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A B S T R A C T   

The synthesis of NS-CDs was carried out using precursors from Cavendish Banana Peel and L-Cysteine as a dopant 
with the solvothermal method. The characteristics of NS-CDs were analyzed through High-resolution trans
mission electron microscopy (HR-TEM), X-ray diffractometer (XRD), energy dispersive X-Ray spectroscopy 
(EDX), X-Ray Fluorescence spectrometer (XRF), X-Ray photoelectron spectroscopy (XPS), UV–Visible spectro
photometer, Photoluminescence, and Atomic Absorption Spectroscopy (AAS). Based on HR-TEM analysis, NS- 
CDs exhibited a spherical shape (dot) with an average particle size of 2.03 nm. Meanwhile, based on XRD 
characterization, NS-CDs showed a graphite carbon shape according to the diffraction patterns (002) and (001). 
Subsequently, XRF and EDX testing revealed that the elemental composition was dominated by carbon (C), ni
trogen (N), Sulphur (S), and oxygen (O). Furthermore, in XPS testing, S2p, C1s, N1s, and O1s peaks correlated 
around 64 eV, 285 eV, 400 eV, and 531 eV respectively. In UV–Vis testing, the energy gap was found to be 5.71 
eV (NS-CDs 3:1), 5.46 eV (NS-CDs 3:1), 5.25 eV (NS-CDs 1:1), 5.51 eV (NS-CDs 1:2), and 5.56 eV (NS-CDs 1:3). 
Characterization of PL for NS-CDs 3:1, 2:1, 1:1, 1:2, 1:3 showed peak excitation at 403 nm and emission at 
493.39 nm, 493.65 nm, 494.98 nm, 496.04 nm, and 497.11 nm, respectively. During heavy metal ion detection 
testing, Fe(III) and Pb(II) using AAS instruments, it was found that the NS-CDs 1:3 sample yielded the best results 
with an Adsorption capacity worth 21.35 mg/L and Removal Efficiency worth 85.40 %. These results clearly 
indicate that NS-CDs material can be used as an ideal heavy metal detection material, especially in wastewater.   

1. Introduction 

Almost all countries, both developing and developed countries, make 
an important contribution to the industrial sector, such as the textile and 
mining industries. In recent years, increased industrialization and pop
ulation have led to urbanization and increased air, water and soil 
pollution. The availability of clean water is increasingly limited due to 
the impact of industrial growth, causing water crises around the world, 
especially in developing countries. The cause of damage to aquatic 
ecosystems can be organic matter, bacteria, viruses, dyes, and heavy 
metal ions originating from the residual production of the printing in
dustry, chemical factories, textiles, pharmaceuticals, and electronics. 

Water pollutants with non-biodegradable properties pose a great risk to 
human health. One of the most common heavy metal wastes are arsenic 
(As), cadmium (Cd), chrome (Cr), lead (Pb), copper (Cu), zinc (Zn), iron 
(Fe), lead (Pb) and so on, which are often found in the textile, metal
lurgical, agrochemical, and mining industries [1]. Heavy metals are 
commonly known as high-density metals, which can pose a threat to the 
environment and cause various diseases [2]. 

In the modern industrial era, attention to the impact of heavy metal 
wastes, such as iron (Fe) and lead (Pb) ions, has become increasingly 
urgent [3]. These two metals, which are often generated from industrial 
processes and human activities, have the potential to cause serious 
environmental damage and public health problems. In an effort to 
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understand and address the challenges faced by the presence of these 
heavy metal wastes, research and innovative actions are becoming 
increasingly important. There is a need for research to explore the 
environmental and health impacts of iron and lead heavy metal waste 
ions, and actions that can be taken to reduce the risks they pose [4]. 
Identification and prevention are the best measures for environmental 
protection, so an accurate, fast and affordable method is needed to 
detect heavy metal effluents. Currently, Fe(II) and Pb(II) detection can 
be performed using different analytical methods such as mass spec
troscopy, coupled plasma spectroscopy, electrochemistry, spectropho
tometry, colorimetry, electron paramagnetic resonance (EPR), and 
Atomic Absorption Spectrophotometry (AAS) [5]. One of the environ
mentally friendly materials that can be developed into heavy metal ion 
detectors is carbon dots doped with nitrogen and Sulphur [6]. 

