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ABSTRACT  
A chitosan–6n oxide (CS–SnO₂) nanocomposite was prepared by a co-precipita6on-based approach and inves6gated for the visible-light-
assisted removal of Crystal Violet (CV) dye from aqueous solu6on. The incorpora6on of chitosan was intended to provide addi6onal adsorp6on 
sites and improve the dispersion of SnO₂ nanopar6cles. The prepared nanocomposite was characterized using FT-IR, XRD, FE-SEM, EDS, TGA, 
and UV-Vis spectroscopy. XRD analysis indicated the forma6on of crystalline SnO₂ with an es6mated crystallite size of 4.34 nm, while FE-SEM 
analysis showed an average par6cle size of 69.4 ± 13.6 nm. The op6cal band gap was es6mated to be 3.40 eV for the CS–SnO₂ nanocomposite 
compared with 3.65 eV for SnO₂. The removal of CV was inves6gated as a func6on of catalyst dosage, ini6al dye concentra6on, temperature, 
pH, and irradia6on 6me. A considerable contribu6on from adsorp6on was observed during the ini6al dark-equilibrium period. Under the 
inves6gated condi6ons, the highest CV removal efficiency of 97.5% was obtained at an ini6al dye concentra6on of 5 mg/L, catalyst dosage of 
60 mg, pH 12, and 180 min of visible-light irradia6on. The photocataly6c process followed an apparent pseudo-first-order kine6c model, with 
a rate constant of 0.0033 min⁻¹ at 5 mg/L CV. The catalyst also exhibited measurable reusability over four successive cycles, although a decrease 
in removal efficiency was observed during repeated use. The results demonstrate the poten6al of the CS–SnO₂ nanocomposite for combined 
adsorp6on and visible-light-assisted dye removal. 
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Introduc*on 

The large release of syntheDc dye-containing 
effluents from industries such as texDles, paper, leather, 
cosmeDcs, and prinDng endangers aquaDc ecosystems 
and human health [1]. Many syntheDc dyes have highly 
conjugated aromaDc structures that make them 
chemically stable and resistant to biological breakdown, 
heat, and light [2]. Crystal violet (CV), a caDonic 
triphenylmethane dye common in various applicaDons, 
is parDcularly problemaDc because of its 
bioaccumulaDon, cytotoxicity, mutagenicity, and 
possible carcinogenic effects. At very low concentraDons, 
it decreases light penetraDon in water, affecDng 
photosynthesis and causing oxygen deficiency [3]. Thus, 
the development of sustainable techniques that allow 
complete degradaDon of these pollutants is essenDal. Of 
the many Advanced OxidaDon Processes (AOPs), 
semiconductor photocatalysis stands out due to its 
capacity to completely mineralize organic pollutants to 
CO2, H2O, and inorganic ions through light [4]. Tin dioxide 

(SnO₂) is an n-type semiconductor whose value lies in its 
chemical stability, non-toxic nature, affordability, and 
high electron mobility [5]. Nevertheless, the uDlizaDon of 
SnO₂ is restricted by its large bandgap (3.6-3.8 eV), which 
only allows its photoacDvaDon through ultraviolet light 
and its rapid recombinaDon of photogenerated electrons 
and holes (e-/h+) [6] 
In order to recDfy these deficiencies, a modificaDon of 
SnO₂ by biopolymer-based supporDng matrices was 
shown to be a very promising approach. The caDonic 
polysaccharide called chitosan (CS) that is synthesized 
through the process of deacetylaDon of chiDn has 
different funcDonal groups such as -NH2 and -OH [7]. The 
presence of funcDonal groups increases the number of 
acachment sites for organic pollutants and helps in 
making strong chemical or electrostaDc bonds with the 
surface of semiconductors. CS along with SnO₂ acts as a 
capping agent prevenDng from agglomeraDon and 
providing a decrease in the band gap of semiconductors 
under visible light [8]. While there are studies about the 
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properDes of CS-metal oxides nanocomposites and their 
applicaDons in the environment, the focus of this 
research will be placed on the preparaDon and 
physicochemical invesDgaDon of the CS-SnO₂ 
nanocomposite and its applicaDon in the degradaDon of 
Crystal Violet under visible light. This research in 
parDcular will examine the influence of catalyst amount, 
iniDal concentraDon of the dye, temperature, the value 
of pH of the soluDon, and the reacDon Dme on the 
efficiency of dye degradaDon. 
 
Results And Discussion  
2.1.1 Materials  
  The chemicals used in this study include Tin II 
chloride dihydrate (SnCl2 · 2H2O (98.0% purity), Chitosan 
(CS, 85.0% purity), Glacial AceDc Acid (CH3COOH, 99.0% 
purity), Hydrochloric acid (HCl, 36.0% purity), Sodium 
Chloride (NaCl, 99.0% purity), Crystal Violet (CV, 90.0% 
purity), Sodium hydroxide (NaOH, 99.0% purity), and 
deionized water. 
 
