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Abstract

The captivating properties and versatile applications of TiO, nanoparticles make them one of the emerging and widely used
nanomaterials in current era. Green synthesis of nanoparticles is normally exploited to ensure environment friendly route
and as potential candidate in their applications. In this work, owing to the sensitive applications of TiO, nanoparticles in
water purification and agriculture, green synthesis was preferred using leaf extract of Melia azedarach L. as reducing and
capping agent. Optical, structural and morphological properties of the synthesized nanoparticles were examined by UV-Vis
spectroscopy, X-ray diffraction (XRD) and scanning electron microscopy (SEM) respectively, which revealed their crystal-
linity and spherical shape with 50-71 nm size. Functional groups responsible for the effective fabrication and stability of
nanoparticles were indicated by Fourier transform infrared (FTIR) spectroscopy and purity of synthesized nanoparticles was
analysed by Energy Dispersive X-ray (EDX) spectroscopy. Nanoparticles were found to be pure, well dispersed and rutile
in nature. TiO, nanoparticles exhibited efficient degradation of Eosin dye, demonstrated as prototype of polluted water.
Moreover, TiO, nanoparticles were also found quite efficient in enhancing germination of Pennisetum glaucum seeds and
represented germination index of 89.3. Therefore, green synthesized TiO, nanoparticles by Melia azedarach L. extract can
be employed as fertilizing and catalysing agents in the field of food and agriculture and as decontaminating and purifying
agents in the field of environmental purification as future prospects.
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1 Introduction

Environmental, especially, aquatic pollution is the major
challenge for current era researchers due to rapid increase in
population and industries. Therefore, wastewater treatments,
particularly, catalytsis techniques, are gaining attention to
control the aquatic pollution. A number of conventional
physical, chemical and biological methods such as coagu-
lation, adsorption and membrane separation were used for
wastewater treatment, but, these methods convert organic
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contaminated water in solid form of membrane fouling
and sludge [1-3]. The photocatalysis attracting attention of
researchers for the treatment of organic, inorganic and heavy
metals polluted wastewater without producing sludge and
solid waste [4-8]. Photocatalysis depends upon the nature
and properties of the photocatalysts like band gap, recom-
bination rate, electron—hole pair production and stability.
TiO, is the most widely reported photocatalyst due to its
peculiar properties such as chemical stability, high oxidiz-
ing and photocatalytic activity [9]. Therefore, TiO, is uti-
lized as standard photocatalyst in the degradation of organic
dyes, environmental disinfection and hydrogen production
[4, 5, 10]. Moreover, it is used in wide range of applications
including water treatment, deodorization, air purification,
cosmetics, self-cleaning agent in paints and coating, energy
production and storage applications, pharmaceutical appli-
cations, food packing and storage [11, 12]. Instead of using
different methods, the interest is shifting to green synthesis
of photocatalysts to eliminate many hazardous effects during
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their utilization in different applications. Therefore, many
research groups are working on green synthesis of TiO,
nanostructures for photocatalytic activity by using different
plants and their extracts such as Nyctanthes arbor-Tristis
[13], Jatropha curcas L. latex [14], Psidium guajava [15],
Trigonella foenum-graecum [16] Deparia boryana [17] and
Sesbania grandiflora [18].

Furthermore, nanoparticles are used in the agriculture
field to detect pathogens, improve plant production, to
enhance growth rate and seed germination, and retention
of herbicides and pesticides in crops [19]. It is investigated
that, TiO, nanoparticles exhibited appreciable seed germina-
tion, root length, shoot length and vigorous index for various
plants such as coriander plant [20], Vigna radiate L. (mung
bean) [21], Oryza sativa L. (rice) seedlings, Brassica napus
(canola) seeds [22, 23] and Triticumaestivum L. (wheat)
plants) [24]. Therefore, TiO, nanoparticles can be trusted
as a green aiding substance by agriculturalists.

