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ABSTRACT: Iron doped Titanium oxide (Fe/TiO2) nanoparticles with size about 9-16 nm was 

synthesized by sol-gel assay based on various solvents followed by calcination for 3 hours at 700
o
C. 

The properties of the doped materials were compared in various solvents in sense of antibacterial and 

antioxidant behavior. Antibacterial and antioxidant potential of all synthesized nanoparticles were 

studiedviadisc diffusion method and free radical scavenging potential of stable 1,1- Diphenyl-2-picryl 

hydrazyl respectively. Result of antibacterial activity was found in the range of 7.5-10 mg/disc which 

shows that effect of various solvents play an important role on the antibacterial activities of Fe-doped 

TiO2 nanoparticles. The characterization of all synthesized nanoparticles was performed by  various 

characterization techniques such as Thermo gravimeteric analysis (TGA), Fourier  transform infra-red 

(FT-IR), Scanning electron microscope (SEM), Dynamic light scattering (DLS), X-ray diffraction 

(XRD), Photoluminescence (PL) analysis and UV-Vis spectrometer. The Fe/TiO2 nanoparticles also 

showed significant antioxidant activity (20-27%). 
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INTRODUCTION 

 The role of antioxidants in the scavenging of 

free radicals is of great importance. The major useful 

functionsof antioxidant are to inhibit the oxidative 

reactions in various fields such aspharmaceutical, 

cosmetic, food and the disease associated with stress. 

Microbial activities are also significant issue in the 

pharmaceutical, cosmetic and food industries (Hajipour et 

al., 2012, Rehman et al., 2017). The increase in the use of 

organic natural food stuff and increasing origins of 

increase bacterial response to prevailingstabilizersthan 

other sources have been encouraged by food 

researchersto find natural antibacterial substances. Titania 

(TiO2) is the most important material which is being used 

for different applications due to its optical potential, 

stability, comparatively less production cost and high 

refractive index (Stan et al., 2015). Due to its surface 

photochemistry along with chemical and physical 

stability of semiconductor, it has multiple applications 

especially for self-cleaning (Carnio et al., 2007), water 

treatment (Lachheb et al., 2002), air purification (Yu et 

al., 2007), anti-bacterial (Zhang et al., 2006), sensors 

(Rella et al., 2007), solar energy conversion (Jung et al., 

2005) and anti-ultraviolet agent (Hoffmann et al., 1996). 

Photocatalytic characteristics of TiO2 based on the 

available composition, area of surface, crystallinity 

degree and actives sides (Fujishima and Honda 1972; 

Asahi et al., 2001; Yu et al., 2002; Li et al., 2004; Zhu et 

al., 2004; Thompson et al., 2006; Chen et al., 2007; 

Fujishimaet al., 2008; Yang et al., 2008; Zhang et al., 

2008). Sontakeet al. (2012) reported photo catalytic 

inactivation of gram negative bacteria by TiO2 

nanoparticles in the incidence of visible light. Brookite, 

anatase and rutile are three basic crystalline structures of 

TiO2 (Testino et al., 2007). Brookite and anatase are 

metastable while rutile is most stable phase. Now-a-days 

synthesis of nanoparticles of rutile is getting more 

attention because of its excellent photo catalytic behavior 

(Dessombz et al., 2007; Testino et al., 2007; Wang et al., 

2007; Wang et al., 2009; Arshad et al., 2018). TiO2 with 

band gap energy 3.2 e.v need UV light source to be photo 

activated. Researchers are trying to improve the band gap 

of TiO2 which is most advanced synthesis  method that 

include the doping of TiO2 with other transitions 

elements like V (Tsuyumoto et al., 2008), Fe (Tojo et al., 

2008, Naeem et al., 2010 Mangham 2011), MO (Du et 

al., 2006), Co (Subramanian et al., 2008; Sarkar et al., 

2011), AU (Zhou et al., 2011) and with nonmetals such  

as N (Fu et al.,  2012), P (Lv et al., 2009), S 

(Umebayashi et al., 2002), F (Dozziet al., 2017).Among 

all these radius of iron Fe
3+

 (0.64A
o
) is similar to 

Ti(0.68A
o
) and it therefore easily doped with TiO2enstal 

(Zhou et al., 2006). 

