the total dilution was 1000x. The Pb solution that 
has reacted with C-dot adsorbent and has been diluted was then read for 
absorbance using an atomic absorption spectrophotometer (AAS) 
(Shimadzu AA-7000). 

2.4.2 Dye Adsorption Test 

The dye adsorption test was performed by preparing a solution of 
methylene blue (MB) as much as 10 ml of MB with a concentration of 10 
ppm, which was added to 0.01 g of synthesized C-dots. The mixed solution 
was homogenized and left at room temperature for 24 hours. Then the MB 
solution was measured by UV-Vis spectrophotometer at a wavelength of 
665 nm (Zhao et al. 2019). The amount of adsorbed MB concentration was 
calculated based on the difference between the initial concentration value 
of MB without adsorbent and after adsorption by C-dots adsorbent. 

2.4.3 Testing of Metal Ion Sensor 

The testing of the metal sensor employs a solution of C-dots with a 
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concentration of 200 ppm. A solution of Pb2+ metal in the amount of up to 
10 mL was added to the C-dots solution in order to evaluate the sensitivity 
of the latter to metals. Subsequently, the combined solution was 
transferred to a glass tube and subjected to ultraviolet (UV) irradiation at 
a wavelength of 366 nm (Yoo et al. 2019). Qualitative documentation of 
changes in fluorescence intensity and color was conducted through the use 
of a camera. 

2.4.4 Adsorption of Pb Metal from River Water  

The sampling of river water is in accordance with the standards set forth 
in SNI 6989.59:2008, Which Pertains to Water and Wastewater Part 59: 
Wastewater Sampling Method. This method is employed for the purpose 
of sampling water for the purpose of testing the physical and chemical 
properties of wastewater. The water sample utilized is Ciliwung river 
water, with the selection of sampling locations conducted at two points: 
the Katulampa Dam river and the river flow in Sempur, Bogor City, West 
Java, Indonesia. The water sampling technique employed was that of grab 
samples, which are defined as water samples taken once from a single 
location. Subsequently, water samples were collected directly from the 
river using plastic bottles. A chemical solution of H2SO4 was utilized as a 
preservative. 

The adsorption test was conducted by weighing a 0.1-gram sample of C-
dots, which was then introduced into 100 milliliters of river water sample 
and stirred until homogeneous. Subsequently, the sample was transferred 
into a plastic bottle and permitted to stand for 24 hours at room 
temperature. Subsequently, the solution was diluted 10-fold via pipetting, 
with 5 mL transferred into a 50-mL volumetric flask for measurement. The 
concentration of Pb in the control and treatment river water samples was 
calculated by plotting the data against the Pb standard curve, which was 
analyzed by AAS (Shimadzu AA-7000). 

2.5 Data Analysis 

This study employed the analytical descriptive method. The research 
presentation is organized in a descriptive manner, and the results of the 
research are analyzed so that a conclusion can be drawn. The data collected 
were processed quantitatively using Origin 8.5, (Northampton, USA),
Microsoft Excel, and Image J software (New York, USA). Qualitative data 
were obtained through observations and presented in the form of 
photographs and narrated in descriptive form. 

3. RESULT AND DISCUSSION

3.1   Synthesis of C-dots 

C-dots were synthesized using fast-growing wood sawdust, which is 
known to contain a multitude of carbon sources. The cellulose present in 
wood serves as a carbon source during the synthesis process. The 
synthesis method employed in this study is the hydrothermal method, 
which involves the breakdown of bulk carbon molecules into smaller units 
to form nanoparticles and induce a luminescent effect known as the 
quantum effect (Kong et al., 2024). 

Figure 1: Graph of the average yield of C-dots synthesis of fast-growing 
wood sawdust with various formulas. 

