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ABSTRACT

Biosynthesis of Titanium dioxide nanoparticles 
(TiO2NPs) is gaining popularity since it is environ-
mentally friendly and can endure a wide range of 
environmental conditions. TiO2NPs were produced 
in this study by employing Aloe barbadensis widely 
used medicinal plant. Further, synthesized TiO2NPs 
were characterized by using microscopic techniques 
such as XRD (X-Ray Diffraction), EDAX (Energy 
dispersive X-ray microanalysis), TEM (Transmission 
Electron Microscopy analysis). The synthesized 
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TiO2NPs showed crystalline nature of the particle in 
XRD with an average size of 7.00 ± 50 nm. Whereas 
spherical morphology was determined by TEM. The 
photocatalytic decoloriation of Sudan IV, Crystal 
Violet (CV), Acridine Orange (AO) by using biogenic 
synthesized TiO2NPs was evaluated under the Ultra-
violet irradiation method. The synthesized TiO2NPs 
have shown 100% of photocatalytic decolorization 
activity by using all three dyes dye (10–50 ppm) 
within 4 h incubation time.

Keywords   Water treatment, Biogenic titanium Di-
oxide, Nanotechnology,  Aloe barbadensis.
 
INTRODUCTION

Water crises and pollution have become a terrifying 
menace to health and the environment. Increased 
levels  of  water  pollutant and colouring in residual 
industrial waters have recently been found, which 
created severe health problems due to their diversity, 
toxicity and persistence (Rathi et al. 2021). Most 
dyes have a complicated structure and high chemical 
stability,  allowing them to persist for long distances 
in flowing water, slowing photosynthetic activity, 
inhibiting the growth of aquatic biota by blocking out 
sunlight and utilising dissolved oxygen and decreas-
ing the recreational value of the stream (Sugashini 
et al. 2022). Because of their large volume of pro-
duction, sluggish biodegradation, low decolouration, 
and high toxicity, the breakdown of dyes in industrial 
wastewaters has gotten a lot of attention.
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In recent years, there has been a lot of interest 
in heterogeneous Bio-photocatalysis employing 
green metal oxides such as titanium dioxide (Ikram 
et al. 2021). It has piqued the interest of researchers 
due to its non-toxicity, low cost, simple production, 
high catalytic activity, eco-friendliness and the large 
spectrum of metabolites released by plants also due 
to crystalline structure, size and area of biogenic 
TiO2 nanoparticle it has leading potential applica-
tions in greener environmental applications (Jain et 
al. 2021). Instead  of  the  harmful materials used 
in chemical and physical synthesis, green synthesis 
of nanomaterials utilising plants/plant component 
extracts has played an important role in the field of 
nanotechnology (Shimi et al. 2022). Biogenic synthe-
sis can be done by employing reducing and capping 
agents derived from bacteria, fungus, yeast, algae, 
actinomycetes, and plants. Plant components such as 
leaves, bark, roots, stems, peels, and other biological 
resources are abundant in nature and might be used to 
produce harmless nanoparticles in an environmentally 

Table  1.  Langmuir adsorption isotherm.
 
Dye Inter-
 cept Slope qmax KL RL R2

Sudan
IV 0.1734 0.1176 5.7670 1.4745 0.0635 0.9859
Crystal 
violet 0.2101 0.7690 4.7596 0.2732 0.2679 0.9633
Acrid-
ine or-
ange 0.6103 0.7747 1.6385 0.7878 0.1126 0.9816
   

Fig.  1.  Methodology for synthesise of biogenic TiO2.

friendly manner.

In the present study the decolouration of the three 
toxic dyes Crystal violet, Acridine orange (AO) and 
Sudan IV were investigated using Ultraviolet irradi-
ation and the Aloe Vera plant extract is used in the 
green synthesis of TiO2 nanoparticles. 

Aloe Vera is the most widely used medicinal 
plant. It is a succulent plant species that has been em-
ployed in herbal medicine since the early first century 
AD. It is a stemless plant that grows to 60–100 cm 
(24–39 in) tall, with thick and meaty green to grey-
green leaves and white specks on the upper and lower 
stem surfaces. Aloe Vera Gel includes many vitamins, 
including vitamin B12, vitamin A, B-Group vitamins, 
vitamin C, vitamin E, folic acid, and 19 of the 20 ami-
no acids required by the human body whereas Aloe 
is a potent detoxifier, antibacterial, nervous system 
tonic, immunological booster, anti-viral, and diges-
tive aid. Aloe Vera extracts are a proven skin healer 
and aid in the healing of skin injuries caused by skin 
irritations, insect bites, burns, and wound (Lowe  et 
al. 2021).  Thus,  using biogenic TiO2  nanoparticles 
as a photocatalyst under ultraviolet irradiation, the 
effects of different operational parameters on the 
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decolouration of dyes were studied,

