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ABSTRACT  
Discharge of synthetic organic dye pollutants continues to result in irreversible damage to aquatic environments due to the 
rapid industrialization, growing urbanization and extensive use of non-sustainable resources. In particular, carbon-doped 
SnO₂ quantum dots (C-doped SnO₂ QDs) are interesting due to their visible-light photocatalytic activity, which is achieved 
through their nanoscale particle size, large surface area and efficient charge separation. In the current work, carbon doped 
SnO₂ quantum dots were synthesized through simple hydrothermal technique with some modifications. The synthesized 
quantum dots were analyzed by X-ray diffraction (XRD), Field Emission Scanning Electron Microscopy (FESEM), Energy 
Dispersive Spectroscopy (EDS) and elemental mapping, High Resolution Transmission Electron Microscopy (HRTEM) 
with Selected Area Electron Diffraction (SAED), Fourier-transform Infrared Spectroscopy (FTIR), Diffuse Reflectance 
Spectroscopy (DRS) and X-ray Photoelectron Spectroscopy (XPS). The visible-light photocatalytic degradation of Eosin 
Y dye was investigated using a 200 W tungsten lamp. The apparent rate constant was systematically studied with respect 
to the pH, initial dye concentration, catalyst loading and light intensity. Dye concentration of 0.8 × 10-⁵ M, catalyst loading 
of 0.040 g, pH of 8.5, and light intensity of 70 mWcm⁻² were the optimum conditions which led to the maximum apparent 
rate constant of 3.76 × 10⁻⁴ s⁻¹. Pseudo-first order kinetic was obtained and confirmed by the linearity of (2 + log A) vs. 
time plots in degradation kinetics. The photocatalytic activity of carbon doped SnO₂ QDs was found to be significantly 
higher than that of undoped SnO₂ QDs under similar conditions due to the formation of a higher number of reactive 
oxidative species under visible light irradiation. 
Keywords: Carbon-doped SnO₂; Quantum dots; Photocatalytic degradation; Eosin Y; Visible-light photocatalysis; 
Pseudo-first-order kinetics. 
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1. INTRODUCTION  
Persistent organic pollutants (POPs) are one of the most 
important aqueous pollutants generated by the massive 
industrial dyeing of textile, pharmaceutical, and food 
production.1-2 Of these, xanthene dyes like Eosin Y 
(Figure 1) are of great interest because of their high 
chemical stability, resistance to biodegradation, and 
toxic effects such as carcinogenicity and persistence in 
the environment.1 These compounds, even at low 
concentrations, can generate strong colours in receiving 
water bodies, reduce light penetration and impact aquatic 
ecosystems.3 The removal or mineralization of these 

pollutants using conventional wastewater treatment 
technologies is often insufficient, such as adsorption, 
coagulation, and biological degradation.4-5This has led to 
the creation of advanced, effective and sustainable 
treatment strategies.6-7 
Semiconductor-based heterogeneous photocatalysis has 
been one of the most promising technologies for 
wastewater treatment because it allows the generation of 
reactive oxygen species (ROS) by absorbing light for the 
degradation of organic contaminants in water.8-10 Under 
the onset of light, photocatalytic processes driven by 
semiconductor materials create ROS and mediate the 
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decomposition of pollutants into less dangerous and/or 
complete mineralization.11 Although more widely 
studied photocatalysts like TiO₂ and ZnO are chemically 
stable, inexpensive and highly oxidative, their practical 
application is limited due to their large bandgap, which 
results in the confinement of photoactivity to the 
ultraviolet region of the spectrum and fast recombination 
of the photogenerated electron–hole pairs.12-13 Therefore, 
visible-light active semiconductor photocatalysts having 
high charge separation efficiency are still important 
research topics. 
The chemical stability, non-toxicity and favourable 
oxidation potential of SnO₂ have spurred increasing 
interest in the use of SnO₂ as an alternative 
photocatalyst.14-16 However, SnO₂ has a relatively large 
band gap (~3.6 eV) and poor charge separation, 
restricting its use for photocatalytic applications in the 
visible light range of the spectrum.8,16,17 To tackle these 
challenges, nanostructuring and doping with 
heteroatoms have been suggested as promising 
approaches 12,18. The quantum confinement effect brings 
unique benefits to quantum dots such as tunable band 
gaps, heightened surface reactivity, and improved charge 
transport properties.19-21 Specifically, carbon and 
nitrogen doping has been proven to shift the absorption 
peak towards the visible range and reduce the 
recombination of electron–hole pairs.22-24 These 
properties of carbon incorporation can create mid-gap 
energy states, increase charge-carrier mobility and 
enable interfacial electron transfer in semiconductor 
systems.25-27 Although these achievements have been 
accomplished, the studies examining the photocatalytic 
degradation of xanthene dyes under visible light 
illumination with carbon doped SnO₂ quantum dots are 
still rather limited in terms of systematic optimization of 
the operational parameters and commenting on the 
mechanism. 
In the present study, carbon doped SnO₂ quantum dots 
were synthesized by modifying the hydrothermal method 
and the photocatalytic degradation of eosin Y dye was 
investigated under visible-light irradiation. The 
degradation efficiency and apparent rate constants are 
systematically studied as a function of the key operating 
conditions such as solution pH, initial dye concentration, 
catalyst loading and light intensity. Kinetics of 
degradation are studied and a mechanism is suggested 
from experiment. The results will help to develop 
effective photocatalysts that can be activated by visible 
light for sustainable water treatment. 
2. MATERIALS AND METHOD 
2.1 Synthesis of C-Doped and Pure SnO₂ Quantum 
Dots 

