
Ceramics International 49 (2023) 16732–16739

Available online 15 February 2023
0272-8842/© 2023 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

A new green procedure to obtain and photosensitize SnO2, in one step, for 
solar photocatalysis using natural dyes 

Estefania Silva a, Clemente G. Alvarado-Beltrán a,**, Alberto Gaxiola a, 
Víctor M. Orozco-Carmona b, Priscy Alfredo Luque c, Andrés Castro-Beltrán a,* 

a Universidad Autónoma de Sinaloa, Fuente de Poseidón y Prol. Ángel Flores S/N, C.P. 81223, Los Mochis, Sinaloa, Mexico 
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A B S T R A C T   

In recent years, the synthesis of tin oxide (SnO2) nanoparticles (NPs) through green methods has gained attention 
due to their potential application in photocatalysis. However, as SnO2 can only be activated by UV radiation, 
developing new photocatalysts with high performance under solar light is a fundamental goal of many re-
searchers. This paper proposes a one-step sustainable procedure to simultaneously synthesize and photosensitize 
SnO2 NPs using natural dyes, ensuring a good performance under solar radiation. Characterization through TGA, 
FTIR, UV–vis, XRD, and TEM confirms the effect of the extracts on the one-step synthesis and photosensitization 
of the NPs. Finally, the photocatalytic activity of the photosensitized SnO2 showed a significant improvement in 
comparison to unsensitized SnO2, i.e., while unsensitized SnO2 degraded 11% of an organic pollutant, the 
sensitized SnO2 achieved up to 97% degradation after 120 min of exposure to sunlight.   

1. Introduction 

Semiconductor photocatalysis is a versatile procedure applied in 
diverse fields such as water splitting, energy generation, and degrada-
tion of pollutants [1]. Particularly, the degradation of pollutants stands 
out because water has become an increasingly scarce resource as a 
consequence of waste produced by human activities. One of the primary 
sources of water contamination is textile production. This industry is 
responsible for discharging significant amounts of chemical waste 
(heavy metals, synthetic dyes, etc.) to waterbodies [2,3]. In this sense, 
synthetic organic dyes contribute to water contamination and make it 
unfit for drinking or other uses [3]. Therefore, removing synthetic dyes 
from wastewater is essential due to their complex structure and low 
biodegradability [4]. 

Although there are plenty of methods for water treatment, photo-
catalysis is a competitive alternative for the elimination of synthetic 
dyes due to its simplicity, low toxicity, and high efficiency [5,6]. Many 
semiconductors have been used as photocatalysts in recent years, mainly 
metal oxides and carbon-based nanomaterials, both with particular 
benefits [7–9]. However, metal oxide semiconductors are especially 

abundant, low cost, chemically stable, and show good photocatalytic 
activity to degrade various environmental pollutants [10,11]. In this 
sense, besides the general virtues of metal oxide semiconductors, SnO2 is 
not toxic, has low resistivity, good thermal stability, and high optical 
transmittance [12]. 

On the other hand, due to its wide bandgap (3.4 eV) [13], SnO2 can 
only be activated under UV irradiation. However, the sunlight that 
reaches the earth’s surface is constituted by about 45% of visible light (λ 
= 400–700 nm), while UV light (λ < 387 nm) represents less than 5% 
and, therefore, the solar photocatalytic activity of SnO2 is limited [14, 
15]. 

Different approaches have been proposed to improve the solar pho-
tocatalytic activity of SnO2, such as doping [16], the formation of 
nanocomposite materials [17–19], selective morphology [20], surface 
ion modification [21,22], or photosensitization by dyes (either synthetic 
or natural) [23,24]. Photosensitization causes the dye molecules to 
broaden the range of wavelengths that SnO2 can absorb, and as a 
consequence, the performance of the material under sunlight improves 
[25]. 