Carbon dots (CDs) are a new material of fluorescent nanocarbon 
materials [7]. In the manufacture of carbon dots, each synthesis process 
and the choice of carbon precursor play an important role in deter
mining the structure of nanocarbon materials along with the degree of 
carbonization and reaction time [8]. Doping such as nitrogen, Sulphur, 
and transition metals effectively changes the electronic structure and 
energy levels of carbon dots which directly increases the intensity of 
photoluminescence [9]. CDs can be synthesized using autocombustion, 
hydrothermal, solvothermal and other methods which show excellent 
fluorescence performance and photobleaching ability. CDs are usually 
synthesized using natural materials such as coffee, palm oil, pecan and 
banana peel which have high carbon element sources [10]. 

Banana is a fruit that is widely distributed and consumed throughout 
the world. This plant grows in tropical and subtropical regions, one of 
which is Indonesia [11]. Banana peels are often used as an alternative 
energy source application for briquette making [12], soap making, metal 
detection of hazardous substances and so on. In studies conducted by 
Ref. [13] where banana peels can detect heavy metals such as Fe and Pb. 
Heavy metals have toxic properties, causing adverse effects on human 
health and ecosystems even in small doses. Fe metal is a class VIII-B 
chemical element, while Pb metal is a class II-B chemical element. Fe 
(iron) metal plays an important role in human health. However, exces
sive intake can cause adverse effects on humans [14]. Pb (lead) metal is 
used in many fields including cosmetics, paper, dyes, fluorescent lamps, 
and on a smaller scale in batteries. The divalent mercury ion has ten 
electrons filling the 5d energy level, so it has a strong potential to form 
complexes quickly [15]. 

Based on this explanation, a sensitive material was designed, namely 
Nitrogen-Sulphur-Carbon Dots (NS-CDs) synthesized from cavendish 
banana peel material by solvothermal method to detect Fe and Pb heavy 
metal ions. The characterization tests carried out are testing the struc
tural properties using High-resolution transmission electron microscopy 
(HR-TEM), X-ray diffractometer (XRD), energy dispersive X-Ray spec
troscopy (EDX), X-Ray Fluoresence spectrometer (XRF), and X-Ray 

photoelectron spectroscopy (XPS), then testing the optical properties are 
UV–Visible spectrophotometer and Photoluminescence. Then the 
Nitrogen-Sulphur-Carbon Dots (NS-CDs) testing stage is carried out 
against heavy metal ions, namely Fe and Pb using the AAS (Atomic 
Absorption Spectroscopy) instrument. It is expected that the results 
obtained can be a reference for the next stage of research. 

2. Materials and methods 

2.1. Materials 

Cavendish Banana Peel were taken from Sumatera Utara Province, 
Indonesia serve as a doping source for carbon. Hexane (C6H14) and 
deionized water were bought from CV. Rudang Jaya, Indonesia. L- 
Cysteine (C3H7NO2S) serve as a doping source for nitrogen and Sulphur, 
were bought from Merck in Germany. 

2.2. Preparation of cavendish banana peel powder 

The cavendish banana peels are cleaned using distilled water until 
the dirt is removed. The banana peels were then dried in the sun for easy 
crushing for 12 h. It was then pulverized using a herb grinder to get a 
smaller size. It is then filtered using a 200 mesh sieve and ballmill to get 
the powder form. 