In present study, TiO, nanoparticles are effectively syn-
thesized by using leaf extract of Melia azedarach L. which
have not yet been reported elsewhere. The reported plant is
preferred due to its widespread diversity, medicinal nature
and appropriate composition as it contains terpenoids, poly-
phenols, alcohols, lipids, alkaloids and tannins and helps to
reduce bulk TiO, into nanoparticles. The prepared TiO, was
effectively used for photocatalytic degradation of 5000 ppm
Eosin dye textile polluted water. Moreover, the synthesized
TiO, nanoparticles were used as appealing fertilizer in
the filed agriculture and Pennisetum glaucum seeds were
tested for the seed germination growth parameter at room
temperature.

2 Materials and Methods
2.1 Synthesis of TiO, Nanoparticles

Fresh leafs of Melia azedarach L. were collected from rural
area of Gujrat city, Pakistan. Leaf were surface cleaned
with running tap water thrice followed by distilled water
rinsing. Washed leaf were air dried in clean and ambient
environment. 10 g of leaves, weighed by digital weighing
balance were boiled in 100 ml of distilled water at 60 °C
for 10 min to kill pathogens. The leaf extract was filtered
through Whatsman filter paper No. 1 and was cooled down
to room temperature. TiO, powder was purchased from
Sigma Aldrich and 5 mM precursor solution was prepared.
10 ml of aqueous leaf extract was added in 90 ml of 5 mM
TiO, solution and the mixture was homogenously stirred
for 6 h at 60 °C. After stirring, the change in colour of solu-
tion (greenish brown colour) indicated the reduction of TiO,
powder into TiO, nanoparticles. The extract ratio was var-
ied (Table 1) to check the effect of extract concentration

@ Springer

Table 1 Details of leaf extract

i . Samples Leaf Precursor
and precursor solution extract  solution
(ml) (ml)
1 5 90
2 10 90
3 15 90
4 20 90
;‘."“”f" a Stirring
N for 6 SmM

' . hours at precursor
. < 60 °C solution
-3 .
Melia Azedarach L
leaf P
4

Calcination
for 6 hours
at 60 °C

Centrifugation &
for 30 minutes
at 3500 rpm

Fig. 1 Stepwise experimentation flowchart for green synthesis of
TiO, nanoparticles

on properties of synthesized nanoparticles to ensure best
combination for use in selected applications.

The stirred solution was centrifuged at 3500 rpm for
30 min. The centrifuged precipitates were washed by dis-
tilled water to remove impurities and were calcinated in ther-
mostatic drying oven at 60 °C for 4 h to extract the required
nanoparticles. Stepwise experimentation is given in Fig. 1.

2.2 Photocatalytic Dye Degradation

Photocatalytic applications of TiO, nanoparticles have been
in use since long for environmental purification [25] by bac-
teria destruction [25], oxidation of contaminants like dye
residues, organic films, etc. [26]. In present experimenta-
tion, TiO, nanoparticles are reported to degrade Eosin dye,
present in Red fountain pen ink. 10 mg of TiO, nanoparticles
(sample 3) having 57-64 nm size were used against 10 ml of
artificially designed industrial waste water containing Eosin
dye (1 ppm solution of Eosin dye). The solution was exposed
to visible light but no significant degradation was observed
under visible light range. However, in the presence of Ultra-
violet (UV) light source, TiO, nanoparticles acted efficiently
as photo catalyst and degraded the dye. This reveals their
effectiveness in water treatment to ensure clean and pollut-
ant free water.
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2.3 Seed Germination