The yield obtained is the weight of the resulting product from the chemical 
reaction of the C-dots synthesis, calculated according to the specified 
formula. The resulting C-dots yield is in the form of a thick liquid (paste) of 

black color that has not fully dried for F1, F2, and F3, and black powder for 
F4. This indicates that the C-dots exhibit hygroscopic properties and are 
readily soluble in water. This finding aligns with the conclusions of Meiling 
et al., (2018), who asserted that the form of yield from the synthesis of C-
dots can be powder, paste, or thick liquid. As illustrated in Figure 2, the 
mean yield for each formula, from F1 to F4, is 28.11%, 26.95%, 2.79%, and 
5.25%, respectively. The highest average yield (28.11%) was observed for 
C-dots synthesized with a citric acid passivation agent, while the lowest 
average yield (2.79%) was observed for F3 C-dots. The elevated yield can 
be attributed to the incorporation of the passivation agent (Formulation in 
table 1). It has been demonstrated that citric acid can serve as a carbon 
source in the synthesis of C-dots (Sugiarti and Darmawan, 2015). The 
presence of passivation agents in the form of citric acid and urea serves as 
a carbon source, facilitating the addition of new functional groups to the 
surface of C-dots. Furthermore, the incorporation of nitrogen atoms during 
the synthesis of C-dots can enhance its mass, thereby facilitating the 
production of greater yields of C-dots (Nuryadin et al., 2016). 

3.2   Characterization of C-dots 

3.2.1   C-dots Fluorescence 

Fluorescence is defined as the process of emitting light radiation by a 
material after experiencing excitation by a high-energy light beam (Lubis 
et al., 2016). The visual determination of the presence of C-dots 
synthesized can be achieved through the observation of their fluorescence 
characteristics. Fluorescence analysis was conducted by illuminating the 
C-dot solutions of all formulas with a UV lamp at 366 nm. The results of the 
qualitative analysis are presented in Figure 2. The results demonstrate the 
successful synthesis of C-dots in all formulations. This is corroborated by 
the observation of blue fluorescence in F1, F2, and F3, and greenish 
fluorescence in F4. 

Figure 2: The results of irradiating fast-growing wood sawdust C-dots 
with a 366 nm ultraviolet (UV) lamp. 

Figure 2 illustrates the varying fluorescence intensities observed for each 
formula. The addition of passivating agents during the synthesis of C-dots 
resulted in a notable increase in fluorescence intensity, as observed in F1, 
F2, and F3. Conversely, the absence of passivating agents in the synthesis 
of C-dots, as seen in F4, led to a reduction in fluorescence intensity. The 
high fluorescence intensity is a consequence of the utilization of disparate 
passivation compounds in each formula. The passivation agent plays a role 
in the stability of the surface state of C-dots, thereby increasing the ability 
of the latter to emit fluorescence. The functional groups of the passivation 
compound on the surface of C-dots can result in either an increase or a 
decrease in the resulting fluorescence intensity (Neikov and Yefimov, 
2019). The presence of residual lignin, hemicellulose, and cellulose 
compounds in wood sawdust can facilitate the formation of carbonyl (C-O) 
and hydroxyl (O-H) groups on the surface of C-dots, thereby enhancing the 
fluorescence intensity (Yan et al., 2018). 

3.2.2  C-dots Fluorescence Emission Spectrum 

As stated fluorescence is defined as the process of emitting light radiation 
following excitation by a high-energy light beam by (Shiddiq and  Umami, 
2016). The objective of this test is to ascertain the wavelength of emission 
produced by C-dots. The parameters of the fluorescent properties of C-dots 
are determined by the highest fluorescent intensity at the maximum 
emission wavelength. The application of C-dots in the field of metal 
detection is contingent upon the optical properties of C-dots, which are in 
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turn influenced by their fluorescent properties. The characterization of C-
dots based on fast-growing wood sawdust was conducted using a 
fluorescent spectrophotometer, with the objective of determining the level 
of fluorescent intensity and the maximum wavelength of emission 
produced. 

