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Abstract 
The detection of amoxicillin has been successfully carried out using C-dot fluorescence 

probes made from d-glucose and urea.  The fluorescence probe has an intense bright blue 

emission under UV light at 395 nm and and depends on the excitation and depends on the 

excitation.  The PL decay study was evaluated and has a lifetime decay of 4.09 ns. Raman 

studies successfully showed a D peak at 1381 cm-1 and a G peak at 1586 cm-1 associated 

with the presence of graphitic and amorphous structures.  The absorption peaks in UV-vis 

spectroscopy confirm transitions at 275 nm (π → π*) and 322 nm (n → π*) with the 

presence of conjugated C=C and carbonyl (C=O) functional groups. The results of the 

fluorescence test show a bright blue color, with its intensity measured at an excitation of 

365 nm. This can be attributed to nitrogen incorporation on the surface of the C-dots 

derived from urea, resulting in a quantum yield (QY) of 54%.  This fluorescence probe is 

highly sensitive in detecting amoxicillin (AMX), as evidenced by the successful detection 

of AMX at concentrations of 10–30 μM and a resulting LOD of 5.75443×10−7 nM. The 

microstructure of C-dots shows a uniform size of C-dot nanoparticles, and C-dot modeling 

was created.  C-dot probes have an LOD of 5.75443×10−7 nM, indicating high sensitivity 

in detecting AMX. 
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INTRODUCTION 

Amoxicillin (AMX) is an antibiotic used to 

treat infectious diseases caused by bacterial infections 

due to pathogenic bacteria with gram-positive and 

gram-negative bacteria.  This antibiotic has strong 

antibacterial properties and can penetrate the cell 

membrane. AMX is a type of semi-synthetic β-lactam 

penicillin antibiotic (Attia, Nassar, El-Zeiny, & Serag, 

2016; Guo, Dong, Chen, & Chen, 2022; Jessy Mercy 

et al., 2023; G. Yang & Zhao, 2015).  AMX is 

extensively utilized in humans, livestock, and 

aquaculture as a disease-prevention medication.  The 

low metabolism rate of AMX in the body, around 70 – 

90%, results in a significant amount being released by 

the body through urine and feces, exposing the 

environment (Verma, Aggarwal, Singh, Sharma, & 

Sarma, 2022; Ye, Chen, Tang, Sun, & Song, 2025). 

AMX has been detected in river water, 

seawater, and other aquatic environments, posing a 

danger if consumed by humans and other organisms. 

Even after water treatment and recycling, it still cannot 

be fully identified, so many methods and technologies 

continue to be offered to identify AMX in water (Jessy 

Mercy et al., 2023).  Consequently, it is critical to use 

various analytical methods to find traces of AMX in 

water. Because of its low cost, simplicity, quick 

reaction, ease of use, and high sensitivity, AMX 

detection using carbon dots probes has emerged as one 

of the most used techniques (Ye et al., 2025). 

Carbon dots (C-dots) are spherical 

nanoparticles with sizes less than 10 nm. C-dots have 

several advantages, including excellent 

biocompatibility, easy availability, and good optical 

properties (Jiang et al., 2025; Liu et al., 2024).  

However, C-dots usually exhibit poor optical 

properties if not doped with heteroatoms. Heteroatom 

doping, such as with chlorine (Cl), nitrogen (N), boron 

(B), sulfur (S), and oxygen (O), can enhance the optical 

properties of C-dots (Barus, Ginting, Faizah, Shafira, 

& Nainggolan, 2023; Mallik et al., 2025). 

mailto:marpongahtun@usu.ac.id


Yuni Aldriani Lubis et al. Indo. J. Chem. Res., 13 (1), 38-45, 2025 

 

DOI: 10.30598//ijcr.2025.13-yun                     39   

Because nitrogen and carbon have similar 

atomic sizes, nitrogen (N) is an intriguing dopant. N-

doping increases active sites and fluorescence while 

not substantially changing the electrical structure (Wu, 

Zeng, Zheng, You, & Liu, 2025). Nitrogen doping of 

C-dots will enhance the quantum yield measured by a 

photoluminescence spectrometer (Marpongahtun et al., 

2023). Several studies related to nitrogen doping of C-

dots have been conducted.   