Fresh, undamaged millet seeds were purchased from com-
mercial seed store, washed thrice with distilled water fol-
lowed by filtration and air drying. Three sampling sets were
prepared, first being the ‘Control sample’ treated with dis-
tilled water while second and third samples were treated
with bulk TiO, powder solution and TiO, nanoparticles
solution, respectively. 5 mg/L solutions of P25 (bulk TiO,)
and TiO, nanoparticles were prepared in distilled water for
the treatment. The seeds were kept soaked for 24 h in their
corresponding solutions. After 24 h, seeds were carefully
transferred to moist filter paper containing petri dishes via
tongs. The seeds were placed apart from each other in petri
dishes to visualize the germination process clearly and were
foliar sprayed by 10 ml of their mother solutions before seal-
ing the petri dishes. The petri dishes were kept in Nano-
laboratory’s authorized lockers at 25 °C temperature and
are shown in Fig. 2. The experimental observation tenure
was kept 7 days. Various parameters like root length, shoot
length, germination percentage, germination rate, and seed
vigor index were recorded. The germination progress for
control sample, bulk TiO, and TiO, nanoparticles was com-
pared to analyze their corresponding effects and to check the
difference of employing TiO, nanoparticles in this respect.

2.4 Characterization Techniques

The synthesized TiO, nanoparticles were characterized by
UV-Vis spectrophotometer (UV-1700, Shimadzu), XRD
(KAPPA APEX II (Cu-a, A=1.54 A)) and SEM (TESCAN
MIRA3) to study their optical, structural, and morphological

Fig.2 Images of 7 days germinated Pennisetum glaucum seeds

properties, respectively. FTIR spectroscopy and EDX anal-
ysis were employed to check their surface and elemental
purity.

3 Results and Discussion
3.1 UV-Vis Spectroscopy and Optical Properties

Optical properties like absorption and band gap of syn-
thesized TiO, nanoparticles were investigated by UV—Vis
absorption spectra. In UV-Vis spectroscopy, the absorption
wavelength and intensity always depend upon a number of
parameters like particle size, concentration, temperature etc.
[27]. In solvents with high dielectric constant, the dissolu-
tion causes shift towards longer wavelengths and is termed
as ‘red shift’ or bathochromic shift. This shift gives informa-
tion about the size, material and hence band gap of the of
synthesized nanoparticles, whereas the height of the absorp-
tion peak is directly proportional to concentration of sample
[28]. UV-Vis absorption spectra of Melia Azedarach L. leaf
extract in inset of Fig. 3 and TiO, nanoparticles are shown
in Fig. 3. The absorption band edges of the samples are in
range of 250-400 nm with slight variations in absorption
magnitude and width of peak which are in well agreement
with reported literature [29-31]. By analysing the absorp-
tion edge of peaks, we observed that with the increase in
concentration of leaf extract, the corresponding absorption
band edge wavelengths were increased. In all samples, the
precursor ratio was kept constant while extract ratio was
increased. The purpose of varying the extract ratio was to

i Sample 1
e=@==Sample 2
e Sample 3
w=ip==Sample 4

Temer Fret

Absorption (arb. units)

200 300 400 500 600
Wavelength (nm)

Fig.3 UV-Vis absorption spectra of TiO, nanoparticles synthesized
using different concentrations of leaf extracts and absorption spec-
trum of leaf extract of Melia Azedarach L. (inset)
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optimize the synthesis mechanism and to figure out the best
combination for optimized synthesis of nanoparticles.

The band gap energy (E,) of the TiO, nanoparticles was
determined by both direct and indirect methods. In direct
method, the tangent was plotted at the absorption band
which gave the corresponding wavelength (Table 2). In
indirect method, Tauc plots were taken and extrapolation
of straight line gave E, of corresponding bands as shown
in Fig. 4 [32]. The Tauc relation can be expressed by Eq. 1
[33].

ahv = A(ho — Eg)"/? 4))

Here a is absorption coefficient and can be calculated
from Eq. 2 [33], h and v are Plank constant and frequency
respectively. A is band tailoring constant, Eg is the band
gap energy and n represent the transition i.e. 1 for the direct
transition.