Carbon-doped and undoped SnO₂ quantum dots were 
synthesized following a modified methodology reported 
by Tirado-Guízar et al.28 A solution containing 4 mmol 
of SnCl4·5H₂O in 20 mL of deionized water was mixed 
with a solution containing 2 mmol of glucose in 20 mL 
of deionized water and stirred for 10 min. A solution 
containing 40 mmol of urea in 30 mL of deionized water 
was then gradually added under continuous stirring. The 
final mixture was transferred to a Teflon-lined autoclave 
and maintained at 90°C for 5 h, after which it was 
allowed to cool to room temperature. The precipitate was 
collected by centrifugation, washed five times with 
deionized water and twice with absolute ethanol, and 
dried in an oven at 60°C overnight. The dried material 
was subsequently calcined in a muffle furnace at 400 °C 
for 2 h to yield carbon-doped SnO₂ quantum dots. Pure 
(undoped) SnO₂ quantum dots were prepared by an 
identical procedure, substituting 20 mL of deionized 
water for the glucose solution to maintain the same total 
liquid volume. 
2.2 Characterization 
X-ray diffraction (XRD) patterns were recorded on a 
PANalytical, Netherlands, X'Pert Pro diffractometer 
using Cu Kα radiation (λ = 0.15406 nm). FESEM images 
and EDS/elemental mapping were acquired on a SU-
8010 Series instrument (Hitachi, Japan). HRTEM 
images and SAED patterns were recorded on a JEOL, 
JEM-2100 Plus. XPS measurements were performed on 
a Thermo Fisher Scientific, K-ALPHA system. FTIR 
spectra were recorded on a Bruker ALPHA II 
spectrometer. UV-Vis diffuse reflectance spectra (DRS) 
were recorded on a PerkinElmer, USA, Lambda19 UV-
VIS-NIR Spectrophotometer. 
2.3 Photocatalytic Activity 
The photocatalytic activity of the catalyst was assessed 
by monitoring the degradation of Eosin Y dye (λmax = 
517 nm). A stock solution of 1.0 × 10⁻³ M was prepared 
by dissolving the appropriate mass of Eosin Y in 100 mL 
of doubly distilled water; working solutions of the 
required concentration were prepared from this stock. 
Solution pH was adjusted using 0.1 N HCl and 0.1 N 
NaOH solutions. Irradiation was carried out using a 200 
W tungsten lamp; light intensity was varied by adjusting 
the distance between the lamp and the reaction vessel. 
Aliquots were withdrawn at regular time intervals, and 
the absorbance was measured at 517 nm using a UV-Vis 
spectrophotometer. A plot of (2 + log A) against 
irradiation time was found to be linear for both C-doped 
SnO₂ QDs and pure SnO₂ QDs, confirming pseudo-first-
order degradation kinetics. The apparent rate constant 
was determined from: 
k = 2.303 × Slope 
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The molecular structure of Eosin Y dye used in the study 
is shown in Figure 1. 