2.1.2. Instrumenta*on 

The resulDng materials were then characterized 
using Scanning Electron Microscopy (SEM; Jeol JCM-
6000), EDX, and UV-Vis spectroscopy (UV-2450PC 
Pharmaspec Spectrophotometer). FT-IR spectra were 
recorded using a Rayleigh (WQF-510A) FTIR 
spectrophotometer. A Philips X-ray diffractometer with 
Ni-filtered Cu Kα radiaDon was used to perform the X-ray 
diffracDon measurements. 
 
2.2.1.  Synthesis of chitosan - tin oxide (CS-SnO₂) 
nanocomposite 
Chitosan (0.20 g) was dissolved in 25 mL of 5% (v/v) 
aceDc acid soluDon and sDrred for 30 min to obtain a 
homogeneous polymer soluDon. Separately, SnCl₂·2H₂O 
was dissolved in disDlled water to obtain a 0.2 M Dn 
precursor soluDon. The Dn precursor soluDon was then 
gradually combined with the chitosan soluDon under 
conDnuous sDrring at room temperature. The resulDng 
mixture was maintained under sDrring for 2 h to promote 
interacDon between the Dn precursor species and the 
funcDonal groups of chitosan. The resulDng solid was 

separated from the reacDon mixture, washed repeatedly 
with disDlled water to remove soluble residual species, 
and dried at 100 °C for 1 h. The obtained material was 
subsequently characterized to invesDgate its structural, 
morphological, and physicochemical properDes. 
The proposed role of chitosan in the preparaDon is 
associated with its hydroxyl and amino funcDonal 
groups, which can interact with Dn-containing precursor 
species and contribute to the stabilizaDon and dispersion 
of the inorganic component [9].  
 
2.2.2. Photocataly*c degrada*on of dyes 

 The photocatalytic activity of CS-SnO2 nano-
composites was analyzed by testing the dye CV 
degradation rate under visible light irradiation. 
Generally, 50 mg of the catalyst was introduced into 50 
mL of dye solution having an initial concentration of 10 
mg/L. The mixture was stirred in dark conditions for 30 
minutes until adsorption/desorption equilibrium. Next, 
the mixture was exposed to visible light produced by the 
50 W LED UFO lamp (7. STAR, model T150), which emits 
6000 Lm having color temperature of 10000 K and peak 
wavelength in range of 450-460 nm. This stage lasted for 
180 minutes. During the whole process 4 mL of the 
sample was extracted and centrifuged to eliminate 
catalyst particles. The degree of dye decomposition was 
estimated by absorbance measurement at 580 nm with 
UV-VIS spectrophotometer. Influence of temperature, 
dye concentration, catalyst concentration, pH of solution 
and irradiation time was studied and optimized. 

 
Experimental  
3.1. Characteriza*on 
  Different physical parameters of CS-SnO2 
nanocomposites like the crystal structure, morphology, 
and thermophysical parameters were studied through 
several methods including XRD, FT-IR, FE-SEM, EDS, UV-
Vis, and TGA. The crystalline nature of SnO2 and efficient 
dispersion of nanoparDcles in CS matrix were proved 
through XRD and FT-IR analysis, parDcularly for the 4000-
400 cm-1 region. Surface morphology and structure of 
parDcles were analyzed through FE-SEM, while the 
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opDcal bandgap of the composite was calculated through 
UV-Vis (200-800 nm). 
 
3.1.1 FTIR analysis of CS-SnO2 Nanocomposites 
In the FTIR spectrum of chitosan (CS) as shown in Figure 
1(a), there is an intensive band at 3330 cm⁻¹, which is due 
to O–H and N–H stretches [10]. The absorpDon bands at 
~1638 cm⁻¹ and ~1426 cm⁻¹ correspond to amide I (C=O) 
and coupled OH/CH₂ bends, respecDvely. Moreover, the 
absorpDon band at ~1022 cm⁻¹ corresponds to C–O 
stretches, which confirm the polysaccharide nature of CS 
[11]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The FTIR spectrum for CS-SnO₂ in Figure 1(b) has a broad 
peak at about 3330 cm⁻¹ due to vibraDons of O–H and N–
H bonds. There is the presence of typical CS peaks at 
~1638 cm⁻¹ (amide I) and ~1022 cm⁻¹ (C–O), though they 
have been slightly shi{ed compared to CS alone [12]. 
There is also a new peak in the range of ~560 to 650 cm⁻¹, 
which is due to Sn–O vibraDons, thus proving the 
addiDon of SnO₂ into the sample. 

 

3.1.2. XRD analysis of CS-SnO2 Nanocomposites 
X-ray diffracDon analysis pacern of the nanocomposite 
CS-SnO₂ (Figure 2) shows that it is both amorphous and 
crystalline, which confirms the synthesis of a hybrid 
material. A broad XRD pacern at 2θ ≈ 20° proves the 
semi-crystalline nature of chitosan, while the peak at 
27.1513° represents the (110) crystal plane of ruDle SnO₂ 
in the composite [14]. Peaks at 27.15°, 34.46°, 51.70°, 
and 63.91° represent the (110), (101), (211), and (301) 
crystal planes of tetragonal ruDle SnO₂, respecDvely, 
proving the presence of SnO₂ NPs in the nanocomposite 
and indicaDng the retenDon of crystallinity in them even 
a{er embedding in the polymer without any secondary 
phase formaDon [15]. The decrease in peak intensity and 
broadening of peaks indicate proper dispersion of SnO₂ 
NPs and their interacDon with the funcDonal groups of 
chitosan. Also, the low intensity peak at 15.62° shows the 
amorphous region of chitosan, implying the disrupDon of 
polymer chain organizaDon owing to incorporaDon of 
nanoparDcles [16]. 
Further, the mean crystallite size of the nanocomposite 
CS-SnO₂ was calculated using the Debye-Scherrer 
formula. 
 