4rk
T @

Where k is extinction coefficient and A is the wavelength
of the incident light. Both direct and indirect transition band
gaps were calculated by Tauc relation, but the indirect band
gap energies were discarded due to mismatch with directly
calculated band gap from UV—Vis absorption spectra. The
calculated direct transition band gaps are shown in Table 2.
It can be observed that with an increase in extract ratio
the band gap also increased due to decrease in size of the
nanoparticles.

3.2 Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectroscopy was employed for investigation of the
functional groups present in the samples and their possible
role towards the green action i.e. to see the various constitu-
ents present in plant extract which play the role of metal ion
reduction and act as capping agent in the synthesis of TiO,
nanoparticles. The FTIR spectra of the prepared samples are
shown in Fig. 5.

The FTIR spectra of TiO, nanoparticle were recorded in
range 500-4000 cm~! and showed characteristic bands at
1091, 1225, 1332, 1376, 1531, 1587, 1657, 1766, 2361 and

Table2 Band gap of TiO, nanoparticles calculated from the direct
method (UV-Vis absorption spectra) and from Tauc relation

Sample Band gap calculated from Band gap calculated
UV-Vis spectra (eV) from Tauc plots (eV)

1. 2.97 2.99

2. 2.76 2.60

3. 2.85 2.85

4. 2.70 2.70
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Fig.4 Tauc plots along with tangents for TiO, nanoparticles

3284 cm™'. Band at 1091 cm™! corresponded to C-O stretch-
ing vibrations that reveal the presence of saturated secondary
alcohols present in leaf extract of Melia azedarach L. Simi-
larly, the band at 1225 cm™! indicated the presence of free
amino acids. Phenol combination of O—H deformation vibra-
tion and C—O stretching vibration were found at 1332 cm™!
and 1376 cm™!, respectively. 1531 cm™! is referred to pres-
ence of C=N stretching and indicated metal with C=C
stretching vibrations. 1587 cm™! band directly reported the
presence of heavy element or compound and the only heavy
element present in the sample was Ti or TiO,. The metal-
lic indication, combined with the heavy element prediction
revealed the presence of synthesized TiO, nanoparticles.
Flavones were detected by C=0 vibration at 1657 cm™!
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Fig.5 FTIR spectra of TiO, nanoparticles synthesized by leaf
extracts
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which are reported to be active reducing agents, present
in plant extract, that help in the synthesis of nanoparticles.
Lactones and saturated aliphatic compounds (hydrocarbons)
were identified at 1766 cm™! and broad O-H vibrations in
solid phase were significant at 2361 cm™'. In the same way,
hydrogen bonding was detected in various constituents like
carboxylic acid; water etc. at 3284 cm™. In addition, poly-
peptides which indicate the presence of proteins were also
detected in the form of N-H stretching vibration.

Thus, with the help of FTIR spectroscopy, it was evident
that alcohols, phenols, aliphatic hydrocarbons and flavones
were present in the sample, donated by leaf extract which
act as reducing and capping agents in green synthesis of
nanoparticles. These groups caused bio-reduction of TiO,
nanoparticles as indicated by the same FTIR spectroscopy
corresponding to wavenumbers 1531 cm™! and 1587 cm™!
and referred to metallic presence as well as heavy element
or group with heavy element.

The leaf extract of Melia Azedarach contains phytochemi-
cals such as steroids, phenols, alkaloids, tannins, flavonoids,
saponins and terpenoids, which are acting as oxidizing and
reducing agent in green synthesis of TiO, NPs. The presence
of these phytochemicals were investigated through phyto-
chemical screening test as reported in literature [34-36].

3.3 X-ray Diffraction

The prepared samples were also examined by XRD to
explore the structural and crystallographic properties of
TiO, nanoparticle and the results are shown in Fig. 6. The
graph shows diffraction peaks at 27.41°, 35.94°, 41.55°,
54.44° and 68.93° corresponding to (110), (101), (111),

(101)
.‘é
E]
8
=]
)
= (111)
Z (110)
£
= 211
@D (112)
I v 1 v 1 v 1 v 1 v 1 v 1
20 30 40 50 60 70 80
20 (degree)

Fig.6 X-ray diffraction graph of TiO, nanoparticles

(211) and (112) planes, respectively, which confirmed the
rutile phase with tetragonal unit cell as per JCPDS card
number 87-0920. This confirmation is also in agreement
with reported literature [37, 38].

