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Abstract 

Synthesis of carbon dots from soybeans with urea doped (N-CDs) has been successfully 

conducted using the bottom-up approach via the hydrothermal method. The N-CDs 

showed a dark brown solution, indicating the carbon dots formed. This study analyzed 

the effect of optical properties before and after Fe(II) ions addition on the sensitivity of 

N-CDs. N-CDs characterizations were analyzed using UV-Vis Spectrophotometer and 

Photoluminescence Spectroscopy (PL). The results showed that the absorbance 

spectrum range is from 200 to 600 nm, with its absorbance peak at 290 nm. The band 

gap energy obtained is 3.32 eV, which indicates that N-CDs are semiconductors. The N-

CDs solution resulted in good fluorescence when observed under ultraviolet light (395 

nm) and emitted a bright green color. N-CDs' sensitivity when sensing Fe(II) ions with 

a minimum Limit of Detection (LOD) is as low as 5.7 nM. Thus, N-CDs can be used as 

biosensors with an easy and environmentally friendly method. 
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INTRODUCTION 

In recent years the increase of industrialization 

and population has led to urbanization and an increase 

in air, water and soil pollution (Nurhadini, & Silalahi, 

2017). The supply of clean water is increasingly 

difficult due to industrialization, and the world is 

facing a shortage of clean water, especially in 

developing countries (Kiamah et al., 2018). Water 

contaminants in the form of organic matter, bacteria, 

viruses, dyes, and heavy metal ions derived from the 

remaining production of the printing industry, 

chemical factories, textiles, pharmaceuticals and 

electronics (Firnanelty et al., 2022)  with non-

biodegradable properties that pose a major risk to 

human health
 
(Baby, Saifullah, & Hussein, 2019). 

One of the most common heavy metal wastes is 

Fe(II), often found in the textile, metallurgical, 

agrochemical, and mining industries (Altalhi et al., 

2021). Fe(II) ions can be very dangerous if they 

accumulate excessively in the body and damage the 

liver (Harimu et al., 2020), kidneys and other organ 

systems. Fe(II) ion waste can cause turbidity and 

corrosion, which harms the environmental ecosystem 

(Song et al., 2017).  

Identification and prevention are the best steps 

for environmental protection, so an accurate, fast and 

affordable method is needed to detect Fe (II) ions. 

Currently the detection of Fe(II) can be carried out 

using different analytical methods such as atomic 

absorption spectroscopy (AAS), mass spectroscopy, 

coupled plasma spectroscopy, electrochemistry, 

spectrophotometry, colorimetry, electron 

paramagnetic resonance (EPR) (Mohammed & Omer, 

2020). However, the main disadvantage of this 

technique is that the sample pretreatment procedure is 

lengthy and thus requires complex instrumentation 

and is not easily accessible (Iqbal et al., 2016).  

The optical detection method using the 

fluorescence technique based on Carbon-dots (CDs) 

nanomaterials is one of the most promising methods; 

having superior electronic and optical properties and 

can be reproduced on a large scale from natural bio-

resources made CDs have become very popular. 

(Tejwan et al., 2021). CDs are also considered 

environmentally friendly due to their easy availability, 

low cost, high biocompatibility, and high 

renewability.  (Liu, Chen, Li, & Huang, 2019). 

Numerous reports have shown that CDs display fully-

colour-tunable fluorescence emission from the blue to 

the near-infrared region (Chen et al., 2016). The 

different structural defects introduce different energy 

levels in CDs; thus, emitting light varies the 

excitation energy. Generally, the synthesis 

temperature controls structural defects changed 

further modified prepared CDs with ethylenediamine 

(Jing, Tian, Wang, & Zhang, 2019) urea (Devi et al., 

2019). This also proved that N-defects such as C-N 

and N-H defects are finely tuned by substituting for 
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partial O defects. Due to the high sensitivity and 

desirable selectivity, CDs synthesized were 

successfully used to selectively recognisee
3+

 (Fang et 

al., 2016). CDs are zero-dimensional (0D) materials 

with size smaller than 10 nm with bright fluorescence 

(Jani, Arcos-Pareja, & Ni, 2020). CDs consist of 

sp
2
/sp

3
 carbon skeleton and the surface of CDs are 

generally consist of functional groups/polymer chains, 

such as carboxyl, hydroxyl, and amine  (Xia et al., 

2019) It’s properties which are non-toxic, high 

sensitivity, selectivity, and rapid detection (Das, 

Ngashangva, & Goswami, 2021) have made it used in 

various fields such as cell imaging, in vivo imaging, 

drug delivery, fluorescence sensing, photocatalysis, 

production of multicolor light-emitting diode (LED), 

energy conversion and storage, etc. (Fang et al., 

2016). 

CDs can be synthesized by top-down and 

bottom-up methods (Sugiarti & Darmawan, 2015). 

