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Abstract 
�he potential application of tin oxide nanoparticles in the photocatalytic 
degradation of toxic dyes has been investigated. In the present work, we have 
synthesized tin oxide nanoparticles by reducing tin chloride precursor, adding 
sodium borohydride under a controlled pH pathway. �he synthesized 
nanoparticle was characterized by a ��-�isible Spectrophotometer, Fourier 
�ransfer Infra-�ed (F�-I�), �nergy Dispersive �-ray (�D�), and �-ray 
�rystallography. �n solving Debey-Scherrer<s equation, the average size of the 
particle is found to be 41.2S [ 14.59 nm with a crystallinity of S5.52W. �he 
photocatalytic degradation is achieved by the average solar radiation of 5.Q4 [ 
0.14 k�h=m�=day. �he result reveals that complete degradation in light is 
obtained in 120 minutes, whereas in dark it is prolonged up to 300 minutes. �he 
Sn�� N�s show 100W photocatalytic efficiency in the short time frame, but dark 
medium catalysis was limited to QSW. �he photocatalytic degradation efficiency 
of Sn�� N�s is found to be superior to its catalytic degradation in the dark. �he 
catalysis obeys pseudo-first-order kinetics with a high-rate constant. �he 
mineralization process confirms the de-toxification of dye, which explores the 
application of Sn�� N�s as a potential catalyst. �ur finding claims that tin oxide 
nanoparticles are efficient in solar-driven photocatalytic degradation of alizarin 
dye in a short period. 

 
 

 
Introduction 
The nanoparticles are tiny materials having sizes 
varying from 1q100 nm. They show noble 
physical and chemical properties due to their 
distinguished dimensional properties (Feynman, 
201�). �anoparticles are extensively used in 
catalysis, drug delivery and discovery, electronic, 
optoelectronics applications, medical, and 

environmental fields (Rehan et al., 2024; Stark et 
al., 201�). �anomaterials are uniBue due to their 
size as well as a higher surface atomqtoqvolume 
ratio in comparison to bulk material, which 
increases the reactivity of particles (Chen � Mao, 
2007; Daniel � Astruc, 2004). Tin oxide 
nanoparticles are generally used in sensor 
technology, lithiumqion batteries, and catalysis. 
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The band gap of Tin oxide nanoparticles is 
observed between 3.6q4.00 e� depending upon 
the size of the particle (Din et al., 2022; 
KhalilzadehqRezaie et al., 201�). When the 
particle size decreases, the band gap increases 
due to the Buantum confinement effect, such a 
tunable band gap makes Sn�� nanoparticles the 
most promising semiconducting materials in 
photocatalytic degradation of dyes (Din et al., 
2022; Hardy � Aust, 199�; �illetvedt et al., 2010). 
Different techniBues are applied to synthesize 
nanoparticles including Topqdown and �ottomq
up approach. Among the �ottomqup approach, 
we have synthesized Sn�� nanoparticles by the 
sodium borohydride reduction method in the 
SnCl� precursor solution (Kader et al., 2023; 
Kumar et al., 2020). The chemical reduction 
method is a very sensitive approach operated by 
a controlled pH method. The sodium 
borohydride is a strong reducing agent having a 
standard reduction potential q1.24 �. It reduces 
Sn�" salt into the free metal at a constant stirring 
of 2�0 rpm in a magnetic stirrer at room 
temperature. The obtained free tin was further 
muffled to get Tin oxide nanoparticles (Alc$ntara 
et al., 2020; Somerville et al., 2016).  
Synthetic organic dyes are very toxic and even 
carcinogenic due to their complex structure 
containing aromatic amines, polyphenolic, and 
azo groups with organometallic bonding. Toxic 
metals like lead, cadmium, chromium, iron, and 
aluminum are embedded in dyes, their 
degradation ultimately accumulates in the 
bodies causing serious vital organ failure and 
carcinogenic activities. The longqterm 
contamination and accumulation in the body 
may interfere the biological processes like 
metabolism, hormonal activity, nucleic acid 
synthesis, etc. (Magnavita, 201�; Sahin et al., 
2019; Shi et al., 2016). The severe exposure of 

