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 Herein, fluorescent carbon nanodots (C-dots) with an average diameter of 5.51 nm were 

fabricated from black sticky rice by using the carbonization method. These C-dots have 

been synthesized with magnesium (Mg2+) ions to investigate their potential application 

as probes for detecting Mg2+ ions. The as-obtained C-dots were characterized by their 

absorption (Abs), photoluminescence (PL), and FTIR spectra, as well as X-ray 

diffraction (XRD) patterns and transmission electron microscopy (TEM) images. 

According to their Absorption spectrum, the Absorption peak at 276 nm confirmed the 

presence of C-dots in the ethanol solution. Fortunately, the PL peak at 427 nm 

corresponded to their blue emission color. The XRD patterns and TEM image also 

confirmed the formation of an amorphous state and monodispersed spherical C-dots, 

respectively. When the as-prepared C-dots were synthesized with Mg2+ ions, the PL 

intensities of C-dots were quenched as the concentration of Mg2+ ions increased. A 

characteristic PL quenching of the C-dots through Mg2+ chelation demonstrated the 

sensing system's detection limit of 2.98 µM. This is the first report on the application of 

C-dots as sensors for detecting Mg2+ ions. These findings can pave the way for the large-

scale application of these C-dots in sensing, bioimaging, drug delivery, and other 

fields.    
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1. INTRODUCTION 
Magnesium (Mg) is one of the most important 

nutrient macro minerals. It is needed for the growth 

and metabolism process in the human body. In 

general, the function of the Mg element in the human 

body is as a cofactor for more than 300 enzymes2. It is 

needed to control blood pressure, myocardial 

contraction, and energy production. However, if the 

dose of Mg in the human body is insufficient and /or 

excessive, it can cause several diseases such as 

hypocalcemia, diarrhea, and hypomagnesemia 3. 

Therefore, the dose monitoring of Mg2+ ions in both 

the human body and the environment is necessary to 

investigate their impact on the environment and 

human health. Several methods have been employed 

to measure the dose of metal ions, including 

inductively coupled plasma mass spectrometry4, 

atomic fluorescence spectrometry 5, and potentiometry 

6. These methods have their own limitations, namely, 

the use of highly specialized instruments with 

complicated analytical processes, which are time-

consuming and costly 1. The method, which is low-

cost, environmentally friendly, simple, and provides a 

quick response with high sensitivity for measuring the 

dose of metal ions, is a fluorescence-based method 

that utilizes the quenching of photoluminescence (PL) 

intensity from carbon nanodots (C-dots) after 

coordination with metal ions 1,7. 

The C-dots are a new type of carbon-based 

nanomaterial with a size of less than 10 nm 8. So far, 

fluorescent C-dots have been prepared from several 

types of organic material and their waste using a 
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specific method. For example C-dots from pomelo 

peel 7, soursop juice 9, mango peel 10, moringa oleifera 

11, bamboo charcoal 12 , borassus flabellifer flowers1, 

soursop peel13, rice power14, starch15 and papaya 

peel16. These C-dots have unique properties such as 

strong PL in the ultraviolet-visible and near-infrared 

area17, biocompatibility10, high photostability1, good 

solubility in water17, and low toxicity18. According to 

the unique properties of C-dots, they have been 

applied in bioimaging19, biomedicine20, light-emitting 

diodes15, photocatalysis16, and sensors for metal ions 

such as ferric (Fe3+)1,13, copper (Cu2+)17,21, mercury 

(Hg2+)22, and Beryllium (Be2+)23. Qin et al. 

demonstrated a green synthesis of fluorescent C-dots 

from flour and applied it to detect Hg2+ ions with a 

limit of detection (LOD) as low as 0.5 nM2522. 

Murugan and Sundramoorthy prepared blue 

fluorescent C-dots from Borassus flabellifer flowers 

and applied them to detect Fe3+ ions with the value of 

LOD as low as 10 nM1 . Yingshuai et al. demonstrated 

green fluorescent C-dots from bamboo leaves for the 

detection of Cu2+ ions, with a LOD value as low as 115 

nM17. In our laboratory, the fluorescent C-dots from 

soursop peel are used for the detection of Fe3+ ions 

with the value of LOD as low as 0.26 mM13 and C-

dots fronm dragon fruit peel for detection of zinc 

(Zn2+) ions with the value of LOD as low as 3.2 µM24. 

To the best of our knowledge, the application of C-

dots for the detection of Mg2+ ions has not been 

reported. 

 In this work, we fabricated C-dots from black 

sticky rice (Oryza sativa Linn. Varglutinosa, BSR) as 

a precursor using the carbonization method. The BSR 

was chosen because its major constituents are 

carbohydrates, which are a source for generating C-

dots. It is a readily available precursor and has a low 

cost. The as-prepared C-dots emitted blue emission 

color and high photostability in an ethanol solution. 