 
Figure 1. Structure of Eosin Y  
 
3.RESULTS AND DISCUSSION 
3.1 X-Ray Diffraction (XRD) 
The crystalline structure of the synthesized C-doped 
SnO₂ quantum dots was examined by XRD (PANalytical 
X'Pert Pro, Cu Kα radiation, λ = 0.15406 nm). The XRD 
pattern in Fig. 2 displays diffraction peaks corresponding 
to the tetragonal rutile-type SnO₂ with a cassiterite 
structure, consistent with JCPDS card No. 41-1445. A 
slight shift in peak positions compared to standard bulk 
SnO₂ was observed, suggesting lattice distortion induced 
by carbon incorporation.17,29 No diffraction peaks 
attributable to carbon or other impurity phases were 
detected, confirming phase purity. The average 
crystallite size was estimated using the Debye–Scherrer 
equation: 
D = Kλ / (β cos θ) 
where D is the mean crystallite size, K = 0.9 is the 
dimensionless shape factor, λ = 0.15406 nm is the X-ray 
wavelength (Cu Kα), β is the full-width at half-maximum 
(FWHM) of the diffraction peak in radians, and θ is the 
Bragg’s angle. Using the most intense diffraction peak at 
the (110) plane, the calculated crystallite size was 
approximately 3.2 nm, confirming the quantum dot 
nature of the synthesized material.24 

 

Figure 2. XRD pattern of carbon-doped SnO₂ 
quantum dots showing characteristic peaks of the 
rutile phase. 
 
3.2 Field Emission Scanning Electron Microscopy 

(FESEM) 

FESEM images of C-doped SnO₂ QDs recorded on 
Hitachi, SU-8010 Series are presented in Figure 3. The 
images reveal agglomerated crystalline nanoparticles 
with a wheat-grain-like morphology, characteristic of 
hydrothermally synthesized SnO₂ nanomaterials.30      

 

Figure 3. FESEM images of carbon-doped SnO₂ 
quantum dots showing agglomerated nanostructures 

 

3.3 Energy Dispersive Spectroscopy (EDS) and 
Elemental Mapping 

The elemental composition was determined by EDS 
(integrated with FESEM, Hitachi, SU-8010 Series) 
shown in Fig. 4. The EDS spectrum confirmed the 
presence of Sn (30.02 at.%), O (62.22 at.%), and C (7.76 
at.%) as the sole constituent elements, with no additional 
elemental impurities, establishing successful carbon 
incorporation into the SnO₂ nanostructure. Elemental 
mapping in Fig.5 demonstrates uniform spatial 
distribution of Sn, O and C across the sample matrix, 
confirming homogeneous carbon doping.24,31 
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Figure 4. EDS spectrum of carbon-doped SnO₂ 
quantum dots confirming elemental composition. 
 

 

 

  

 
 
Figure 5. Images of elemental mapping with uniform 
distributions of Sn, O and C. 
 
3.4 HRTEM and SAED Analysis 
HRTEM analysis by JEOL, JEM-2100 Plus, indicates 
SnO₂ quantum dots exhibiting quasi-spherical shape 
uniformly distributed with particle size between 2.5-6nm 
(Fig.6(a-b)). The average diameter from particle size 
distribution (PSD) has been determined by the ImageJ 
software and is around 3.4 nm, which is presented as 
histogram in Fig 6 (c). This is similar to the results 
obtained from XRD. This is an indication of quantum dot 
nature of the synthesized material (with particle size < 
10nm).19,33 SAED pattern in Fig.6(d) revealed concentric 
diffraction rings corresponding to (110), (101), (211) and 
(301) planes of tetragonal rutile SnO₂, which was 
indicative of polycrystalline nature with broadening 
characteristics of the ultrafine nanocrystals.16,32 

 

 

                                         (a) 

 

                                           (b) 
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Figure 6. (a–b) HRTEM images, (c) particle size 
distribution (d) SAED pattern 

 3.5 FT-IR Spectroscopy 
FTIR spectra were recorded by Bruker ALPHA II for the 
C-doped SnO₂ QDs is given in fig. 7. The broad band at 
~3393 cm-1 is due to the –OH groups engaged in 
hydrogen bonding, while the band at ~1630 cm-1 is the 
bending vibration of the water molecules adsorbed on the 
surface.31 The main features observed at 700–300 cm−1 
are due to the crystal SnO₂ where the broadening is 
attributed to the nanocrystalline effect.32 The band is 
located at ~600 cm-1 is attributed to the Sn–O–Sn 
fundamental stretching mode of the surface-bridging 
oxide, while the band at ~530 cm-1 is assigned to the 
vibration of terminal Sn–O bond of the Sn–OH groups.31 
A band appearing around 1040 cm-1 is related to metal 
oxides which have more than one oxygen atom attached 
to a single metal centre.  
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Figure 7. FTIR spectrum SnO2 quantum dots after 
carbon doping with typical vibrational bands. 
 