Akbar et al. (2025) synthesized N – CD from 

oxalic acid and malic acid as precursors, rare earth 

metal salts and diammonium tartrate as doping and 

nitrogen sources. The solvothermal/hydrothermal 

approach was used to perform the synthesis. The 

results showed that the N – CD probe exhibited a linear 

relationship when plotted with alpha-fetoprotein (AFP) 

concentrations from 0.01 to 3.0 ng/mL, indicating good 

sensitivity and high quantitative sensor accuracy. Cai 

et al. (2025) conducted a study on N-CQD synthesis 

using the hydrothermal method sourced from pumpkin 

and melamine to detect nifuratel and temperature. The 

result is that N-CQD is very sensitive because it can 

detect within a linear range of 0.5–100 μM and an LOD 

of 0.074 μM. Then, Ye et al. (2025) synthesized N, S-

CDs@MIP to detect AMX using the hydrothermal 

method. The result is a highly sensitive probe that 

successfully detected AMX with a detection limit of 

1.17 ng/mL, a linear range of 5.8–200 ng/mL, and an 

RSD of <3%.  

Thus, in contrast to previous studies that 

employed complex precursors or multi-step doping 

strategies, this study presents a simple, 

environmentally friendly, and cost-effective approach 

to synthesize nitrogen-doped carbon dots (N-CDs) 

from d-glucose and urea via a hydrothermal method. 

D-glucose is a carbohydrate compound with a 

hydroxyl functional group (-OH). The -OH group can 

be converted into an ester through an esterification 

reaction. D-Glucose is a potential material because it 

has a sufficient number of C bonds (as many as 

6).(Dali, Dali, Dali, & Amalia, 2021). The developed 

C-dots exhibited excellent optical properties, high 

quantum yield of 54%, and very low detection limit of 

5.75443 × 10-⁷ nM for amoxicillin (AMX) sensing. 

This demonstrates the potential of these C-dots as 

highly sensitive, sustainable, and scalable probes for 

antibiotic detection in environmental samples.  

 

METHODOLOGY 

Materials and Instrumentals 

This experiment used analytical grade reagents 

and deionized water (electrical reactivity of 0.5 

MΩ.cm and conductivity of 2.0 μS/cm). D-glucose 

monohydrate precursor, urea (nitrogen source), 

Whatman filter paper were purchased from CV. 

Rudang Jaya, Indonesia. The syringe filter 0.22 μm 

was obtained from Sigma-Aldrich. All materials were 

used without further purification.  

Characterization of C-dots was recorded by UV-

Vis Spectroscopy (Shimadzu UV-1900i), and  

Photoluminescence C-dots were recorded by 

Microplate Reader BioTek Synergy H1 (Agilent 

Technologies). HORIBA recorder Raman - The 

LabRAM HR Evolution Raman Microscopes using a 

laser beam 532 nm. The microstructure image was 

verified by Microscope Leica 247601, APO PL 20x 

0.45 Germany Vistech. 

C-dots Synthesis 

C-dots were synthesised using a 

straightforward hydrothermal process and slight 

modification (Amin et al., 2025). Initially, 30 mL of 

deionized water was used to dissolve 3 g of d-glucose 

monohydrate. The dispersed solution was then stirred 

with a hotplate for 30 minutes to obtain homogeneity. 

The solution that was being stirred was added with 1.55 

g of urea until it dissolved completely and produced a 

clear color solution. A 100 mL autoclave was filled 

with this clear solution. For 8 h, the autoclave was 

heated to 180 oC in the oven. The autoclave was then 

left to stand for a day. After collecting the solution, it 

was centrifuged for 30 minutes at 5500 rpm.  Whatman 

no. 42 filter paper and a 0.22 μm syringe filter were 

used to filter the resulting supernatant. The solution 

was gathered for later use and kept at 4 oC in a 

refrigerator. The C-dots solution was characterized by 

PL, UV-Vis, Raman, and irradiated with UV lamp 395 

nm. 