The crystallite size was calculated by using Scherer’s for-
mula in Eq. 3 [39].

_ KA
B pcosb ©)

where, I', K, A, B, 0 are mean size of crystalline domain,
dimensionless shape factor (typically =~ 0.9), X-ray wave-
length, line broadening, Bragg’s angle, respectively. The
crystallite size using Scherer’s formula was calculated cor-
responding to each plane and it varied in a range of 9.18 nm
to 18.80 nm as shown in Table 3.

TiO, exists in three crystalline phases i.e. anatase, rutile
and brookite. It can be described with reference to TiOg
octahedral with Ti at center and O at vertices where in each
forms their sharing positions differ, each TiO4 octahedra
shares two edges in rutile, three in brookite while four in
anatase [40] which render Rutile and Anatase to be ‘Tetrago-
nal’, while brookite to be ‘Orthorhombic’. Despite the struc-
tural similarities between the three crystalline phases, their
chemical and electronic properties differ significantly [41].
Among the three polymorphs of Titania, rutile is the most
stable form, whereas the other two being unstable can trans-
form to rutile depending on various parameters [42].

3.4 Scanning Electron Microscopy

Scanning electron microscopy was employed to study the
size, shape of synthesized TiO, nanoparticles and to keenly
analyse the effect of change in extract concentration on size,
shape and appearance of synthesized nanoparticles. SEM
micrographs of TiO, nanoparticles are shown in Fig. 7a—d.

Figure 7a shows the nanoparticles synthesized by 5 ml
leaf extract. The nanoparticles had a wide size range and
random shapes which were due to aggregation and agglom-
eration of the nanoparticles. Figure 7b shows nanoparti-
cles synthesized by 10 ml leaf extract with size range of
64.94-78.45 nm and spherical like shape. All nanoparticles
were monodispersed and had no agglomeration. Figure 7c
shows the nanoparticles prepared by 15 ml leaf extract

Table 3 XRD data and calculated parameters

Sr.No. 20 Plane  Crystallite size (nm)  Mean size (nm)
1 27415 (110) 14.774661 13.45

2 35946  (101)  9.1802922

3 41.559 (111)  11.846089

4 54.448  (211)  12.644807

5 68.936  (112)  18.806056

@ Springer



2138 Journal of Inorganic and Organometallic Polymers and Materials (2019) 29:2133-2144

Fig.7 SEM image of Synthe-
sized TiO, nanoparticles with
different leaf extract a 5 ml, b
10 ml, ¢ 15 ml and d 20 ml

with spherical shape and size range of 57-64 nm and are
nearly homogeneously dispersed. Figure 7d reports spheri-
cal and well dispersed nanoparticles with size range of
54.12-68.91 nm.

Overall SEM results revealed the decrease in size of nan-
oparticles with increase in plant extract ratio. This is due
to the fact that with the increase in extract concentration,
reducing and capping agents occurring naturally in plant
extract also increase, that stabilize the synthesized nano-
particles more constructively. Hence, with the increase in
extract ratio from 5 to 20 ml, corresponding size of synthe-
sized nanoparticles got decreased from 71 to 50 nm and so
did the agglomeration. Hence, leaf extract served as sur-
factant and stabilizer.

3.5 Energy Dispersive X-ray Spectroscopy (EDX)

The elemental analysis and verification of TiO, nanopar-
ticles was performed by EDX and is shown in Fig. 8. The
EDX spectra represented purity of synthesized TiO, nano-
particles, as only Titanium and Oxygen peaks were observed
without impurity traces. The elemental weight and atomic
percentage are given in Table 4. It also proves that after
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washing there was no impurity, like extract or any other
agent which could affect the applications.

