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  Abstract 

Carbon nanodots (Cdots) have many unique properties such as luminescence that can be utilized in 

various fields. The purposes of this study are to synthesize Cdots from kangkung (Ipomoea aquatica) 

through frying and roasting techniques and compare the optical properties of the Cdots using UV-Vis, PL, 

and FTIR. Three stages of synthesizing process of Cdots, i.e.: preparing the kangkung powder (root, stem, 

leaf) and synthesizing the Cdots through frying and roasting techniques. Each part (root, stem, and leaf) 

was heated in an oven at 250 oC for 2 hours and mashed into powder. The frying method was done by 

frying 15 g of the powder in 120 ml oil for 5 minutes at 88 oC, filtered, and dissolved in n-hexane. In 

addition, the roasting method was done by frying the powder without oil as much as 15 g for 5 minutes, 

dissolved in 120 ml of distilled water, and then filtered. The UV-Vis characterization showed one 

absorbance peak for Cdots via frying and roasting techniques at 293 nm to 296 nm and 262 nm to 282 

nm, respectively. The Cdots through frying and roasting techniques produce red and green luminescence, 

respectively. The FTIR characterization showed the presence of C=C and C=O functional groups, which 

are the core and surface state of the Cdots by frying technique, while the samples via roasting technique 

showed only the core. It can be concluded that the Cdots samples obtained from frying and roasting 

methods have different optical properties. The frying method produces Cdots with longer wavelength at 

the absorbance peak in the UV-Vis test compared to the roasting method. Moreover, the frying and 

roasting methods produce different color luminescence. 

Keywords: Cdots, kangkung, frying technique, roasting technique 

 

Perbandingan Sifat Optik Carbon Nanodots Berbahan Dasar Tanaman Kangkung 

(Ipomoea aquatica) dengan Teknik Penggorengan dan Sangrai 

 

Abstrak 

Carbon nanodots (Cdots) memiliki berbagai sifat unik yang bermanfaat seperti luminesens sehingga 

dapat dimanfaatkan dalam berbagai bidang. Tujuan dari penelitian ini adalah mensistesis Cdots 

berbahan dasar tanaman kangkung (Ipomoea aquatica) dengan teknik penggorengan dan sangrai, serta 
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membandingkan sifat optik Cdots menggunakan UV-Vis, PL, dan FTIR. Sintesis Cdots dibagi dalam tiga 

tahapan, yaitu: membuat serbuk tanaman kangkung (akar, batang, dan daun) dan mensintesis Cdots 

dengan teknik penggorengan dan sangrai. Pertama, tanaman kangkung dipisahkan menjadi bagian akar, 

batang, dan daun. Setiap bagian dipanaskan menggunakan oven selama 2 jam pada suhu 250 oC dan 

ditumbuk menjadi serbuk. Metode penggorengan dilakukan dengan menggoreng 15 g serbuk setiap 

bagian kangkung dalam 120 ml minyak goreng selama 5 menit pada suhu 88 oC, kemudian disaring dan 

dilarutkan dalam n-hexana. Sedangkan metode sangrai dilakukan dengan menggoreng serbuk tanpa 

minyak sebanyak 15 g setiap bagian kangkung selama 5 menit, kemudian dilarutkan dalam 120 ml 

aquades dan disaring. Sampel Cdots dari kedua teknik ini dikarakterisasi menggunakan UV-Vis, PL, FTIR. 

Karakterisasi UV-Vis untuk teknik penggorengan dan sangrai menunjukkan satu puncak absorbansi, 

masing-masing pada rentang 293 nm - 296 nm dan 262 nm - 282 nm. Karakterisasi PL untuk sampel 

dengan teknik penggorengan dan sangrai menghasilkan satu puncak intensitas, masing-masing pada 

rentang 620 nm - 750 nm dan 400 nm - 600 nm. Sampel dengan teknik penggorengan menghasilkan 

pendaran warna merah sedangkan sampel dengan teknik sangrai menghasilkan pendaran warna hijau. 

Karakterisasi FTIR untuk teknik penggorengan menunjukkan gugus fungsi C=C dan C=O yang 

merupakan core dan surface state dari Cdots, sedangkan teknik sangrai hanya menunjukkan core saja. 

Metode penggorengan menghasilkan panjang gelombang pada puncak absorbansi yang lebih besar 

daripada metode sangrai. Selanjutnya, kedua metode menghasilkan emisi pendaran yang berbeda.  

Kata Kunci: Cdots, tanaman kangkung, teknik penggorengan, teknik sangrai 
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I. INTRODUCTION 

One of popular technologies which is 

being developed in the 21st Century by several 

countries around the world is nanotechnology. 