Amoxicillin Detection 

Amoxicillin (AMX) detection was performed 

using the fluorescence method, where C-dots were at 

365 nm excitation. First, a stock solution was prepared. 

Antibiotic solutions were prepared with of 10, 15, 20, 

25 and 30 μM concentrations. Then, the solution was 

added with 10 μL of C-dots up to the maximum volume 

limit of 10 mL and sonicated for 10 minutes until the 

solution was homogeneous and completely dissolved 

(Mousa, Abdelrahman, Fahmy, Ebrahim, & Moustafa, 

2023). 

Quantum Yield 

        The quantum yield (QY) calculation begins by 

diluting C-dots in deionized water with a refractive 

index (η) of 1.33. Quinine sulfate is used as the 

standard fluorescence reference (QY=54%), which is 
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diluted in 1M H₂SO₄. C-dot and quinine sulfate 

solutions were prepared (absorbance 0.05) at an 

excitation of 365 nm, and measurements were 

conducted using a quartz cuvette (size: 1 cm). The 

calculation of quantum yield (QY) uses the following 

equation: 

 𝑄𝑌𝑚 = 𝑄𝑌𝑛  (
𝐴𝑛

𝐴𝑚
) (

𝐼𝑚

𝐼𝑛
) (

η𝑚
2

η𝑛
2 )     (1) 

From that equation, QY indicates the quantum 

yield from that equation, η is the solvent refractive 

index, A is the absorbance, and I is the PL intensity at 

365 nm. Symbols of m and y refer to C-dots and 

quinine sulfate. QY can be calculated accurately 

(Akbar et al., 2025). 

 

RESULTS AND DISCUSSION 

Photoluminescence 

Using PL spectrometer, C-dots will be measured 

for emission intensity with excitation (365 nm). This 

characterization is done to study the optical 

characteristics of C-dots. This technique also plays a 

significant role in calculation of quantum yield 

(Mansuriya & Altintas, 2018). The PL spectrum 

displays photoluminescence emission in the range of 

400–700 nm. Figure 1. C-dots have a central emission 

peak at 450 nm, indicate blue emission when excited. 

This is because the presence of asymmetrically 

stretched oxygen atoms connecting nitrogen atoms 

affects the emission peak (Marpongahtun et al., 2018; 

J. Yang, Wang, & Lu, 2025). 

 

The PL characterization results are also 

supported by physical images of luminescence 

produced by C-dots. The C-dots exhibited blue 

fluorescence, with an emission peak at 440 nm, upon 

irradiation of the aqueous solution containing C-dots 

with a UV lamp 395 nm. The blue emission resulting 

from UV lamp irradiation and the emission peak at 440 

nm in a phenomenon that is compatible with the 

surface defect state's absorption peak is shown by PL 

analysis. (Chu et al., 2025). 

In Figure 2 above, it can be observed that the 

fluorescence intensity depends on the excitation. After 

conducting tests with different wavelength variations, 

different intensities were obtained. This is associated 

with a significant redshift and a decrease when the 

excitation increases, caused by quantum effects and 

surface defects (Sanni et al., 2025; Sun et al., 2023). 

 

Time-Resolved Photoluminescence  

Further characterization was carried out using 

Time-resolved photoluminescence (TRPL) with the 

aim of investigating the fluorescence decay behavior of 

the synthesized C-dots. As shown in Figure 3, the 

fluorescence intensity of the C-dots decreases sharply 

in the first few hundred nanoseconds and gradually 

levels off, exhibiting a characteristic biexponential 

decay profile. The PL decay curve was calculated using 

the following equation: 

 

𝑦 = 𝐴1 exp (
−𝑥

𝜏1
) + 𝐴2 exp (

−𝑥

𝜏2
) + 𝑦0 (1) 

 

Meanwhile, the average of PL decay is calculated using 

the following formula. 