alizarin in soil or aBuatic bodies may cause 
disturbance in the ecological cycle. Alizarin is a 
synthetic dye belonging to anththaloBuinone 
having twoqhydroxyl group, which is pHqsensitive 
metal absorber that emits different colors; 
hence, it is a favorable dye in the textile industry 
for fabrication purposes. The I�PAC name of 
alizarin is 1,2qdihydroxyanthraceneq9,10qdione 
with a molecular weight of 220.21 gomol. 
Different oxideqbased semiconducting 
nanomaterials can degrade alizarin by the photoq
catalytic reaction. The report reveals that  
alizarin red S was 39� degraded by pure Sn�� 
nanoparticles within 120 minutes (Padma6a et 
al., 2023). Similarly, 91.7� q107 nm size Fe �ps 
degrades 93.7� alizarin yellow R dye within 42 
hours by obeying pseudoqfirstqorder kinetics 
(Ahmed et al., 2020). The degradation of alizarin 
red S was obtained at �0� by  nS �Ps and 96.7� 
by Cdq nS in 120 minutes in the irradiation of 
300 Wom� intensity of light (
abeen et al., 2017). 
Furthermore, reports claim that 77� of alizarin 
was photochemically degraded by  n� �Ps 
within 90 minutes (Kansal et al., 2013). 
The Sn��oCCAC composite having a size of 17.2� 
nm with a band gap of 3.�2 e� can effectively 
degrade 90.�6� methylene blue within 120 
minutes of irradiation of light (Ramamoorthy et 
al., 2020). Moreover, another finding shows that 
alizarin yellow was degraded up to 96.4�, 
alizarin yellow degraded to �7.��, and aizarinq3q
methylamino was 97.3� degraded by Ce�� 
doped Sn�� nanoparticles (Hassan et al., 2020). 
It was noted that TioSn��qRu�� is efficient in 
degrading �0.4� alizarin cyanin green at an 
optimal level while keeping pH � at room 
temperature, results also claimed that �1.3� of 
the dye is degraded within 40 minutes (S. Chen 
et al., 2020). In the present work, we have 
synthesized Sn�� nanoparticles by the sodium 
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borohydride reduction method. The obtained 
nanoparticles were characterized by ��q�isible 
Spectroscopy, FTqIR, ED�, �qRD, and SEM to 
analyze photocatalytic efficiency for the 
degradation of alizarin dye.  
 

ateria s and 
ethods 

aterials 
Tin chloride (SnCl�.2H��, 97�, MW � 22�.63 
gomol, �� �F1�610�24) dehydrated purified salt 
was purchased from Merck company, India. 
Similarly, sodium borohydride (�a�H4, MW � 

37.�3 gomol, CAS �o.16940q66q2) was purchased 
from Merck, India. Polyethylene glycol 
(H�(C�H4�)n�H, MW � 100 go�, H�� at 20 �C, CAS 
�o. 2�322q6�q3) was purchased from Merck, 
India. Ethanol (C�H��H, �99� purity, MW � 46.06 
gomol, CAS �o. 64q17q�) was purchased from 
Fusion �iotech India. Alizarin (C�4H �4, MW � 
240.21 gomol, MID � M1�13) was purchased 
from Merck India, and distilled water was 
obtained from the �anotechnology lab of 
RECAST, T�, �epal. 

 

et odolog1 
�6nthesis o# �in �xide �anoparticles I�n�2��PsJ 

 

�i�/ :/ Synthetic pathway for the preparation of tin oxide nanoparticles (Sn�� �Ps). 
 