MATERIALS AND METHODS

Methodology for synthesis of biogenic TiO2

Merck India Ltd supplied all of the chemicals and re-
agents utilized in the synthesis of TiO2 nanoparticles. 
The leaves were obtained from the Anand Agriculture 
University campus. Aloe Vera leaves were taken from 
the plant and properly cleansed before being chopped 
into little pieces. Boil 100 ml distilled water for 2 hrs 
at 90°C with 25g of the leaves. What man filter paper 
no. 41 was used to filter the extract. The filtrate was 
saved for nanoparticle production.

0.2 M Titanium isopropoxide (TTIP) was pre-
pared in using double distilled water (D/W) Following 
adequate mixing, the aloe extract was added dropwise 
while constantly swirling to achieve a pH 7 solution.  
The mixture was continually stirred for three hours.  
Nanoparticles were separated using Whatman filter 
paper. The particles were washed with Ethanol to 
eliminate contaminants before being dried in a Hot 
Air Oven at 100°C.  After thorough drying, they were 
calcined in a Muffle furnace at 400°C (Sunny et al. 

2022).  On calcination, a white powder of nanopar-
ticles will develop (Fig. 1).

  
Catalytic physico-chemical characterization 

Synthesised biogenic nanoparticles were subjected to 
different sophisticated instrumental methods used for 
characterization are X-ray diffraction (XRD), trans-
mission electron microscopy (TEM), EDAX (Energy 
dispersive X-ray microanalysis) (Kumar  et al.  2022).

Approximately 0.5 g of the dry particles were put 
to a Plexiglas sample container as a randomly oriented 
powder, and XRD patterns were recorded between  20 
and 80 angles. Anatase diffractograms were used to 
compare the XRD patterns. The shape and size of the 
particles were assessed using a transmission electron 
microscope (TEM) with a 100 kV accelerating volt-
age, model Philips Tecnai 20, Holland. For TEM anal-
ysis, the samples were put on carbon-coated copper 
grids. The particles were dispersed in 2-propanol to 
create this sample. Elemental analysis was performed 
using EDAX with voltage 30 kV and magnification 
upto 2,50,000x. All the physico-chemical character-
ization were performed in SICART (Sophisticated 
Instrumentation Center for Applied Research and 

Table  2.   Freundlich  adsorption  isotherm.
                           
Dye Intercept Slope 1/n Kf R2

Sudan IV 0.4836 0.4448 2.248201 3.045089 0.9747
Crystal violet 0.0305 0.5863 1.705611 1.072754 0.9063
Acridine orange 0.7909 2.764 0.361795 6.178741 0.8973

Fig.  2.   XRD analysis of biogenic TiO2.
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Testing, Vallabh Vidyanagar, Anand).

Photocatalytic experiment 

To ensure consistent dye breakdown, dye-containing 
flasks were kept in the dark for 30 minutes. Experi-
ments were carried out in a 100 mL Erlenmeyer flask 
coated in aluminium foil to keep extraneous particles 
out of the dye (Soni et al. 2016). We looked into the 
impacts of dye solution concentration and catalyst 
dosage. Dye concentration isotherms of 10, 20, 30, 
40, 50 ppm. Influencing factors such as pH, dose, and 
time were regulated for dye decoloration. The pH 
range chosen for optimization was 3, 6, 9, and 12 pH, 
which was determined by adding 0.1N Hcl and 0.1N 
NaOH. The optimal pH was determined by decolor-
ation in natural light. TiO2 nanoparticles at doses of 5, 
10, 15, 20, 25 and 30 mg were added to the dye and 
the dose that resulted in the maximum decolouration 
was selected as the optimum dose.  Defined volumes 
of Sudan IV,  Crystal violet and acridine Orange were 
taken from flasks and placed in test tubes, each with 
optimized amount of the catalyst. Tubes containing 
catalyst were placed immediately on the UV-radiation 