3.6 Optical Properties (Band Gap Analysis) 
The optical properties of the synthesized photocatalysts 
were investigated using UV–Vis diffuse reflectance 
spectroscopy. The pure and C-doped SnO₂ QDs were 
characterized by recording their DRS on PerkinElmer 
Lambda19 UV-VIS-NIR Spectrophotometer. The 
optical band gap energies were obtained by using the 
Kubelka–Munk function, F(R∞), which is given by: 
 
F(R∞) = (1 − R∞)² / (2R∞) = K / S 
 
where R ∞ is the reflectance of an infinitely thick sample, 
and K is the absorption coefficient and S is the scattering 
coefficient. Since the semiconductor possesses a direct 
electronic transitions, the linear extrapolation of 
[F(R∞)·hν]² to the x-axis in the Tauc  plot of [F(R∞)·hν]² 
vs. photon energy hν (eV) was used to estimate the 
optical bandgap. Bands gap of the C-doped SnO₂ QDs 
was found to be 3.3 eV compared to the pure SnO₂ QDs 
where it was found to be 3.7 eV, which was presented in 
inset Tauc plot in Fig 8(a) and Fig 8(b) respectively. 
The size of the crystallites in pure QDs is comparable to 
the Bohr radius, so it is expected that the bandgap energy 
will increase, due to quantum confinement effect.33-34 In 
the present investigation, it was found that the bandgap 
of SnO₂ QDs got reduced with the increase in the  
annealing temperature and further reduced in C-doped 
SnO₂ QDs.35 This is the reason for the improved ability 
of C-doped SnO₂ QDs to absorb and photocatalyze in 
visible light as compared to pure SnO₂ QDs. 
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Figure 8. (a) DRS of C-doped SnO₂ QDs (b)  Pure 
SnO₂ QDs together with the inset Tauc plot 
 
3.7 XPS Analysis 
To find the oxidation states and elemental composition, 
the C-doped SnO₂ QDs were characterized by XPS, 
Thermo Fisher Scientific, K-ALPHA (Fig 9(a-d)). The 
wide survey spectrum confirms the presence of Sn, O 
and C. The Sn 3d core level spectrum shows two peaks 
at 487.2 eV and 495.6 eV corresponding to Sn 3d₅/₂ and 
Sn 3d₃/₂ levels, respectively, which indicates the 
oxidation state of Sn⁴⁺.31,32 The single symmetric Sn 3d₅/₂ 
component indicates that there are no Sn²⁺ ions present. 
The O 1s peak at 531.35 eV is found to be in accordance 
with lattice oxygen of SnO₂.16 The C 1s spectrum shows 
a peak at 285.35 eV, which is related to the incorporation 
of carbon.24 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 9. XPS spectra of (a) survey (b) Sn 3d  (c) O1s 
and (d) C 1s of C-doped SnO2 QDs. 
 
 
 
3.8 Photocatalytic Degradation of Eosin Y 
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C-doped SnO₂ QDs were evaluated by monitoring the 
degradation of Eosin Y (517 nm) under visible-light 
irradiation. Both C-doped and pure SnO₂ QDs showed a 
decrease in absorbance as more time irradiated. The 
linear plots obtained for both catalysts suggest that the 
photocatalytic degradation of Eosin Y is pseudo-first-
order reaction. The rate constant was calculated using the 
plot of k = 2.303 × Slope. The linearity of the plots 
indicates that photocatalytic degradation mostly occurs 
through surface-mediated oxidative reactions typical of 
heterogeneous photocatalytic systems.8,36 