A 0.1 M SnCl� precursor solution was prepared 
by dissolving 2.2�62 gm crystalline SnCl�.2H�� 
salt in 100 ml ethanol. The obtained solution was 
stirred continuously at room temperature for 1 
hour at 90 rpm in a thermoregulatory magnetic 
stirrer, further; the solution was stirred for 10 
minutes at 40�C for complete dissolution to get a 
clear transparent precursor. The 0.� M sodium 
borohydride solution was prepared by dissolving 
1.�91� gm in 100 ml deionized distilled water. 
The precursor was stirred continuously for 1 
hour, and then sodium borohydride was added 

from a burette drop by drop. The pH of the 
solution was maintained by keeping the pH � by 
adding a low concentration of liBuor ammonia in 
the solution. The stirring was kept continuous for 
2 hours by adding polyethylene glycol (PE
) as a 
capping agent to avoid agglomeration of the 
reduced mass. The white viscous mass was kept 
for aging in a hot air oven for 4 hours at �0 �C. 
The sample was finally kept at 60 �C for 24 hours 
in the hot air oven for complete evaporation of 
water, ammonia, and alcohol. Thus, the obtained 
dry mass was further annealed at 600 �C for 4 
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hours to get dry crystalline powder of tin oxide 
nanoparticles which is denoted by Sn��� �Ps in 
the experiment (Priya et al., 2016; Shahzad et al., 
2021; Sun et al., 2004). 
 
Characteri7ation o# �in �xide �anoparticles 
I�n�2��PsJ 
The Sn�� �Ps were characterized by ��qvisible 
doubleqbeam Spectrophotometer (��q1900i, 
Shimadzu, 
apan). The Fourier Transfer Infraqred 
(FTqIR, IR Affinityq1s, Shimadzu, 
apan) was 
analyzed to find the stretching and bending of 
Sn�� �Ps in a specific wavenumber region. 
Energy Dispersive �qray (ED�) spectra were 
analyzed to identify elemental composition (ED�q
�000, Shimadzu, 
apan). The �qrd. Spectra were 
analyzed from �qray Diffractometer (�ruker D2 
Phaser, Massachusetts, �SA) for the 
crystallographic texture, size of particles, and 
crystallinity of the sample. 
 
Photocatal6tic activit6 o# �n�2��P� 
The photocatalytic activity of nanoparticles was 
observed in atmospheric photo light in August 
2024 in the MidqWest �niversity periphery of 
Surkhet, �epal, where the intensity of solar 
radiation was found �.64 0.14 kWh. The alizarin 
stock solution was prepared by dissolving 10 mg 
of anhydrous alizarin powder in 1 liter of 
deionized distilled water. The photocatalytic 
degradation was initiated by adding 10 mg Sn���

�Ps to a 100 ml stock solution during exposure 
to light at different ambient intensities of the 
day. The photocatalytic process was recorded in 
the spectrophotometer from starting times to 
infinite at different wavelengths with their 
corresponding absorbance. The degradation was 
also carried out in the dark at different time 

intervals. The following relation calculated the 
degradation intensity (Regmi et al., 201�). 

9���������� z ��� �!��� w ��� �����
�� �!���

&&&&&0 
Where, C


�
��� � Initial concentration of alizarin, 
and C�

���� Final concentration of alizarin at the 
time (ktl min.). The following eBuation explains 
the pseudoqfirstqorder kinetics. 

w�! �z �� �!
�"

���&&&&&&1 

Where, K� � Rate constant for pseudoqfirstqorder 
kinetics. C�� and C� are the final and initial 
concentrations of alizarin dye. 
 
