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Abstract 
Green synthesis of metal nanoparticles has various advantages over chemical synthesis. Green 

synthesized nanoparticles are known for their less toxic nature. Beside the toxicity, these are also more 

stable and eco-friendly. This cost effective approach is utilized in present study for the green synthesis of 

Titanium dioxide nanoparticles using Sonchus asper leaves aqueous extract. Nanoparticles were 

synthesized via sol-gel method by using Titanium isopropoxide as a precursor. Synthesized particles 

were in spherical shaped measuring 9 – 22 nm in size. They were tested against three different bacterial 

strains Escherichia coli MTCC 40, Staphylococcus aureus MTCC 1144 and Klebsiella pneumoniae 

MTCC 4030 for antimicrobial screening. Results showed that green synthesized nanoparticles gave better 

result against Staphylococcus aureus than chemically synthesized nanoparticles as well as standard drugs. 
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Introduction 

Metal and metal oxide nanoparticles have attracted considerable attention of the peoples in 

research field due to their unique properties i.e. surface to volume ratio as compared to their 

bulk counterparts [1, 2, 3]. Proprieties of nanoparticles depend upon their shape, size and 

crystallite structure. Titanium dioxide nanoparticles have a large number of applications due to 

its high photostability, oxidation strength and least toxicity [4]. It is used in various cosmetic 

products more precisely in sunscreens to protect skin from ultraviolet rays [5]. It also has 

various applications in the field of photocatalysis, gas sensors, in the treatment of water, solar 

cells, photo electrochemical cells, protective coatings on optical elements [6, 7]. It is widely 

used in paints, coatings, plastics, papers, inks, foods, medicines and several toothpastes [8]. The 

chemical synthesis of nanoparticles such as solvo-thermal reduction, chemical reduction and 

electrochemical reduction are more costly, toxic, difficult to separate, hazardous, employs high 

pressure and energy [9].Beside these, green synthesis of nanoparticles has been adopted as an 

alternate method which utilizes biological materials such as plants crude extract asa reducing 

agents [10]. Several works have been conducted in this scenario such as Jain et al., 2009 [11]; 

Sunderarajan and Gowri, 2011[12]; Maurya et al., 2012 [13]; Rajakumar et al., 2012 [14]; Kumar 

et al., 2014 [15]. Basically phytochemicals of plants crude extracts acts as capping agents in the 

green synthesis of nanoparticles. More precisely phytophenolic compounds of the crude 

extracts coat the particles and provide synergetic effects when these particles utilized in 

biomedical field [16]. Considering this present study includes the green synthesis of TiO2 

nanoparticles using the crude extract of medicinally important herb Sonchus asper.  

Sonchus asper belongs to the family Asteraceae commonly known as Peeli dudhi in Hindi and 

Prickly sow thistle in English. It is an herbaceous annual or winter annual plant that contains 

white sticky latex with short taproot which is bushy with many lateral roots. It has erect 

hollow, stout, unbranched or slightly branched stem lengths 30 to 150 cm long which is most 

of the time reddish. It may also contain gland-tipped hairs on upper stems. Leaves of this herb 

are alternate, 4 to 18 cm in length, 0.5 to 5 cm in width which is crisped with 5 to 11 lobes on 

each side. It is found in the Himalayan region traditionally used as medicine in Pauri Garhwal 

in Uttarakhand. This plant has various potential bioactive chemical constituents which are 

useful in various human disorders such as wounds, burns, gastrointestinal infection, 

inflammation, cardiac dysfunction, kidney disordes liver disorder, jaundice, cancer along with 

impotency in humans etc. [17, 18, 19]. 
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Experimental  

Materials  

Herb Sonchus asper was collected from the nearby land of 

Gurukula Kangri University, Haridwar, Uttarakhand which 

was further authenticated from Botanical Survey of India, 

Dehradun, Uttarakhand having accession number 116606. 

Titanium isopropoxide was used as the precursor for the 

synthesis of Titanium dioxide nanoparticles was purchased 

from Sigma Aldrich. Culture media (Muller Hilton agar and 

Nutrient broth) were purchased from CDH (Central Drug 

House) New Delhi. Three different bacterial strains 

Escherichia coli MTCC 40, Staphylococcus aureus MTCC 

1144 and Klebsiella pneumoniae MTCC 4030 were used for 

antimicrobial screening. 

 

Extraction  

The leaves of the plant were dried in shade at room 

temperature for 15 -16 days. The quantity of 200 g of coarsely 

powdered leaves was filled in Soxhlet apparatus and 

extraction was carried out by distilled water [20]. 