D = K λ / β.cos (𝜃)      (1) 
 
Where K is the shape factor (0.9), λ is the wavelength of 
X-rays (Kα Cu = 0.15406 nm), β is the broadening of the 
peak at full width half maximum converted into radians, 
and (θ) is the angle of Bragg diffracDon in specific 
consideraDon of the (110) plane at 2θ = 27.1513° with a 
measured FWHM of 1.9680°. Thus the average crystallite 
size was around 4.34 nm. The drasDc decrease in the 
crystallite size of SnO₂ in the composite (4.34 nm) as 
opposed to the size of the pure SnO₂ NPs (20.74 nm) 
clearly suggests that the chitosan polymer matrix acts as 
an excellent capping and stabilizaDon material during the 
synthesis process. This ensures that there is no 
overgrowth and agglomeraDon of the oxide crystals, 
which results in the la�ce strain and peak broadening, 
while at the same Dme retaining the ruDle crystalline 
structure of SnO₂. 

 

 

 
Figure 1: FT-IR spectrum of (a) CS, (b) CS-SnO2 

(a) 
 
 
 
 
 
 
 
 
 

(b) 
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3.1.3. Morphological and EDX Analysis of CS-SnO2 
nanocomposite 

 
As seen from FE-SEM micrographs of CS-SnO₂ 

nanocomposite (Figure 3a), there are quasi-spherical 
parDcles having slightly tendency for agglomeraDon, 
which might be related to the fact that surface energy of 
SnO₂ NPs is extremely high [17]. Nevertheless, the 
nanoparDcles are homogeneously dispersed in the 
chitosan matrix, which proves that chitosan successfully 
acts as a stabilizer and prevents excessive agglomeraDon 
of parDcles [8]. Analysis of parDcle size (Figure 3b) 
showed that the average size of CS-SnO₂ nanocomposite 
was (69.4±13.6 nm), which clearly shows the crucial role 
of polymer in nanoparDcle growth and homogeneous 
distribuDon. This is probably due to strong electrostaDc 
and coordinaDon interacDons between chitosan 
funcDonal groups (amino and hydroxyl groups) and metal 
oxide surface. 

 
The EDS analysis shown in Figure 4 reveals the 

presence of O (43.10%), C (29.44%), Sn (19.12%), Cl 
(5.75%), and N (2.58%). The high oxygen content is 
acributed to the formaDon of SnO2 NPs, while carbon 
and nitrogen originate from the chitosan matrix, which 
contains carbon-rich polymer chains and amino (–NH₂) 
funcDonal groups [18]. The presence of Dn confirms the 

successful incorporaDon of SnO₂ into the composite 
structure. A minor amount of chlorine is also observed, 
which can be acributed to residual precursor salts (such 
as SnCl₂) used during the synthesis process [19] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The EDS analysis shown in Figure 4 reveals the 

presence of O (43.10%), C (29.44%), Sn (19.12%), Cl 
(5.75%), and N (2.58%). The high oxygen content is  

 
 

 
Figure 2: XRD pahern of CS-SnO₂ nanocomposite 

 

 

 

Figure 3. FE-SEM images of CS-SnO₂ at (a) 200 nm and (b) Par6cle 
size distribu6on histogram with a Gaussian normal distribu6on 

curve. 
 

 

Figure 2: XRD pahern of CS-SnO₂ nanocomposite 

 

(a) 

(b) 
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acributed to the formaDon of SnO2 NPs, while carbon 
and nitrogen originate from the chitosan matrix, which 
contains carbon-rich polymer chains and amino (–NH₂) 
funcDonal groups [18]. The presence of Dn confirms the 
successful incorporaDon of SnO₂ into the composite 
structure. A minor amount of chlorine is also observed, 
which can be acributed to residual precursor salts (such 
as SnCl₂) used during the synthesis process [19] 
 
3.1.4. UV–Vis Spectral Analysis of CS-SnO2 
Figure 5 illustrates CS-SnO₂ nanocomposite and a 
noDceable red shi{ with increased absorpDon in the 
visible range from the UV–Vis spectra. This can be due to 
the interacDon between SnO₂ nanoparDcles and 
funcDonal groups of chitosan, namely –NH₂ and –OH 
[20]. InteracDon leads to the formaDon of addiDonal 
energy levels in the forbidden bandgap, which in turn 
allows for more electronic transiDons. One example of 
such transiDon is n → π* transiDon caused by lone pair 
of electrons from nitrogen atoms in the amino groups. 
Moreover, charge transfer complexes ensure becer 
charge carrier separaDon [21]. The result is a reduced 
energy gap that allows increased absorpDon in the visible 
range. In this regard, chitosan serves as a sensiDzer and 
an electron donor. 
 