2.3. Synthesis of nitrogen sulphur-doped carbon dots (N-CDs) 

NS-CDs were synthesized using the solvothermal method. For the 
first step, Cavendish banana peel powder and L-cysteine and 5 were 
mixed in a Teflon autoclave with a composition ratio of (Cavendish 
banana peel powder:L-cysteine = 3:1, 2:1, 1:1, 1:2, and 1:3). The solu
tion was then heated for 30 minutes at 220 ◦C. After that the solution 
was cooled to 30 ◦C, the precipitated solution was washed with n-hex
ane, dissolved in DI water and centrifuged at 10.000 rpm for 15 minutes. 
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 was heated at 
100 ◦C using an oven under vacuum for 24 h until dry powder was 
obtained and stored in an ampere bottle at normal temperature [16,17]. 
Then the procedure has also been presented in Fig. 1. 

2.4. Quantum yield of CDs 

The calculation for the Quantum Yield of CDs value is calculated 
using the following equation (Eq. (1)) from the literature [18]: 

QYc=QYs×
IC

IS
×

AS

AC
×

(
ηC

ηS

)2

(1) 

Fig. 1. The method used to the preparation NS-CDs from cavendish banana peels.  

M. Hamid et al.                                                                                                                                                                                                                                 



Case Studies in Chemical and Environmental Engineering 10 (2024) 100832

3

Quinine sulfate was chosen as the fluorescence reference (QY = 54 % 
and η = 1.33), where QY ∼ quantum yield value. I ∼ area integrated 
photoluminescence intensity, A ∼ absorbance value, and η ∼ refractive 
index of the solvent. Subscript "c" indicates on CDs and Subscript "s" 

indicates on Quinine sulfate. 

2.5. Characterization 

High-resolution transmission electron microscopy (HR-TEM, JEOL- 
2100 TEM) was performed using a accelerating voltage of 200 kV to 
characterize the NS-CDs solution’s morphology. Energy dispersive X- 
Ray spectroscopy (EDS, Thermo Scientific Quattr S equipped) at 20 kV 
accelerating voltage with oxford instruments EDX to characterize the 
elemental composition of the samples. The particle size of CDs was 
determined with image J software. X-Ray photoelectron spectroscopy 
(XPS, Kratos Axis Supra) performed with monochromatic Al-Kα radia
tion of 1486.6 eV at 150 W for chemical analysis of samples. X-Ray 
Fluoresence spectrometer (XRF, Shimadzu, XRF-1800, Japan) to char
acterize the chemical composition analysis of NS-CDs. UV–Visible 

Table 1 
Quantum yield of CDs.  

materials QY (%) 

NS-CDs 3:1 12.68 
NS-CDs 2:1 6.37 
NS-CDs 1:1 5.29 
NS-CDs 1:2 2.77 
NS-CDs 1:3 2,52 
Quinine sulfate 54  

Fig. 2. HR-TEM morphology and lattice spacing of NS-CDs 3:1 (a), NS-CDs 2:1 (c), NS-CDs 1:1 (e), NS-CDs 1:2 (g), NS-CDs 1:3 (i), and Particle size distribution of NS- 
CDs 3:1 (b), NS-CDs 2:1 (d), NS-CDs 1:1 (f), NS-CDs 1:2 (h), NS-CDs 1:3 (j). 
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spectrophotometer (UV–Vis, Shimadzu UV-1800) in the range 200–700 
nm to characterize the UV–vis absorbance spectra. Photoluminescence 
(UV–Vis, USB2 + F00050 spectrophotometer with 1000 fluorescent) to 
characterize the PL spectra. X-ray diffractometer (X’pert PRO PAN
alytical XRD, λCu − Kα = 1.5406 Å) to characterize the crystal structure 
[19]. 

