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Abstract Titanium dioxide nanoparticles were effec-

tively synthesized from aqueous leaf extract of Azadirachta

indica under pH and temperature-dependent condi-

tion. 5 mM titanium isopropoxide solution worked as a

primary source for the synthesis of titanium dioxide

nanoparticles. The green synthesized titanium dioxide

nanoparticles were confirmed by UV–Vis spectroscopy.

Fourier transform infrared spectrum of synthesized tita-

nium dioxide nanoparticles authorized the presence of

bioactive compounds in the leaf extract, which may play a

role as capping and reducing agent. The high-resolution

scanning electron microscopy and dynamic light scattering

analyses results showed the interconnected spherical in

shape titanium dioxide nanoparticles having a mean par-

ticle size of 124 nm and a zeta potential of -24 mV.

Besides, the colloidal titanium dioxide nanoparticles

energetically degrade the industrially harmful methyl red

dye under bright sunlight.
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Introduction

At this instant, nanotechnology deals with the most

advanced applications in a variety of fields including

mechanical, electronics, imaging, targeted delivery and

molecular diagnosis, since of their size, shape-dependent

physical and chemical properties (Kumar et al. 2012; Syed

and Ahmad 2013). Now metal and metal oxide nanopar-

ticles got widespread attraction because of their latent

demands in nanoscience and nanotechnology field (Sankar

et al. 2014a, b, c). Moreover, metal nanoparticles have

surface plasmon resonance absorption (SPR). This SPR

arises from the coherent existence of free electrons in the

conduction band due to the small particle size. Among

abundant metal oxide nanoparticles, semi-conductive tita-

nium dioxide nanoparticles have apprehensive interest due

to their distinctive properties and numerous potential

technological applications such as ability to decompose

chemical compounds, act as a biosensor, photocatalysis,

memory devices, solar cell sensors, super hydrophilic and

antibacterial properties (Tayade et al. 2007).

Variety of different color dyes are used in many

industries for their exclusive products such as cosmetics,

textile, paper and plastics (Sankar et al. 2014b). In envi-

ronmental concern, color dyes are bio-recalcitrance,

potential toxicity and carcinogenicity in animals and

human beings. We believe as a truth that the color dyes

when integrated into our body react with enzymes and can

cause many diseases like cancer, liver and kidney damage

(Daneshvar et al. 2003). Certain azo dyes that include

methyl red have been proved to be highly toxic, mutagenic

and carcinogenic in nature. The elimination of these dyes

from the environment is a critical ecological problem

(Kumar et al. 2013). The industries eradicate large volume

of colored effluents, which are mostly toxic and tough to
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destruction by currently available treatment methods.

Hence, we are into cutting-edge stage to find an alternative

method to remove textile color dyes. Photocatalytic deg-

radation by way of metal nanoparticles is a new, real and

fast technique for the removal of color dyes (Habibi et al.

2001). In newly, plant leaf extract mediated metal nano-

particles spectacles safe and ecofriendly biological

approaches (Sankar et al. 2013; Sulaiman et al. 2013). In

the present study, we take an effort to synthesize Aza-

dirachta indica (A. indica) leaf-extract-mediated titanium

dioxide nanoparticles and evaluate their photocatalytic

degradation property against methyl red color dye.

Materials and methods

Green synthesis of titanium dioxide nanoparticles

The undamaged healthy A. indica leaves were collected.

The collected leaves were washed with deionized water,

shadow dried for 2–3 weeks and then powdered using

mixer grinder. For the preparation of aqueous leaf extract

(ALE) solution, 10 g of powder dissolved in 100 ml of

deionized water, boiled at 60 �C for 10 min to kill the

pathogens in ALE solution. After cooling, ALE solution

was filtered using Whatman No.1 filter paper. For the

synthesis of titanium dioxide nanoparticles, 10 ml of fil-

tered ALE solution was added to 90 ml of 5 mM titanium

isopropoxide solution (pH 1.5) in an Erlenmeyer flask

under stirring at 50 �C. After 5 h, the developed dark

brown color confirmed titanium dioxide nanoparticles

formation (Sankar et al. 2014a).

Characterization of titanium dioxide nanoparticles

The green synthesized titanium dioxide nanoparticles were

confirmed using UV–visible double-beam spectrophotom-

eter (UV-1601, Shimadzu, Japan). Fourier transform

infrared spectroscopy (FT-IR) spectrum was achieved by

spectrum RX-1 instrument in diffuse reflectance mode

functioned at a resolution of 4 cm-1. The field emission

scanning electron microscope (FE-SEM) Carl Zeiss,

Fig. 1 a UV–Vis spectra of

colloidal titanium dioxide

nanoparticles synthesized using

Azadirachta indica; b Fourier

transform infrared spectra of

titanium dioxide nanoparticles
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SIGMA instrument (UK) is used to realize the morphology

images of the synthesized nanoparticles. Malvern Zetazier

(Nano ZS90, UK) instrument was used to find out the

stability and particle size distribution of titanium dioxide

nanoparticles. X-Ray diffraction (XRD) pattern of titanium

dioxide nanoparticles was achieved using powder X-ray

diffractometer (Philips X’Pert Pro X-ray diffractometer).