Nanotechnology is the engineering or creation 

of materials, functional structures, and 

devices on nanometer scales [1], i.e.: 1 nm to 

100 nm. This trend is believed to be in line 

with the increasing awareness of the society 

with environmentally-friendly technology, 

namely the higher expectation of the society 

to the eco-friendly or green product 

commodities to ensure that the product is 

good for humans and the environment [2].  

One of product produced through 

nanotechnology is carbon nanodots (Cdots)[3]. 

Cdots are made of carbon elements that are 

available and generally non-toxic in nature [4]. 

Some characteristics of the Cdots are namely 

having a size of 1 nm to 10 nm, an amorphous 

structure, and spherical shape [5,6]. The 

discovery of the Cdots has become popular 

topic, and they have been widely studied in the 

world due to their their unique size and 

benefits [7]. Cdots have potentials to replace 

semiconductor quantum dots and also can be 

used in a variety of applications such as 

biomedical imaging, analytic detection, full-

color display, and light-emitting devices [8,9]. 

One prominent application of the Cdots is in 

biological application because Cdots can be 

made of organic materials that are easy to find 

and available in nature [10]. 
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At the moment, Cdots based on 

environmentally friendly technology are still 

being under development, especially in 

Indonesia [11]. As Indonesia has diverse 

organic materials of plants and animals, it is 

believed to have huge potentials as the carbon 

sources of Cdots. In previous studies, carbon 

sources that have been used for synthesizing 

Cdots include candle soot [12], tobacco leaf 

[13], orange peel [14], banana juice [15], and 

so forth. Despite the fact that there have been 

several carbon sources to produce Cdots as 

mentioned above, there is still a need to 

synthesize Cdots from other carbon sources to 

enrich the possibility of producing Cdots. In 

this study, the synthesis of Cdots would use 

kangkung plants (Ipomoea aquatica) are used 

as the alternative carbon source of Cdots. 

Kangkung have roots, stems, fruits, flowers, 

and seeds. Kangkung plants are popular in 

tropical countries like Indonesia as green 

vegetables because they have a chlorophyll 

structure [16]. In addition, kangkung plants 

are easy to obtain, and the utilization of this 

plant in the area of technology needs to be 

explored. Furthermore, kangkung plants have 

never been utilized as the alternative carbon 

source for Cdots material. 

Innovation in synthesis of Cdots is 

expected to produce Cdots materials with 

superior, efficient, and satisfying properties 

[17]. The innovation is mainly from the 

methods used in producing the Cdots. 

Different synthesis methods can produce 

different amount of carbon, oxygen, nitrogen, 

and other functional properties of the Cdots. 

In addition, it causes differences in carbogenic 

core and surface structures of the Cdots [18].  

To date, the simplest methods that are 

used in the synthesis of Cdots are 

hydrothermal and microwave [1]. These 

methods can produce different characteristics 

of the Cdots. Therefore, it is interesting to 

study new methods in the synthesis of the 

Cdots using frying [19] and roasting. These 

methods are simple, effective, and 

inexpensive, and can produce Cdots on a large 

scale; these methods do not require 

sophisticated equipment and hazardous 

chemicals during the synthesizing process. 

Hence, the objectives of this study are to 

give information about preparing, 

synthesizing, and characterizing Cdots made 

of kangkung plants through frying and 

roasting techniques. The Cdots are 

characterized using UV-Vis 

spectrophotometer, photoluminescence (PL), 

and Fourier Transform Infrared spectroscopy 

(FTIR) to compare the optical properties of 

the Cdots by frying and roasting technique. 

 

II. METHOD 

Preparation of kangkung powder 

Preparation of making kangkung 

powder was started by cleaning the plants by 

separating the parts of the plants based on 

their roots, stems, and leaves. Then, each part 

of kangkung was heated in an oven at 250 oC 

for 2 hours and then mashed using a mortar 

into powder. The kangkung powder consists of 

stem powder, root powder, and leaf powder. 

 

Synthesis of Cdots by frying technique 

Synthesis of C-dots by frying technique 

was done by frying 15 g of stem powder in 

120 ml cooking oil for 5 minutes at 88 oC. 

Then, the sample was filtered using a filter 

paper number 40 to separate the solution and 

the remaining powder. 5 ml of the solution 

was mixed with 30 ml n-hexane and stirred 

until homogenous. The same procedures were 

conducted for leaf and root powders.  

 

Synthesis of Cdots by roasting technique 

Synthesis of C-dots by roasting 

technique was done by roasting 15 g of stem 

powder for 5 minutes. The roasted step 

powder was then mixed with 120 ml of 

distilled water. It was then stirred until 

homogenous and filtered to separate the 
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solution and the remaining powder. Then, the 

same procedures were conducted for leaf and 

root powders. 