Resu ts and �iscussion 
��7.isi�le Spectra o� Sn�2���s 
Tin oxide nanoparticles (Sn�� �Ps) show distinct 
absorbance at 263 nm near the �� region due to 
their electronic transition from the valence band 
��� to the conducting band Sn��� energy state. 
�ased on the wavelength absorption in the plot, 
the optical band gap obtained from the 
extrapolation in the Taucls plot is 3.7� e�, which 
is Buite lower than the band gap of bulk Sn��, 
possibly showing the dopingoimpurity of another 
element in the particle, and it signifies no 
Buantum confinement. �n the flip side of the 
plot, the band gap of 3.9� e� is also observed 
with Buantum confinement that shows pristine 
Sn�� �Ps. �y solving �rusls eBuation, we 
obtained the size of the particle in the range of 
3.00 to 4.9� nm diameter. It was reported that 
the band gap of Sn��� nanoparticle varies from 
3.6 to 4.0, but due to the Buantum confinement 
effect, the band gap was obtained at a higher 
3.9� e� than the reported value, probably due to 
the decreased size of the particle (Koshy et al., 
2014).  
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�i�/ ;/ (A) ��Gvisible spectrum o# �n�2��Ps, showing its sharp pea( at NRO nm, IBJ �aucEs plot #or the 
calculation o# the direct band gap o# �n�2��Ps. 
 

According to Tauc, the optical band gap of the 
nanoparticle is calculated by the following 
relations (Tauc et al., 1966). 

)�� z ��H�[�� w �JZ��/ ��&&&&&2�

The energy h¥(e�), is calculated as; 

������ z 013/
, &&&&&3 

Where k[l represents the absorption coefficient, 
khl is Planckls constant 6.626 x 10��4 
s, k¥l 
represents the freBuency of light, E� represents 
the optical band gap (e�), knl is the constant 
term which is � for direct allowed transition, 2 
for indirect allowed transition, k^l represents the 
wavelength in nanometer. 
 

 

��7
� Spectra o� Sn�2���s 
FTqIT spectra of Sn����Ps show that the sharp �q
H stretching observed in 343�.21 cm�� represents 
the presence of a hydroxyl group due to the 
absorption of water molecules by the 
nanoparticle. The stretching and bending of 
water due to rotation and vibration are sharply 
observed in 1272.4� cm�� for Hq�H bending, and 
999.4� cm�� for stretching of the bond between 
Hq�qH. The sharp stretching of Snq� was 
observed in ��1.91 cm�� and �qSnq� stretching 

was observed in 6�4.�1 cm��. The additional 
binding and stretching modes in different 
wavelength regions show the impurities 
associated with nanoparticles (AltooB et al., 
2022; Aziz et al., 2013). 

 
�i�/ </ FTqIR spectra of Sn��� �Ps showing 
stretching and bending of Snq� and �qSnq� at 
different wavenumber regions. 
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�lemental �nal1sis o� Sn�2���s in ��� 
Energy Dispersive �qray (ED�) analysis reveals 
that the Sn��� �Ps are mainly composed of tin 
(Sn) and oxygen (�) atoms. In the detection 
mode CqSc up to 12 ke�, we havenlt analyzed 
the sharp peak of oxygen atoms. In Alq� mode 
in ED�q�000, up to 40 ke� sharp �ka shows a 
significant and distinct peak of oxygen with 
0.167 ke� energy with 13.16� composition in 
the particle. Furthermore, Sn�g1 and Sn�g2 
peaks are also observed with dispersive energy 
of 3.�1 and 3.�� ke�. Similarly, the sharp peak 
of SnKa, SnKb�, and SnKb� shows the dispersive 
energy of 24.2 ke�, 2�.�6, and 29.19 ke� 

respectively. The elemental percentage 
composition of tin in the sample is found 
��.011�. The ED� spectra also reveal a CoKa 
peak with �.14 ke� with the composition of 
cobalt (Co) 0.026�, CuKa peak with 6.7� ke� 
and a composition of copper (Cu) 0.043�, and 
 nKa with dispersive energy of �.94 ke� with 
the composition of zinc ( n) 0.03��. Their 
insignificant presence in the nanoparticle 
though decreases the band gap of the particle 
to some extent, they increase the catalytic 
efficiency of Sn��� �Ps avoiding the 
recombination of holes and electrons in the 
surface (Dhinakar et al., 2016; Kim et al., 2011). 