surface. Low-pressure mercury UV tubes, each rated 
at 15 watts (Spectronics) generating near-ultraviolet 
radiation with a maximum wavelength chosen was 
365 nm. The oxidation catalysed by photocatalysis 
when UV rays hit TiO2, the process began photocat-
alyst. The tubes were then gently stirred to agitate 
them every now and then. Various factors like as 
temperature and pH were measured at predetermined 
intervals. After that, the samples were centrifuged 
and the results were analyzed. While the duration 
for TiO2 nanoparticles was tuned, dye decoloration 
was seen under UV irradiation. Dye mineralization 
occurs only in the presence of a photocatalyst. At 
regular intervals, dye samples of 2–3 ml were taken 
from the test solution, centrifuged for 4–5 minutes at 
950–1,000 rpm, and their absorbance was measured 
at 520 (Sudan IV), 690 nm (Crystal violet), 494 nm 
(Acridine orange) with a spectrophotometer (Alasel 
et al. 2017; Papadimitriou et al. 2019, Kostjukova 
et al. 2021). The photo degradation efficiency was 
calculated using the equation :

Photo degra-     
dation              Initial OD–Final OD
efficiency   =      ————————       ×  100       (1)
                                       Initial  OD

RESULTS  AND  DISCUSSION

Charactrization of TiO2 nanoparticles
 
Xray diffraction analysis (XRD) 

The pattern of biosynthesized TiO2 nanoparticles is 
shown in Fig.  2.  As XRD can determine the sample 
phase, phase composition, and particle size, it is 

Fig. 3.   EDAk analysis of biogenic TiO2.  

Fig. 4.  A TEM analysis for biogenic TiO2, B SAED pattern of biogenic TiO2.
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regarded one of the most essential methods for crys-
talline material structure characterization. The spectra 
show the development of anatase-phase titania with 
diffraction angles (2θ) of at 25.24°, 37.91°, 47.92°, 
54.07°, 62.59°, 69.00°, and 75.06°. Our findings are 
very similar to Kaur and co-workers (2021) and those 
of the standard JCPDS File No (21-272). From the 
XRD spectra, a prominent peak at 25.24° is solely 
related with the TiO2 anatase crystallographic plane 
without the presence of any impurities. Diffraction 
line broadening occurs when the grain size is less 
than 100 nm. Accordingly, Scherrer’s formula, which 
is given by equation :

         d=kλ/(βcosθ)                            (2)  
         
Where d is the crystal size; k is the wavelength 

of the X-ray radiation (k = 0.15406 nm) for Cukα; 
k is usually taken as 0.89; and b is the line width 
at half-maximum height, can be used to calculate 
the particle size of the prepared nanomaterials. the 
broader diffraction peaks attributed to the presence of 
the smaller crystallite size (Şelte et al. 2019), nearly 
7–50 nm calculated using Scherrer’s formula. The 
stoichiometry of the final matter is highly dependent 
on the restricted pressure used during the production. 
As a result, the stoichiometries of biosynthesized 
TiO2 nanoparticles could be very diverse (Ansari et 
al. 2022). The presence of strong peaks supported 
the crystallinity of TiO2  nanoparticles in the anatase 
form, whereas the absence of spectra represented 
alternative TiO2 crystallite forms.

Energy dispersive X-ray microanalysis (EDAX)     

The elemental composition of the nanoparticles can 

be determined through EDAX analysis. The TiO2 
nanoparticle includes 51.02% Titanium, 38.73 % ox-
ygen, and 10.25 % carbon, according to the results of 
the examination similar results were also observed by 
Kaur and co-workers (2021).  As a result, the Biogenic 
produced particles have been identified as Titanium 
Dioxide nano catalysts (Fig. 3).  The EDAX  spectrum 
shows that there are no further contaminants within 
the detection limit, indicating that the material is pure.

Transmission electron microscopy analysis (TEM)

TEM analysis pictures of TiO2 nanoparticles gener-
ated after 12 hrs at room temperature infests the NPs 
were of agglomerated Irregular spherical shape (Fig. 
4A) with an average size about 50 nm for biogenic 
synthesized TiO2 respectively (Verma et al. 2022). 
The particle size of TiO2 nanoparticles measured using 
TEM data is found to be fairly consistent with the 
particle size estimated using XRD examination. Fig-
ure  4B shows the TiO2 nanoparticles Selected Area 
Electron Diffraction (SAED) pattern. The formation 
of TiO2 nanoparticles is indicated by the presence of 
concentric Scherrer’s rings that demonstrate orienta-
tion in all directions. 