 

Preparation of TiO2 

The sol-gel method was used for the synthesis of TiO2 

nanoparticles where Titanium isopropoxide (Sigma Aldrich 

>97%) was used as a titanium precursor. According to the 

method demonstrated by Liu et al., 2003 [21], synthesis was 

accomplished with few modifications. Titanium isopropoxide 

and ethanol were mixed in a ratio of 1:2 then the suspension 

was slowly added to the mixture containing alcohol, 

hydrochloric acid and deionised water under vigorous stirring 

at room temperature. After the short interval of time, the 

solution was slowly converted into the gel with yellowish 

texture. The yellowish gel was further precipitated and the 

resulting precipitate was subjected for recovery by 

centrifugation with several washing by ethanol and dried at 70 ̊

C. The dried powder was annealing by using muffle furnace 

at the temperature 500̊ C. For the green synthesis of Titania 

nanoparticles similar procedure was employed with the 

addition of plant extract of Sonchus asper. 

 

Characterization 

Plant extract / TiO2 composite and chemically synthesized  

 

TiO2 nanoparticles were characterized by XRD, FTIR and FE-

SEM techniques. Bruker AXS D8- Advanced diffractometer 

with Cu-Kα radiation (λ= 1.5406 Å) in the 2ϴ range 20 ̊- 80̊ 

was used for recording X-ray diffraction pattern, Perkin 

Elmer spectrum two spectrometer was used in particle range 

400 – 4000 cm-1 used for FTIR analysis and for the surface 

morphology Carl Zeiss Ultra plus Field-Emission Scanning 

Electron Microscope with an accelerated voltage of 15.00 Kv 

in high vacuum mode to achieve maximum magnification 

between 100X- 100,000X was used. 

 

Antimicrobial activity 

Antibacterial activities of nanoparticles were estimated by 

agar well diffusion method. Four wells of 6 mm breadth were 

punched by sterile borer on Muller Hilton agar plates and 

further seeded with stock bacterial cultures purchased from 

MTCC. In the concentration of 50µg/ml, powdered 

nanoparticle samples were dissolved in distilled water and 

kept under UV light for 1 hour. 45 µl of each sample was 

poured into the wells of Muller Hilton agar plates. Antibiotic 

disks of cefazolin (30mcg) and ampicillin (10 mcg) were used 

as a positive control. On the other hand distilled water was 

used as negative control. 

 

Results  

The crystallite structure of synthesized nanoparticles was 

analyzed by X-ray diffraction. Peaks observed by the 

technique confirm the presence of TiO2. According to JCPDS 

card no. 21-1272 peaks correspond to the anatase phase of 

TiO2. The average grain size of the particles was calculated by 

the Scherer formula. 

 

 
 

Where,  

d= Mean diameter of the particles 

 λ = Wavelength of the radiation. 

 β =Angular FWHM of peak  

 ϴ = Diffraction angle. Figure 1 shows the XRD  

Pattern of the synthesized nanoparticles.  

 
 

Fig 1: XRD pattern of chemically synthesized nanoparticles (TiO2) and green synthesized nanoparticles by Sonchus asper (TiO2). 
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Fig 2: FESEM images of (A) chemically synthesized nanoparticles (TiO2) and (B) green synthesized nanoparticles by Sonchus asper (TiO2/SA). 

 

The average grain size of chemically synthesized TiO2 

nanoparticles ranges between 12-22 nm whereas green 

synthesized particles ranges between 9-15 nm. FESEM reveal 

the surface morphology of the samples. It was observed that 

both the samples of chemically as well as green synthesized 

nanoparticles was spherical shaped. Figure 2 clearly shows 

the spherical shaped particles. Associated functional groups 

were determined by FTIR technique. Figure 3 and 4 shows 

the spectrum of FTIR peaks. Origin of the vibration bands 

observed from the spectrum as followes: Bands observed at 

from 3937 cm-1 - 3413 cm-1 shows OH stretching vibrations in 

TiO2 nanoparticles [22, 23, 24]. At 3190 cm-1 N-H stretching 

bands mainly cis ordered were observed whereas from 3083 

cm-1- 2929 cm-1shows C-H ring and C-H stretching bands. At 

2851 cm-1 symmetric CH2 stretching bands were observed [22]. 