 

 

�i�/ =/ A. ��� Anal6sis o# �n�2��Ps in ���GTLLL #or Anal6te CG�c I�hGMQ, in NL (e�,MLLL uA with �� IXJ 
MO. B. ��� Anal6sis o# �n�2��Ps in ���GTLLL #or Anal6te AlG� I�hGMUO, in PL (e�,MUO uA with �� IXJ OL, 
showing di##erent elemental composition in the particle. 
 

�7�� �nal1sis �or Sn�2 ��s 
�qRD. of Sn�� �Ps reveals the distinct tetragonal 
rutile geometry with respective indices in 2n 
degree having uniBue diffraction peaks (Aziz et 
al., 2012; Dias et al., 2020). The miller indices 
obtained for Sn�� �Ps are 101 (Intensity 1043.6, 
2n � 31.74�), 110 (Intensity 277.7�, 2n � 26.93�), 
200 (Intensity 1043.6, 2n � 33.77�), 211 

(Intensity 440.37, 2n � 4�.40�), 220 (Intensity 
440.37, 2n � 4�.40�), 002 (Intensity 90.1�, 2n � 
�6.42�). Furthermore, 301(Intensity 66.03, 2n�� 
90.1��), 310 (Intensity 60.93, 2n � 27.64), 202 
(Intensity 69.6�, 2n � 33.�9�) and 321 (Intensity 
7�.04, 2n � 136.�9�) confirms the presence of 
Sn����Ps. 
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�i�/ >/ �qRD. Crystallography of Sn��� �Ps shows different indices in 2qtheta degrees with their 
respective intensity.  

 
The peaks obtained before 2n � 20� show the 
lattice distortion in the nanoparticle, which 
probably increases the amorphous nature of the 
articles. According to the DebyeqScherrer 
eBuation, we have calculated the Full width at 
half maximum (FWHA)m value for Sn��� �Ps for 

the peak is 0.2 and o � 1.�406 �, source CuK[, k 
� 0.9 (shape factor), the approximate size of the 
particle in diameter (D) � 41.2� nm obtained and 
crystallinity is 43.3�� (Holzwarth � 
ibson, 
2011). 

 

 

 

�i�/ ?/ The 3D structure of Sn�� depicts �all and stick, Spaceqfilling, Polyhedral, and Wireframe 
representation, confirming the crystallography of Tetragonal Rutile geometry (Frazer et al., 2004). 
 

I z �,
*���+ z /%8�0%43/5

/%1�����04%704� z 301%73�� z 30%17��� 

�The crystallinity of Sn����Ps was obtained according to the �qrd. Pattern ash 

�� ��������� z �� �������������
�� ������������� v �������������� ���0//9� 

z�� 4/72%6514833%4/ �0// { 74%419 

The synthesized Sn����Ps have an average of 41.2� nm diameter and ��.�2� crystallinity.  
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�nal1sis o� lig t 
ntensit1 �or � otocatal1tic 
degradation 
Photocatalytic degradation of dye occurs 
because of the absorption of light by Sn��� �Ps 
having energy eBual to its band gap or greater 
than the band gap that causes exciting electrons 
from valence to the conducting band; as a result, 
electronqhole pairs are formed. The mechanism 
is explained in four fundamental points through 
the photon absorption by the materials, followed 
by the generation of reactive free radical species 

where holes generally oxidize water and 
electrons reduce oxygen into superoxide 
radicals. The hydroxide and superoxide radicals 
are very reactive intermediate chemical species 
that degrade complex organic molecules into 
C�� and H��, ultimately mineralization takes 
place. In the process, recombining holes and 
electrons are prevented due to surface 
modification, either by doping elements that 
may increase or decrease the catalytic efficiency 
of Sn����Ps (Sapkota et al., 2019, 2020, 2021) 

 

�i�/ @/ �ight Intensity distribution at MidqWest �niversity, Surkhet, �epal August 1 to 31, 2024 
Photocatalytic degradation of alizarin was accomplished in the application of �.71 kWhom�oday, �.67 
kWhom�oday, �.62 kWhom�oday, and �.�3 kWhom�oday on different days of August 2024. �ariation of 
intensity in light does not show any kind of enhancement in the degradation process. 
 