 The dopant (Fe
3+

) behaves as charge trapper that 

enhance photo catalysis rate in a suitable range (Zhang et 

mailto:sarafatima1093@gmail.com


Pakistan Journal of Science (Vol. 70 No. 2 June, 2018) 

 114 

al., 2010). Fe
3+

 is considered best dopant that is most 

widely used for TiO2 (Weng et al., 2005; Hou et al., 

2009; Wang et al., 2009; Zhang et al., 2009; Yalc et al., 

2010; Jia et al., 2011; Naceur et al., 2011; Su et al., 

2011). Zhang et al. (2009) synthesized Fe doped TiO2 

nanoparticles which are commend doped Fe converted 

into Fe
3+

that have active trapper of e
-
 or h

+
. Due to this 

reason it decreases the rate of recombination of e
-
/h

+
. 

 The combination of Fe
3+

 ions with -OH group 

on TiO2 nanoparticles surface lead to the formation of 

Fe
3+

(OH) complex that is good electron transfer source 

(Wang et al., 2008).Various methods are being used for 

the synthesis of Fe-doped TiO2 nanoparticles. Sol gel 

(Attar et al., 2006), ball milling (Babaei et al., 2006), 

chemical vapor deposition (Ahmadi et al., 2006) and 

micro emulsion (Haghighat et al., 2006) are well known 

methods.  

 In current study, the synthesis of Fe-doped TiO2 

nanoparticles was done at low temperature through 

deposition sol-gel method by using titanium isopropoxide 

(TTIP) in aqueous acidic media. The purpose of current 

work was to study the effect of solvent on surface area, 

photoluminescence study. Biological activities like 

antibacterial and antioxidant of synthesized nanoparticles 

were also investigated. 

MATERIALS AND METHODS 

 This study was designed to synthesize the 

nanoparticles Fe-doped Titinium Oxide and their 

characterization such as FT-IR, XRD, SEM, TGA, PLA 

and DLS. The biological activities like antibacterial and 

antioxidant of synthesized Fe-doped Titinium Oxide 

nanoparticles were further investigated based on different 

solvents such as acetonitrile, n-Hexane and isopropyl 

alcohol. 

Analytical instruments: Various instruments were used 

for the characterization of synthesized Fe/TiO2 

nanoparticles are UV/Vis Spectrophotometer UV-1700 

(Shimadzu), FESEM (JEOL 7600), FTIR (shimadzu), 

XRD (Philips X’ Pert), TGA/SDT (G600 V8.3 Build), 

Oven (EV 108 Ac-Kapa) and PL-Spectra (Hitachi F-

7000). 

Reagents and chemicals: Analytical grade chemicals 

such as tartaric acid, (Panreac), FeCl3.6H2O(Merck), 

2propanol(Fisher), acetonitrile(Merck), n-

Hexane(Fisher), HNO3 (Fluka) and Titanium 

isopropoxide (Aldrich) were used in this study without 

any further purification. Double distilled water was used 

throughout this study.  

Synthesis procedure 

Synthesis of Fe doped TiO2 nanoparticles: Fe doped 

TiO2 nanoparticles were synthesized viasol-gel assay. 

First of all 20 ml of isopropyl alcohol and 10 ml of 

titanium isopropoxide (TTIP) were mixed as precursor 

for the synthesis of TiO2. The solution was stirred for 

twenty minutes at room temperature. This process was 

exothermic (pH = 2). Now added (0.540g) of FeCl3.6H2O 

(0.1M) in 20 ml of isopropyl alcohol and added this 

solution in the above prepared solution by mixing both 

solution (pH = 3). Now added concentrated HNO3 drop 

wise to form the acidic media as hydrolysis catalyst, the 

mixture was transparent at this condition. Now added 

NH3(4M):H2O drop wise into the solution until the pH 

reached about 6.2. The solution was stirred for 4 hours on 

hot plate with condenser at temperature 75
o
C followed by 

centrifugation for 30 minutes at 250 rpm. The separation 

of precipitates followed by several times washing with 

double distilled water and drying at 80
o
C for 3 hours and 

then calcined at 700
o
C for 3 hours. Same procedure is 

repeated for the synthesis of Fe/TiO2 nanoparticles by 

using different solvents with same molar concentration 

(Arshad et al., 2016). 

Antibacterial activity of Fe doped TiO2 nanoparticles: 

Both gram positive and gram negative bacteria 

Escherichia coli and Staphylococcus aureous 

respectively used for the examination of antibacterial 

activity of synthesized nanoparticles. This activity was 

performed by assay used by Afzal et al. (2014) and 

Qayyum et al. (2016) with slight modification. Firstly 

parti dishes was autoclaved and then washed by doubled 

distilled water. Again petridished was autoclaved at 

121˚C.13 g/L of nutrient medium in pure cultures form 

was maintained in petri dishes followed by suspension in 

double distilled water and homogenously distribution. 

