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[ron-Titanium oxide (Fe/T10,) nanoparticles with size from 6.36 to 16.05 nm were prepared by sol-gel method by using acetonitrile, 2-
propanol and n-hexane solvents. The synthesized nanomaterial was characterized by X-Ray Diffraction (XRD), Scanning Electron
Microscope (SEM), Fourier Transform Infrared (FT-IR), Spectroscopy, Thermogravimeteric Analysis (TGA) and Photoluminescence
(PL) analysis. Antibacterial activity of the samples was evaluated by using disc diffusion method while antioxidant activity was studied
using radical scavenging effect of the 1,1- DiPhenyl-2-Picryl Hydrazyl (DPPH). The Fe/TiO, nanoparticles showed the significant
antioxidant activity as well as antibacterial activity against both Escherichia coli and Staphylococcus aureous.
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1. INTRODUCTION

Inhibition of oxidative reactions and study of microbial
activity is of great importance in various fields such as
pharmaceutical, cosmetic, food and the oxidative stress associated
diseases in the human body [1-3].

Demand of new natural antibacterial and antioxidants are
increasing tremendously [4] and in this prespective nanoparticles
had played an important role [2]. TiO, is an important material
used for many purposes because of its excellent optical properties
and relatively low production cost [5]. Surface photochemistry,
high refractive index as well as physical and chemical stability of
TiO, semiconductor enables multiple application especially for
self-cleaning [6], water treatment [7], air purification [8], anti-
bacterial [9, 10], sensors [11], solar energy conversion [12], anti-
ultraviolet agent [13, 14], high photo-catalytic activity [15],
hydrophilicity [16], and nontoxicity [17, 18]. The catalytic
efficiency of TiO, depends on number of active sites [18], surface
area [19], phase composition [20], and degree of crystallinity [21].
There are three crystalline structures of TiO,, rutile [22], anatase
[23, 24], and brookite [25]. Rutile is most stable phase [26] and
has received increasing attention due to its photocatalytic behavior

2. EXPERIMENTAL SECTION
2.1. Materials.

Iron chloride hexa-hydrate (FeCl;.6H,O) and acetonitrile
were purchased from Merck, Tartaric acid, n-hexane and 2-
propanol were purchased from Fisher, Nitric acid (HNO;) and
Titanium isopropoxide were purchased from Sigma Aldrich. All
the chemicals were of analytical grade and were used without
further purification.
2.2. Apparatus.

Fourier Transform Infrared (FTIR) spectroscopy was done
to confirm the presence of functional groups of metal oxide by
using Prestige-21, X-ray diffraction (XRD) characterization was

[27]. TiO, with band gap energy 3.2 eV need UV light source to
be photo activated [28] and to improve the band gap of TiO,, one
of the most effective method involve the doping of metals on TiO,
[29] such as V [30], Fe [31], Mo [32], Co [33], Au [34] and with
nonmetals such as N [35], P [36], S[37] and F [38].

Among all these elements, radius of iron Fe®' (0.64 A°) is
similar to Ti (0.68 A°) and therefore it is easily doped with TiO,
[39], Fe’" dopant can serve as charge trap, impeding the electron
hole combination rate and enhance photo-catalysis rate [31, 40].
Fe’" ions could also combine with -OH group on TiO,
nanoparticles surface and forms (OH) Fe' complex which is a
good source for electron transfer[41]. Sol-gel [24, 42],
hydrothermal [43], and wet chemical synthesis [44] are well
known methods for synthesis of nanoparticles and could be used
to synthesize Fe/Ti0, nanoparticles.

In this work Fe/ TiO, nanoparticles were synthesized at low
temperature by sol-gel method. The aim of present work was to
study the effect of Fe doping on photoluminescence and
antibacterial and antioxidant behavior of synthesized TiO,
nanoparticles.

carried out to observe crystallite shape using X'Pert PRO,
Thermogravimetry analysis (TGA) was done using G600 V8.3
Build, Morphology of nanoparticles were observed using
Scanning Electron Microscope (SEM) on Hitachi S3400N at an
accelerating voltage of 15.0 and 20.0 kV. Photoluminescence (PL)
Analysis was done to observe the band gap of nanoparticles using
Hitachi F-7000.
2.3. Preparation of Fe doped TiO, nanoparticles.

20 mL of acetonitrile and 10 mL of titanium isopropoxide
were stirred for twenty minutes at room temperature. 0.1 M
solution of iron chloride (0.540g / 20 mL of acetonitrile) was
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added in the above prepared solution. Concentrated HNO; was
added drop wise to form acidic media as hydrolysis catalyst. The
mixture was transparent at this condition. 4.0 M liquid ammonia
was added drop wise until the pH reached 6.2 then solution was
stirred for 4 hours on hotplate at 75 °C and later centrifuged at
2500 rpm for 30 minutes. The precipitates were separated and
washed several times with water and ethanol and dried at 80°C for
3 hours and then calcined at 700 °C for 3 hours. Same procedure
was repeated for the synthesis of Fe/TiO, nanoparticles by using
solvents with same molar concentration.