2.6. Detection of heavy metal ion 

The detection of Fe(III) and Pb(II) Ions was evaluated using AAS 
characterization. AAS (Atomic Absorption Spectroscopy) testing was 
conducted to determine the adsorption of heavy metals by NS-CDs 
samples. The AAS testing process in this study includes the prepara
tion of heavy metal waste, the mixing process of heavy metals and NS 
CDs, and characterization. The overall process can be described as 
follows: 

Each 2.71 g FeCl3 and 2.78 gPbCl2 powder was mixed with 100 ml of 
distilled water in a beaker. Stirred using a magnetic stirrer for 10 mi
nutes at 500 rpm at room temperature. Furthermore, each variation of 
NS-CDs powder as much as 0.2 mg was mixed with 5 μL of distilled 
water. Then the destruction process was carried out by mixing the NS- 
CDs solution with FeCl3 and PbCl2 powder solutions, then stirring 
using a magnetic stirrer for 90 minutes. Samples that have been stirred 
using a magnetic stirrer are then filtered using Whattman 41 filter paper, 
while separating the sediment in the solution using a permanent magnet. 
Put each waste into a container that has been prepared then analyze the 
concentration of heavy metal ions Fe and Pb using AAS. 

3. Results and discussion 

The characteristics of NS-CDs with various compositions with L- 
cysteine are described in this section. The QY of NS-CDs respectively, as 
shown in Table 1. 

Based on Table 1, QY decreases gradually with increasing fluores
cence intensity. This is related to the photobleaching process, photon 
induction on diverse functional groups on the surface of the structure 
and changes in heteroatomic surface groups on the NS-CDs structure 
[20]. 

3.1. Structural characterization of synthesized NS–CDs 

The morphology and size distribution of NS-CDs were analyzed using 
HR-TEM which can be seen in Fig. 2. HR-TEM of NS-CDs shown in Fig. 2 
shows a spherical shape (dot), small, monodisperse without aggregates 
and has a size distribution of 0–5 nm. From the calculation of the 
average particle size of NS-CDs 3:1, 2:1, 1:1, 1:2, 1:3 from Cavendish 
Banana Peel using image j application are 1.19 nm; 1.02 nm; 1.17 nm; 
1.28 nm; 1.35 nm. This shows that the addition of N and S elements can 
increase the particle size, and both samples are in accordance with the 
size distribution of nanoscale CDs that have been obtained in the liter
ature [21]. Based on the calculation results using image J software, a 
lattice spacing of 0.28 nm was obtained from the N-CDs of Fig. 2 (a, c, e, 
g, i), which is the distance between carbon layers (100) of graphene 
[22]. This result displays that NS-CDs consist of amorphous and crys
talline parts composed of sp2 carbon graphite. Elemental mapping 
(carbon (C), nitrogen (N), Sulphur (S) and oxygen (O)) of the synthe
sized NS–CDs are shown in Fig. 3. Consistent with the elemental 

Fig. 2. (continued). 
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Fig. 3. corresponding elemental mapping images NS-CDs 3:1 (a), NS-CDs 2:1 (b), NS-CDs 1:1 (c), NS-CDs 1:2 (d), NS-CDs 1:3 (e).  
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mapping, EDX analysis (Fig. 3) confirmed that the synthesized N–CDs 
are composed of elements C, N, S, and O. 

The synthesized NS-CDs present XRD patterns in Fig. 4 displaying a 
very intense broad peak around (2θ = 28.36◦–28.56◦) and a weak peak 
at (2θ = 40.30◦–41.00◦) corresponding to the (002) and (001) diffrac
tion patterns of graphitic carbon [23]. From the Bragg’s equation (Eq. 
(2)) the d-spacing value for synthesized N-CDs were calculated 

nλ=2d Sin θ( or) d = nλ/2 Sin θ (2)  

where, n is a positive integer (1), l is the wavelength of incident X-rays 
(λ = 1.54 Å) and q is the angle of plane. The d Inter planner distance 
calculated from NS-CDs are found in the C (002) plane around (3.144 
nm; 3.122 nm; 3.155 nm; 3.121 nm; 3.120 nm) and in the C (100) plane 
around (4.411 nm; 4.511 nm; 4.421 nm; 4.295 nm; 4.451 nm). The 
following is also attached to Table 2 the results of some parameters of 
the NS-CDs sample. 