When these C-dots were synthesized with Mg2+ ions, 

the PL intensity of C-dots quenched as the 

concentration of Mg2+ions increased. The quenching 

of this PL intensity indicated that these C-dots can be 

applied as sensors to detect Mg2+ ions with a LOD 

value as low as 2.98 µM. This result is the first to 

report the application of C-dots for detecting Mg2+ 

ions. Finally, the blue emission color, high 

photostability, and the PL quenching of these C-dots 

can open up a significant opportunity to explore C-

dots as functional materials in various electronic 

devices, including sensors, bioimaging, medicine, and 

light-emitting diodes. 

 

2. RESEARCH METHOD 
Instruments and Materials 

A UV lamp 365 nm to observe the fluorescent 

colour of  C-dots,  spectrophotometry of model 

JASCO UV-570 and SHIMADZU RF-6000 to 

measure absorption and PL spectra,  a JASCO model 

FT/IR-4200 spectrophotometry to investigate the 

Tourier transform infrared (FTIR) spectrum, 

BrukerAXS X-ray diffractometers to measure X-ray 

diffraction (XRD) patterns, and transmission electron 

microscopy (TEM) to investigate the morphology of 

C-dots. 

Black sticky Rice (BSR) was purchased from 

the traditional market in Kupang regency, East Nusa 

Tenggara Province, Indonesia. The chemical 

materials, including ethanol for analysis (Emsure, 

Germany), ferric chloride dihydrate (Emsure, 

Germany), magnesium chloride hexahydrate (Emsure, 

Germany), and phosphate-buffered saline (PBS), were 

purchased from Sumber Ilmiah Persada in Surabaya 

and Multiguna shop in Kupang. All these chemical 

materials were used without any further purification. 

 

Fabrication of C-dots from black sticky rice   

The fabrication of C-dots from BSR was 

performed according to Reference 14. In a typical 

fabrication, BSR powder (20 g) was carbonized at 400 

°C for 30 minutes. After cooling to room temperature, 

0.5 g of this sample was added to 5 mL of ethanol, 

followed by a 1-hour sonication process to obtain a 

homogeneous, dark solution. Furthermore, ethanol 

(8mL) was added again for the centrifugation process 

at 3000 rpm for 30 minutes. Then, it was filtered to 

obtain the resultant supernatant, which contained 

fluorescent C-dots. To investigate the fluorescent 

color, these C-dots were illuminated with a UV lamp 

at 365 nm. Furthermore, these C-dots were further 

explored to investigate their optical properties, XRD 

patterns, morphology, and applied for the detection of 

Mg2+ ions. 

 

Synthesis of C-dots with magnesium ions 

Synthesis of C-dots with Mg2+ ions was 

performed at room temperature. Briefly, C-dots (1.5 

mg/mL) dispersion in ethanol was added into 0.75 mL 

of PBS (1M, pH 7.0), followed by the addition of Mg2+ 

ions (100µL) with various concentrations (0-7µM). 

Furthermore, the spectra of PL and FTIR were 

measured using a Shimadzu RF-6000 

spectrophotometer and a JASCO FT/IR-4200 

spectrophotometer, respectively (Scheme 1). 

 

3. RESULTS AND DISCUSSION  
The schematic illustration of the preparation 

and synthesis of C-dots from BSR is shown in Scheme 

1. The BSR was crushed and carbonized at 400 °C for 

30 minutes to obtain a dark sample, indicating the 

formation of carbon to generate C-dots14,23. Under 

illumination with a UV lamp at 365 nm, the as-

prepared C-dots emitted blue emission color in good 
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agreement with previous results1,14. Finally, these C-

dots were explored for the detection of Mg2+ ions. 

 

Characterization of the as-prepared C-dots  

The morphology of the as-obtained C-dots was 

demonstrated in Figure 1A. Their morphologies are 

monodisperse in the spherical shape 18,25, which are 

presented with dots well separated from each other. 