Currently, natural dyes have become a sustainable alternative to 
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synthetic ones due to their low cost, accessibility, non-toxicity, biode-
gradability, and a broad range of absorption [26–28]. There are plenty 
of natural dyes that are able to absorb visible light, such as anthocya-
nins, betalains, carotenes, and chlorophylls [29–31]. Among these, an-
thocyanins and betalains have been often used as photosensitizers in 
photovoltaic [32,33] and photocatalytic applications [34]. 

In the literature, the impregnation method has been used to photo-
sensitize semiconductor materials, i.e., the dye is added after the syn-
thesis in a later step [35,36]. On the other hand, because the same 
natural extracts have been used for both the synthesis and photosensi-
tization of metal oxides, green synthesis emerges as a plausible alter-
native to carry out these processes in a single step and, this way, develop 
a significantly more efficient procedure [37–39]. 

It has been reported that plant biomolecules such as phenolic acids, 
flavonoids, polysaccharides, and terpenoids, among others, can act as 
reducing and stabilizing agents to assist in the production of nano-
particles [40]. 

In the Americas, plants such as Vaccinium corymbosum (blueberry), 
Rubus glaucus (blackberry), and Beta vulgaris (beetroot), are prolific, and 
their active components can be used as sensitizers in semiconductors for 
photocatalytic applications. 

In this sense, Vaccinium corymbosum is a perennial flowering plant 
with blue-colored berries. The extracts of this fruit contain diverse an-
thocyanins and other phenolic compounds [41]. On the other hand, 
Rubus glaucus is a dark red berry mainly used to manufacture jams, 
juices, and wine. Its extracts contain a great variety of active com-
pounds, but the most abundant are tannins and anthocyanins (mostly 
cyanidin) [42]. Beta vulgaris is a root, commonly eaten in salads, drunk 
in juices, and used as a food dye. Betalain is the compound that colors 
beet crimson and presents characteristics very similar to anthocyanins. 
The extracts of these plants have been studied mainly with two ap-
proaches, i.e., as a photosensitizer in solar cells [43–45] and as reducing 
agents in the green synthesis of semiconductor oxides [37,39,46]. 

This study presents a novel green approach to simultaneously syn-
thesize and photosensitize SnO2 nanoparticles. This results in a more 
efficient and environmentally friendly method to produce SnO2 nano-
particles with an excellent solar photocatalytic activity using natural dye 
extracts. 

2. Material and methods 

2.1. Materials 

The reagents used were stannous chloride (SnCl2, FagaLab) as the 
precursor for Sn, acetic acid (CH3COOH) as a catalyst, and locally pur-
chased vegetables (blackberry, blueberry, and beetroot). On the other 
hand, methylene blue (FagaLab) was used as a model organic pollutant 
for the photocatalytic tests. 

2.2. Extraction of the natural dyes 

Three different fruits containing anthocyanins (blackberry and 
blueberry) and betalains (beetroot) were used to obtain natural dye 
extracts. All of them were thoroughly washed with water prior to use. To 
obtain the blueberry extract, the fresh fruit was placed in a dehydrator 
for 20 h at 65 ◦C. Subsequently, 10 g of the dehydrated fruit was 
weighed, cut into small pieces, and mixed with 100 ml of deionized 
water. Later, this mixture was heated to 90 ◦C for 2 h. For blackberry, 
100 g of the fresh fruit was weighed, halved, added to 100 ml of 
deionized water, and then heated to 90 ◦C for 60 min. Beetroots were cut 
into small pieces and then processed in a juicer. All the extracts obtained 
were centrifuged to remove the solids and then stored in a refrigerator at 
4 ◦C for later use. 

2.3. Synthesis of SnO2 nanoparticles 

Pure SnO2 nanoparticles were synthesized through the hydrothermal 
method as a comparison blank. First, 3.35 g of tin chloride (SnCl2) were 
dissolved in 25.4 ml of deionized water under constant stirring for 20 
min. Later, 3.39 ml of acetic acid (CH3COOH) were added to the 
mixture, keeping agitation until a homogeneous solution was obtained 
(for approximately 30 min). Next, this solution was poured into a 50 ml 
autoclave and then and then heated in an oven to 200 ◦C for 6 h. Af-
terward, the precipitate was collected, washed with deionized water, 
centrifuged, and dried at room temperature. Finally, the material was 
pulverized with a mortar and stored. 