The inoculation (100 µL/100 mL) was mixed with 

medium and transferred in these sterilized petri plates. 

The bacterial strains were diverse in above nutrients in 

separate labeled petri dishes agar medium followed by 

sterilization by autoclaving at 121˚C for 15 min.  Then 

allowed this mixture at room temperature, gel like stuff 

was formed. Some well was developed according to all 

required examined samples. 100µL of different form (M3, 

M4, M5) of synthesized nanoparticles and standard was 

added in these different well which were properly 

labeled. The petri plates were then incubated at 37˚C for 

24 hours, for the growth of bacteria. After that, inhibition 

zones were measured by zone reader and recorded in 

millimeters. 

Determination of antioxidant activity by DDPH free 

radical scavenging assay: Antioxidant activity of 

synthesized nanoparticles was determined by scavenging 

the free radical of 1,1- Diphenyl-2-picryl hydrazyl 

(DPPH) by using the method used by Chikhi et al, (2012) 

and Jain et al, (2011). N-hexane solvent was used for the 

preparation of samples and ascorbic acid was used as 

standard in this study. 2 mL of each sample and standard 

was separately mixed with solution of DPPH (0.002%). 
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These solutions were incubated for 30 minutes. After 

incubation the absorbance was measured at 517 nm 

wavelength. N-hexane was used as blank. Antioxidant 

activity of each sample was calculated according to 

following formula 

I % = (Ablank- Asample/Ablank) ×100 

 In this formula, absorbance of blank was shown 

by Ablankwhile absorbance of each tested sample was 

shown by Asample. 

RESULTS AND DISCUSSION 

 The presence study was focused on the synthesis 

of Fe doped Titnium nanoparticles. The different 

characterization such as FT-IR, XRD, SEM, TEM, DLS, 

Photoluminescence analysis were also investigated while 

the biological activities including antibacterial and 

antioxidant activities. 

Characterization of Fe doped TiO2 nanoparticles: 

FTIR Characterization: The FT-IR spectra of TiO2 

nanoparticles were analyzed and given in figure (1). 

Many absorption bands appear in the spectra that 

belongto the organic groups such as hydroxyl and alkane. 

The broad band appear at ~ 3400 cm
-1

 to 3500 cm
-1

 

belongs indicate the stretching vibration of the hydroxyl 

group (OH
-
) representing the water as moisture. The peak 

at ~ 1631 cm
-1

 indicates the bending vibration of 

absorbed water. The bonds at ~ 2900-3000 cm
-1 

appear 

because of organic residues that originate by the sample 

preparation method. The peak which appears in the 800 

cm
-1

 to 450 cm
-1

 range belongs to Ti – O – Stretching 

bands. After calcinations of TiO2 sample, almost all 

peaks of hydroxyl and titanium carboxilate disappeared, 

only peaks between 800 and 450 cm
-1

 remained, which 

shows the formation of TiO2 nanoparticles. 

 

 
Figure-1: FTIR Spectra of pure TiO2 

 

 Figure-2 showed that FT-IR spectra of doping of 

0.1M concentration of Fe of TiO2 doped with. Spectra 

showed that as intensity of the peak increases, the broad 

bands at 2350 – 3500 cm
-1 

which indicate O – H for 

absorbed water molecules lead to the formation of Ti-

OH. It showed that as the concentration of Fe increased 

in the solution, the hydroxyl contents also increased, 

accordingly. 
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Figure-2: FTIR Spectra of 0.1M Fe-doped TiO2 nanoparticles 

 

XRD analysis: The crystallite size and phase 

composition of synthesized nanoparticles were studied by 

X-ray diffraction analysis. Figure (3) showed the XRD 

patterns for pure TiO2. Results shows that particles were 

mostly comprised of rutile structure with tetragonal 

shape. Essentials peaks of pure TiO2 nanoparticles were 

found at 20 = 27.46
o
, 36.05

o
, 41.22

o
, 44.05

o
, 54.33

o
, 

56.63
o
, 62.72

o
, 64.03

o
 and 69.76

o
 with planes of (110), 

(101), (111), (210), (211), (220), (002), (310) and (112) 

respectively. Which are all well indexed with PDS # 00-

004-0551. Tetragonal rutile structure of TiO2 was shown 

by these results. Average particle size of TiO2 was 

calculated by using the Scherrer’s equation as explained 

by Eq. 1 

D = 
𝑘𝜆

𝛽(𝑐𝑜𝑠 𝜃)
 (Eq.1) 

In the above equation, 

D = average crystallite size 

β= broadening of peak  

k = grain shape dependentconstant (k = 0.89)  

θ = diffraction angle. 