2.4. Antibacterial activity.

Antibacterial activity of Fe/TiO, nanoparticles were studied
against two bacterial strains; Escherichia coli and Staphylococcus
aureous.

Bacterial growth medium, and
preparation was done by takingl3 g of nutrient broth (Oxoid) and
mix in 1000 mL distilled water and distributed homogenously.
The medium was autoclaved at 121 °C for 15 minutes. Loop full
of pure culture of a bacterial strain was mixed in the medium and
placed in shaker for 24 hours at 37 °C. The inoculums were stored
at 4 °C. The inoculums with 1x108 spores / mL were used for
further analysis.

Antibacterial assay for disc diffusion method was prepared
by taking Nutrient agar (Oxoid) 28 g mixed in 1000 mL distilled
water, distributed homogeneously and medium was sterilized by
autoclaving at 121 °C for 15 min. Before the medium was

cultures inoculums

3. RESULTS SECTION
3.1. Characterization.
3.1.1. FT-IR.

Figure 1(a) and (b) showed the FTIR spectra of TiO, and
Fe /TiO, nanoparticles, peaks obtain at 3412 and 3419 cm™ were
due to stretching vibration of —OH [48]. The peaks at 1631 and
1625 cm’™ are related to the bending vibration of —OH [49]. The
peaks at 1047, 1056 [4] and 426 cm’ [48] were due to stretching
vibration of Ti-O. A peak at 563 cm'[50] of Fe was observed in
Figure 1 (b), confirms the formation of Fe/Ti0O, nanoparticles.
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Figure 1. FTIR Spectra of (a) TiO, (b) Fe/TiO, nanoparticles.
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transferred to sterilized petri plates; inoculation (100 uL/100 mL)
was added to the medium and poured in sterilized petri plates.
After this, small filter paper discs were laid flat on growth medium
containing 100 pL of Fe/TiO, nanoparticles.

The petri plates were then incubated at 37 °C for 24 hours,
for the growth of bacteria. The nanoparticles inhibited the
bacterial growth and clear zones were formed. The zones of
inhibition were measured in millimeters using zone reader [45].
2.5. Determination of antioxidant activity by DDPH free
radical scavenging assay.

Antioxidant activity of nanoparticles and the standard were
evaluated on the basis of the radical scavenging effect of the stable
1,1- DiPhenyl-2-Picryl Hydrazyl (DPPH) free radical activity by
modified method [46, 47].

Solution of Fe/Ti0, nanoparticles, ascorbic acid (standard)
and DPPH were prepared in n-hexane. 2 mL of 0.002 % solution
of DPPH was mixed with 2 mL of sample solution of each dilution
separately. These solution mixtures were kept in dark for 30
minutes and the absorbance was observed at maximum
wavelength (517 nm). n-hexane solvent was used as blank and
absorbance was recorded, percentage inhibition was calculated
using the formula as given below:

I % = (Aptank- Asample/ Aplank) X100
Where Apank 1S the absorbance of the standard (containing all
reagents except the test compound) and A, is the absorbance
of the test compound.

3.1.2. XRD Analysis.

The phase composition and the crystallite size of the TiO,
and Fe/TiO, were evaluated by X-ray diffraction analysis as
shown in Figure 2 and 3. XRD pattern in Figure 2 shows
tetragonal shape of Rutile TiO,. The essentials peaks of pure TiO,
nanoparticles are present at 20 degrees of 27.46, 36.05, 41.22,
44.05, 54.33, 56.63, 62.72, 64.03 and 69.76° with planes of (110),
(101), (111), (210), (211), (220), (002), (310) and (112)
respectively, which are all well indexed with PDF # 00-004-0551.
Figure 3 shows the XRD patterns of Fe/TiO, nanoparticles
synthesized using acetonitrile (Figure 3a), 2-propanol (Figure 3b)
and n-hexane (Figure 3¢). After Fe doping, the typical position of
TiO, at (101) shifts to a larger angle indicating presence of Fe.
Fe/Ti0O, nanoparticles showed characteristics peaks at 20 = 32.5,
33.2, 35.96, 41.01, 43.67, 49.26, 54.35, 56.61, 62.78, 63.96 and
69.37° with diffraction planes (101), (104), (110), (021), (202),
(024), (116), (018), (027), (300), and (208) respectively [51].

Average crystallite size of TiO, was calculated by using the
Scherrer’s equation (Eq. 1)

D = kM(B(cos 0)) Eq.1
D is the average crystallite size, § is the broadening of peak at half
the maximum intensity in radians. A wavelength of incident
radiations in nm, k is the grain shape dependent constant (k =
0.89) and 0 is diffraction angle.