3.1.5. Thermogravimetric Analysis (TGA) of CS-SnO2  
The TGA–DTG analysis of the CS-SnO₂ nanocomposite  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Figure 6) reveal three major stages of thermal 
degradaDon. The first stage, from 73 to 148 °C, where the 
DTG maximum occurs at 92.66 °C, corresponds to the 
loss of physically and loosely absorbed water due to the 
presence of hydrophilic groups of chitosan, as has been 
widely described in literature [23]. The second stage is 
from 195 to 274 °C, where the DTG maximum occurs at 
215.03 °C, corresponding to the iniDal decomposiDon of 
chitosan, which typically takes place at temperatures 
between 200 and 300 °C [24]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. EDS spectrum of the CS-SnO₂ nanocomposite 

 

 
Figure 5. UV–Vis spectra of CS-SnO₂ nanocomposite 
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Figure 6. TGA–DTG analysis of the CS-SnO₂ nanocomposites 
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The third stage (288–442 °C), characterized by a DTG 
peak at 307.34 °C, marks the primary degradaDon of the 
polymer backbone and the formaDon of carbonaceous 
residues, suggesDng a mulD-step degradaDon process. 
The residual mass at higher temperatures confirms the 
presence of thermally stable SnO₂, thereby improving 
the composite's overall thermal stability [25]. 

 
3.2. Photodegrada*on of CV dye 
PhotocatalyDc acDvity was determined based on dye CV 
degradaDon. It is affected by parameters like pH of the 
soluDon, temperature, concentraDon of the dye, amount 
of the catalyst, and illuminaDon Dme, which are shown 
in Figure 7a-f. 
3.2.1.  Effect of irradia*on *me 
The effect of irradiaDon Dme on the CV 
photodegradaDon of the CS-SnO₂ composite (10 mg L-1) 
is demonstrated in Figure 7a. With prolonged irradiaDon 
Dme, the degradaDon efficiency increased. At 30 minutes 
in the dark, the degradaDon efficiency (D%) of 27.65% 
was measured, suggesDng moderate adsorpDon. Under 
visible light, the efficiency increased steadily unDl it 
peaked at 180 minutes with a value of 52.89%. This result 
is due to the combinaDon of CS adsorpDon via 
electrostaDc forces and the photocatalyDc acDvity of 
SnO₂. In the later stages, stability is achieved due to the 
shielding effect of the adsorbed dye and compeDDon 
from intermediates for the acDve sites [26]. 
3.2.2. Effect of catalyst amount 
As depicted in Figure 7(b), the percent photodegradaDon 
of CV increases as the amount of CS-SnO₂ 
nanocomposites increases from 40 to 60 mg. The 
important thing is that the percent of degradaDon 
changes from 17.05% to 66.91%. This is due to the fact 
that with an increase in the amount of the catalyst, the 
surface area of the nanocomposites increases [27]. 
 
3.2.3.  Effect of CV concentra*ons on dye 

Figure 7c shows the effect of the iniDal CV 
concentraDon on its photodegradaDon using CS-SnO2 (60 
mg) nanoparDcles. As the iniDal CV concentraDon 
increased from 5 to 15 mg L-1, the photodegradaDon of 
CV decreased from 72.89% to 36.72%. As the number of 

color molecules increased, the raDo of vacant sites on 
the catalyst surface to color molecules decreased. Thus, 
at low concentraDons, all CV molecules were available 
and accessible on the nanoparDcle surface. At higher 
iniDal dye concentraDons, acDve regions of the 
absorbent surfaces become saturated, and the percent 
photodegradaDon decreases [28]. 
 
3.2.4. Effect of temperature 
The impact of temperature on the opDcal degradaDon of 
CV in 25, 35, and 45 °C was demonstrated in Figure 7d. 
According to the findings, as the temperature increases, 
the photocatalyDc degradaDon of CV dye becomes 
increasingly ineffecDve. In other words, at 25 °C, 
adsorpDon of the dye on the catalyst is very effecDve. 
However, increasing the temperature to 35 and 45 °C 
causes a disturbance in the adsorpDon-desorpDon 
equilibrium of the dye on the catalyst surface, hence 
reducing the effecDveness of adsorpDon. Higher 
temperatures may cause electron-hole recombinaDon, 
resulDng in fewer reacDve oxygen species [29]. 
  
