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ABSTRACT 
Titanium dioxide nanoparticles enjoy a prominent status among metal oxide nanoparticles due to their potential 
technological applications. Though conventional physical and chemical approaches for nanoparticle synthesis are 
capable of meeting the growing demand, it has also invited degradation and deterioration of the environment, as a result 
of release of toxic substances, during manufacture and processing of the particles. Thus, synthesis of nanoparticles via 
the “green” route has gained tremendous interest in the recent times due to eco-friendliness, and the current study is the 
first report for the utilization of Ocimum basilicum L. var. purpurascens Benth.-LAMIACEAE leaf extract, as a novel 
source, for the synthesis and characterization of titanium dioxide nanoparticles (TiO2-NPs). Hexagonal shaped TiO2-NPs 
with size of 50 nm have been synthesized and characterized using XRD, FTIR, SEM, TEM and EDX. 
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INTRODUCTION  
Nano-sized particles have been existing on earth since millions of years and are being utilized since 
thousands of years. They may or may not exhibit size-related characteristics that differ significantly in 
comparison to fine or bulk particles [1].They have gained whole lot of attention in recent times due to 
their increasing ability to be synthesized and manipulated, along with their utility in wide areas like 
electronic, biomedical, pharmaceutical, cosmetics, energy, environmental, catalytic and material 
applications [2]. An estimate for the production of engineered nanomaterials has been 2000 tons in 2004, 
which has been predicted to increase to 58,000 tons by 2020 [3]. 
Metal oxide nanoparticles is a special field of materials chemistry that has attracted considerable interest 
due to the potential technological applications of these compounds in a wide range of fields such as 
medicine, information technology, catalysis, energy storage, and sensing [4].possess high surface area and 
high fraction of atoms that is contributing to its various fascinating properties like antimicrobial, 
magnetic, electronic and catalytic activity [5-8]. Among the metal oxide nanoparticles, titanium dioxide 
nanoparticles possess a prominent status and is widely used in air and water purification and in DSSC 
(dye-sensitized solar cell) due to their strength of oxidation, high photo stability and non-toxicity [9-
16].Titanium dioxide nanoparticles are being manufactured worldwide in huge amounts for a variety of 
applications like sunscreen and UV blocking pigments, photo catalyst and electronic data storage medium. 
TiO2-NPs possess unique physicochemical properties in comparison to their fine particle analogs which 
may alter their bioactivity. In nanomedicine, intravenous injection is sufficient to deliver TiO2-NPs 
carriers directly into the human body [17].   
Conventionally, nanoparticles have been mostly synthesized by physical and chemical methods, which are 
potentially hazardous, requiring high energy along with difficulty in separation process [18-22]. Thus, 
development of green synthesis methods that employs plants proves an eco-friendly technique for the 
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production of potential nanoparticles. Plant photo chemicals like terpenoids, flavones, ketones, aldehydes 
amides etc. that possess antioxidant or reducing properties contribute to the formation of metal oxide 
nanoparticles [23]. Ocimum basilicum plant is well known for its culinary, religious and medicinal 
purposes and with regard to nanoparticles, the particles synthesized so far from the species include 
silver, gold and platinum [24-29]. 
Literature provides only one instance of green synthesis of TiO2-NPs, which has employed Nyctanthes 
arbor-tristis L. leaf extract [23]. Thus, the present study is the first report on the use of a novel source, 
Ocimum basilicum L. var. purpurascens Benth.-LAMIACEAE leaf extract, for the synthesis and 
characterization of TiO2-NPs, along with titanium (IV) isopropoxide as precursor.  
 