The average size of TiO, was found 34 nm and of Fe/TiO,
nanoparticles was calculated as 6.36 nm in acetonitrile, 9.42 nm in
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2-propanol, and 16.05 nm in n-hexane. The particle size of TiO,
nanoparticles was observed decreased by doping of Fe on TiO,.
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Figure 2. XRD Spectra of TiO, nanoparticles.
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Figure 3. XRD patterns of Fe-doped TiO, using (a) acetonitrile (b) 2-
propanol (c) n-hexane.

3.1.3. SEM Analysis.

Figure 4 shows the SEM image of Fe/TiO, nanoparticles
are inter-connected, spherical and have surface
morphology.
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Figure 4. SEM image of Fe-TiO, nanoparticles.

3.1.4. TGA Analysis.

Figure 5 shows the TGA-DSC curves of uncalcined
Fe/Ti0, nanoparticles. A small endothermic peak at 75 °C is due
to water loss and exothermic peak at 230 °C is attributed to the
thermal decomposition of the organic matter present during

synthesis. Mass loss about 12 % up to 490 °C was observed due to
removal of H,O, OH-.
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Figure 5. TGA-DSC graph of Fe/TiO,..

3.1.5. Photoluminescence Analysis.

Figure 6 shows the photoluminescence spectra of Fe/TiO,
nanoparticles having two distinct emission peaks, one in sharp UV
region and other in broad visible green region. Fe/TiO, gives the
spectral bands at 355-450 nm which should be ascribed to self-
trapped excitons and oxygen vacancies [13] respectively. The
band gap observed using equation 2 was 2.75 eV which is much
lower than reported in literature (3.27 eV) [52].

E=hc/A
/ 2,75 eV

Eq.2
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Figure 6. PL-Spectra of Fe/TiO, nanoparticles.

3.2. Antibacterial activity of Fe/TiO,,

The antibacterial activity of Fe/TiO, synthesized using
different solvents such as acetonitrile, 2-propanol and n-hexane
was investigated against strains of gram positive bacteria (S.
aureus) and gram negative bacteria (E. coli) and the standard
Rifmpacin was also tested. The results of gram positive bacteria S.
aureus using disc diffusion method showed that the nanoparticles
synthesized in n-hexane showed the highest inhibition 10 pg /disc
followed by 9 ng /disc inhibition nanoparticles synthesized in
acetonitrile. While the lowest inhibition 8.5 ug /disc was shown by
the nanoparticles synthesized in 2-propanol and standard
antibacterial agents Rifmpacin showed the 24 ng /disc inhibition.

The inhibition activity of these particles was also
performed against gram negative bacteria E. Coli which showed
highest inhibition 10 pg /disc by the particles synthesized in 2-
propanol solvent followed 9 pg /disc by n-hexane solvents.
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Figure 7. Antibacterial activity of Fe/TiO,nanoparticles in different
solvents (Rifmpacin is a standard antibacterial agent).

The particles synthesized in acetonitrile showed the lowest
inhibition 8.5 pg /disc against the gram negative bacteria (Table 1)

while the standard showed the highest 27 pg /disc inhibition which
is greater than the all particles as shown in Figure 7. The results
revealed overall inhibition against both gram positive and negative
bacteria but less than the standard used.

3.3. Antioxidant activity of Fe/TiO,.

The antioxidant activity of Fe/TiO, was investigated by
DPPH scavenging assay using ascorbic acid as standard. The
results obtained were represented in Table 1. Nanoparticles
synthesized in n-hexane shows highest scavenging activity 25.34
% followed by 2-propanol 21.61 % and acetonitrile showed the
lowest inhibition 20.17 %. The ascorbic acid in n-hexane showed
the highest activity 73.54 %. Table 1 showed that by changing
solvent crystallite size increase and the antioxidant activity of
Fe/Ti0O, nanoparticles increases.

Table 1. Antibacterial and Antioxidant activity of Fe/TiO, nanoparticles.

Solvents XRD Anti-bacterial activity Anti-oxidant activity
Crystallite Size (%)
(nm) gram +ve (ng) gram —ve (nug)
1 Acetonitrile 6.36 9 8.5 20.17
2-propanol 9.42 8.5 10 21.61
3 n-hexane 16.05 10 9 25.34
4. CONCLUSIONS

Synthesis of Fe/TiO, nanoparticles by sol-gel method was
carried out in three different solvents acetonitrile, 2-propanol and
n-hexane. The results showed that crystallite size decreases from
6.36 nm to 16.05 nm and band gap also decreases from 3.27 to
2.75 eV. The antibacterial activity by using disc diffusion method
revealed that nanoparticles synthesized in n-hexane showed
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