3.2.5. Effect of the ini*al pH 

Figure 7e demonstrates the importance of 
pHZPC (point of zero charge) for photocatalysts. In cases 
when the pH value of soluDon is higher than the pHZPC, 
the surface of catalyst will have negaDve charge and, 
therefore, there will be electrostaDc acracDon of 
posiDvely charged ions, for example, of caDonic dyes. If 
the pH value of the soluDon is less than the pHZPC, then 
the surface will have posiDve charge and there will be 
adsorpDon of anions and repulsion of caDons. pHZPC was 
obtained via pH adjustment. It was carried out in closed 
Erlenmeyer flasks in 50 mL of 0.01 M NaCl soluDon at pH 
2, 4, 6, 8, 10, and 12, respecDvely, prepared by 0.1 M HCl 
or 0.1 M NaOH. In each flask, 60 mg of catalyst was 
added and mixture was sDrred for 48 hours [30]. 
A{erwards, the pHf was measured, and ΔpH = pHi – pHf 
was calculated and ploced against the pHi. The point of 
zero charge was found in the point of crossing of the 
curve with the X axis (ΔpH = 0). For CS-SnO2 
nanocomposite the pHZPC was equal to 7.  
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The explanaDon of the removal process of caDonic dyes 
can be considered as: 
For soluDon pH values above 7, the CS-SnO2 
nanocomposite surface mostly carries a negaDve charge. 
This leads to an enhanced acracDon towards caDonic 
(posiDve) dye molecules. Therefore, pH values above the 
pHZPC value should be considered becer since the 
higher number of negaDvely charged sites enhances dye 
ion adsorpDon through electrostaDc interacDons and 
increases color removal efficiency. 
For pH values less than 7, the surface will carry a posiDve 
charge that leads to electrostaDc repulsion against the 
caDonic dye molecules. It decreases the efficiency of 
color removal in an acidic environment. 
As seen from figure 7f, the percent photodegradaDon of 
CV increased as the pH value increased. As the pH value 
increased, there was dissociaDon of the funcDonal 
groups in the adsorpDon surface, thus increasing 
electrostaDc acracDon between the posiDve dye 
funcDonal groups and the negaDve surface groups. As a 
result, there was a significant increase in the percent 
photodegradaDon of the dye from 52.59% for pH = 2 to 
97.5% for pH = 12 [31]. 
 
3.2.6. Recyclability test 
Long-term photocatalyst efficiency is extremely 
important for its pracDcal applicaDon, since it can be 
considered an indicator of material stability. Hence, the 
photodegradaDon efficiency of CV soluDon in aqueous 
medium with the use of the CS-SnO2 catalyst was studied 
during four cycles of visible light irradiaDon. In every 
cycle, the catalyst was immediately washed with 0.01 M 
HCl, cleaned with disDlled water and dried at 80°C for 
one hour. The pH value and the concentraDon of the CV 
soluDon were kept constant at 5 mg L-1. It should be 
noted that the nanocomposite showed very good 
stability and durability, as its photocatalyDc degradaDon 
efficiency was determined within four repeated cycles. 
In the first three cycles, the catalyst showed a very good 
and stable degradaDon performance of 97.5%, 
The chitosan matrix prevents aggregaDon of SnO2 NPs in 
the catalyst, thus decreasing photocorrosion effects and 
maintaining the high efficiency of degradaDon. However, 

in the fourth cycle, the catalyst showed some drop in 
efficiency of 77.5%, which could be caused either by 
catalyst weight loss during separaDon process, or by 
accumulaDng reacDon products on acDve centers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2.7.  Kine*c Study of CV Dye Photocataly*c 
Degrada*on 
In order to determine the dye decay rate due to CS-SnO2 
nanocomposite, the photocatalyDc degradaDon results 
were analyzed based on the pseudo-first order kineDcs, 
which was represented by the equaDon below: 
 
  −ln (C/Co) = kt              (2) 
 
Wherein, C₀ and C are the iniDal and final 
concentraDon, respecDvely, while k is the apparent rate 
constant per minute [32]. 
The experimental data were correlated to the pseudo-
first order kineDcs model. The determined rate constant 
values decreased as the iniDal CV concentraDon 
increased, as presented in Table 1. This might be caused 
by increased occupancy of available surface sites and 
poor light penetraDon into the dye soluDon due to high 
concentraDon [33]. 
 

 
Figure 8. PhotocatalyDc reusability and stability over 
four conDnuous cycles with staDsDcal error bars for 

the CS-SnO2 nanocomposite. 
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3.2.8. Op*cal Bandgap Determina*on via Tauc Plot 
Analysis 
The opDcal band gap energy (Eg) was determined for 
pure SnO2 nanoparDcles and the CS-SnO2 
nanocomposites in order to invesDgate the effect of the 
incorporaDon of biopolymers on the electronic structure 
of the developed nanomaterials. The UV-Vis absorbance 
spectra were analyzed using Tauc’s method and the 
formula below:  
(αhν)2 =A (hν - Eg)                 (3) 
Where α is the opDcal absorpDon coefficient, A is a 
constant which is independent of energy, (hν) is the 
photon energy and Eg is the opDcal band gap energy. 
Photon energy (hν) was calculated from the wavelength 
(λ) using the formula 
(hν) = 1240 / λ. The value of Eg was determined by 
plo�ng (αhν)2 against (hν), and by extrapolaDng the 
linear part of the graph to the point where (αhν)2 = 0. 
According to Figure 10a, prisDne SnO2 NPs exhibit a 
broad opDcal bandgap of 3.65 eV, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
in the literature for quantum-confined Dn oxide 
nanostructures. When funcDonalized and encapsulated 

Table 1: Pseudo-first-order rate constants (k) and determinaDon coefficients (R2) for CV dye degradaDon at 
various concentraDons 

Catalyst IniDal dye Conc. (mg L-1) Rate constant, (min-1)Қ  CorrelaDon coefficient, R2 

CS-SnO2 
5 0.0033 0.9846 

10 0.0029 0.9341 
15 0.0016 0.8309 

 