Photocatalytic  decolouration

Alkalinity and acidity function

Studied the effect of change in acidity and alkalinity 
function with reference to initial dye concentration 
under normal light conditions. pH of the dye was stud-
ied as it is considered to be one of the most important 
parameters that can affect the photocatalytic degrada-
tion process. The initial pH of the dye was varied from 

Fig. 5. pH optimization  with  reference  to initial dye concentration.

Fig.  6.  Optimization of catalytic dosage.
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pH 3 to 9. Experiment on pH 12 was also carried out 
but cause of removal of color due to addition of NaOH 
it has not been taken into consideration. The studies 
were carried out with 10, 20, 30, 40, 50 ppm of Sudan 
IV, Crystal violet and Acridine orange dye solution 
and 5 mg catalyst dose (Fig.  5). By studying effect 
of pH on adsorption of Sudan IV it was found that 
the optimum pH for adsorption of dye is 3 (Sajjala et 
al. 2020) which was about 18%. Which confirms that 
Sudan IV dye has low absorption capacity in alkaline 
medium. For Crystal  violet and  Acridine Orange dye 
the maximum amount discoloration was obtained at 
pH 9 (Abbas et al.  2020,  Hasanpour et al.  2020) 
which was 42% and 44% respectively, photocatalytic 
decolouration of Crystal violet and Acridine may take 
place in acidic pH because several hydroxyl ions 
increase at higher pH values which eventually leads 
to increase in the decolouration. 

Effect of initial dye concentration

Initial dye concentration was also referred in the 
experimental design during the pH optimization 
by selection the concentration of 10, 20, 30, 40, 
50 mg/L range where decolouration reduced with 
increase in concentration (Paul et al. 2020) (Fig.  5) 
as some UV light photons were absorbed by a large 
number of dye molecules as the dye concentration 
grew.  The number of effective photons absorbed by 
the catalyst’s surface was lowered. The number of 
excited biogenic TiO2 electrons created by effective 
photons dropped, reducing the size of the producing 
electron and holes. Simultaneously, contaminants and 
other organic compounds were likely deposited on the 
TiO2 surface, making it more difficult for electrons 
to enter the solution.  As a result, less and fewer 

electronsentered the dye solution and reacted with 
adsorbed hydroxide ions to create hydroxyl radicals, 
the major oxidizing species responsible for organic 
compound photooxidation.

Effect of catalyst loading
  

After optimizing pH, the catalyst loading is another 
important parameter which has strong influence on 
the decolouration kinetics of dye solution. In order 
to determine the optimal amount of catalyst con-
centration, a series of experiments were carried out 
using different amount of TiO2 catalyst varying from 
5, 10, 15, 20, 25, 30 mg at optimized pH and initial 
dye concentration under normal light condition. By 
increasing the catalyst concentration initially from 5 
mg–10 mg there was increase in the dye decolouration 
further analysis decrease in the decolouration was 
observed (Fig. 6). This enhances the fact that the 
surplus catalyst can scatter the photon in photore-
action system (Zeng  et al. 2019). This could be due 
to activated molecules colliding with TiO2 ground 
state molecules, deactivating them. Following these 
findings, it was decided to keep the amount of TiO2 in 
further photocatalytic decolouration tests at 10 mg/L.

Photocatalytic decolouration under ultraviolet 
radiation

The decolouration of 3 organic dyes Sudan  IV,  Crys-
tal violet and acridine Orange dye solution under UV 
light irradiation at room temperature was used to test 
the photo catalytic characteristics of the as-prepared 
samples. 

Control experiments were carried out without 

Fig.  7.  Photocatalytic decolouration of Sudan IV dye. Fig.  8.  Photocatalytic decolouration of crystal violet dye.
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the addition of the catalyst to discover probable dye 
losses in the system.  Pure  catalyst  TiO2  was  ap-
plied to varying dye concentrations in the course of 
photo catalytic decolouration of 3 commercial dyes. 
In the control experiment, no obvious loss was seen, 
indicating that the dyes were stable in our experiment. 
100% removal was observed for all the three dyes 
during our experiment. Different dye concentrations 
(10 ppm, 20 ppm, 30  ppm, 40 ppm, 50 ppm) with 
optimum pH 3 for Sudan IV and pH 9 for Crystal vi-
olet and Acridine orange and optimum catalytic dose 
10 mg was found to completely decolorize the dyes. 
For Sudan IV dye 40 and 50 ppm dye concentration 
about 50% decolouration was observed in 2 hrs and 
100% removal for all dye concentration was observed 
in 4 hrs as shown in Fig.  7.  Crystal violet dye nearly 
90% removal was observed for 10 and 20 ppm dye 
concentration in 3hrs whereas,100% removal was 
observed even for 40 and 50 ppm dye concentration 
at 4hrs of irradiation (Fig. 8).  The fastest decoloura-
tion observed was for Acridine orange dye out of all 
the three dye as 95%—90% removal for 10 and 20 
ppm of dye was observed in 3hrs of irradiation with 
nearly 75—80% removal for 30, 40, 50 ppm of dye 
concentration (Fig. 9). The decolouration decreased 
with increase in dye concentration but 100% removal 
was observed with biogenic TiO2   nano catalyst in 
4hrs of irradiation time for all the 3 dyes.