2600 cm-1 corresponds to the H bonded NH vibrations. C≡C 

disubstituted alkyl stretching was observed at2190 cm-1 [24]. At 

1709 cm-1 C=O vibrations were observed. 1636 cm-1 and 1630 

cm-1 corresponds to the bending modes of TiOH [23]. 1514 cm-

1 shows C=C for the presence of carotenoid stretching [22]. At 

1400 cm-1 symmetric bending of methyl group and at 1383 

cm-1 Ti-O modes were observed [23]. 1238 cm-1 and 1224 cm-1 

show asymmetric stretching of the phosphate group. At 1156 

cm-1 stretching vibration of C-O was observed [22]. Absorption 

bands between 1000 cm-1 and 500 cm-1 shows absorption of 

Ti-O-Ti linkage in TiO2 [25].  

 

 
 

Fig 3: FTIR pattern of chemically synthesized TiO2 nanoparticles. 
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Fig 4: FTIR pattern of green synthesized nanoparticles by Sonchus asper (TiO2 SA). 

 

Chemically as well as green synthesized nanoparticles were 

tested against Escherichia coli MTCC 40 (EC), 

Staphylococcus aureus MTCC 1144 (SA) and Klebsiella 

pneumoniae MTCC 4030 (KP) at the concentration of 

50µg/ml. chemically synthesized TiO2 nanoparticles gave a 

maximum zone of inhibition against EC (12.66±0.57) 

followed by KP (8±0.57) and SA (7.33±0.33). On the other 

hand green synthesized nanoparticles gave maximum zone of 

inhibition against SA (12.33±0.33) followed by EC (12±0.57) 

and KP (10±0.57). Antimicrobial activities of the samples 

with zone of inhibitions were given in the table 1. Figure 5 

shows the graphical representation of the bactericidal 

activities. 

 
Table 1: Well/disk diameter 6mm; Values are the mean of three replicate, (-) shows no zone of inhibition, P≤0.005. 

 

Samples /Antibiotics 
Zone of inhibition in mm 

Staphylococcus aureus Escherichia coli Klebsiella pneumoniae 

TiO2 07.33±0.33 12.66±0.57 08±0.57 

TiO2 SA 12±0.33 12±0.57 10±0.57 

Ampicillin 09.66±0.33 20±0.57 11.66±0.57 

Cefazolin 10±0.57 24±0.57 09.66±0.33 

 

 
 

Fig 5: Graphical representation shows the comparison of the zone of inhibition between antimicrobial agents used against Staphylococcus 

aureus MTCC 1144, Escherichia coli MTCC 40, and Klebsiella pneumoniae MTCC 4030. 
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Discussion  

The present study deals with the study of antimicrobial assay 

of chemically as well as green synthesized TiO2 nanoparticles. 

Green synthesis has been done by using water extract of 

Sonchus asper herb via sol gel method. Titanium 

isopropoxide was utilized as a precursor for the synthesis and 

alcohol was considered as a reducing agent for the chemical 

synthesis. The amorphous precipitate results due to the 

reaction were repeatedly washed by alcohol followed by the 

calcination at 500º C. Synthesis of TiO2 using Titanium 

isopropoxide and alcohol is due to their dehydration and 

hydrolysis [26]. At the intermediate of this reaction unstable 

Titanium hydroxide is formed which may further decompose 

leading to the formation of TiO2. Phytochemicals of the plant 

extract may acts as capping as well as reducing agents which 

leads to the synthesis of stable green nanoparticles [27]. 

Antimicrobial activities reveal that green synthesized 

nanoparticles have more potential antimicrobial activity than 

chemically synthesized nanoparticles for all the tested 

pathogens. Green synthesized nanoparticles have also given 

more potential antimicrobial activity than all the tested 

antibiotics against Staphylococcus aureus. Whereas in the 

case of Klebsiella pneumonia it gives better activity than 

cefazolin. On the other hand antibiotics were more potential 

in the case of Escherichia coli. ROS (reactive oxygen species) 

may be the reason behind the antimicrobial potential of the 

nanoparticles. ROS causes the peroxidation of the bacterial 

lipid membranes which leads to the cell rupture causing cell 

death. ROS generation in the anatase phase of the TiO2 

nanoparticles is high due to the efficient production of OH 

group [28, 29]. FTIR results favour the presence of OH group in 

the particles. 

 

Conclusion  

In the present study TiO2 nanoparticles were synthesized by 

chemical as well as green route. They were characterized by 

XRD for their size and crystallinity. Green synthesized 

nanoparticles were found in a smaller size than chemically 

synthesized nanoparticles. They have considerable 

antimicrobial potential against all the tested pathogens. As per 

results, we can conclude that green synthesized nanoparticles 

may have a potential biomedical application due to their 

antimicrobial properties, stability and enhanced dispersibility. 
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