Figure 3: C-dots Fluorescence spectrum from fast-growing wood 
sawdust 

Figure 3 depicts the fluorescence spectrum of C-dots derived from fast-
growing wood sawdust. The graph illustrates that the fluorescence 
intensity of C-dots is consistent across all formulas, yet the wavelengths 
exhibit variation. The emission waves produced by F1 to F4, in order of 
appearance, are at wavelengths of 448 nm, 454 nm, 453 nm, and 452 nm, 
respectively. It can be observed that the four formulas exhibit emission 
waves that are largely similar, with comparable fluorescent intensity 
results. The addition of citric acid and urea during the C-dots synthesis 
results in the largest emission wavelength, which is 454 nm. As previously 
observed the C-dots synthesized fluorescence emission spectrum with the 
addition of citric acid-urea, when excited at a wavelength of 370 nm, 
exhibited a maximum emission at a wavelength of 438 nm by (Seedad et 
al., 2021). Moreover, research conducted demonstrated that C-dots 
synthesized with the addition of urea exhibited the greatest wave emission 
at 410 nm when excited at 330 nm by (Shen et al., 2016). In conclusion, the 
present study is consistent with previous research in that the emission 
wavelength of C-dots falls within the visible light range, between 400 and 
800 nm. 

3.2.3   UV-Vis Spectrophotometer and Quantum Yields of C-dots 

The objective of testing is to ascertain the optical characteristics of C-dots 
through the analysis of the absorption intensity peak (Anggraini and 
Dwandaru, 2021). As illustrated in Figure 4, the absorption peaks resulting 
from electron transitions for F1, F2, and F3 are observed at wavelengths of 
229 nm, 223 nm, and 214 nm, respectively. In contrast, the absorption 
peaks resulting from the transition occurred at wavelengths of 330 nm, 
334 nm, and 345 nm for F1, F2, and F4, respectively. 

Figure 4: displays the UV-Vis spectrum of fast-growing wood sawdust C-dots. 

The greater intensity of the absorbance value indicates a greater number 
of electrons moving in the excitation region and is directly proportional to 
the amount of emission measured. These findings align with those of 
previous research which identified the presence of absorption peaks at 
wavelengths between 210 and 280 nm, indicative of transitions (Monday 
et al., 2021). The analysis also reported the occurrence of transitions at 
wavelengths between 320 and 380 nm (Jiang et al., 2017). The elevated 
absorbance intensity of C-dots indicates that the solution is more 
concentrated, containing a substantial number of C-dots and a 
considerable quantity of passivation agent functional groups at the same 
concentration (Putro and Maddu, 2019).      

The efficiency of photon emission produced by a material is represented 
by the concept of quantum yield (Hamilton and Sanabria, 2019). Quantum 
yields are defined as the sum of the ratio of the fluorescent intensity 
produced by C-dots to the absorbed absorbance power. 

Table 2:  Results of quantum yields values (%) of C-dots 
Formulation Quantum Yields (%) 

1 82,91 
2 64,86 
3 26,98 
4 43,54 

As evidenced in table 2, the quantum yield value of C-dots with the 
incorporation of a citric acid passivation agent and NH4OH reaches its 
maximum at 82.91%. As stated the incorporation of functional groups on 
the surface of C-dots can be achieved through the introduction of 
passivation agents by (Li and Dong 2018). The addition of urea and NH4OH 
compounds contributes to the addition of nitrogen atoms, while the 
addition of citric acid contributes to the addition of carbonyl functional 
groups. As indicated the incorporation of nitrogen atoms and hydroxyl 
groups represents an effective approach for the C-dots synthesis with high 
quantum yields by (Ren et al., 2020). The findings of this study are 
consistent with those of previous research, wherein  demonstrated that C-
dots produced with the addition of nitrogen atoms derived from citric acid 
exhibit high quantum yields (Qin et al. 2021). 