Adsorption isotherm

For analysing experimental equilibrium parame-
ters, Langmuir and Freundlich models are the most 
widely employed isotherm equations. The Langmuir 
isotherm model is based on the assumption that the 
adsorbent’s surface has a finite number of active sites 

that are uniformly distributed. Because these active 
sites have the same proclivity for adsorption as a 
monomolecular layer, there  is no interaction between 
the adsorbed molecules.  Adsorption isotherms depict 
the equilibrium relationship between the  bulk activity 
of adsorbate in solution and the moles adsorbed onto 
the surface at constant temperature. The adsorption 
isotherm (Freundlich and Langmuir) connects the 
equilibrium adsorbate concentration in the bulk to 
adsorbate absorption on the adsorbent surface and 
optimally describes the adsorption characteristics 
for a wide range of adsorbate concentrations (Ewis 
et al.  2020).

The separation factor “RL,” a significant char-
acteristic of the Langmuir adsorption isotherm, was 
used to describe the affinity of nanoparticles for dye 
(Fegade et al. 2019). Sudan IV, Crystal violet, and 
Acridine orange dyes have RL values of 0.0635, 
0.2679, and 0.1126, respectively (Table 1). The 
values of RL reclining in the range of 0 to 1 showed 
that the adsorption was favourable. The significance 
of the n value is that it denotes the adsorption nature 
in the Freundlich adsorption isotherm (Table 2). The 
importance of n is as follows : n = 1, adsorption is 
linear,  n 1, adsorption is chemical,  n >1, adsorption 
is physical. In the current investigation, the value of 
n in the Freundlich isotherm was determined to be in 
the range of 0 to 1. The value of n in the Freundlich 
isotherm in this investigation was found to be in the 
range of 0 to 2, indicating that the adsorption was 
physisorption for Sudan IV and chemosorption for 
Acridine Orange Dye, indicating that the Langmuir 
Adsorption isotherm was not favourable.

Both Langmuir and Freundlich values indicated 
that dye adsorption onto the adsorbent was fast and 
had a large adsorption capacity. The R2 value of the 
graph, on the other hand, indicates the experiment’s 
accuracy. 

Mechanism of photocatalysis

The energy of incoming UV radiation exceeds the 
bandgap energy of TiO2NPs. When ultraviolet irradi-
ates on the surface of TiO2NPs, electrons (e–) in the 
conduction band (CB) and holes (h+) in the valance 
band (VB) are created, as shown in Fig. 10 the pho-

Fig.  9.  Photocatalytic decolouration of acridine orange dye.
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tocatalytic mechanism dye. e– produces superoxide 
free radicals (O2–) from dissolved oxygen, while 
h+ produces OH free radicals. As numerous studies 
have explained, these intermediates are highly active 
oxidising and reducing agents that are responsible 
for dye photodegradation (Vinayagam et al. 2021).

CONCLUSION

The capacity of Biogenically synthesised TiO2 
nanoparticles for removal of commercial dyes was 
examined in this paper where optimization of pH, 
dosage plays significant role where Sudan IV dye 
decolouration was more efficient in acidic pH 3 and 
that for Crystal violet and Acridine Orange was in 
alkaline medium pH 9.  The synthesis process was 
found to be important in the development of TiO2 
with particle sizes of 7–50 nm, respectively.   It was 
found that TiO2 has a spherical irregular morpholo-
gy.  Whereas the combination of Ti, O, C in EDAX 
analysis confirm that the particles are biogenic in 
nature. This biogenic catalyst synthesised from aloe 
extract was able to completely decolorize the dye 
under UV radiation in 4hrs the decolouration was 
observed as fast in Acridine orange and  Crystal violet 
compared to Sudan IV. The Freundlich isotherm and 
the Langmuir isotherm accurately represent the data, 
demonstrating that adsorption by the adsorbent is 

Fig.  10.  Photocatalytic mechanism.
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