3.6 Photocatalytic Test for Dye Degradation

In this study, photocatalytic properties of TiO, nanoparticles
were evaluated for degradation of Eosin dye. The structure
of Eosin dye is depicted in Fig. 9a. Eosin dye is from a class
of dyes which are used in various industrial applications
such as color filter, paper inks, textile, etc. The solution of
Eosin dye was collected from textile industry in order to test
photocatalytic activity of TiO, nanoparticles. An UV-Vis
lamp with wavelength 365-450 nm was used in the catalytic
activity.

Photocatalytic reactions are initiated due to electron hole
pairs generation in the conduction and valence band of TiO,
when irradiadted by UV light and the mechanism is shown
in Fig. 9b. The conduction band electrons react with oxygen
to produce superoxide anion radical and holes oxidize water
molecules or hydroxide ion which is absorbed on the surface
of TiO, nanoparticles. The steps involved in photocatalytic
degradation of dye are given in Eqgs. 4-12.

TiO, + hw(UV) — TiO,(e”(CB) + h*(VB)) )
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Fig.8 EDX Spectrum of synthesized TiO, nanoparticles a 5 ml, b 10 ml, ¢ 15 ml and d 20 ml leaf extract

Table 4 Elemental percentage from EDX

Sample wt% at.%
TiK OK TiK OK

1 39.13 60.87 17.68 82.32
2 40.65 59.35 18.62 81.38
3 34.62 65.38 15.03 84.97
4 35.74 64.26 15.67 84.33
H,O(ads) + h*(VB) - OH (ads) + H" (ads) 3)
0, + ¢ (CB) — O, (ads) (6)
05 (ads) + HY*SHOO (ads) @)
2HOO (ads) = H,0,(ads) + O, 8)
H,0,(ads) - 20H (ads) 9)
Dye + OH — CO, + H,0O(dye intermediate) (10)
Dye + h*(VB) — oxidation products (1D
Dye + ¢” (CB) — Reduction products (12)

The photocatalytic action was represented by
UV-Vis absorption spectra as shown in Fig. 10. It is clear

in absorption spectra that by increasing UV exposure time
the absorbance is decreased. The absorption of light depends
on numbers of dye molecules that interact during exposure
i.e. concentration of dye. If the dye solution is reasonably
concentrated, it will have a high absorbance due to highest
probability of interactions of dye molecules with incident
light. Hence, it can be claimed that the decrease in absorp-
tion implies the decrease in concentration of dye in solution
i.e. degradation of dye. It can be seen that with an increase
in UV exposure time from 5 to 45 min, the absorption and
hence the amount of dye present in artificially prepared
industrial waste water decreased, which confirms that TiO,
nanoparticles can be effectively used for photocatalytic dye
degradation for water purification. The mechanism involves
the excitation of electron from valence to conduction band
of semiconductor on light exposure. Those excited electrons
and positive holes in valence band cause oxidation of mol-
ecules around by transferring charge to surface of TiO,.

3.6.1 Effect of pH

The photocatalytic activity of TiO, nanoparticles for an
anionic dye is highly dependent on the pH of the solution.
Figure 11 shows percentage removal efficiency of TiO,
nanoparticles for Eosin dye at different pH (1-13), but,
the removal efficiency for pH 1-7 are very low and are
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Fig.9 a Structure of Eosin dye b Systemic representation of photocatalytic mechanism in degradation of Eosin dye with TiO, nanoparticles

1. Fountain Red INK +Ti02 (10mg) + Smin UV exposure

2. Fountain Red INK +Ti02 (10mg) + 15min UV exposure
3. Fountain Red INK +Ti02 (10mg) + 25min UV exposure
4. Fountain Red INK +Ti02 (10mg) + 35min UV exposure
5. Fountain Red INK +Ti02 (10mg) +45min UV exposure