The C-dots synthesis with water solvents has been observed to result in 
the production of quantum yields that are typically high, with an increase 
in yield occurring at elevated temperatures during the synthesis process. 
This yield reaches a maximum at 200°C, as reported by (Nallayagari et al., 
2022). This finding aligns with the reaction temperature employed in the 
present study, which was set at 200°C. In contrast, C-dots with a urea 
passivation agent exhibited the lowest quantum yield value of 26.98%, 
indicating that the addition of urea with a water solvent did not notably 
enhance the quantum yield of C-dots. The efficacy of C-dots as heavy metal 
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sensors is contingent upon two factors: fluorescence intensity and 
quantum yields. An elevated quantum yield value for C-dots is directly 
proportional to the fluorescence produced. The optimal detection of heavy 
metals is achieved through the use of high-quality C-dots with strong 
fluorescence (Li and Li 2021). 

3.2.4    FTIR testing of C-dots 

FTIR can be employed to characterize the surface functional groups of C-
dots. These groups are of significant consequence with respect to the 
adsorption properties and reactivity of C-dots. It is of great significance to 
comprehend the mechanism of interaction between C-dots and metal ions 
(Mohammed et al.,  2023). The absorption pattern is formed by each 
functional group, thereby enabling the identification of the presence of 
functional groups in a given material (Elina et al.,  2023). The results of the 
analysis, as illustrated in Figure 9, indicate the presence of N-H functional 
groups on F1 to F3 and O-H on F4 on the surface of C-dots with consecutive 
wave numbers, specifically 3429 cm⁻¹, 3440 cm⁻¹, 3462 cm⁻¹, and 3422 
cm⁻¹. The N-H functional group originates from the framework of urea and 
ammonium hydroxide compounds. Moreover, the hydrophilicity and 
stability of C-dots in solution will be enhanced if there are O-H and N-H 
groups present. The formation of hydroxyl (O-H) functional groups is a 
consequence of the interaction between water from free air and the 
surface of C-dots, resulting from the presence of carboxylic acid 
compounds within the framework of the material (González-González et 
al., 2022). 

Figure 5: FTIR spectrum of fast-growing wood sawdust C-dots 

The carbonyl (C=O) functional group on citric acid is also present on the 
surface of C-dots, where the C=O functional group (carboxyl group) is 
observed at wave numbers 1678 cm⁻¹ (F1) and 1746 cm⁻¹ (F2). The C-H 
functional groups were observed at wave numbers 2949 cm⁻¹, 2944 cm⁻¹, 
and 2910 cm⁻¹ for F1, F2, and F4, respectively. Additionally, F1, F2, and F3 
exhibited the presence of C-O functional groups at wave numbers of 1067 
cm⁻¹, 1221 cm⁻¹, and 1125 cm⁻¹, respectively. As stated the presence of C-
O groups is indicative of residual lignin present in wood by (Sugito and 
Rachmad Setiawan, 2022). The observed absorption peaks of the 
functional groups suggest the interaction between the functional groups of 
the passivation agent in each formula and the surface of the C-dots. 

3.2.5   Metal Ion Pb2+ Sensor Testing 

The development of C-dots as a metal ion sensor has been widely 
conducted due to their low toxicity, high chemical stability, and 
environmentally friendly nature (Prasasti et al., 2022). The objective of this 
test is to ascertain the efficacy of C-dots as a Pb²⁺ metal ion sensor in 
aqueous solutions. The quantitative assessment of fluorescence intensity 
is conducted through the utilisation of the ImageJ software. Figure 6 
illustrates that the highest Red Green Blue (RGB) value was obtained from 
F3 C-dots, with a value of 183.19, while F4 exhibited the lowest RGB value, 
with a value of 65.91. The C-dots formulas exhibited RGB values exceeding 
that of the control, indicating their efficacy as Pb2+ metal ion sensors with 
varying detection capabilities across the formulas. The functional groups 
present in C-dots exhibit selective properties that enable the detection of 
heavy metals in aqueous solutions. As stated the presence of functional 
groups, including -COOH, -NH2-, and -OH, contributes to the high solubility 
of C-dots in water by (Ren et al., 2020). The hydroxyl and carboxyl 

functional groups facilitate interactions between the functional groups and 
the Pb²⁺ metal ions, resulting in a bound complex. The C-dots fluorescence 
properties are a determining factor in the success of C-dots in Pb²⁺ metal 
detection (Liu et al., 2023). 