Chemical composition of NS-CDs was determined by the Kjeldahl 
method for N and by XRF analysis for the other elements. As can be seen 
in Table 3, C, N, O, and S were found to be the major elements, while the 

others were in minority amounts. A similar chemical composition is 
usually found in NS-CDs as discussed in other references [24]. 

XPS survey was conducted to determine the chemical of the five NS- 
CDs (Fig. 5). The pronounced peaks at around 164 eV, 285 eV, 400 eV, 
and 531 eV correspond to S2p, C1s, N1s, and O1s, respectively [25]. The 
deconvolution of C1s surveys suggest three distinguish peaks including 
C––C/C–C (284.39 eV =NS-CDs 3:1, 284.49 eV = NS-CDs 2:1, 284.04 eV 
= NS-CDs 1:1, 283.85 eV = NS-CDs 1:2, 284.85 eV = NS-CDs 1:3), 
C–O/C–N (285.31 eV = NS-CDs 3:1, 285.32 eV = NS-CDs 2:1, 285.29 eV 
= NS-CDs 1:1, 285.21 eV = NS-CDs 1:2, 285.98 eV = NS-CDs 1:3) and 
C––O/C––N (287.71 eV = NS-CDs 3:1, 287.98 eV = NS-CDs 2:1, 287.53 
eV = NS-CDs 1:1, 288.73 eV = NS-CDs 1:2, 287.98 eV = NS-CDs 1:3) for 
all the five NS-CDs as shown in Fig. 5(a s/d e)-2 [26]. Their corre
sponding N1s high-resolution spectra can also be fitted into three peaks, 
which can be attributed to C–N–C (398.11 eV = NS-CDs 3:1, 400.23 eV 
= NS-CDs 2:1, 398.76 eV = NS-CDs 1:1, 400.10 eV = NS-CDs 1:2, 
399.46 = NS-CDs 1:3), N–C (400.01 eV = NS-CDs 3:1, 401.66 eV =
NS-CDs 2:1, 400.51 eV = NS-CDs 1:1, 402.23 eV = NS-CDs 1:2, 400.87 
= NS-CDs 1:3), and N–H (402.56 eV = NS-CDs 3:1, 402.44 eV = NS-CDs 
2:1, 401.40 eV = NS-CDs 1:1, 403.73 eV = NS-CDs 1:2, 401.88 = NS-CDs 
1:3) for all the five NS-CDs as shown in Fig. 5(a s/d e)-3 [27]. Their 
corresponding O1s high-resolution spectra can also be fitted into three 
peaks, which can be attributed to C––O (530.23 eV = NS-CDs 3:1, 
530.21 eV = NS-CDs 2:1, 530.13 eV = NS-CDs 1:1, 529.78 eV = NS-CDs 
1:2, 530.61 = NS-CDs 1:3), C–O (531.56 eV = NS-CDs 3:1, 531.28 eV =
NS-CDs 2:1, 531.50 eV = NS-CDs 1:1, 531.23 eV = NS-CDs 1:2, 531.93 
= NS-CDs 1:3), and O––C–O (532.81 eV = NS-CDs 3:1, 532.70 eV =
NS-CDs 2:1, 533.43 eV = NS-CDs 1:1, 532.73 eV = NS-CDs 1:2, 533.18 
= NS-CDs 1:3) respectively, which were compatible with the charac
teristic C––O bond in the C1s spectrum as shown in Fig. 5(a s/d e)-4 
[28]. The S2p peaks indicated the existence of three forms of Sulphur 
(S––O, S2p1/2, and S2p3/2), that is S2p3/2 (163.01 eV = NS-CDs 3:1, 
163.31 eV = NS-CDs 2:1, 163.13 eV = NS-CDs 1:1, 163.25 eV = NS-CDs 
1:2, 163.53 = NS-CDs 1:3), S2p1/2 (164.20 eV = NS-CDs 3:1, 164.45 eV 
= NS-CDs 2:1, 164.21 eV = NS-CDs 1:1, 164.96 eV = NS-CDs 1:2, 
164.36 = NS-CDs 1:3), and S––O (165.41 eV = NS-CDs 3:1, 165.68 eV =
NS-CDs 2:1, 165.86 eV = NS-CDs 1:1, 169.43 eV = NS-CDs 1:2, 164.76 
= NS-CDs 1:3) as shown in Fig. 5(a s/d e)-1 [29]. Therefore, the func
tional groups of the asprepared NS-CDs characterized by XPS. 