2.4. Green synthesis of SnO2 nanoparticles 

For the green synthesis of SnO2 nanoparticles, 40 mL of plant extract 
(see Table 1) was mixed with 2 g of tin chloride (SnCl2) in a beaker. The 
mixture was then heated to 60 ◦C and maintained under constant stir-
ring for 4 h. Later, the mixture was allowed to cool at room temperature 
and washed with abundant water using three cycles of centrifugation of 
10 min each at 6000 rpm. After washing, the samples were placed in a 
Petri dish and dried at room temperature. Finally, the samples were 
pulverized with a mortar until a fine powder was obtained. 

2.5. Characterization 

The materials’ optical properties and bandgap energy were studied 
using ultraviolet–visible (UV–Vis) spectroscopy using a Lambda 365 
PerkinElmer spectrophotometer. A 200–800 nm wavelength range, a 
collection width of 2 nm, and a scan speed of 480 nm/min were used. 
The morphological studies of the nanoparticles were performed using 
transmission electron microscopy (TEM) images of the particles ob-
tained through a JEM-2100 Transmission Electron Microscope, using a 
LaB6 filament, operated at a voltage of 200 kV. The structure and 
crystalline phases of the samples obtained were characterized by X-ray 
diffraction (XRD) in a Panalytical X-Pertsystem diffractometer, using Cu 
Kα radiation at 40 kV and 35 mA, with a 2θ scanning angle variation 
between 10◦ and 80◦. Further analysis to examine the nanoparticles 
formation associated with the extract infrared spectra were carried out 
on a Bruker Alpha FTIR spectrophotometer. Samples were analyzed in 
transmittance mode using KBr pellets as a blank. The spectra were ac-
quired as the average of 16 scans with a resolution of 4 cm− 1 in the range 
of 4000–500 cm− 1. The methylene blue (MB) absorbance was measured 
through UV–visible spectroscopy using a Shimadzu 1800 
spectrophotometer. 

2.6. Photocatalytic activity 

SnO2 nanoparticles were used to study MB degradation under solar 
radiation. The study consisted of adding 50 mg of nanoparticles in 50 ml 
of MB solution at 15 mg/L (15 ppm) to achieve a ratio of 1:1 mg/ml. This 
solution was stirred in the dark for 30 min until adsorption-desorption 
equilibrium was reached. Afterward, the solutions were exposed to 
sunlight for 2 h. The experiment was carried out on February 26th, 
2020, in Los Mochis, Mexico, from 11:00 a.m. to 1:00 p.m. During this 
time, 2 mL samples were collected every 20 min, and the MB concen-
tration was analyzed via UV–vis spectroscopy. This procedure was fol-
lowed for all the obtained samples. 

Table 1 
Dosage of the solutions used for the synthesis of the SnO2 nanoparticles.  

Extract Sample ID Prepared extract DI water Total volume 

Beetroot SnO2-beetroot 40 ml 0 ml 40 ml 
Blackberry SnO2-blackberry 30 ml 10 ml 
Blueberry SnO2-blueberry 30 ml 10 ml  
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3. Results and discussion 