 
Figure 9: Pseudo-first-order kineDc plots for CV dye 

degradaDon using CS-SnO₂ nanocomposite 
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Figure 10: Tauc plots for determining the opDcal bandgap (Eg) of: (a) pure SnO2 NPs, and (b) CS-SnO2 

nanocomposite. 
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consistent with the values obtained from other reports 
in literature on quantum confined Dn oxide 
nanostructures. Upon funcDonalizaDon and 
incorporaDon into the (CS) biopolymer matrix, the 
absorpDon edge was shi{ed towards longer wavelengths 
[34]. Consequently, the opDcal bandgap of the CS-SnO2 
nanocomposite was remarkably reduced to 3.40 eV, as 
shown in Figure 10b. This change from 3.65 to 3.40 eV 
suggests that the integraDon of chitosan biopolymer 
matrix has a significant impact on the electronic 
structure of SnO2 NPs. The reason behind this could be 
the interacDon of SnO2 nanoparDcles' surface with -OH 
and -NH2 groups in the biopolymer [35]. The interacDon 
changes the electronic environment, causing low energy 
transiDons and hence increasing the visible light 
absorbance. 
 
Conclusion  
In this study, a chitosan–SnO₂ nanocomposite was 
prepared and characterized using FT-IR, XRD, FE-
SEM/EDS, UV-Vis spectroscopy, and TGA. The 
characterizaDon results support the incorporaDon of 
SnO₂ within the chitosan matrix and indicate interacDons 
between the inorganic component and the funcDonal 
groups of chitosan. The composite exhibited a 
combinaDon of adsorpDon and visible-light-assisted 
acDvity toward Crystal Violet removal. The removal 
efficiency was strongly influenced by catalyst dosage, 
iniDal dye concentraDon, pH, temperature, and 
irradiaDon Dme. The highest removal efficiency of 97.5% 
was obtained under the specified alkaline and low-dye- 
concentraDon condiDons. The kineDc analysis showed 
apparent pseudo-first-order behavior, while the 
reusability experiment demonstrated retenDon of 
acDvity over four cycles, accompanied by a gradual 
decrease in efficiency. Overall, the results indicate that 
the CS–SnO₂ nanocomposite has potenDal for dye 
removal from aqueous systems; however, further 
invesDgaDons   are   required   to   clarify   the    detailed 
photocatalyDc mechanism and long-term stability of the 
material. 
 
 

Acknowledgments  
The authors would like to thank the Department of 
Chemistry, College of Science, University of Basra, for 
providing laboratory faciliDes. 
 
References  
[1] I. Manisalidis, E. Stavropoulou, A. Stavropoulos, and 
E. Bezirtzoglou, “Environmental and Health Impacts of 
Air PolluDon: A Review,” Front. Public Heal., vol. 8, p. 14, 
Feb. 2020, doi: 10.3389/fpubh.2020.00014. 
 
[2] N. Bolan et al., “RemediaDon of heavy metal(loid)s 
contaminated soils – To mobilize or to immobilize?,” J. 
Hazard. Mater., vol. 266, pp. 141–166, Feb. 2014, doi: 
10.1016/j.jhazmat.2013.12.018. 
 
[3] N. Singh, U. Kumar, N. Jatav, and I. Sinha, 
“PhotocatalyDc DegradaDon of Crystal Violet on Cu, Zn 
Doped BiVO4 ParDcles,” Langmuir, vol. 40, no. 16, pp. 
8450–8462, Apr. 2024, doi: 
10.1021/acs.langmuir.3c04039. 
 
[4] M. Sifat et al., “PhotocatalyDc DegradaDon of Crystal 
Violet (CV) Dye over Metal Oxide (MOx) Catalysts,” 
Catalysts, vol. 14, no. 6, p. 377, Jun. 2024, doi: 
10.3390/catal14060377. 
 
[5] C. Sun et al., “Recent intensificaDon strategies of 
SnO2-based photocatalysts: A review,” Chem. Eng. J., vol. 
427, p. 131564, Jan. 2022, doi: 
10.1016/j.cej.2021.131564. 
 
[6] Z. H. Alhalafi et al., “Study of photophysical 
properDes, photodegradaDon breakdown cost and 
recycling processes of Zn/SnO 2 quantum dots via real 
industrial wastewater treatment,” Arab J Chem, vol. 19, 
p. 7562025, Feb. 2026, doi: 10.25259/AJC_756_2025. 
 
[7] R. Román-Doval, S. P. Torres-Arellanes, A. Y. Tenorio-
Barajas, A. Gómez-Sánchez, and A. A. Valencia-Lazcano, 
“Chitosan: ProperDes and Its ApplicaDon in Agriculture in 
Context of Molecular Weight,” Polymers (Basel)., vol. 15, 
no. 13, p. 2867, Jun. 2023, doi: 10.3390/polym15132867. 



   

   Advanced Journal of 
Scientific Research

www.advjsr.edu.iq 

 

                                                                                                                                                                       Adv. J. Sci. Res., Vol 1, No. 2, pp: 25-36, 2026 

 
35 

 

 
[8] R. Mirzajani, N. Pourreza, and J. Burromandpiroze, 
“Synthesis of chitosan-SnO2 nanoparDcles biocomposite 
for dispersive micro-solid phase extracDon of iron in 
environmental and wastewater samples and its 
determinaDon by microvolume spectrophotometric 
detecDon,” Desalin Water Treat, vol. 97, pp. 213–224, 
Nov. 2017, doi: 10.5004/dwt.2017.21536. 
 