Absorbance

Wavelength (nm)

Fig. 10 UV-Vis absorption spectra of colloidal solution of Eosin dye
and TiO, Nanoparticles under UV light exposure

not included in the graph. The removal efficiency has been
observed to be 90% at pH 11 due to strong interaction of
hydroxyl ions and the dye. The reaction time for each pH
value was 20 min. The functional groups generated electro-
static charges on the surface of TiO, nanoparticles and dye
through the process of deprotonation and protonation with
respect to pH as given in Eqgs. (13) and (14).

pH < pzc : TiOH + H* — TiOH; (13)

pH > pzc : TiOH + OH™ = TiO™ + H,0 (14)

It is observed that photocatalytic degradation is sharply
increased with increasing pH form 7-13 and maximum
removal efficiency was obtained at pH 11 and further
increase in pH tends to decrease photo degradation rate

@ Springer
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Fig. 11 pH effect on photocatalytic degradation of Eosin dye under
UV light

as shown in Fig. 11 due to weaker electrostatic interaction
between TiO, and dye.

3.6.2 Effect of Temperature

Temperature has been considered a vital aspect on studying
photocatalytic activity of anionic dyes. The photocatalytic
activity of Eosin dye as function of temperature was studied
in the presence of TiO, catalyst under UV light irradiation
and the reaction time for each measurement was 20 min. The
increasing temperature tends to promote reaction efficiently
with high electron hole pair recombination rate and results
an increase in dye removal reaction rate. The photocatalytic
activity of TiO, nanoparticles for Eosin dye on different
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temperatures is shown in Fig. 12. It is evident that concen-
tration of Eosin dye was gradually decreased on increasing
temperature with maximum removal efficiency of 92% at
75 °C.

3.6.3 Effect of Catalyst Loading

The removal of dye was increased and controlled by the
catalysts. However, some dyes can be degraded under light
irradiation without any catalyst. Therefore, the removal of
Eosin dye without catalyst, with TiO, catalyst and bulk
TiO, (P25) is investigated and is shown in Fig. 13. It is also
important to determine optimum amount of catalyst required
to degrade maximum extent of dye under UV light at par-
ticular experimental conditions. It is clear that increasing
amount of catalyst increased the removal efficiency of dye
from 25 to 86%. The increase in removal efficiency is due
to increasing number of active sites on the surface of photo-
catalyst TiO,, which tends to increase number of superoxide
and hydroxyl radicals. However, photocatalytic performance
of bulk TiO, powder (P25) is observed only 46% which is
limited due to its photo-responsive range and the results are
also consistent with literature [43, 44].

3.6.4 Kinetic Study

The photocatalytic degradation process of Eosin textile pol-
lutant dye was a pseudo first order by a linear correlation of
(In(C/C,)) with corresponding reaction time as depicted
in Fig. 14. The calculated pseudo first order rate constant (k)
is 0.0054 min~! by using following equation.

(Y, ) = -k (15)

95 | —»— Effect of temperature

90 - ’/’
85 - //

Removal %
~
h
1

65 -
60 - »
55 T T T T T
20 30 40 50 60 70 80
Temperature

Fig. 12 Effect of temperature on photocatalytic degradation of Eosin
dye under UV light
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—=—Ti0, nanoparticles
—e— P25
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Removal %

40
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Time of Irridation(min.)

Fig. 13 Effect of loading catalyst and P25 on photocatalytic degrada-
tion of Eosin dye under UV light

TiO2 Nanoparticles as nano-catalyst exhibited very
good cyclic evaluation with 98% removal efficiency after
five cycles. The recycle evaluation of optimal TiO, Nano-
particles with corresponding number of cycles is shown in
Fig. 15.