Figure 6: Comparison of fluorescence intensity of fast-growing wood 
sawdust C-dots upon detection of Pb2+ metal ions. 

Figure 7: Fluorescence imaging results of fast-growing wood sawdust C-
dots when contacted with metal Pb2+

The detection mechanism is based on changes in fluorescence intensity 
resulting from the interaction of C-dots with heavy metal ions. The 
observation revealed that F4 C-dots exhibited the lowest fluorescence 
intensity when in contact with Pb2+ metal. The low fluorescence intensity 
is a consequence of the absence of passivation agents, which precludes the 
formation of additional functional groups that could otherwise enhance 
the C-dots fluorescence. Conversely, C-dots with the addition of urea 
exhibited the brightest fluorescence intensity among all formulas when 
contacted with Pb2+ metal. This finding is corroborated by the data 
presented in Figure 7, which illustrates that F3 exhibits the highest 
fluorescence intensity. The incorporation of passivation agents during the 
C-dots synthesis can enhance the selectivity of its interaction with metal 
ions through the introduction of active functional groups on the C-dots 
surface. The addition of urea is a valuable approach for enhancing the 
functionality of the carbon surface and serving as a carbon source (Yoo et 
al., 2019). Therefore, C-dots, a sustainable natural resource, can be 
employed as a biosensor for Pb2+ metal ions in water. The use of C-dots 
offers several advantages, primarily due to their environmentally friendly 
nature and the ease with which they can be obtained (Raveendran and 
Kizhakayil, 2021). 

3.2.6   Lead (Pb) Metal Adsorption Testing 

This test employs the atomic absorption spectrophotometry (AAS) 
method, which is based on the absorption of light by atoms (Purnamasari 
et al., 2021). This method is widely employed in the analysis of heavy metal 
content due to its high level of sensitivity and relatively simple process 
(Asra, Maisitoh, and Rusdi 2019). The Pb (II) content present in polluted 
water can be removed through the use of adsorption techniques. 
Adsorption is defined as the mechanism by which a molecule or ion is 
absorbed on the surface of an adsorbent (Zulfania et al., 2022). Adsorption 
occurs as a result of the attractive forces between molecules on the surface 
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of the solid (adsorbent).  As stated by Wijayanti et al.(2018), The 
adsorption process is influenced by a number of factors, including the 
adsorbent type, the surface area of the adsorbent, and the type and 
concentration of the adsorbed substance. Due to the addition of functional 
groups that facilitate interaction with metals, C-dots derived from fast-
growing wood sawdust can be employed as an adsorbent. As posited the 
utilization of adsorbents with diminutive particle dimensions will result in 

a considerable expansion of the surface area, which will consequently 
impact the absorption capacity of C-dots in the process of adsorbing Pb (II) 
metal by (Widayatno et al., 2017). Furthermore, the C-dots formula, when 
combined with passivation agents, exhibits active functional groups on its 
surface in the form of carbonyl groups (C=O) and atoms with high 
electronegativity, such as nitrogen and oxygen atoms (Qi et al. 2023). 