 

  𝜏𝐴𝑣𝑒𝑟𝑎𝑔𝑒 = ∑
𝐴𝑛𝜏𝑛

2

𝐴𝑛𝜏𝑛

2
𝑛=1   (2) 

 

Based on the equation above, it is known that 

the decay time of N-CDs calculated from the equation 

above is 4.09 ns. Monitoring emission at specific 

wavelengths concludes that the reorientation of the 

 
Figure 1. Photoluminescence spectra of C-Dots 

(365 nm)  

 

 
Figure 2. PL spectra of C-Dots in different 

excitation 
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environmental molecular dipole towards the emitter 

dipole depends on the surface polarity of N-CDs and 

the polarity of the solvent, resulting in emission from 

the relaxed sub-state of N-CDs that becomes filled. 

Furthermore, when the excited state lifetime of the 

emitter is sufficiently long and longer than the solvent 

relaxation time, the maximum light emission 

experiences a redshift as a function of time. Therefore, 

monitoring PL emission at longer wavelengths will 

result in a more delayed maximum formation. 

(Dimitriev et al., 2024). 

 

Raman Spectroscopy 

A non-invasive and non-destructive technique 

for figuring out the state of carbon in C-dots is Raman 

spectroscopy. This method provides information on 

two bands, the D and G bands, where the G band 

indicates the existence of flaws or abnormalities in the 

carbon structure and the D band indicates the presence 

of graphitic structures (Khairol Anuar, Tan, Lim, 

So’aib, & Abu Bakar, 2021; Mansuriya & Altintas, 

2018; Saraswat & Yadav, 2020; Zaib, Akhtar, 

Maqsood, & Shahzadi, 2021). The two peaks in Figure 

4 at 1381 cm-1 and 1586 cm-1 are ascribed to the D 

bands in C-dots, which show the number of defects on 

the sp3 surface, and the G bands, which show the sp2 

gravity. The peak at 1586 cm-1 indicates high 

crystallinity properties with sp2 hybridization; the 

other, at 1381 cm-1 indicates impurities (Murugan et 

al., 2025). 

The microstructure of C-dots clarifies the 

structural state of C-dots with 50x magnification. 

Figure 5 shows the variation in the topographic 

structure and microstructure of C-dots. The G band 

(1586 cm-1) shows an area with a more uniform texture 

of C-dot particles, and the intensity is higher than the 

D band (1381 cm-1). Meanwhile, the irregular 

morphology, numerous defects, and irregularities and 

the possible presence of larger particles in the 

surrounding area tend to originate from the G band 

associated with graphitization (Akbar et al., 2025). 

 

UV-vis Spectroscopy 

UV-vis spectroscopy is a proper 

characterization to determine the absorption 

wavelength and band gap energy. Some of the most 

common UV-vis phenomena show one or more 

absorption peaks observed in the UV region, around 

260–340 nm. These changes can occur and extend 

across the spectrum in the visible region, sometimes 

360 – 500 nm, even above that range (Cui, Ren, Sun, 

Liu, & Xia, 2021). 

Figure 6 illustrates that the absorption 

spectrum in the UV-vis range of C-dots, identifies the 

π→π* transition of the sp2 structure at the absorption 

peak of 275 nm. This transition originates from the 

conjugated C=C group (Renuga et al., 2025). The 

absorption band at 322 nm is a prominent band that is 

associated with the n→π* transition, which reaffirms 

the presence of carbonyl (C=O) groups. This transition 

 
Figure 3. TRPL of C-Dots 

 

 
Figure 4. Raman spectra of C-Dots  

 

 
Figure 5. Microstructure of C-Dots  
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is evidence of graphite formation in C-dots (García-

Salcedo, Giraldo-Pinto, Márquez-Castro, & Tirado-

Mejía, 2024) 

 

 

Structure Model of C-dots  

 The C-dots model was hypothesized. This 

modeling is given to determine the type of bond 

between urea and d-glucose after passing through the 

doping process or the addition of nitrogen heteroatoms. 

The red circles in Figure 7 indicate a simple graphite 

structure that binds to (CHO), (COOH), NH3, and  

O–H (Oliveira et al., 2025). 

 

Amoxicillin Detection  

Fluorescence-based C-dot nanomaterials have 

recently been used to detect AMX.  Fluorescence 

quenching experiments were conducted by adding 

various concentrations of AMX (10 μM, 15 μM, 20 

μM, 25 μM, 30 μM) and adding a 5 μL solution of C-

dots to a total solution volume of 10 mL, recording the 

fluorescence spectrum at a wavelength of 365 nm. 