3.1. Characterization of SnO2 nanoparticles 

Fig. 1a shows the FTIR spectra for pure SnO2 nanoparticles obtained 
through the hydrothermal method (SnO2), and through green synthesis 
(SnO2-blackberry, SnO2-blueberry, and SnO2-beetroot). The FTIR 
spectra for SnO2 shows two bands. The first one at around 3377 cm− 1 is 
attributed to the stretching vibrations of OH bonds characteristic of 
water molecules adsorbed on the material’s surface. The second one can 
be observed at about 500 cm− 1, attributed to the vibrations of the 
Sn–O–Sn bond characteristic of SnO2 [47]. As shown in Fig. 1a, SnO2--
blackberry, SnO2-blueberry, and SnO2-beetroot exhibit the band at 
around 500 cm− 1 attributed to Sn–O–Sn bond vibrations, which con-
firms the presence of SnO2. Additionally, the bands observed at 2932 
cm− 1, 1724 cm− 1, 1015 cm− 1, and 1058 cm− 1 are attributed to the ar-
omatic rings and functional groups of anthocyanins present in black-
berry and blueberry extracts [48]. In contrast, the bands at around 2917 
cm− 1, 1638 cm− 1, 1060 cm− 1, 1016 cm− 1, and 1123 cm− 1 observed in 
the SnO2-beetroot spectrum correspond to the functional groups of 
betalain molecules, which are in accordance with the literature [39]. 
These results indicate that SnO2 was successfully synthesized and 
functionalized with the extracts. 

Fig. 1b shows the thermogravimetric analysis for SnO2, SnO2- 
blackberry, SnO2-blueberry, and SnO2-beetroot. The SnO2 thermogram 
displays a slight weight loss (~1.87%) in the 25 ◦C–700 ◦C range, similar 
to reported literature [49]. In addition, two other losses can be observed 
in the SnO2-blackberry, SnO2-blueberry, and SnO2-beetroot thermo-
grams. The first weight loss (~6%) appears around 100 ◦C and is asso-
ciated with the evaporation of surface adsorbed water molecules. The 
second weight loss (~30%) is observed in the 250 ◦C–500 ◦C range and 
it is attributed to the decomposition of organic molecules (flavonoids, 
anthocyanins, betalains, tannins, glucose. etc.) used during the green 
synthesis of the material [50]. These results suggest there are extract 
molecules in the obtained material, which indicates there has been a 
functionalization of the SnO2 during the green synthesis. 

The XRD patterns for SnO2, SnO2-blackberry, SnO2-blueberry, and 
SnO2-beetroot are shown in Fig. 1c. The XRD pattern for SnO2 shows a 
series of well-defined peaks at 26.4◦, 33.7◦, 37.7◦, 51.8◦, 54.8◦, 61.8◦, 
65.9◦, 71.0◦, and 78.3◦, which can be indexed to the (110), (101), (200), 
(211), (220), (310), (301), (202) and (222) crystalline planes, respec-
tively. These planes correspond to rutile phase SnO2 (JCPDS No. 
41–1445, tetragonal), with no secondary phases [51]. On the other 
hand, SnO2-blackberry, SnO2-blueberry, and SnO2-beetroot XRD pat-
terns show only two broad peaks at 28.6◦ and 51.9◦, associated to (110) 
and (211) planes of SnO2 in rutile phase. The absence of sharp defined 
peaks can be attributed to the organic molecules from the extract (see 
Fig. 1a and b) surrounding the material, affecting the SnO2 nanoparticles 
structural arrangement, which prevented the diffraction [52]. 

Fig. 1d shows the UV–Vis spectra of SnO2, SnO2-blackberry, SnO2- 
blueberry, and SnO2-beetroot. In the UV–vis spectra for SnO2, a single 
absorption band is observed in the UV region around 286 nm, this band 
is characteristic of SnO2 transitions [53]. On the other hand, two bands 
are observed for UV–vis spectra of SnO2-beetroot, SnO2-blackberry, and 
SnO2-blueberry. The first absorption band located in the UV region 
around 286 nm, which is attributed to the transitions of SnO2. In the 
second absorption band varies from 517 nm, 562 nm y 580 nm, 
respectively. This result is attributed to the SnO2 modified with antho-
cyanins and betalains present in the extracts [54,55]. These results 
confirm the synthesis and functionalization of SnO2 using different 
extracts. 