Figure 8:  Graph of the relationship between the adsorption ability of fast-growing wood sawdust C-dots with variations in contact time 

Figure 8 illustrates that the adsorption C-dots capacity increases with the 
duration of contact for all formulas. This indicates that C-dots can remain 
in an optimal state for extended periods, as the adsorption value continues 
to rise without reaching a saturation point for all formulas. The longer the 
contact time, the greater the duration of contact between the C-dots 
particles and the metal on the C-dots surface. This allows for sufficient 
contact time to be reached, which is necessary for maximal adsorption of 
Pb (II) metal (Irwandi, Yenti, and Chairul 2015). The maximum adsorption 
capacity of C-dots was observed to be 61.16%, 66.44%, 90.57%, and 
61.32% for formulas (F1) Citric Acid-NH4OH, (F2) Citric Acid-Urea, (F3) 
Urea, and (F4) Water, respectively. The highest percentage of adsorption 
ability is observed in F3, which employs a urea passivation agent. This 
phenomenon can be attributed to the presence of carbonyl (C=O) and 
amine (NH₂) functional groups in the structural framework of urea 
compounds, which possess high electronegativity properties due to the 
presence of oxygen and nitrogen atoms. These properties facilitate the 
adsorption of positively charged metals (Hakimifar and Morsali, 2019). 
The interaction between urea and stable metals will enhance the capacity 
of Pb(II) metal sorption by C-dots.  

The modification of the C-dot surface with specific functional groups 
enables the customization of its adsorption properties for specific metal 
ions. This can be achieved through the formation of covalent bonds, the 
establishment of electrostatic interactions, or the development of 
hydrogen bonds. The synthesis of C-dots with the addition of citric acid 
demonstrated that this method does not significantly influence the metal 
adsorption ability, as evidenced by the absence of maximum metal 
adsorption results. This phenomenon may be attributed to the excessive 
saturation of the C-dot surface with functional groups derived from the 
passivation agent, which impairs its ability to adsorb Pb metal optimally 
(Wu et al., 2022). Furthermore, in F4, the highest adsorption occurs due to 
the fact that the c-dot surface, which has not undergone passivation, does 
not reach saturation. 

3.2.7   Testing the Adsorption of Dyes 

A significant environmental concern is the discovery of numerous dyes, 
particularly in aquatic systems. Conversely, the utilisation of C-dots is 
becoming increasingly prevalent, with one notable application being in the 
environmental domain, where C-dots are employed as adsorbents. As 
stated methylene blue is among the cationic dyes that can be adsorbed by 
an adsorbent by (Nitsae et al., 2021). The objective of this test is to 
ascertain the capacity of C-dots to adsorb methylene blue (MB) via an 

adsorption mechanism. Adsorption offers a number of advantages, 
including efficiency, straightforward implementation, minimal energy 
demands, and the potential for utilizing a diverse array of adsorbent 
materials. The adsorption capacity of a substance is contingent upon the 
specific adsorbent employed (Liu et al., 2024). C-dots have been 
demonstrated to possess a relatively high capacity for the adsorption of 
diverse adsorbates, including dyes. Consequently, the use of C-dots for the 
purpose of dye removal from polluted water represents an efficient and 
viable alternative measure. 

Figure 9:  Graph of dye adsorption of fast-growing wood sawdust C-dots 

3.2.8   Effectiveness of Metal Pb Sorption in Ciliwung River Water 

As illustrated in Figure 9, the C-dots synthesized without the incorporation 
of a passivation agent (F4) exhibited the highest adsorption capacity, 
reaching 51.91%.  The solvent employed during the synthesis of C-dots 
influences the surface state of the resulting C-dots, which in turn 
determines the properties of the C-dots (Ding et al., 2018). This 
demonstrates that the synthesis of C-dots without the incorporation of 
passivating agents is more effective than the addition of passivating agents 
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in adsorbing dyes on the surface of C-dots. As have observed, the capacity 
of C-dots to adsorb methylene blue is diminished when surface functional 

groups from passivation agents are introduced, resulting in a saturation of 
the C-dots surface (Piliang et al., 2022). 