3.9 A Typical Run: Comparative Study of C-Doped 
and Pure SnO₂ QDs 
 A typical run was conducted at the following fully 
optimized conditions (dye concentration = 0.8 × 10-⁵ M, 
pH = 8.5, catalyst loading = 0.040 g, light intensity = 70 

mWcm⁻², λ = 517 nm). Two studies were carried out, one 
for the C-doped SnO₂ QDs and another for the pure SnO₂ 
QDs. The results are presented in Table 1 and shown in 
Figure 10. The values of (2 + log A) decreased more 
rapidly with the irradiation time for the C-doped SnO₂ 
QDs than for the pure SnO₂ QDs, thus yielding a 
considerably higher apparent rate constant for the C-
doped SnO₂ QDs (3.76 × 10⁻⁴ s⁻¹) than for the pure SnO₂ 
QDs (2.65 × 10⁻⁴ s⁻¹). The increased photocatalytic 
activity is due to the reduced optical band gap of the C-
doped SnO₂ QDs (3.3 eV compared to 3.7 eV for pure 
SnO₂ QDs), which facilitates the absorption of more 
photons in the visible region resulting in a greater 
number of reactive oxidative species. These results show 
that the visible-light photocatalytic activity of SnO₂ QDs 
is greatly enhanced by the incorporation of carbon. 

Table 1. A Typical Run: Comparative Photocatalytic Degradation of Eosin Y Using C-Doped and Pure SnO₂ 
Quantum Dots 
Experimental conditions: Dye concentration = 0.8 × 10-⁵ M; catalyst loading = 0.040 g; light intensity = 70 mW cm⁻²; pH 
= 8.5; λ = 517 nm 
Time (min) C-Doped SnO₂ QD 

Absorbance (A) 
C-Doped SnO₂ QDs  
2 + log A 

Pure SnO₂ QD 
Absorbance (A) 

Pure SnO₂ QDs 
 2 + log A 

0 0.63 1.7993 0.63 1.7993 
15 0.485 1.6857 0.565 1.752 
30 0.39 1.5911 0.487 1.6875 
45 0.253 1.4031 0.399 1.601 
60 0.179 1.2529 0.3 1.4771 
75 0.116 1.0645 0.227 1.356 
90 0.097 0.9868 0.158 1.1987 
105 0.061 0.7853 0.141 1.1492 
120 0.045 0.6532 0.115 1.0607 

Rate constant: C-doped SnO₂ QDs = 3.76 × 10⁻⁴ s⁻¹; Pure SnO₂ QDs = 2.65 × 10⁻⁴ s⁻¹ 

 
Rate constant: C-doped SnO₂ QDs = 3.76 × 10⁻⁴ s⁻¹ 
                              Pure SnO₂ QDs = 2.65 × 10⁻⁴ s⁻¹. 
Figure 10. A Typical Run Showing Comparative 
Degradation of Eosin Y by C-Doped and Pure SnO₂ 
QDs (2 + log A vs. Time) 
 
 
3.10 Effect of pH 

The effect of pH on the rate of photocatalytic degradation 
of Eosin Y was investigated over the range pH 6.0 to 9.5. 
The results are presented in tabular form (Table 2) and 
as a graph (Figure 11). The degradation rate was found 
to be progressively higher in the range of pH 6.0 to a 
maximum at pH 8.5 (k = 3.76 x 10-4 s-1) and then 
decreased at higher pH values. The increase in 
degradation rate with pH is believed to be due to the 
greater production of hydroxyl radicals (•OH) from the 
OH⁻ ions available, which are more abundant under 
alkaline conditions. Moreover, at higher pH values, 
Eosin Y continuously deprotonates to produce ionic 
species which can better interact with the catalyst 
surface. Outside of this range, higher charge 
recombination and competitive scavenging effect 
decreases the effective concentration of ROS, leading to 
a decrease in degradation rate. 
 
Table 2. Effect of pH on Photocatalytic Degradation 
of Eosin Y 

pH Rate Constant, 
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 k × 10⁴ (s⁻¹) 
6 2.3 
6.5 2.22 
7 2.26 
7.5 2.75 
8 3.26 
8.5 3.76 
9 3.26 
9.5 3.23 

Experimental conditions: Dye concentration = 0.8 × 10-⁵ 
M; catalyst loading = 0.040g; light intensity = 70 
mWcm⁻²; λ = 517 nm. 