Their corresponding size (d) distribution histogram is 

displayed in Figure 1B. Their size range is from 6.5 

to 115 nm. Most of the diameter sizes of these C-dots 

are larger than 10 nm. The average diameter size and 

standard deviation are 52.31 and 21.92 nm, 

respectively. This result indicated that black sticky 

rice (BSR) is a good source for the synthesis of carbon 

nanomaterials. The diameter size of these C-dots is 

similar to the diameter size of C-dots from mango 

peel10. To further confirm the formation of C-dots, 

their XRD patterns and FTIR spectra were also 

investigated, as displayed in Figure 2A and Figure 

2B, respectively. According to Figure 2A, the strong 

and broad diffraction peak located at 22.31° indicates 

an amorphous state of C-dots18, which corresponds to 

their spherical shape. In the FTIR spectrum, the 

absorption bands at 3285 and 1662 cm−1 

demonstrated the vibration of O-H and C=O bonds as 

hydroxyl and carbonyl groups, respectively. The O-H 

and C=O bonds are the main functional groups on the 

surface of C-dots, as displayed in the inset of Figure 

2B. Therefore, the C-dots can bind metal ions or small 

molecules through the coordination between O-H 

and/or C=O groups with metal ions and/or small 

molecules 1.  Thus, the absorption bands at 2937, 1326, 

and 1027 cm−1 indicated the vibrations of C-H/N-H, 

C=C, and C-O bonds, respectively1,13.  The analysis of 

the TEM image, XRD pattern, and FTIR spectrum 

confirmed the formation of C-dots from BSR. 

 

 

 

 

 

  

  

   

 

 

 

 

 

 

Scheme 1. The schematic illustration of preparation and synthesis of C-dots from BSR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. A) TEM image of the as-prepared C-dots, B) Size distribution of  the as-prepared C-dots in histogram 
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Figure 2. A) XRD patterns of C-dots, B) FTIR spectrum of C-dots. Inset show molecular structure of C-dots 

Figure 3. A) the normalization of Abs (black line) and PL (red line) spectra of the C-dots dispersion in ethanol, B) PL spectra 

of the C-dot depending on λexc.  Inset in Figure 3A: the photographs of the C-dots dispersion in ethanol with a) sunlight and (b) 

UV lamp at 365 nm  

 

Figure 3A shows the absorption (Abs) and PL 

spectra of the as-prepared C-dots dispersion in 

ethanol. According to Figure 3A, a clear Abs peak at 

276 nm is observed, corresponding to π–π* transition 

of aromatic sp2 carbon from the C=C bond26. The inset 

in Figure 3A demonstrates photographs of the as-

prepared C-dots without (a) and with (b) UV lamp at 

365 nm illumination, respectively. The existence of C-

dots was indicated with pale yellow by sunlight and 

blue fluorescence by UV lamp 365 nm illumination8. 

From the Abs spectrum, the energy gap (Eg) of the as-

produced C-dots is 3.8 eV, which is smaller than that 

of conventional carbon (5.5 eV). The energy gap of C-

dots is lower than that of conventional carbon because 

C-dots have a small size in nanomaterials, so the area 

of their absorption spectrum shifts to longer 

wavelengths. The shift of the absorption spectrum to 

longer wavelengths will produce a small energy gap in 

a material. Several research studies have reported 

results on the energy gap of C-dots. For example, the 

energy gap of C-dots from moringa leaves is 3.48 

eV11. The energy gaps of C-dots from bamboo 

charcoal at 500 °C and 600 °C are 2.8 and 3.3 eV, 

respectively12. Upon direct excitation at an excitation 

wavelength (λexc) of 350 nm, the range of the PL 

spectrum is from 370 to 650 nm, and the PL peaks are 

located at 401 and 427 nm, as exhibited in Figure 3a. 

These PL peaks correspond with the blue fluorescence 

of C-dots. 

To further study the optical properties of the as-

obtained C-dots, we investigate the excitation-

dependent PL spectra under various λexc.  As shown 

in Figure 3B, the PL intensities of C-dots increase 

when the λexc is enhanced from 280 to 300 nm, then 

gradually decrease with a further increase in λexc from 

300 to 400 nm. These results correspond to previous 

reports18,25. Fortunately, the PL peaks are 

bathochromic, ranging from 324 to 465 nm, with an 

enhancement of λexc from 280 to 400 nm. This is a 

general characteristic of C-dots17.  The PL intensities 

and emission wavelength (λems) are strongly 

dependent on the λexc. The larger the λexc, the larger 
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the λems, and the lower the PL intensities. When the 

λexc is 350 nm, two PL peaks at 401 and 427 nm 

appear in the PL spectrum (Figure 3B, green line). In 

contrast, the other λexc only produces one PL peak, as 

displayed in Figure 3B. These results are in agreement 

with previous results 27,28. 