Table 3: Result of Pb analysis with Sempur and Katulampa  as sampling point 

Sampling Point 
Pb Concentration (ppm) 

Control F1 F2 F3 F4 

Sempur 8.854 0.017 0.329 0.036 0.052 

Katulampa 0.184 0.115 0.019 0.046 0.034 

Figure 10: Decrease in Pb concentration of dam river water samples 

Carbon dots (C-Dots) have been demonstrated to be highly effective in the 
removal of metal ions from metal-polluted water sources, including river 
water and wastewater. The adsorption of metals on the surface of C-dots 
can be followed by doping, which allows the formation of metal-doped 
carbon dots (MCDs). These MCDs facilitate the detection and monitoring of 
metals in water samples, even with the assistance of UV radiation. The 
presence of heavy metals can be identified through the indication of 
different luminescent colors (Akhter et al. 2023). This renders C-dots 
highly valuable for their deployment in environmental and water 
treatment applications. The results of the analysis demonstrate the ability 
to quantify Pb metal in river water samples from the Sempur and 
Katulampa sampling points. The concentration of Pb metal was found to 
decrease following the adsorption treatment with c-dots in various 
synthesis formulations. The percentage decrease in Pb metal 
concentration (Figure 10) in river water samples at the Sempur sampling 
point is above 95%, indicating that c-dots in all formulations have excellent 
absorption properties and can effectively remove almost all Pb metal. 
Moreover, the reduction in Pb metal concentration in river water samples 
at the Katulampa sampling point exhibits the highest value of F2, at 
89.67%, and the lowest in F1, at 37.50%. The disparity in the adsorbing 
capacity of each C-dot formulation can be attributed to the variation in the 
doping of functional groups or atoms on the C-dot surface (Perumal et al., 
2022). The doping of carbonyl functional groups derived from citric acid 
and nitrogen atoms derived from urea and ammonium causes the 
adsorption process to occur through chemisorption reactions (Yahaya 
Pudza et al., 2020). These reactions take place between Pb ions and the 
surface functional groups of C-dots.  

Based on Government Regulation (PP) Number 22 of 2021 Concerning the 
Implementation of Environmental Protection and Management, the 
maximum permissible level of Pb metal in river water is 0.03 ppm. The 
results of the adsorption treatment with C-dots in F1 and F3 (Table 1) 
demonstrate that the levels of Pb metal in river water samples from the 
sempur sampling points have reached the PP standards, namely 0.017 and 
0.036 ppm. Furthermore, the Katulampa sampling point also complies with 
the PP standard in the F2 and F4 treatments, namely 0.019 and 0.034 ppm. 
These findings demonstrate that C-dots synthesized from wood sawdust 
are capable of effectively absorbing heavy metals from Ciliwung river 
water samples. This aligns with the assertion that C-dots possess the 
capacity to bind heavy metal ions in water, rendering them an optimal 
solution for removing pollutants such as lead, mercury, and cadmium from 
contaminated water sources by (Parambil and Rajamani, 2024). 

5. CONCLUSION

The synthesis of C-dots based on fast-growing wood sawdust was 
successfully achieved through the application of a hydrothermal method. 
The synthesis was deemed a success based on the observation of 
fluorescence activity. The citric acid-NH₄OH (F1) C-dots exhibited the 
highest yield, with the addition of functional groups from passivation 
agents affecting the characteristics and yield. The characterization of the 
C-dots optical properties the in question yielded the result that they 
exhibited absorbance peaks in the ultraviolet region. The fluorescent 
spectrophotometer test of C-dots exhibits an emission wavelength in the 
visible region. The formation of C-dots is further corroborated by the FTIR 
test, which reveals the presence of active functional groups on the C-dots 
surface. The addition of a passivation agent had no effect on the dye 
sorption ability of C-dots. The synthesized C-dots demonstrated activity as 
a sensor and adsorbent of Pb²⁺ metal ions, exhibiting a change in color 
intensity and adsorption ability with an increase in contact time. The 
results of the tests conducted on samples of water from the Ciliwung River 
demonstrated that C-dots were effective in adsorbing Pb metal, with a 
discernible reduction in Pb metal concentrations observed at both the 
Katulampa and Sempur sampling points. 
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