 
Figure 11. Effect of pH 

 
3.11 Effect of Eosin Y Concentration 
The initial concentration of Eosin Y was varied between 
0.6 × 10-⁵ and 2.0 × 10-⁵ M and its effect on degradation 
rate was investigated. Summary of the results is given in 
Table 3 and graphically in Figure 12. The rate constant 
was seen to rise with the increasing concentration of dye 
up to a maximum concentration of 0.8 × 10-⁵ M (k = 3.76 
× 10⁻⁴ s⁻¹), after which it went on decreasing. The first 
enhancement in the degradation rate is attributed to the 
increased availability of Eosin Y molecules for 
excitation and energy/electron transfer to the surface of 

the catalyst. When the refractive index of the dye 
exceeds 0.8 × 10-⁵ M, the dye will serve as an inner filter, 
blocking the incoming visible light, and decreasing the 
number of photons that reach the surface of the catalyst. 
Moreover, at higher concentration, the unbound dye 
molecules will compete for the active catalytic surface 
sites in the presence of which less dye molecules will be 
available for interaction with the reactive species 
generated by the semiconductor, thereby showing a 
decrease in the rate constant.11,13 

 

Table 3. Effect of Eosin Y Concentration on 

Photocatalytic Degradation 

[Eosin Y] ×10⁵ M Rate Constant,  

k × 10⁴ (s⁻¹) 

0.6 2.56 

0.8 3.76 

1 2.05 

1.2 1.2 

1.4 0.94 

1.6 1.02 

1.8 0.94 

2 0.77 

Experimental conditions: pH = 8.5; catalyst loading = 

0.040 g; light intensity = 70 mWcm⁻²; λ = 517 nm. 
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Figure 12. Effect of Eosin Y Concentration 
 

3.12 Effect of Amount of C-doped SnO₂ QDs 
The effect of the amount of C-doped SnO₂ QDs on the 
rate of Eosin Y degradation was investigated over the 
range 0.02–0.14 g. The results are summarized in Table 
4 and presented graphically in Figure 13. The apparent 
rate constant rose with the loading of the catalyst till 
optimum value 0.040 g (k = 3.76 × 10⁻⁴ s⁻¹) and then 
began to fall. The first increase of degradation rate is due 
to the increased number of surface sites that are available 
for the absorption of photons and formation of ROS. For 
loadings larger than 0.040 g, the higher concentration of 
the catalyst leads to greater aggregation and light 
scattering and thus lower photon penetration and lower 
apparent rate constant. 

Table 4. Effect of amount of C-doped SnO₂ QDs on 
Photocatalytic Degradation of  Eosin Y 
C-doped SnO₂ QDs (g)  Rate Constant, k × 10⁴ (s⁻¹) 

0.02 2.14 
0.04 3.76 

0.06 2.31 

0.08 1.54 

0.1 1.02 

0.12 0.94 

0.14 1.03 

Experimental conditions: pH = 8.5; dye concentration = 
0.8 × 10-⁵ M; light intensity = 70 mWcm⁻²; λ = 517 nm. 
 

0

0.5

1

1.5

2

2.5

3

3.5

4

0 0.5 1 1.5 2 2.5

k 
×

10
4 
(s

-1
)

[Eosin Y] × 105 M



Synthesis of Carbon Doped SnO2 Quantum dots for Enhanced Visible-Light driven Photocatalytic degradation of Eosin Y 

                                                        IJDDT, Volume 16 Issue 58s, 2026                                                      Page 1748 

 
 

Figure13. Effect of amount of C-doped SnO₂ QDs 

 
3.13 Effect of Light Intensity 
The effect of visible-light intensity on the rate of 
degradation of Eosin Y was examined by changing the 
distance between the 200 W tungsten lamp and the 
reaction vessel (20–70 mWcm⁻²). Results are 
summarised in Table 5 and graphically presented in 
Figure 14. The apparent rate constant showed a increase 
with the intensity of the light reaching a maximum value 
of 3.76 × 10⁻⁴ s⁻¹ at 70 mWcm⁻². The degradation rate 
increased monotonously with light intensity as shown in 
the range studied, due to the higher photon flux that falls 
on the surface of the catalyst leading to the higher 
generation of electron–hole pairs, and consequently, the 
higher concentration of reactive oxygen species such as 
hydroxyl radicals (•OH) and superoxide radical anions 
(•O₂⁻).8,9 As the photon flux increased, the rate increment 
was also observed to increase, implying that it was the 
photon flux that is the limiting factor under the 
experimental conditions studied. 