[9] E. M. Bakhsh, K. Akhtar, T. M. Fagieh, S. B. Khan, and 
A. M. Asiri, “Development of alginate@Dn oxide–cobalt 
oxide nanocomposite based catalyst for the treatment of 
wastewater,” Int J Bio Macromol, vol. 187, pp. 386–398, 
Sep. 2021, doi: 10.1016/j.ijbiomac.2021.07.100. 
 
[10] M. Kurzawa, K. Lewandowska, and A. Sionkowska, 
“Chitosan films with querceDn for skin applicaDons,” Eng. 
Biomater., vol. 173, p. 4, 2025, doi: 
hcps://doi.org/10.34821/eng.biomat.173.2025.04. 
 
[11] J. N. Obiefuna and V. N. Okafor, “ComparaDve 
Studies of the Physicochemical ProperDes of Chitosan 
from Commercial and Periwinkle Shell (CPS),” Chem. Res. 
Technol., vol. 1, no. 4, pp. 186–191, 2024, doi: 
hcps://doi.org/10.22034/chemrestec.2024.486304.102
8. 
 
[12] I. Onosakponome et al., “ExtracDon and FTIR spectra 
of chiDn and chitosan produced from periwinkle 
(Tympanotonos fuscatus) under differenDal 
decolorizaDon condiDons,” Trop. J. Chem., vol. 1, no. 1, 
pp. 50–57, 2025. 
 
[13] N. Maurmann et al., “Development of New 
Chitosan-Based Complex with BioacDve Molecules for 
RegeneraDve Medicine,” Futur. Pharmacol., vol. 4, no. 4, 
pp. 873–891, Dec. 2024, doi: 
10.3390/futurepharmacol4040046. 
 
[14] I. Aranaz et al., “Chitosan: An Overview of Its 
ProperDes and ApplicaDons,” Polymers (Basel)., vol. 13, 
no. 19, p. 3256, Sep. 2021, doi: 
10.3390/polym13193256. 

 
[15] S. A. Jasim, N. M. L. Al Maimuri, A. Hashim, M. H. 
Abbas, A. Hadi, and H. Ibrahim, “FabricaDon and 
enhancing the features of chitosan/SnO2-ZnO 
nanocomposites films for optoelectronics and biological 
applicaDons,” Trends Sci, vol. 22, no. 10, p. 10534, 2025, 
doi: hcps://doi.org/10.48048/Ds.2025.10534. 
 
[16] F. Almutairi et al., “ApplicaDon of Chitosan/Alginate 
Nanocomposite Incorporated with Phycosynthesized 
Iron NanoparDcles for Efficient RemediaDon of 
Chromium,” Polymers (Basel)., vol. 13, no. 15, p. 2481, 
Jul. 2021, doi: 10.3390/polym13152481. 
 
[17] S. Heydari and M. Moradi, “Green Synthesis of 
Nanochitosan/Bentonite/SnO2–ZnO Bionanocomposite 
for Removal of Heavy Metal Ions and PhotocatalyDc 
DegradaDon of Organic Dye,” J. Polym. Environ., vol. 32, 
no. 8, pp. 3698–3717, Aug. 2024, doi: 10.1007/s10924-
023-03178-1. 
 
[18] C. V Stevens, “ChiDn and chitosan: ProperDes and 
applicaDons,” 2020. 
[19] K. J. A. Yao et al., “OpDmizaDon of the electrical 
conducDvity of SnO2 by Taguchi design and sol-gel Route 
for perovskite solar cells,” Int. J. Thin Film Sci. Technol., 
vol. 15, no. 1, pp. 31–42, 2026, doi: 
10.18576/ij�st/150102. 
 
[20] X. Liu and R. Sun, “FabricaDon and properDes of 
mulDfuncDonal sodium alginate/MXene/nano-
hydroxyapaDte hydrogel for potenDal bone defect 
repair,” J. Mater. Res. Technol., vol. 36, pp. 913–921, May 
2025, doi: 10.1016/j.jmrt.2025.03.163. 
 
[21] P.-O. Bussiere, J.-L. Gardece, G. Rapp, C. Masson, 
and S. Therias, “New insights into the mechanism of 
photodegradaDon of chitosan,” Carbohydr. Polym., vol. 
259, p. 117715, May 2021, doi: 
10.1016/j.carbpol.2021.117715. 
 
[22] O. Guirguis, “Enhanced molecular structure, thermal 
stability, and linear/nonlinear opDcal characterisDcs of 



   

   Advanced Journal of 
Scientific Research

www.advjsr.edu.iq 

 

                                                                                                                                                                       Adv. J. Sci. Res., Vol 1, No. 2, pp: 25-36, 2026 

 
36 

 

chitosan/Dtanium dioxide nanocomposite films,” May 
21, 2024. doi: 10.21203/rs.3.rs-4399518/v1. 
[23] M. El Mahamdi et al., “Effect of SubsDtuents on 
Chitosan-Derived Sustainable Corrosion Inhibitors: 
Experimental and ComputaDonal Studies of InhibiDon 
and AdsorpDon Performance,” Langmuir, vol. 40, no. 52, 
pp. 27396–27415, Dec. 2024, doi: 
10.1021/acs.langmuir.4c03637. 
 