Fig. 2 shows the bandgap values calculated from the UV–vis spectra 
using the Tauc model [56] for the SnO2, SnO2-blueberry, SnO2--
blackberry, and SnO2-beetroot samples. For SnO2 (Fig. 2a), the bandgap 
was ⁓3.0 eV, agreeing with the literature for the SnO2 obtained by the 
hydrothermal method [57]. The bandgap values calculated for the 
SnO2-blueberry, SnO2-blackberry, and SnO2-beetroot (Fig. 2b–d), were 
2.14, 2.21, and 2.4 eV, respectively. These results show a reduction of 
the bandgap in comparison to the SnO2, which can be attributed to the 
photosensitizer effect of the extracts [25,58]. 

Fig. 3 shows the morphologies of the SnO2, SnO2-blackberry, SnO2- 
blueberry, and SnO2-beetroot samples obtained by transmission electron 

Fig. 1. FTIR spectra (a), thermogravimetric analysis (b), X-ray diffraction patterns (c), and UV–vis absorption spectra (d) for the prepared SnO2 nanoparticles.  
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Fig. 2. Tauc plot and band gap values for SnO2 (a), SnO2-beetroot (b), SnO2-blackberry (c), and SnO2-blueberry (d) samples.  

Fig. 3. Particle size distribution and TEM micrographs of SnO2 (a), SnO2-beetroot (b) SnO2-blackberry and SnO2-blueberry (d).  
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microscopy (TEM) analysis. In the pure SnO2 sample (Fig. 3a), we can 
observe the presence of agglomerated nanoparticles with a quasi- 
spherical morphology and an average size of 7.87 nm. These results 
are consistent with those reported in literature [8]. Meanwhile, for the 
SnO2-blackberry, SnO2-blueberry, and SnO2-beetroot samples 
(Fig. 5b–d) the presence of agglomerated nanoparticles with spherical 
morphology and an average size around of 29.51 nm, 38.35 nm, and 
40.18 nm, respectively, is observed. The size increase compared to the 
SnO2 sample can be attributed to the extract, which acts as a chelating 
and stabilizing agent, causing the size increase and agglomeration of the 
SnO2 nanoparticles [51]. 

Fig. 4 shows the HRTEM images and electron diffraction patterns 
(SAED) of the selected area of the SnO2 nanoparticles. The SnO2 
micrograph (Fig. 4a) clearly shows the presence of several crystallo-
graphic planes with interplanar distances around 0.27 nm and 0.33 nm 
(Fig. 4b). Moreover, they correspond to planes 110 and 101, charac-
teristic of SnO2 nanoparticles [52]. Furthermore, the SAED results 
(Fig. 4c) show a pattern of sharp dots and rings corresponding to planes 
(101), (110), (200), (211), and (310), which are characteristic of SnO2 in 

its rutile phase according to JCPDS card 41–1445, confirming it has been 
successfully obtained [16]. It is worth mentioning that these results are 
consistent with what was observed in the XRD pattern (see Fig. 1c). The 
results are similar to those mentioned above for the SnO2-beetroot 
micrograph (Fig. 4d–e). The crystallographic planes are defined with an 
interplanar distance of around 0.26 nm and 0.33 nm corresponding to 
planes (200) and (101), respectively, which are characteristic of SnO2. 
Meanwhile, the SAED results (Fig. 4f) show a pattern of distinct dots and 
rings, indicating a highly crystalline character of the nanoparticles. In 
contrast, in the micrographs of SnO2-blackberry and SnO2-blueberry 
(Fig. 4g,j), a primarily amorphous character can be observed with a few 
isolated crystallographic planes with an interplanar distance of 0.33 nm 
corresponding to plane 101, the which is characteristic of SnO2. How-
ever, for SnO2-blueberry, we do not observe any crystallographic plane, 
this is attributed to the presence of the extract surrounding the SnO2 
nanoparticles, thus making it difficult to observe defined lattice fringes. 
The SAED results (Fig. 4i,l) show a diffuse ring pattern, which indicates 
an amorphous structure and is attributed to the presence of organic 
molecules that disrupt the alignment of [59] atoms. These results show 

Fig. 4. HRTEM micrographs and SAED patterns of SnO2 (a–c), SnO2-beetroot (d–f) SnO2-blackberry (g–i) and SnO2-blueberry (j–l).  
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that the samples have a short-range polycrystalline character, which is 
interrupted by the presence of organic molecules in the extract, which 
are functionalized on the surface of the SnO2 nanoparticles. 