 

 

Table 5. Effect of Light Intensity on Rate of 
Photocatalytic Degradation of Eosin Y 

Light Intensity 

(mWcm⁻²) 

 Rate Constant, 

 k × 10⁴ (s⁻¹) 

20 0.83 

30 0.98 

40 1.37 

50 2.66 

60 3.6 

70 3.76 

Experimental conditions: pH = 8.5; dye concentration = 

0.8 × 10-⁵ M; catalyst loading = 0.040 g; λ = 517 nm. 
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Figure 14. Effect of Light Intensity 
3.14 Mechanism 
With the above experimental findings, a tentative 
mechanism is proposed for photocatalytic degradation of 
Eosin Y by the C-doped SnO₂ QDs that is depicted in 
Figure 15. The appropriate visible light was absorbed by 
Eosin Y and excited to the first singlet excited state, 
which then intersystem crossing (ISC) to the triplet 
excited state. At the same time, the photons were 
absorbed by the C-doped SnO₂ QDs, and the electrons 
jumped from the valence band into the conduction band, 
forming electron–hole pairs. The photogenerated holes 
are able to withdraw electrons from hydroxyl ions (OH⁻) 
or from adsorbed water to form hydroxyl radicals (•OH), 
and the photogenerated electrons react with dissolved 
oxygen to form superoxide radical anions (•O₂⁻).8,36 
These ROS then oxidize Eosin Y molecules, triggering 
continual oxidation and mineralization to CO₂, H₂O and 
inorganic ions. 
The primary oxidizing species in the reaction was found 
to be OH radicals on the basis of the use of the hydroxyl 
radical scavenger isopropyl alcohol (IPA), which 
resulted in significantly decreased degradation rate. It 
was also found that potassium iodide (KI) also slowed 
the degradation rate, suggesting that both hydroxyl 
radicals and photogenerated holes were responsible for 
the photocatalytic process. This is due to the narrower 
band gap of C doped SnO₂ QD (3.3 eV) than the pure 
SnO₂ QD (3.7 eV), higher absorption of visible light and 
more efficient charge carrier separation, which is more 
photocatalytic than pure SnO₂ QD. 

 
Figure 15. Proposed visible-light photocatalytic 
degradation mechanism of Eosin Y using C-doped 
SnO₂ quantum dots 
C-doped SnO₂ QDs generate electron–hole pairs upon 
visible-light irradiation, generating ROS and 
subsequently undergoing oxidative degradation of Eosin 
Y. 
 
CONCLUSION 
The carbon doped SnO₂ quantum dots were successfully 
synthesized by modified hydrothermal method and 
systematically characterized by XRD, FESEM, EDS, 
HRTEM, FTIR, DRS and XPS analysis. Structural and 
spectroscopic studies proved that the phase-pure 
tetragonal SnO₂ quantum dots with carbon incorporation 
in semiconductor matrix were successfully prepared. 
The decreased optical bandgap from 3.7 eV to 3.3 eV 
from pure SnO₂ QDs to C-doped SnO₂ QDs was a proof 
of successful electronic structure modifications by 
incorporation of carbon and visible-light absorption 
properties. 
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Degradation of Eosin Y dye was used as a model reaction 
to assess the photocatalytic activity of the prepared C-
doped SnO₂ QDs under visible-light conditions. The 
degradation kinetics were pseudo first order, and the 
effects of various operating parameters on the 
degradation process (pH, dye concentration, loading of 
catalyst and light intensity) were systematically studied. 
The optimum degradation conditions were found at a pH 
of 8.5, a dye concentration of 0.8 × 10-⁵ M, a catalyst 
amount of 0.040 g and a light intensity of 70 mWcm⁻², 
where the rate constant was 3.76 × 10⁻⁴ s⁻¹. Comparative 
studies showed that SnO₂ QDs doped with carbon had 
much greater photocatalytic efficiency than pure SnO₂ 
QDs, due to the greater efficiency in the utilization of 
visible light and the better charge-carrier separation. 
 
  The improved photocatalytic activity was attributed 
from the experimental results and scavenger studies to 
the increased production of ROS (hydroxyl radicals and 
superoxide radical anions) in the solution which 
increased the rate of degradation and mineralization of 
the molecules of the Eosin Y dye. The results suggest 
that SnO₂ quantum dots with carbon doping exhibit 
greatly enhanced photocatalytic properties in the visible 
light range and have a great potential for application in 
wastewater treatment with dye contaminants. 
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