λ = wavelength (nm) of incident radiations 
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Figure-3: XRD Spectra of Pure TiO2 nanoparticles 

 Figure-4 show the XRD pattern of 0.1M Fe-

doped TiO2 nanoparticles synthesized in 2-propanol by 

sol-gel method the analysis was carried out in 2θ range of 

20
o
 – 80

o
. Figure-3 showed that all synthesized 

nanoparticles in various solvent were found of rutile 

behavior of TiO2 diffraction peaks (PDF # 00-004-0551) 

containing no impurity phase. After doping of Fe, peak 

position of (101) shift to a larger angle. This shows that 

position of Ti ions in TiO2 was just replaced by doped Fe 

without possessing any change in crystal. Fe-doped TiO2 

nanoparticles synthesized in 2-propanol show the 

characteristics peaks at  20 = 32.5
o
, 33.2

o
, 35.96

o
, 41.01

o
, 

43.67
o
, 49.26

o
, 54.35

o
, 56.61

o
, 62.78

o
, 63.96

o
 and 69.37

o
 

with diffraction planes (101), (104), (110), (021), (202), 

(024), (116), (018), (027), (300) and (208) respectively. 

 XRD analysis determined the full width, 

position and intensity of peaks by using the Scherrer 

formula as explained in figure (4). Average size of 

nanoparticles was calculated about 9.42nm in 2-propanol, 

6.36nm in acetonitrile and 16.05nm in n-Hexane which 

are close to the DLS Analysis. 
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Figure-4: XRD patterns of Fe-doped TiO2 

 

SEM Analysis: Figure-5a show the SEM analysis of 

nanoparticles synthesized by 0.1M Fe-doped TiO2 by sol-

gel method using different solvents. Figure (5a) show that 

all particles are inter-connected, spherical that form open, 

porous, network. Figure (5b, 5c) showed heterogeneous, 

porous surface morphology of Fe-doped TiO2 

nanoparticles synthesized in acetonitrile and n-hexane. 

 

 
Figure-5a: SEM image of Fe-TiO2 nanoparticles (2-propanol) 
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Figure-5b: SEM image of Fe-TiO2 nanoparticles (Acetonitrile) 

 

 
Figure-5c: SEM image of Fe-TiO2 nanoparticles (n-Hexane) 

 

TGA analysis: Figure-6 show the TGA-DSC curves of 

Fe-doped TiO2 nanoparticles calcinated at 700
o
C. It 

shows the mass losses in steps and thermal events 

corresponding to these losses which may be due to any 

physical phenomena. The TGA show that the mass loss is 

about 12% up to 490
o
C. This loss is due to presence of 

H2O, OH are may be due to the iron as doping in the TiO2 

nanoparticles which lowered thedegrading temperature.  

An endothermic peaks at 75
o
C in figure 6may arise due to 

the loss of water whereas the exothermic peak appeared 

at 230
o
C is recognized to thermal decomposition of 

organic matter and sintering between the TiO2 

nanoparticles. 
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Figure-6: TGA Spectra of Fe-doped TiO2 

 

DLS Analysis: Figure-7 showed the DLS analysis of Fe-

doped TiO2 nanoparticles which determined the 

hydrodynamic diameter nanoparticle, which was found 

larger than their size. It may be because of occurrence of 

stabilizer at surface of dopant.  

 

Table-1: Effect of various solvents on the size of Fe/ TiO2 nanoparticles. 

 

Solvent No. Method Temperature Calcination Time Stirring Time Solvent Zeta-size Peak-I 

M3 

S
o

l-
g

el
 

m
et

h
o

d
 

80
o
C 700

o
 3 hours 2-propanol 9.27 824.91 

M4 80
o
C 700

o
 3 hours Acetonitrile 8.45 824.91 

M5 80
o
C 700

o
 3 hours n-Hexane 10.94 458.66 

 

 
Figure-7: DLS Spectra of 0.1M Fe-doped TiO2 Nanoparticles, (2-Propanol) 
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Figure-8: DLS Spectra of 0.1M Fe-doped TiO2 Nanoparticles, (Acetonitrile) 

 

 
Figure-9: DLS Spectra of 0.1M Fe-doped TiO2 Nanoparticles, (n-Hexane) 

 

Photoluminescence analysis: Figure-10 showed the 

photoluminescence spectra of pure TiO2 nanoparticles. 