 

 

The spectra of the maximum fluorescence 

intensity after adding AMX concentration showed a 

wavelength at 460 nm (excitation at 365 nm). As the 

AMX concentration increased from 10 μM to 30 μM, 

there was a progressive decrease in fluorescence 

intensity and the intensity was recorded (Figure 8). 

Specifically, the highest intensity was recorded that 

showed C-dots with the addition of the lowest AMX 

concentration (10 μM), while the lowest intensity was 

observed at the addition of the highest AMX 

concentration (30 μM). This fluorescence quenching 

behavior indicates a strong interaction between C-dots 

and AMX molecules, indicating an efficient electron or 

energy transfer process. 

The emission reduction properties of C-dots 

after being added to the AMX solution were 

determined using the Stern-Volmer plot method 

(Barus, Ginting, Ginting, Ginting, & Emia Pepayosa, 

2024). This method is used to observe the relationship 

between AMX concentration and the intensity ratio of 

C-dots with various AMX concentrations. The 

accuracy of sample detection is countinously assessed 

using the Stern-Volmer method. The equation used to 

calculate linear regression: 

𝐼𝑜

𝐼
= 1 + 𝐾𝑠𝑣[𝐵]       (3) 

The peak intensity of the photoluminescence 

spectrum is the value I and Io with excitation of 450 nm 

on all Stern-Volmer plots. Ksv is the Stern-Volmer 

constant. Then, a linear relationship was established 

 
Figure 6. UV-vis spectra of C-dots 

 
Figure 7. C-dots structure model hypothesis  

 
Figure 8. Sensitivity of probe C-dots for AMX 

detection 
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over the concentration range of AMX (10–30 μM). The 

fluorescence quenching phenomenon of C-dots is 

identified with the Stern-Volmer analysis (Kumar et 

al., 2024). Then, the detection limit was determined 

using the following equation. 

    𝐿𝑜𝐷 = 3,3
𝑆𝑦

𝑆
                                (4) 

Figure 9 shows a good linear curve. This linear 

relationship shows a correlation coefficient (R2) of in 

this case, Io represents the fluorescence intensity 

measured without AMX, while I represent the 

fluorescence intensity observed when AMX was 

present. Then, the C-dots probe was found to have a 

LOD of 5,75443×10−7 nM. This result considered that 

C-dots have a very high sensitivity to detect the 

presence of AMX in small concentration. After adding 

a lot of AMX, nearly all the active areas of the C-Dots 

are filled up, so the quenching does not get stronger, 

which makes the N-CDs respond more slowly and 

become less sensitive. However, when a low amount 

of AMX is added, it interacts a lot with the surface, 

leading to strong quenching and a rise in the detection 

signal or fluorescence intensity (Sanni et al., 2025). 

 

CONCLUSION 

The results confirmed that the C-dots exhibited 

strong blue fluorescence with an emission peak at 440 

nm when excited at 365 nm, attributed to surface defect 

states. Raman analysis indicated the presence of 

graphitic and amorphous carbon structures. At the sme 

time, UV-vis spectroscopy revealed characteristic 

π→π* transition at 275 nm and n→π* transitions at 

322 nm, confirming the presence of conjugated C=C 

and carbonyl (C=O) functional groups. Furthermore, 

the fluorescence-based detection of AMX was 

demonstrated, showing a concentration-dependent 

quenching effect. On the other hand, PL with various 

excitations shows different fluorescence intensities as 

a result of quantum effects and surface defects. While 

other characterizations, PL Decay of N-CDs has a 

lifetime of 4.09 ns. The Stern-Volmer analysis 

demonstrated a linear correlation between AMX 

concentration and fluorescence intensity, yielding a 

limit of detection (LoD) of 5.75443×10−7 nM. This 

sensitivity is comparable to or better than previously 

reported C-dot-based AMX detectors, highlighting the 

potential of these C-dots as a promising fluorescent 

probe for antibiotic detection.  
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