 

Characterizations 

UV-Vis spectrophotometer 

The UV-Vis spectrophotometer was 

used to determine the wavelength of Cdots at 

maximum absorbance peak. The range of the 

wavelengths was selected from 200 nm to 800 

nm. This characterization was done by 

preparing 5 ml of each sample solution. The 

n-hexane and distilled water were used for 

blank solutions in this characterization. 

Photoluminescence (PL) 

The PL characterization was used to 

determine the emission of Cdots. The result of 

this characterization shows the wavelength of 

the emission at maximum intensity. This 

characterization was done by preparing 5 ml 

of each sample solution, and there is no need 

for blank solution. 

Fourier Transform Infrared (FTIR) 

FTIR was used to determine the 

functional groups contained in the Cdots 

solutions. The result of this characterization 

shows a graph of % transmittance vs. wave 

number. The wave number indicates the 

functional groups contained in the sample. 

This characterization was done by testing the 

C-dots solution as the sample. 

 

III. RESULTS AND DISCUSSION  

Cdots have been synthesized from 

kangkung with two different techniques, i.e.: 

roasting and frying techniques. The Cdots 

solutions by frying and roasting techniques 

are given in Figures 1 and 2, respectively. 

Based on Figure 1, the Cdots solution from the 

stem of kangkung by frying technique is 

turbid. This indicates that more Cdots are 

formed from stem of kangkung than other 

parts which have clear solutions [1]. Moreover, 

the Cdots solutions by frying technique are 

generally clearer compared to the Cdots 

solution made by roasting technique. It can be 

observed that the Cdots solutions by roasting 

technique are transparent brown color 

solution (Figure 2). Therefore, it may be 

deduced that different techniques in producing 

Cdots produce different color solutions. This 

may be affected by the amount of Cdots 

contained in the samples. Moreover, this also 

indicates that the roasting technique produces 

the most Cdots. 

 

  

Figure 1. The Cdots Solution via Frying Technique 

from (a) Leaf, (b) Root, and(c) Stem 

 

  
Figure 2.  The Cdots Solution via Roasting 

Technique from (a) Leaf, (b) Root, and (c) Stem 

 

In this study, the Cdots solution is 

characterized using UV-Vis. The UV-Vis 

results show the absorbance patterns of Cdots 

by frying technique presented in Figure 3. The 

Cdots samples from leaf, stem, and root have 

one absorbance peak. The peak is at the range 

of 293-296 nm. This is in accordance to the 
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study that Cdots generally show optical 

uptake on the wavelength of UV with the tail 

extending on the wavelength of visible light 

[15,20]. Furthermore, the peaks indicate the 

core of Cdots [21]. Based on Figure 3, the 

stem of kangkung provides the highest 

absorbance peak. The higher the absorbance 

value, the more Cdots will be produced, 

indicating that the highest production of Cdots 

is from the stem of kangkung plants. 

 

Figure 3.  The Characterization Results of the 

Cdots by Frying Technique using UV-Vis  

 

The results of UV-Vis test for Cdots by 

roasting technique is shown in Figure 4. The 

Cdots samples from the leaf, stem, and root 

have one absorbance peak in the ranges of 

262-282 nm. This is in accordance with the 

study that shows the absorbance peak of Cdots 

is at 260-360 nm [18]. As in the previous 

result, the samples have one absorbance peak 

that shows the core of Cdots [21]. Moreover, 

the root of kangkung has the highest 

absorbance peak. This shows that the 

production of Cdots via the roasting technique 

is mostly produced from the root of kangkung 

plants. 

The frying and roasting techniques 

produce the Cdots solutions with one 

absorbance peak in different ranges of 

wavelength. The Cdots by frying technique 

has longer wavelength at the absorbance peak 

compared to the Cdots by roasting technique. 

The results from the UV-Vis tests show that 

the absorbance peaks of the Cdots via frying 

and roasting are obtained at 293-296 nm and 

262-282 nm, respectively. This clearly shows 

that the absorbance peak of the Cdots by 

frying is located at longer wavelength 

compared to the Cdots via roasting. The 

absorbance peak is attributed to the →* 

electronic transitions or excitation of the core 

of Cdots [15,21]. 

 

 

Figure 4. The Characterization Results of the 

Cdots by Roasting Technique using UV-Vis 

 

The next characterization was using PL 

to determine the emission of the Cdots. The 

PL detects the electronic transitions from the 

excitation to ground states and show it on a 

graph of intensity vs. emission wavelength. 