 

Application of C-dots for detection of Mg2+ ions 

To investigate the sensing of C-dots for the 

detection of metal ions, the C-dots were synthesized 

with metal ions. The interaction between C-dots and 

metal ions can occur, as indicated by the quenching of 

the PL intensity of C-dots with increasing metal ion 

concentration 1,26. The quenching of the PL intensities 

meets the Stern-Volmer equation, namely F0/F = 1 + 

Ksv[Q]6,  where Ksv is the Stern-Volmer quenching 

constant, which is identified as the slope of calibration 

graph, [Q] is the concentration of metal ions, F0 and F 

are PL intensities in absence and presence of different 

concentration of metal ions, respectively. In this 

research, the as-prepared C-dots were synthesized 

with Mg2+ and Fe3+ ions. These two metal ions were 

obtained from magnesium chloride hexahydrate 

(MgCl2·6H2O) and ferric chloride dihydrate 

(FeCl3·2H2O), respectively. According to Figure 4A,  

Mg2+ ions induced a strong PL quenching of C-dots, 

compared to Fe3+ ions as displayed in Figure 4A. The 

quenching of photoluminescence (PL) intensity of C-

dots takes place after coordination with Mg2+ and Fe3+ 

ions, which is caused by energy transfer from C-dots 

to metal ions. Chlorine ions do not cause the PL 

quenching of these C-dots because the magnitude of 

PL quenching is not the same after C-dots coordinate 

with FeCl3·2H2O and MgCl2 · 6H2O. If chlorine ions 

cause it, the magnitude of this PL quenching is the 

same. Several research results on the PL quenching of 

C-dots caused by metal ions have been reported. They 

depicted that the PL quenching of C-dots occurs 

because energy or electron transfer takes place from 

C-dots to metal ions 1,7.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. A) Quenching of PL intensities of the C-dots in the presence of Fe3+ and Mg2+ ions,  B) FTIR spectra of C-dots 

(black line), C-dots + Fe3+ (red line), and C-dots + Mg2+ (blue line) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. A) PL spectra of the C-dots in the presence of different concentration of Mg2+ from top to bottom:  0, 1, 2, 3, 4, 5, 6, 

and 7 μM, B) Plot of the F0/F values at 427 nm versus concentration of Mg2+ ions (λexc at 350 nm) 
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In order to confirm this result, the FTIR 

spectrum of C-dots before and after synthesis with 

Mg2+ ions was investigated, as displayed in Figure 4B. 

According to Figure 4B, the transmittance intensity of 

C-dots after coordination with Mg2+ ions is higher and 

broader (blue line)  than that of pure C-dots (black 

line). However, the transmittance intensity of C-dots 

after coordination with Fe3+ ions remains unchanged 

(red line). The high sensitivity of these C-dots for 

Mg2+ ions is caused by the fact that Mg2+ ions have a 

higher binding affinity and faster chelating kinetics 

with hydroxyl and/or carbonyl groups from C-

dots6,34 than Fe3+ ions.  In the sensing investigation, 

the measurement of PL spectra was performed at an 

excitation wavelength of 350 nm, with the PL 

spectrum ranging from 370 to 650 nm. The as-

synthesized C-dots have the highest PL intensity 

around 427 nm. By increasing the concentration of 

Mg2+ ions from 0 to 7 µM, the PL intensities of C-dots 

at 427 nm decreased, as demonstrated in Figure 5A. 

The quenching of this PL intensity after synthesis with 

Mg2+ ions is caused by the energy or electron transfer 

from C-dots as donor to Mg2+ ions as acceptor to form 

a metal complex through coordination between Mg2+ 

ions and hydroxyl (O-H) or carbonyl (C=O) groups of 

C-dots 1,29.  Fig. 5B shows the plot of F0/F versus Q in 

the range from 0 to 7 µM. The linearity of the Fo/F 

curve to the Q indicated the excellent sensing 

properties of C-dots for the detection of Mg2+ 

ions.  Based on Figure 5B,  the LOD value of Mg2+ 

ions can be determined as low as 2.98 µM, which is 

much lower than the minimum level (6 mg/L) of Mg2+ 

ions in drinking water 30. According to these results, 

these C-dots can be considered as a candidate material 

for the detection of Mg2+ ions. 
 

4. CONCLUSION 
In summary, fluorescent C-dots based on BSR 

have been fabricated using a carbonization method at 

400 °C for 30 minutes, followed by a sonication, 

centrifugation, and filtration process, and then 

synthesized for the detection of Mg2+ ions. These C-

dots emitted blue fluorescence and exhibited high 

photostability, with an indirect energy gap. The 

analyses of Abs, PL, and FTIR spectra, XRD patterns, 

and TEM Images confirmed the existence of C-dots 

from BSR in an ethanol solution. The synthesis of the 

as-produced C-dots with Mg2+ ions occurs, as 

indicated by the quenching of PL intensity from these 

C-dots with increasing Mg2+ ion concentration. The 

LOD value of Mg2+ ions was evaluated as low as 2.98 

µM, which is lower than the minimum level (6 mg/L) 

of Mg2+ ions in drinking water.  The quenching of the 

PL intensity of the as-obtained C-dots after 

coordination with Mg2+ ions demonstrated that these 

C-dots can be applied as a sensing for the detection of 

Mg2+ ions. These findings can pave the way for ample 

opportunities for application of these C-dots in 

sensing, bioimaging, drug delivery, and so on. 
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