3.2. Photocatalytic activity 

Fig. 5 shows the photocatalytic degradation and degradation rate 
constants (K) of SnO2, SnO2-blackberry, SnO2-blueberry, and SnO2- 
beetroot. Fig. 5a shows the photocatalytic degradation of methylene 
blue (MB) under solar irradiation. The SnO2 nanoparticles did not pre-
sent MB absorption before solar irradiation due to the SnO2 surface not 
having any interaction with the MB molecules. After solar irradiation, 
pure SnO2 showed a photocatalytic degradation of around 6.54% MB in 
120 min. This is due to its bandgap value (3.0 eV) only allowing it to 
absorb ultraviolet light (⁓5%) and not the visible (⁓50%) portion of 
the solar spectrum [25]. It is worth mentioning that similar values have 
been previously reported for SnO2 obtained by the hydrothermal 
method [60]. On the other hand, samples SnO2-beetroot, SnO2--
blackberry, SnO2-blueberry exhibited around 7%, 23%, and 62% MB 
absorption before solar irradiation, respectively, which were higher 
compared to pure SnO2. This is attributed to the molecules of the ex-
tracts functionalized to the surface of the SnO2 nanoparticles having 
good affinity with the cationic MB dye. After solar irradiation, the 
samples presented around 62%, 98%, and 100% of MB photocatalytic 
degradation, respectively, which shows better results than for SnO2. The 
increase in the photocatalytic degradation of MB can be attributed to the 
extract acting as a photosensitizer for the SnO2 nanoparticles, gener-
ating a decrease in the bandgap values for all the samples (see Fig. 2). 
This effect permits a broader absorption range of the sunlight spectrum 
for the SnO2 nanoparticles (see the mechanism in Fig. 6). 

In addition, Fig. 5b shows the calculations of the K values for the 
SnO2, SnO2-beetroot, SnO2-blackberry, and SnO2-blueberry samples, 
which were around 0.0004, 0.0068, 0.0252 and 0.0288, respectively. 
The SnO2-blueberry sample showed a constant 72 times higher than that 
of pure SnO2. This result can be attributed to the phenolic groups present 
in the blueberry pelargonidin showing an excellent affinity to binding to 

semiconductors [58]. Hence, a greater capacity to transfer electrons 
from the anthocyanins (natural dye) to the SnO2 nanoparticles produces 
the best results of photocatalytic activity. In contrast, SnO2-blackberry 
presented a constant 63 times higher than SnO2 but lower than SnO2--
blueberry. This is because the blackberry anthocyanins have a lower 
affinity to bind to semiconductors, which generates a higher bandgap 
value [55]. Finally, the SnO2-beetroot presented a constant 17 times 
higher than pure SnO2 and lower than the previously mentioned sam-
ples. The outcome is attributed to its bandgap value being the highest 
(see Fig. 2), which would reduce the range of the visible light absorption 
and limit its application in sunlight [61]. 

3.3. Degradation mechanism 

Fig. 6 shows the MB degradation mechanism for SnO2 nanoparticles 
under solar irradiation. The improved performance of SnO2 nano-
particles synthesized by this novel green method is mainly attributed to 
the extract before and during the photocatalytic process since it acts as 
(1) adsorbent and (2) photosensitizer.  

(1) The excellent adsorption capacity of the extract is attributed to an 
electrostatic interaction that occurs between the extract mole-
cules (negative charges) with the MB molecules (positive 
charges), which allows them to adsorb a higher concentration of 
MB onto the surface of the SnO2 nanoparticles (see Fig. 6a). It is 
worth mentioning that this action has been reported as a 
requirement to allow the SnO2 to increase its efficiency in the 
photocatalytic degradation of MB [5].  