3.2. Optical characterization of synthesized NS–CDs 

The optical characterization of NS-CDs was carried out by UV–visible 
spectroscopy, as shown in Fig. 6(a–b). The purpose of this analysis was 
to determine the absorbance ability and observe the changes in the band 
gap energy (Eg) of the synthesized samples. Fig. 6a shows that the NS- 
CDs material has a characteristic absorbance peak (205.99 nm = NS- 
CDs 3:1, 206.46 nm = NS-CDs 2:1, 206.94 = NS-CDs 1:1, 207.89 nm =
NS-CDs 1:2, 207.91 nm = NS-CDs 1:3) at 350 nm in the UV light region 
and Eg = ~3.50 eV. And then N-CDs have absorbance peaks around at 
260 nm, respectively, which are ascribed to the π-π* transition for the 
ring aromatic C––C bond in the carbon core [30], and the absorbance 
around at 340 nm is attributed to the transition n-π* [31] taking place 
between the C––O and C––N groups that collect on the surface and is 
only present on NS-CDs [32]. The change in the absorbance intensities 
and profile in N-CDs is hypothesized to be due to changes in the energy 
levels of the carbon dots after and before doped. The transition peaks 
confirm the formation of nitrogen and Sulphur functionalized CDs and 
these peaks are generated by CDs due to Mie scattering [33]. Fig. 6b 
shows that the samples had a decreased energy gap of 5.71 eV (NS-CDs 
3:1), 5.46 eV (NS-CDs 3:1), 5.25 eV (NS-CDs 1:1), 5.51 eV (NS-CDs 1:2), 
and 5.56 eV (NS-CDs 1:3), As the doping concentration increases, the 
Fermi level shifts closer to the conduction band due to the increase in 
carrier concentration, carriers can be contributed by interstitial nitrogen 
and sulphur atoms or oxygen vacancies causing low energy intermediate 
transitions or inter band transitions to be prohibited and the band gap 

Fig. 4. XRD pattern of the synthesized NS-CDs.  

Table 2 
Values of some parameters of XRD analysis results.  

Parameter NS-CDs 
3:1 

NS-CDs 
2:1 

NS-CDs 
1:1 

NS-CDs 
1:2 

NS-CDs 
1:3 

Grain Size (D) 2.40 nm 2.56 nm 2.40 nm 2.42 nm 2,38 nm 
Micro strain 

(ε) 
586.75 581.65 591.91 625.65 572.82 

Dislocation 
(δ) 

0.869 
nm− 2 

0.868 
nm− 2 

0.857 
nm− 2 

0.749 
nm− 2 

0.894 
nm− 2  

Table 3 
Chemical composition of NS-CDs determined by the Kjeldahl method for N and 
by XRF analysis.  