The bottom-up method is a synthesis method for the 

formation of CDs from precursor molecules built into 

CDs. Some of the methods are: hydrothermal, 

solvothermal, supported synthesized, and microwave 

methods. The top-down method is a synthesis method 

in which the larger carbon bond structure is broken 

down to form CDs particles including arc discharge, 

laser ablation, and electrochemical oxidation (Yu et 

al., 2021). 

The hydrothermal method, considered as “green 

technology” or the most environmentally friendly, 

this method has been used to produce CDs from 

biomass source including glucose, sucrose, citric acid, 

chitosan, orange juice, grass, soybeans (Shabbir et al., 

2021). Therefore in this study a soybean was used as 

CDs source with carbon rich element and low cost. In 

addition soybeans contain 5.6% higher Nitrogen 

compared to other biomass. Several modifications has 

been attempted to improve the functionality and 

properties of CDs, mostly involve doping or surface 

functionalization. CDs modifications are very useful 

to overcome the drawback especially if CDs has 

limited water solubility and aggregation (Ng, Lim, & 

Leo, 2021). 

Among several different types of dopant, 

nitrogen is one of the most effective dopant because 

it’s atomic size that is not much different from 

carbon, it electronegativity properties, has five 

valence electrons for chemical bonds and lone pairs of 

electrons that are easily transferred to the π -orbital 

sp
2
 of carbon structure, thus N-CDs have different 

electronic structures, photophysical properties, and 

photoluminescence (PL) (Park et al., 2020). 

Urea is one of the most popular fertilizers used 

for nitrogen sources, easily obtain, harmless and 

relatively cheap compared to other nitrogen source 

chemicals. In this study, CDs were synthesized with 

N-doping. In this study, the synthesis of N-CDs was 

carried out using the hydrothermal method and 

characterization using PL Spectroscopy and UV-Vis 

was carried out for further analysis of Fe(II) detection 

tests. 

 

METHODOLOGY 

Materials and Instrumentals 

Materials used in this study are soybean, distilled 

water, urea (CH4N2O), NaOH (Smart Lab), 

Fe(SO4).7H2O (Smart Lab), Whatman filter paper no. 

41, dialysis membranes, pH strips. Tools used in this 

study are  2000 mL, 500mL and 250mL beakers, 40-

200 µL & 100-1000 µL micropipette,  blender, 50 

mesh sieve, 100mL autoclave vessel, oven, 1.5 mL 

microtube, centrifuge, glass rod, magnetic bar, hot 

plate, ultrasonic, analytical balance (Metler AE 163), 

UV-Vis spectrophotometer (Jenway 7315 

spectrophotometer) and Photoluminescence 

spectrometer (Ocean optics USB 2000+). 

CDs Preparation 

The soybean was washed until the skin peeled 

after that the soybeans dried in the oven at 60℃for 

2h. Dried soybeans were blended and grinded into 

fine powders then sieved through 50 mesh sieve 

remove the larger particle. Soybean powders amount 

5 g was dispersed into 60 mL and 0.2 M NaOH. Next, 

the suspension was being ultrasonication then 

transferred into Teflon-lined autoclave and heated in 

the oven at 200 ℃ for 5 h then cooled down to room 

temperature. The solutions were centrifuged at 13,000 

rpm for 10 m and the supernatant were filtered 

through filter paper (Whatman Filter Paper 125 mm). 

For further purification the solutions was dialyzed for 

24 h until it reached neutral pH. Then, the supernatant 

heated at 85 ℃ for 24 h until dry powder was 

obtained. 

N-CDs Preparation 

Similar to the procedure before, the addition of 2 

g urea in aqueous solution was conducted. Next, the 

suspension was being ultrasonication then transferred 

into Teflon-lined autoclave and heated in the oven at 

200℃ for 5 h then cooled down to room temperature. 

The solutions were centrifuged at 13,000 rpm for 10 

m and the supernatant were filtered through filter 

paper (Whatman Filter Paper 125 mm). For further 

purification the solutions were dialyzed for 24 h after 

that the pH was observed until it reached neutral pH. 
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Then the supernatant was heated at 85 ℃ for 24 h 

until dry powder obtained. 

 

Detection of Fe(II) Ion Test 

One milligram (1 mg) N-CDs was dispersed in 

10 mL aqueous solution then dispersed FeSO4⋅7H2O 

on different concentration 1 µM-5 µM with interval 

0.5 µM in aqueous solution. The N-CDs solution with 

the same concentration dissolved in FeSO4⋅7H2O at 

different concentration. Then the N-CDs were 

characterized using UV-Vis spectrophotometer 

(Jenway 7315 spectrophotometer) and 

Photoluminescence spectrometer (Ocean optics USB 

2000+). 

 

RESULTS AND DISCUSSION 

UV-Vis spectrophotometer was used to 

determine the absorbance of N-CDs. For reference 

CDs and N-CDs was characterized at the same 

concentration to confirm that CDs with urea dope was 

success. The absorbance spectrum in the UV region is 

related to the presence of conjugated compounds in 

the N-CDs structure and the light absorbance in that 

region indicates an electronic transition mechanism in 

the aromatic orbitals π (Qu et al. 2012). 