MATERIALS AND METHODS 
Preparation of crude aqueous leaf extract 
The plant collected from Pirayiri, Palakkad District, Kerala, was authenticated at Botanical Survey of 
India, Coimbatore, India. Fresh leaves were washed thrice with distilled water to remove dust and 
chopped. The chopped leaves and water were taken in the ratio 1: 10, subjected to continuous stirring for 
30 mins at 700C, cooled, filtered and stored at 40C for further use [29]. 
Synthesis of TiO2-NPs 
Titanium (IV) isopropoxide was purchased from Sigma and precursor prepared with ethanol in the ratio 
1: 10 by constant stirring for 1 h. The crude aqueous leaf extract and the precursor were taken in the ratio 
1: 9 and subjected to stirring for 4 h at 500C. TiO2-NPs were obtained by centrifugation at 10000 rpm for 
15 mins, washed with ethanol and centrifuged again at 5000 rpm for 10 mins. The separated particles 
were dried and ground followed by calcination at 5000C for 3 h [23]. 
Characterization of TiO2-NPs  
The TiO2-NPs were characterized by XRD, FTIR, SEM, TEM and EDX. 
The formation of TiO2-NPs was analyzed by an X’ Pert Pro X-ray diffaractometer (PAN analytical BV, The 
Netherlands) operated at a voltage of 40 kV and a current of 30 mA with Ni filtered Cu Kα radiation in a θ-
2θ configuration and the crystallite size was obtained by Scherrer equation [30, 31]. The FTIR spectrum 
was obtained on KBr pellets using IRA Affinity-1 SHIMADZU. SEM analysis was carried out using Hitachi S 
4500 SEM machine in which thin films of the sample were prepared on a carbon coated copper grid which 
were then allowed to dry under a mercury lamp for 5 mins. TEM analysis was done using JEOL 2000Fx-II 
HRTEM, a 200 kV analytical HRTEM, to obtain the exact size of the particles. EDX analysis was done using 
JEOL JEM 2100 high resolution TEM to confirm the presence of titanium and oxygen in the formed 
particles [6].       
 
RESULTS AND DISCUSSION 
Synthesis of TiO2-NPs 
The plant source used in this study was identified at Botanical Survey of India, Coimbatore, India, as 
Ocimum basilicum L. var. purpurascens Benth.-LAMIACEAE (BSI/SRC/5/23/2012-13/Tech.954). Crude 
aqueous leaf extract upon reaction with precursor after subsequent steps produced characteristic white 
powder which showed resemblance to those obtained using Nyctanthes arbor-tristis L. leaf extract [23]. 
These exhibited similarity to the TiO2-NPs produced by conventional methods using different precursors. 
Colloidal solutions of TiO2 with different particle sizes and stability have been synthesized using 
acetylacetone-modified TiO(OPri)4 and organic solvents that differed in polarity and molar volume [32]. 
Reports are available for deposits of nanocrystaline TiO2 from ethanolic solution of titanium isopropoxide 
and hydrogen peroxide by refluxing at 500C for 48 h [33]. Titanium tetrachloride (TiCl4) is also another 
widely used precursor for the synthesis of TiO2-NPs in which the nanoparticles can be synthesized by 
thermal hydrolysis of TiCl4 in a propanol-water mixture, and also by hydrolysis of TiCl4 in a strongly 
acidic aqueous solution in the absence as well as presence of PEG-1000 [34, 35]. Titanium dioxide has 
also been reported to be synthesized using miscellaneous titanium containing precursors like ammonium 
dihydroxodilactatotitanate (thermohydrolysis), titanium hydride powder (plasma synthesis), and organic 
precursors (spray pyrolysis) [36, 37, 38]. The formation of nanoparticles can be attributed to the 
presence of linalool, a terpene alcohol found in flowers and plants of families Lamiaciae, Lauraceae, birch 
trees and other plants, from tropical to boreal climate zones, and also in some fungi, which has been 
reported to reduce metal ions to nanoparticles as in the case of gold nanoparticles from cinnamon 
phytochemicals [39, 40, 41]. TiO2-NPs with different phase compositions can be synthesized by varying 
the temperature, synthesis time and pH of the medium [42].  
Characterization of TiO2-NPs  
The characteristic white colored TiO2-NPs upon characterization by XRD, FTIR, SEM, TEM and EDX, 
exhibited features that emphasized the elemental identity, size and shape of the synthesized particles. 
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The XRD pattern (Fig. 1) projected distinct peaks at 2θ=27.7, 37.9, 48.2, 55.1, 63.1, 68.7 and 74.7 that 
showed close proximity to those obtained by Nyctanthes arbor-tristis L. leaf extract mediated synthesis 
and gives probable indication of the nanoparticles to possess cubic face centered lattice [23]. The 
crystallite structure of the synthesized particles was found to be 6.97 nm as per Scherrer equation. The 
peaks further seem to indicate that the TiO2-NPs may be of monolithic anatase phase that may possess 
length dependent toxicity and bioactivity [43]. The obtained peaks also showed similarity to those 
obtained for synthesis of TiO2-NPs by hydrothermal method where peaks at 2θ=25.28, 36.95, 38.58, 
48.05, 53.89 and 62.69 have been attributed to anatase tetragonal crystal structure and those at 2θ=30.68 
have been related to brookite orthorhombic crystal structure [44]. The presence of sharp peaks 
confirmed the crystallinity and purity of the particles. 
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Fig. 1: XRD pattern of the green synthesized titanium dioxide nanoparticles 
 