(2) When the SnO2 nanoparticles with extract are irradiated under 
sunlight, two types of photocatalytic responses occur simulta-
neously. The first response is carried out in the semiconductor by 
ultraviolet light (⁓5% of sunlight), which causes the electrons to 
enter an excited state and move from the valence band (VB) to the 
conduction band (CB) of the semiconductor, generating a hole 
(h+) in the VB and photogenerated electrons (e− ) in the CB (see 
Eq. (1)). It is worth mentioning that the generated electron-hole 

Fig. 5. Photocatalytic degradation of methylene blue (MB) under solar irradiation using the SnO2 nanoparticles (a) and their degradation rate constants (b). (For 
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 6. Reaction mechanism of SnO2 nanoparticles in the photocatalytic degradation of MB.  
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pair tend to recombine rapidly and only a small number of them 
(<1%) participate in the photocatalytic reaction. The second 
response is carried out in the extract by visible light (⁓50% of 
sunlight), which causes electrons to be excited from the highest 
occupied molecular orbital (HOMO) to the lowest unoccupied 
molecular orbital (LUMO) of the extract. Subsequently, the 
electrons found in the LUMO are injected into the CB of the 
semiconductor (see Eqs. (2) and (3)). The photogenerated elec-
trons found in the CB photo-reduce the oxygen (O2) diluted in the 
water, producing superoxide radicals (O2

●) (see Eq. (4)). Which 
are highly reactive and can form hydroxyl radicals (OH●) when 
interacting with H2O (see Eq. (5)). Simultaneously, the holes (h+) 
found in the VB photo-oxidize the H2O molecules to produce 
more OH● (see Eq. (6)). Finally, these radicals react with MB 
molecules producing non-toxic products such as H2O, CO2, and 
more species (see Eqs. (7) and (8)) [62]. The main reactions of the 
photocatalytic mechanism are summarized in the following 
equations:  

SnO2 + hv (UV) → SnO2 (e−CB) + SnO2 (h + VB)                                 (1)  

SnO2/Dye + hv (Visible) → SnO2/Dye*                                              (2)  

SnO2/Dye + hv (Visible) → SnO2/(Dye+ + e−CB)                                  (3)  

SnO2(e−CB) + O2 → SnO2/Dye + O2
●                                                  (4)  

O2
● + H2O → OH●                                                                         (5)  

SnO2 (h + VB) + H2O → SnO2 + OH●                                               (6)  

OH● + MBadsorbed → H2O + CO2 + Other products                             (7)  

O2
● + MBadsorbed → H2O + CO2 + Other products                               (8) 

This mechanism describes the photocatalytic process of photo-
sensitized SnO2 nanoparticles under irradiation with sunlight, where an 
increase in the efficiency of MB degradation is shown. It is attributed to 
the fact that the extract acts as a photosensitizer allowing the semi-
conductor to be able to absorb the visible light during the photocatalytic 
process. 

4. Conclusions 

SnO2 nanoparticles were successfully synthesized and photo-
sensitized in one step using three different natural dye extracts through a 
novel and sustainable procedure. The characterization confirmed the 
synthesis and functionalization of the nanoparticles with the extracts. 
The presence of the natural dyes provoked a change in the bandgap of 
the nanoparticles, i.e., the value decreased from 3.0 to 2.7 eV for the 
pure and modified SnO2, respectively. The experimental results showed 
that the natural dye extracts used in the synthesis significantly improved 
the solar photocatalytic activity of the nanoparticles when compared 
with pure SnO2. In this sense, the photosensitized nanoparticles 
degraded up to 97.3% of an organic pollutant after 120 min of exposure 
to solar radiation. The results demonstrated that, with this new pro-
cedure, the synthesis and photosensitization of SnO2, with good pho-
tocatalytic performance under solar radiation, can be carried out in a 
more efficient, simple, and sustainable manner. 
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