Element Weight (%) 

NS-CDs 
3:1 

NS-CDs 
2:1 

NS-CDs 
1:1 

NS-CDs 
1:2 

NS-CDs 
1:3 

C 91.52 95.25 93.08 94,43 86.48 
N 4.52 4.07 5.56 4.15 7.67 
O 2.93 0.49 0.64 0.67 5.04 
S 0.75 0.13 0.21 0.21 0.43 
Others (Cl, K, Si, P, 

Ca and Fe) 
0.24 0.06 0.51 0.54 0.38  
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Fig. 5. XPS surveys of NS-CDs 3:1 (a), NS-CDs 2:1 (b) NS-CDs 1:1 (c), NS-CDs 1:2 (d), and NS-CDs 1:1 (e), S2p, C1s, N1s, O1s high resolution XPS surveys of NS-CDs 
3:1 (a-1~ a-4), NS-CDs 2:1 (b-1~ b-4), NS-CDs 1:1 (c-1 ~c-4), NS-CDs 1:2 (d-1~ d-4), and NS-CDs 1:1 (e− 1~ e− 4). 
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Fig. 5. (continued). 
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increases [34,35]. 
The photoluminescence spectrum of NS-CDs (3:1, 2:1, 1:1, 1:2, 1:3) 

particles in Fig. 6c showed, the presence of peak excitation at 403 nm 
and emission at 493.39 nm, 493.65 nm, 494.98 nm, 496.04 nm, and 
497.11 nm, respectively. In this study, after there is a decrease in the PL 
intensity as the ratio of L-cysteine addition decreases, this is due to the 
decreased radiative recombination which shows high efficiency in 
separating (e− /h+) pairs that are needed in metal detection [36]. In this 
study, we introduce NS-CDs as a metal ion detector for Fe(III) and Pb(II). 
NS-CDs is one of the biosensor technologies that has been developed in 
various research fields, because of its environmentally friendly precur
sor source (agricultural biomass) and can be synthesized through envi
ronmentally friendly methods. Agricultural biomass has functional 
groups that are phenolic, carboxyl, ketone, aldehyde, and alcohol. These 
organic functional groups have the potential to become biosensor ma
terials in detecting hazardous metals through several mechanisms. As 
seen in Fig. 6, the presence of NS-CDs has an effect on increasing the 
absorbance in the UV light region and also decreasing the PL intensity 
[37]. 

3.3. Mechanism of heavy metal ion detection 

In this study, Atomic absorption spectroscopy (AAS) was used to 
detect metal content in Fe(III) and Pb(II) heavy metal ion solutions by 
adsorption method [38]. The following equation (Eq. (3)) and (Eq. (4)) 
will be used; 

q=
CO − Ce

W
(3)  

%R=
CO − Ce

CO
× 100% (4)  

Where, 
q = Adsorption capacity (mg/L) 
Co = initial concentration (mg/L) = 10 mg/L. 
Ce = Final concentration (mg/L) 
W = mass of the adsorbent used in the experiment (g) = 0.2 mg. 
R = Removal Efficiency (%) 
From the equation (Eq. (3)) and (Eq. (4)), the results are shown in 

Table 4. The results obtained in the NS-CDs 1:3 sample had the best Fe 
(III) and Pb (II) heavy metal absorption rates with Fe (III), namely 
Adsorption capacity worth 21.35 mg/L and Removal Efficiency worth 
85.40 %. Then for Pb (II), the Adsorption capacity is 24.60 mg/L and 
Removal Efficiency is 98.40 %. With the higher the adsorption rate of 
heavy metals obtained in the material, the better the detection ability of 
these heavy metals. The results produced are expected to help overcome 
problems, especially related to the environment and waste treatment 
[39]. 

AAS testing was used to evaluate the ability of NS-CDs to detect Fe 
(III) and Pb(II) heavy metal ions. NS-CDs contain functional groups 
sensitive to Fe(III) and Pb(II) ions such as –OH, and –NH2, on the surface, 
which will lead to the formation of nonfluorescent complexes [40]. The 
evaluated metal ions might participate in limiting fluorescence 
quenching due to their interaction with electron donor groups present 
on NS-CDs. In general, fluorescence quenching of NS-CDs resulted from 
dynamic quenching (electron transfer process) or static quenching 
(formation of non-fluorescent complexes). The fluorescence quenching 

Fig. 5. (continued). 
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process is evidenced by the adsorption of metal ions on the NS-CDs. This 
results in intermolecular interactions so as to detect heavy metal ions Fe 
(III) and Pb(II) can be adsorbed properly as shown in Table 4 [41]. 