Both spectra’s showed the two distinct emission peaks, 

one peak occur in UV region while another peak occur in 

broad invisible green region. TiO2 gives the spectral 

bands at 355-450 nm which should be ascribed to self-

trapped excitons and oxygen vacancies respectively.  
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Figure-10:  PL Spectra of TiO2 

 

Figure-11 showed the PL-spectra of 0.1M Fe-doped TiO2 

nanoparticles synthesized in 0.1M acetonitrile. The 

trapping of holes and electrons on surface of TiO2donated 

to the Pl bands from 355-450 nm. From the spectra it can 

be seen that – OH group shows medium intensity with 

sharp peaks lies in the range of 355-370 nm. While broad 

luminescence band appeared in range of 370-450nm in 

blue green region. But PL-intensity was found different 

in all these samples which vary due to different solvents.  

 

 
Figure-11:PL-Spectra of 0.1M Fe/TiO2 Nanoparticles. 

 

Antibacterial activity of Fe doped titanium oxides 

synthesized in various solvents: The antibacterial 

activity of Fe doped titanium oxides which were 

synthesized in various solvents such as acetonitrile, n- 

hexane and isopropyl alcohol was investigated against all 

strains S. aureus and E. coli. Rifmpacin was used as 

standard in this study. The results from disc diffusion 

method showed that the nanoparticles synthesized in 
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acetonitrile shown the highest inhibition 10 

microgram/disc against S. aureus followed by nine 

microgram/disc inhibition nanoparticles synthesized in 

acetonitrile. While the lowest inhibition 8.5 

microgram/disc was shown by the nanoparticles 

synthesized in isopropyl alcohol solvents. Whereas the 

used standard Rifmpacin 24 microgram/disc inhibition. 

The activity of these particles and was also performed 

against the inhibition of gram negative bacteria E. coli 

which showed the significant inhibition. The highest 

inhibition 10 microgram/disc was shown by the particles 

synthesized in isopropyl alcohol solvent followed 9 

microgram/disc by n-hexane solvents. The particles 

synthesized in acetonitrile showed the lowest inhibition 

8.5 microgram/disc against the gram negative bacteria 

while the standard sowed the highest 27 microgram/disc 

inhibition which is greater than the all particles. The 

results (fig-12) revealed that the overall significant 

inhibition against both tested bacteria’s showed less than 

the standard used. The subscripts presented in graph 

shown rankwise comparison by HSD tucky comparison 

test. The other researchers also reported the significant 

antibacterial potential due to active oxygen spices, small 

size and high surface area (Sirelkhatim et al., 2015). 

 

 
Figure-12: Antibacterial activity of Fe/TiO2nanoparticles in various solvents 

 

Antioxidant activity of Fe doped titanium oxides 

synthesized in various solvents: The antioxidant of 

Fe/TiO2 was investigated by the DPPH scavenging assay 

by using ascorbic acid as standard.The obtained results 

were represented in Figure.13. The subscripts presented 

in graph shown rankwise comparison by HSD tucky 

comparison test. The nanoparticles synthesized in n-

Hexane solvents showed the highest scavenging activity 

25.34 % among all the synthesis solvents followed by 

isopropyl alcohol 21.61% while acetonitrile showed the 

lowest inhibition 20.17%. The lowest scavenging activity 

was shown by the acetonitrile. The ascorbic acid in n-

hexane solvents showed the highest activity 73.54 %. The 

result showed that synthesis solvent influenced a little 

difference in scavenging activity but their overall activity 

was found less than the standard. Asati et al. (2009) also 

study the oxidase potential of cerium oxide nanoparticles 

which showed that the excellent antioxidant activity that 

leads to new potential applications in various fields such 

as medicine, environmental chemistry and biotechnology 

etc. 
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Figure-13: Percentage inhibition of DPPH radical activity of Fe/TiO2nanoparticles in various solvents 

 

Conclusion: The synthesized nanoparticles of size 20-

30nm via sol-gel assay in three solvents like acetonitrile, 

n-haxane and isopropyl alcohol showed significant 

antioxidant and antibacterial activities. 
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