3.7 Seed Germination Effects of TiO, Nanoparticles

The root and shoot lengths were measured by using sliding
callipers. The root length is the distance of the root tip from
root base, whereas shoot length is the distance of shoot tip
from shoot base [22]. The germination percentage (GP) [22],

0.4 4

-0.5 4 Y=-0.0046X-0.4091

R2=0.9829

>
Q
Q -0.6 1
E

0.7 4

L) I || L]

0 20 40 60 80

Time (mintues)

Fig. 14 Photodegradation process was to be pseudo first order as pre-
sented by correlation of (In(C/C,)) with corresponding reaction
time
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Fig. 15 Recycle performance of optimal TiO, nanocatalyts with cor-
responding number of cycles
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Germination parameters

germination rate (GR) [23, 45], mean germination time (MGT)
and seed vigor index (SVI) [46] were calculated by Egs. 16,
17, 18 and 7, respectively and are presented in Fig. 16 and
Table 5.

Number of germinated seeds
GP =

- 1
Number of inoculated seeds x 100 (16)

_XGi
T

GR a7
where Gi represents the number of germinations on day i
(i=1,2,.....,7), Y.Gi gives total germinations in 7 days and
‘I’ is total days i.e. 7.

Y Gi

SVI = GP X (shoot length + root length) (19)

(b)
Ell Control Sample
3.0 < g Bulk TiO2

Il TiO2 NPs

Corresponding magnitudes

Root length Shoot length

Germination parameters

Seed vigor index

Fig. 16 a Length parameters of germinated seeds b Germination parameters of germinated seeds

Table 5 Germination parameters calculated for Pennisetum glaucum seeds

Sample type Root length (inch) Shoot length (inch) Germination percentage Germination rate Mean germi-
nation time
(days)

Control sample 0.785 2.777 66.66 1.42 0.7

Bulk TiO, 0.380 2.464 40 0.85 1.16

TiO, NPs 0.638 3.033 73.33 1.57 0.636

Sample type Seed vigor index Relative root elongation Relative seed germination =~ Germination index

Control sample 2.372 Reference Reference Reference

Bulk TiO, 1.137 48.40 60 29.04

TiO, NPs 2.690 81.27 110 89.3
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The net germination effect due to treatment can be
calculated from the relative germination parameters with
reference to control sample. Therefore, the relative root
elongation (RLE), relative seed germination (RSG) and
germination index (GI) were calculated from Egs. 20, 21
and 22, respectively [47]. A comparison among the calcu-
lated parameters is shown in Fig. 14.

Mean root length with nanoparticles/bulk

RLE = % 100
Mean root length with control
(20)
RSG — Seeds germinated. with nafloparticles/bulk 100
Seeds germinated with control
@1
RLE x RSD
Gl = ==X 0 22)

100

It is observed that all parameter like shoot length, ger-
mination percentage, germination rate, mean germination
time and seed vigor index were influenced appreciably
when treated with TiO, nanoparticles as compared to
bulk TiO, and control sample. For all parameter, it was
revealed that bulk TiO, powder had adverse effects on the
germination while TiO, nanoparticles had increased the
germination of the seeds.

4 Conclusion

TiO, nanoparticles have been synthesized by facile, cost
effective and eco-friendly green route by using leaf extract
of Melia azedarach L. The optical, structural, morphologi-
cal and elemental properties of the synthesized TiO, nano-
particles were analysed by UV-Vis spectroscopy, XRD,
SEM, EDX and FTIR, respectively. TiO, nanoparticles
showed SPR peaks in the range of 209-249 nm with corre-
sponding band gap of 3.03-3.20 eV. XRD results revealed
TiO, nanoparticles to be rutile with tetragonal geometry.
FTIR showed that alcohols, phenols, proteins and flavones
were present in the extract of the leaf which reduced and
stabilized the TiO, nanoparticles. The SEM results, cou-
pled with EDX, revealed that nanoparticles were pure,
spherical in shape with size range of 50—71 nm. Further-
more, synthesized TiO, nanoparticles showed excellent
photocatalytic activity against Eosin dyes and germination
ability for Pennisetum glaucum seeds.
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