4. Conclusion 

The heavy metal detection material, namely NS-CDs with variations 
of Cavendish Banana Peel and L-Cysteine precursors (3:1, 2:1, 1:1, 1:2, 
1:3), has been successfully synthesized using the solvothermal method. 
Subsequently, characterization was performed using HR-TEM, EDX, 
XPS, XRF, XRD, UV–Vis, PL, along with heavy metal ion detection 
testing using AAS. In HR-TEM testing, the average particle sizes of NS- 
CDs 3:1, 2:1, 1:1, 1:2, 1:3 were confirmed to be 1.19 nm; 1.02 nm; 
1.17 nm; 1.28 nm; 1.35 nm respectively, with a lattice spacing of 0.28 
nm. Furthermore, it has been confirmed using EDX and XRF that carbon 

(C), nitrogen (N), Sulphur (S), and oxygen (O) are the main elements in 
this material. XRD testing yielded interplanar distances of NS-CDs 3:1, 
2:1, 1:1, 1:2, 1:3 respectively on the C (002) plane around (3.144 nm; 
3.122 nm; 3.155 nm; 3.121 nm; 3.120 nm) and in the C (100) plane 
around (4.411 nm; 4.511 nm; 4.421 nm; 4.295 nm; 4.451 nm). Next, in 
XPS testing, S2p, C1s, N1s, and O1s peaks correlated around 64 eV, 285 
eV, 400 eV, and 531 eV respectively. In UV–Vis testing, the absorbance 
peaks were (205.99 nm = NS-CDs 3:1, 206.46 nm = NS-CDs 2:1, 206.94 
= NS-CDs 1:1, 207.89 nm = NS-CDs 1:2, 207.91 nm = NS-CDs 1:3). 
Then, in PL testing for NS-CDs 3:1, 2:1, 1:1, 1:2, 1:3, the spectrum 
showed peak excitation at 403 nm and emission at 493.39 nm, 493.65 
nm, 494.98 nm, 496.04 nm, and 497.11 nm, respectively. Furthermore, 
in the trial phase to detect Fe(III) and Pb(II) heavy metal ions with AAS, 
it was found that each sample could absorb heavy metals well, especially 
in the NS-CDs 1:3 sample with Adsorption capacity worth 21.35 mg/L 
and Removal Efficiency worth 85.40 %. Based on the test results pre
sented, NS-CDs material made using Cavendish Banana Peel has good 
adsorption for further heavy metal detection studies. 
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Fig. 6. UV–vis absorption spectra (a), (αhν) [2] versus energy curve (b), comparisons of fluorescence spectra of NS-CDs (c).  

Table 4 
Calculation of the formula Heavy Metal Ion Detection Study.  

Sample Parameter Ce (mg/ 
L) 

q (mg/ 
L) 

R (%) relative standard 
deviation (%) 

NS-CDs 
3:1 

Fe(III) 2.82 10.90 43,60 0.192 
Pb(II) 0.26 23.70 94,80 0.013 

NS-CDs 
2:1 

Fe(III) 2.74 11.30 45,20 0.011 
Pb(II) 0.25 23.75 95,00 0.049 

NS-CDs 
1:1 

Fe(III) 1.27 18.65 74,60 0.003 
Pb(II) 0.23 23.85 95,40 0.024 

NS-CDs 
1:2 

Fe(III) 0.91 20.45 81,80 0.005 
Pb(II) 0.18 24.10 96,40 0.010 

NS-CDs 
1:3 

Fe(III) 0.73 21.35 85,40 0.004 
Pb(II) 0.08 24.60 98,40 0.010  
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