The result of PL for the Cdots by frying 

technique is presented in Figure 5. The 

samples of Cdots by frying technique have 

two intensity peaks in the ranges of 674-677 

nm and 500-510 nm, respectively. This means 

that the Cdots solution emits red and green 

colors, respectively [15,22]. According to Li 

et al the red emission indicates the porphyrin 

structures contained in the sample [22], which 

is the surface state of the Cdots and the green 

emissions indicates the core of the Cdots. 

Based on Figure 5, the Cdots made of the stem 

of kangkung has the highest intensity peak of 
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emissions showing that the electronic 

transition from the excited to ground states are 

mostly produced by the stem of kangkung 

[15]. This is in accordance with the results of 

UV-Vis tests. 

 

Figure 5. The Characterization Results of the 

Cdots by Frying Technique using PL 

 

The results of the PL characterization 

for the samples of Cdots by roasting technique 

are presented in Figure 6. The Cdots have an 

intensity peak in the range of 511-519 nm, so 

that the Cdots emit green color [15,21,23,24]. 

Based on Figure 6, the highest intensity peak 

of emission is obtained by Cdots from the leaf 

of kangkung plants which indicates that the 

particles of Cdots from the stem of kangkung 

are mostly the transition from the excited to 

ground states [15]. The frying and roasting 

techniques produce different color emissions. 

The Cdots produced by frying technique emit 

red and green colors, while the Cdots by 

roasting technique only emit green color; 

different synthesis methods will produce 

different characteristics of the Cdots produced. 

The difference in the procedure brings forth 

different Cdots properties, one of which is the 

luminescence color. 

The final characterization was using 

FTIR to determine the functional groups 

contained in the Cdots. The result of FTIR 

shows the relation of transmittance and wave 

number. Every functional group has different 

wave number that depends on the vibration 

and absorption of infrared energy. The results 

of FTIR tests for Cdots by frying technique 

made of the leaf, stem, and root are presented 

in Figure 7. Based on Figure 7, the functional 

groups that can be identified from the samples 

are C=C, C=O, C-H and O-H [15,25]. The 

presence of C=C indicates the core of Cdots 

[1,26]. The C=O bonds in the results of FTIR 

tests show the surface state of Cdots material 

[26]. The C=O functional groups confirm the 

red color luminescence exhibited from the 

Cdots by frying technique. 

 

 

Figure 6. The Characterization Results of the 

Cdots by Roasting Technique using PL 

 

 

Figure 7. The Characterization Results of the 

Cdots by Frying Technique using FTIR 
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Figure 8. The Characterization Results of the 

Cdots by Roasting Technique using FTIR 

 

Figure 8 is the FTIR result of Cdots by 

roasting technique. The functional groups that 

can be identified from the samples are C=C, 

O-H, and C-O. The presence of these 

functional groups of O-H, C-O and C=C 

indicates successful synthesis of Cdots        

[27-29], and the presence of C=C also 

indicates the core of Cdots [1,26]. In addition, 

there is also another functional group around 

2300 cm-1 which belongs to CN. The Cdots 

solutions from kangkung are successfully 

synthesized through frying and roasting 

techniques containing C=C bond that forms 

the core of Cdots. Moreover, the frying 

technique produces higher percentage of 

transmittance of C=C bonds compared to the 

roasting technique, i.e.: 75 % and 20 %, 

respectively. This means that the absorbance 

of the Cdots with frying technique is lower 

than the Cdots with roasting technique. 

Based on the discussion, the frying and 

roasting techniques can produce Cdots with 

different optical properties. Both of these 

methods are simple, inexpensive, non-toxic, 

and can produce Cdots massively. Therefore, 

this study contributes to the many Cdots 

preparation with alternative procedures which 

gives impact the way Cdots are massively 

produced. 

 

IV. CONCLUSION 

Cdots have been synthesized from 

kangkung plants with frying and roasting 

techniques. The Cdots have been 

characterized using UV-Vis, PL, and FTIR. 

Cdots samples obtained from frying and 

roasting techniques have different optical 

properties. The frying technique produces 

Cdots with longer wavelength at the 

absorbance peak in the UV-Vis test compared 

to the roasting technique. Moreover, the frying 

and roasting techniques produce different 

luminescence colors, namely red and green, 

respectively. The FTIR characterization 

shows the presence of C=C and C=O which 

are the core and surface state of the Cdots by 

frying technique, while the samples by 

roasting technique show only the core of 

Cdots. Further studies can be conducted by 

providing additional characterizations such as 

TEM or DLS which are important to further 

verify the existence of the Cdots material in 

the samples. 
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