 

�i�/ A/ Schematic diagram showing photocatalytic degradation mechanism of Alizarin on Sn��� �Ps 
surface. 
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� otocatal1tic �egradation o� �li2arin 
The experiment was achieved in solar radiation 
having an intensity of �.64±0.14 kWhom�oday. 
The process was conducted by adding 10 mg 
Sn����Ps in 100 ml of 10 mgo� alizarin solution in 
a transparent borosilicate conical flask while 
maintaining pH �. The starting point is 
considered as zero time that was kept in the 
dark, and the successive experiments were 
conducted after the 10qminute interval up to the 
infinite period till the complete degradation of 
dye was observed. The maximum wavelength 
absorbed by the alizarin was found at 430.30 nm, 
and the intensity of absorbance was found to be 

decreasing up to 110 minutes. The intense red 
color of alizarin gradually disappeared over an 
infinite period. After completing the 
degradation, the entire solution was centrifuged 
at �400 rpm, where Sn����Ps were settled down 
in the bottom of the falcon tube. The intact Sn�� 
nanoparticles were used again for each 
successive degradation process. Furthermore, 
the catalytic degradation was also carried out in 
the dark for 20qminute intervals of time up to 
infinite. In the dark, catalytic degradation 
reduces abruptly. The degradation of dye was 
found incomplete at an infinite time (Priya et al., 
2016; Shahzad et al., 2021; Sun et al., 2004). 

 

�i�/ B/ A. The photocatalytic degradation of alizarin by Sn����Ps for an infinite period. �. The catalytic 
degradation of alizarin in the dark by Sn����Ps for an infinite period. 
 
The photoqgenerated catalysis is explained by 
the absorption of light by Sn��� �Ps of solar 
radiation with an energy eBual to its band gap or 
greater than the band gap. The Sn��� �Ps are 
semiconductors that facilitate the excitation of 
electrons from the valence band to the 
conduction band. The 6umping of electrons from 
the particle creates the hole; as a result, 
electronqhole pairs are formed. The free electron 
in the conduction band rapidly reacts with the 
oxygen molecule to form powerful superoxide 
(N���) furthermore, the hole present in the 

valence band interacts with water 
moleculesoNK� to form a very reactive NK� 
radical. The generated reactive free radicals and 
superoxide degrade the alizarin continuously in 
the presence of light. Such free radicals canlt be 
generated in the absence of light, but due to the 
high surface atom in the particle, catalytic 
degradation occurs slightly. The photocatalytic 
process is inhibited by the recombination of 
electronqhole pairs. The catalytic degradation of 
Sn��� �Ps is explained based on the following 
reaction steps (Tasisa et al., 2024). 
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The catalytic degradation of alizarin by Sn����Ps 
in the dark is probably due to the absorption of 
dye around the surface of the catalyst. This 
process can be explained based on electron 
transfer that ultimately converts water 
moleculesodissolves oxygen into NK�oNK� in the 
solution (Chen � Mao, 2007; �u et al., 2019).  
The kinetics of photocatalytic degradation of 
Sn��� �Ps was analyzed through pseudoqfirstq
order kinetics. The plot of ln(C�oC�) is plotted 
against the time taken, giving a straight line with 
a negative slope q0.02±0.001�7. The negative 

slope is obtained due to the continuous 
degradation of alizarin with time. The curve was 
further evaluated by pearsonls r, which gives its 
value q0.964�2, and a correlation coefficient of 
0.92�11 was obtained, approximately eBual to 1. 
The statistical interpretation confirms that the 
photocatalytic degradation of alizarin by Sn���

�Ps obeys pseudoqorder kinetics with a rate 
constant of 0.02 minute�� and in the dark, the 
catalytic degradation takes place with a rate 
constant of 0.00217 minute��. 