 

 
Figure 1. Absorbance spectra of N-CDs and CDs 

 

Figure 1 show the N-CDs and CDs absorbance 

spectra range observed from 200 nm to 600 nm. N-

CDs peak 0.906 at 290 nm wavelength. It showed that 

N-CDs have large absorbance spectra in the UV 

region. Compared to CDs without N doped, N-CDs 

show higher absorbance at around 300 nm. Wang et al 

has shown that N-doped CDs increase in UV-Vis 

peak at 300 nm indicating N-doping was successfully 

incorporated into CDs (Wang et al., 2016). The insets 

show the photographs of N-CDs in aqueous solution. 

Before irradiation with UV lamp, the N-CDs solution 

has dark brown color and after irradiation with UV 

lamp (395 nm) the N-CDs solution emitted a bright 

green color and energy excitation of the N-CDs.  

 

 
Figure 2. a) Fluorescent intensity spectra of N-CDs 

with various concentrations of Fe(II). b) Linear 

relationship between the relative fluorescence 

intensity (F0/F) of N-CDs and the concentration            

of Fe(II) 

 

The next characterization was conducted 

Photoluminescence spectrometer to determine the 

photoluminescence spectra with various concentration 

of FeSO4⋅7H2O from 1 𝜇M-5 𝜇M with 0.5 𝜇M 

interval in aqueous solution of N-CDs. Figure 2a 

shown the photoluminescence characterization of N-

CDs from 400 nm to 700 nm wavelengths. It showed 

that N-CDs before Fe(II) addition has the highest 

fluorescence intensity. As the increase of Fe(II) 

concentration, the fluorescence intensity of N-CDs 

gradually reduces and the lowest fluorescence 

intensity was indicated when the Fe(II) concentration 

reached 5 𝜇M. 

To show the linear regression value for Fe(II) 

ions was used the Stern-Volmer Equation 1. 

 

F0/F = 1 + 𝐾𝑠𝑣  [𝐶]                                       (1) 

 

Where 𝐾𝑠𝑣 is the Stern–Volmer quenching constant, 

C is the concentration of Fe(II), F0 and F are 

fluorescent intensity of N-CDs at 491 nm before and 
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after Fe(II) addition (Reshma et al., 2018) of various 

concentrations of Fe(II). The linear regression value 

obtained is F0/F = 1+0.004 [Fe(II)] with a correlation 

coefficient (R
2
) of 0.9479 (Figure 1b).  

 

 
 

 
Figure 3. Curve band gap energy of a) N-CDs. b) CDs 

 

Figure 3 show the band gap energy of N-CDs 

and CDs was obtained by using the Tauc Plot method 

based on the absorbance spectra of the UV-Vis 

spectrometer. The equation that used to determine the 

band gap energy is equation 2.  

 

(𝛼h𝑣)2 = B(h𝑣 − Eg)           (2) 

 

Where, 𝛼 is the absorption coefficient, h𝑣 is the 

photon energy, B is the constant and Eg is the band 

gap energy. Then, on the curve of (𝛼h𝑣)2 was 

regression as a function of h𝑣 (Efa & Imae, 2018). 

The band gap energy of N-CDs found at 3.32 eV and 

CDs at 3.52 eV. It proves that the N doping was 

successfully incorporated into CDs matrix. In the 

previous studies, the band gap energy obtained 3.87 

eV (Yu et al., 2021), this indicates that N-CDs have 

low excitation and emission energies are 

semiconductor. 

 The limit of detection of the Fe(II) ion was 

obtained as low as 5.7 nM based on the Equation 3. 

 

LOD = 3.33 
𝑆𝑦

𝑆
                                (3) 

 

Where, 𝑆𝑦 is the standard deviation of the blank 

signal and 𝑆 is the linear slope. From previous 

research, it was found that the limit of detection of 

CDs made from soybeans was 21 nM (Fang et al., 

2016), 95 Nm (Deng et al., 2021), 797 nM (Li et al., 

2021), which is higher than the limit of detection 

value in this experiments for Fe(II) detection. These 

results show that N-CDs have highly sensitivity to 

sense Fe(II) ions.  

 

CONCLUSION 

In this study, carbon dots from soybean doped 

with N has been successfully prepared via 

hydrothermal approach. The N-CDs solution showed 

dark brown solution under visible light and emitted a 

bright green color when observed under UV light 

(395 nm) and higher absorption at around 300 nm 

shown that N doping was successfully incorporated 

into CDs. The absorbance spectrum range was 

observed from 200 to 600 nm and its absorbance peak 

observed at 290.86 nm. The bandgap energy obtained 

3.32 eV, which indicates that N-CDs are 

semiconductor. Based on our finding, the 

photoluminescence intensity of CDs decreased when 

Fe(II) concentration increasing at 1 𝜇m until 5 𝜇m, 

which implied that N-CDs has good sensitivity. In 

addition, Limit of Detection (LOD) of N-CDs from 

soybean was 5.7 nM. Thus revealing the potential of 

N-CDs for Fe(II) detection.   
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