[24] A. Sumaila, N. N. Onyirioha, D. O. Erhabor, and 
H. B. Muhammad, “Thermal and Morphological Studies 
on Biosynthesized Chitosan-Silver Nanocomposites,” J. 
Mater. Environ. Sci., 14 (6), 678, vol. 688, 2023. 
 
[25] W. Oo, J. Hye Park, M. Zaw Win, and K. Bok Yi, 
“Dual preservaDve effects of SnO2-chitosan on Cu1+-
doped boehmite composites for stable CO adsorpDon 
properDes,” Sep. Purif. Technol., vol. 348, p. 127631, Nov. 
2024, doi: 10.1016/j.seppur.2024.127631. 
 
[26] R. K. Jana, S., Trivedi, M. K., Tallapragada, R. M., 
Branton, A., Trivedi, D., Nayak, G., & Mishra, 
“CharacterizaDon of Physicochemical and Thermal 
ProperDes of Chitosan and Sodium Alginate a{er Biofield 
Treatment,” Pharm Anal Acta, vol. 6, no. 10, 2015, doi: 
10.4172/2153-2435.1000430. 
 
[27] J. P. Singh and G. C. Joshi, “Structural, OpDcal 
and Electrical ProperDes of rGO@SnO2 Nanopowder 
Obtained via Chemical Co-precipitaDon Method,” J. 
Nano- Electron. Phys., vol. 14, no. 1, pp. 01028-1-01028–
4, 2022, doi: 10.21272/jnep.14(1).01028. 
 
[28] M. Shaban Tameh, W. L. Gladfelter, and J. D. 
Goodpaster, “Unraveling Surface Chemistry of SnO2 
Through FormaDon of Charged Oxygen Species and 
Oxygen Vacancies,” Int J Quantum Chem, vol. 125, no. 4, 
Feb. 2025, doi: 10.1002/qua.70017. 
 
[29] L. S. Alqarni, M. D. Alghamdi, A. A. Alshahrani, 
and A. M. Nassar, “Green Nanotechnology: Recent 
Research on Bioresource-Based NanoparDcle Synthesis 

and ApplicaDons,” J. Chem., vol. 2022, no. 1, pp. 1–31, 
Aug. 2022, doi: 10.1155/2022/4030999. 
 
[30] A.-G. Niculescu and A. M. Grumezescu, 
“ApplicaDons of Chitosan-Alginate-Based 
NanoparDcles—An Up-to-Date Review,” Nanomaterials, 
vol. 12, no. 2, p. 186, Jan. 2022, doi: 
10.3390/nano12020186. 
 
[31] I. Uddin, T. U. Rahman, M. Said, E. Khan, and M. 
Ishaq, “Visible-light-assisted degradaDon of crystal violet 
using CuO- and ZnO-incorporated (Am- co -BA)@PVA 
hydrogel nanocomposites,” RSC Adv, vol. 16, no. 15, pp. 
13332–13346, 2026, doi: 10.1039/D6RA00342G. 
 
[32] R. K. Chougale et al., “Water-hyacinth-leaf-like 
2D bismuth oxychloride photocatalyst for the 
degradaDon of methylene blue and crystal violet dyes,” 
RSC Adv, vol. 16, no. 18, pp. 16181–16193, 2026, doi: 
10.1039/D6RA01208F. 
 
[33] A. P. Kumar, D. Bilehal, A. Tadesse, and D. Kumar, 
“PhotocatalyDc degradaDon of organic dyes: Pd-γ-Al 2 O 
3 and PdO-γ-Al 2 O 3 as potenDal photocatalysts,” RSC 
Adv, vol. 11, no. 11, pp. 6396–6406, 2021, doi: 
10.1039/D0RA10290C. 
 
[34] D. C. Onwudiwe, N. Gobile, O. A. Oyewo, and S. 
S. Makgato, “PhotocatalyDc reducDon of hexavalent 
chromium using Zn2SnO4–ZnO modified g-C3N4 
composite,” Results Eng, vol. 20, p. 101521, Dec. 2023, 
doi: 10.1016/j.rineng.2023.101521. 
[35] K. Krishna Veni, S. Agalya, R. Kavitha, I. FaDmah, 
S. Sagadevan, and L. C. Nehru, “Efficient photocatalyDc 
acDvity of chitosan/Dn oxide nanocomposite for 
environmental remediaDon,” Inorg Chem Commun, vol. 
154, p. 110865, Aug. 2023, doi: 
10.1016/j.inoche.2023.110865. 
[36] H. Roy et al., “Toxic dye removal, remediaDon, 
and mechanism with doped SnO2-based nanocomposite 
photocatalysts: A criDcal review,” J Water Process Eng, 
vol. 54, p. 104069, Aug. 2023, doi: 
10.1016/j.jwpe.2023.104069. 