 

�i�/ :9/ A. Photocatalytic degradation of alizarin by Sn����Ps. �. Catalytic degradation of alizarin by 
Sn����Ps in the dark. 

 

The catalytic degradation of Sn��� �Ps is 
prolonged in the dark medium. We have potted 
ln(C�oC�) against time to determine the kinetics 
plot, but it takes nearly 300 minutes to 
decompose half of the concentration of alizarin. 
Though the degradation is prolonged and almost 

insignificant, it obeys pseudoqfirstqorder kinetics 
with a negative slope q0.00217±1.613�. The data 
was further evaluated by pearson�s r q0.966��, 
and correlation coefficient �qsBuare 0.92776. 
Photocatalytic degradation of alizarin by Sn���
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�Ps obeys pseudoqfirstqorder kinetics better than the catalytic degradation in the dark medium. 

  

�i�/ ::/ A. Catalytic efficiency of Sn�� �Ps on alizarin dye in light. �. Catalytic efficiency of Sn�� �Ps on 
alizarin dye in dark. 

 
The degradation efficiency was calculated and 
the plot of efficiency against time plots shows 
that Sn����Ps have strong catalytic properties in 
the light due to absorption, excitation, formation 
of intermediate superoxide and radicals, and 
finally recombination mechanism. The plot 
reveals that the Sn��� �Ps show 100� catalytic 
efficiency in 120 minutes, but the efficiency 
becomes prolonged in a dark medium and 
achieves approximately 6�� at the infinite 
period. The degradation in light and dark depicts 
that Sn����Ps semiconductor materials become 
efficient with high potential catalysts in the 
presence of photons but becomes weaker in the 
dark. 
 
�onc usion 
Dyes are toxic organic compounds; slow 
degradation of dye ultimately causes harmful 
effects in the body if their concentration is high. 
In the present work, we synthesized tin oxide 
nanoparticles using a tin chloride precursor 
solution using the sodium borohydride reduction 
method. The obtained Sn�� nanoparticles were 
characterized by ��qvisible Spectrophotometry, 

and we obtained their wavelength at 263 nm. 
The extrapolation of Taucls plot gave a band gap 
of 3.7� e�, indicating impurity in the particles. 
The nanoparticle was further characterized by 
FTqIR, where sharp stretching of Snq� was 
observed in ��1.91 cm�� and �qSnq� stretching 
was observed in 6�4.�1 cm��, which confirms the 
presence of Sn�� nanoparticles. The Energy 
Dispersive �qray (ED�) showed ��.11� tin (Sn), 
13.16� oxygen (�), and less than 1� cobalt (Co), 
copper (Cu), and zinc ( n) mixture in the 
nanoparticles. The crystallographic texture of the 
particles was analyzed through �qrd. that gave 
110, 101, 202, 211, and 220 planes that confirm 
the tetragonal rutile structure of Sn�� particles. 
The size of nanoparticles was calculated by the 
DebyeqScherrerls eBuation which gave particle 
size 41.2�±14.�9 nm with crystallinity ��.�2�. 
The photocatalytic degradation was carried out 
in the average solar radiation �.64±0.14 
kWhom�oday at the optimal wavelength of 
alizarin 430 nm. The complete degradation for 
alizarin was obtained in 120 minutes and dark 
medium degradation was prolonged for up to 
300 minutes. The Sn��� �Ps showed 100� 
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photocatalytic efficiency in the short time frame, 
but dark medium catalysis was limited to 6��. 
Tin oxide nanoparticle (Sn��� �Ps) was found 
efficient in degrading alizarin under controlled 
pH in the limited time frame. 
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