The FTIR spectrum (Fig. 2) showed characteristic peaks at 3425.58 cm-1, 1685.79 cm-1 and 1633.71 cm-1 
that respectively corresponds to N-H stretching vibration of secondary amine, C=O stretching vibration of 
hydrogen bonded chelate esters, and C=C stretching medium intensity vibration of alkenes. These results 
showed correlation with the spectral pattern of pure titanium dioxide which had been compared upon 
modification with silica [45]. IR spectroscopic studies of titanium dioxide produced by pyrolysis of 
homogenous TiO2 gels prepared by hydrolysis of titanium isopropoxide pretreated with formic and oxalic 
acids have shown the products to contain Ti-O-Ti fragments, formate groups and oxalate groups 
coordinated with titanium and non-hydrolyzed titanium isopropoxide [46, 47].     

 
Fig. 2: FTIR spectrum of the green synthesized titanium dioxide nanoparticles 
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The SEM image (Fig. 3) of the particles showed that the nanoparticles obtained had an average size of 50 
nm, with hexagonal morphology. Titanium dioxide nanospheres of approximate diameter 60-200 nm 
have been previously reported for length-dependent toxicity and bioactivity [43]. The TiO2-NPs, of sizes 
9.3 nm, 5.9 nm and 1.5 nm, produced by low-pressure pyrolysis (LPSP) method using organic precursors, 
showed that nanoparticles produced by this method were primarily crystals  and that the crystallization 
improved with increase in reaction temperature. Besides, in such instances, the particles may become 
irregular and fragmented, with each fragment holding nanoparticles inside them [37]. The SEM data 
points to a considerable increase in homogeneity and uniformity of TiO2 films and their high specific 
surface area in the presence of dispersants like methylcellulose [42].  
 

 

Fig. 3: SEM image of the green synthesized titanium dioxide nanoparticles 
 
The TEM image (Fig. 4) further confirmed the hexagonal morphology of the TiO2-NPs with the size of 50 
nm. Titanium dioxide crystalline nanotubes of 8-10 nm, possessing multiple shells have been reported 
[48]. TEM analysis of spherical anatase TiO2-NPs, produced using ethanolic solution of titanium 
isopropoxide and hydrogen peroxide, showed that though the morphology was retained with increase in 
temperature, size increased from 5 nm to 10 nm [33]. TEM analysis further explains that the growth and 
agglomeration of titanium dioxide nanoparticles can be affected by the presence of materials like silica 
and also that the morphology varies with increase in temperature [44, 45]. Anatase TiO2-NPs produced by 
hydrolysis of TiO(OPri)4 showed that strong acidic conditions were responsible for their spherical 
morphology [49].   
EDX pattern (Fig. 5) showed high intensity peaks that confirmed the elemental presence of titanium and 
oxygen, besides showing the absence of any other elemental impurities and the weight percentage of 
titanium and oxygen were found to be 49.70 and 50.30, respectively. Similar pattern has been reported 
for the synthesis of TiO2-NPs generated by hydrolysis of titanium tetra isopropoxide in a mixture of 
ethanol and water [50]. The analysis of TiO2-NPs from human lung fibroblasts that were exposed to the 
particles for study of cyto- and genotoxic potential showed that the NPs had composition as 56% titanium 
and 41% oxygen, along with 3% carbon [51]. Single nanoparticles plus spherical aggregates of 50 nm, 
isolated from waste water treatment plants were presumably found to contain titanium and oxygen [52]. 
TiO2-NPs with 54% titanium and 46% oxygen have also been reported [53]. Among personal care 
products, toothpastes and sunscreens have been reported to contain 1% to 10% titanium by weight 
[54].As EDX analysis is a technique for detection of elements under study as well as impurities, if any, it 
further suggests that the existence of lighter elements such as hydrogen ought to be ignored, as in the 
case of nanotubes, and must referred to as TiOx nanotube [48].  
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Fig. 4: TEM image of the green synthesized titanium dioxide nanoparticles 

 

 
Fig. 5: EDX pattern of the green synthesized titanium dioxide nanoparticles 

 
CONCLUSION 
A common plant (Ocimum basilicum L. var. purpurascens Benth.-LAMIACEAE) has been utilized for the 
rapid synthesis of titanium dioxide nanoparticles. Various characterization techniques confirmed the 
elemental analysis of the hexagonal shaped nanoparticles of size 50 nm. The present report emphasizes 
that leaf extracts can be cost-effective precursors for large-scale preparation of TiO2-NPs, besides being 
environment-friendly and economically viable. 
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