Photocatalytic activity

The photocatalytic degradation of methyl red (Hi media,

India) was performed by green synthesized titanium dioxide

nanoparticles. To acquire the equilibriumofmethyl red [50 %

(v/v) in distilled water] dye, the solution was continuously

stirred for 30 min. In brief, 10 mg of titanium dioxide nano-

particles was added in 50 ml of methyl red dye solution and

stirred constantly. In our photocatalytic degradation experi-

ment, bright sunlight acts as a major light source. At different

time intervals, the collected samples were centrifuged at

12,000 rpm for 15 min. The absorbance spectrum of the

supernatant was consequently measured using a spectropho-

tometer (Shimadzu-UV-1601) (Sankar et al. 2014b).

Results and discussion

Green chemistry mediated synthesis of metal and metal

oxide nanoparticles have an endless application in a variety

Fig. 2 a Field emission scanning electron microscopic studies; b energy-dispersive X-ray spectrum of titanium dioxide nanoparticles
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of fields, but limited evidence only available in the pho-

tocatalytic dye degradation experiment. To attain the

abovementioned goal, we synthesized A. indica leaf-

extract-mediated titanium dioxide nanoparticles. The A.

indicia leaf-extract-mediated titanium dioxide nanoparti-

cles were successfully synthesized by reducing 5 mM

titanium isopropoxide solution at 50 �C with pH 1.5. A

maximum intensity of dark brown color titanium dioxide

nanoparticles was observed after 5 h continuous stirring.

The synthesized titanium dioxide nanoparticles were con-

firmed by comparing the color with control (A. indica leaf

extract) (Fig. 1a). For the synthesized titanium dioxide

nanoparticles, an excitation between 270–320 nm was

confirmed by UV–visible spectrophotometry (Fig. 1a)

(Patra et al. 2011). The UV–Vis spectra absorption peak

illustrates that the synthesized titanium dioxide nanoparti-

cles are polydispersed in nature (Sankar et al. 2014c).

The Fourier transform infrared (FT-IR) spectrum of

green synthesized titanium dioxide nanoparticles is shown

in Fig. 1b. The FT-IR spectrum was recorded in the ran-

ge of 4,000–400 cm-1. The frequency of bands related to

amide N–H stretching (3,445 cm-1), amide C=O stretching

(1,640 cm-1) and nitro N–O bending (1,395 cm-1). The

peaks absorbed at 758, 593 and 447 cm-1 are contributions

to Ti–O stretching vibrations, an approving the formation

of titanium dioxide nanoparticles (Chen et al. 2010). The

Fig. 3 DLS measurements a particle size distribution (124 nm); b zeta potential measurement (-24 mV)
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Fig. 4 XRD pattern of titanium dioxide nanoparticles

Fig. 5 UV–Vis absorption spectra a photocatalytic activity of

colloidal titanium dioxide nanoparticles; b reduction of methyl red

dye intensity at 437 nm
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green synthesized titanium dioxide nanoparticles morpho-

logical images were captured using field emission scanning

electron microscope (FE-SEM). The A. indica leaf-extract-

mediated titanium dioxide nanoparticles are spherical in

shape and interconnected with one another (Fig. 2a). The

EDAX analysis results showed high percentage of ele-

mental titanium and oxide peaks (Fig. 2b). Sedghi and

Miankushki (2012) reported that the interconnected nano-

particles are predominantly used for electrochemical and

biological purpose. Figure 3a reveals green synthesized

titanium dioxide nanoparticle average particle size

(hydrodynamic diameter) of 124 nm. In our present study,

a negative zeta potential of about -24 mV was observed

(Fig. 3b). The high absolute value of zeta potential desig-

nates high electrical charge on the surface of the nano-

particles (Sankar et al. 2014b). XRD analysis patterns lack

distinct diffraction peaks, suggesting that the A. indica leaf-

extract-mediated titanium dioxide nanoparticles are amor-

phous in nature (Fig. 4).

The photocatalytic degradation activity of A. indica leaf-

extract-mediated colloidal titanium dioxide nanoparticles

against methyl red dye solution was exposed in Fig. 5a. An

ideal absorbance peak of the methyl red dye solution was

originated at 437 nm (Fig. 5b). In our present study result

exhibited, increase in the incubation time of titanium

dioxide nanoparticles with methyl red solution efficiently

up regulates the dye degradation under bright sunlight

(Kumar et al. 2013). The titanium dioxide nanoparticles’

time-dependent treatment with methyl red dye solution

decreases peak intensity was compared with control

(methyl red solution) (Sankar et al. 2014a). The titanium

dioxide nanoparticles act as an excellent photocatalytic

agent, due to their strong oxidizing power, non-toxicity and

long-term stability (Tayade et al. 2007). The size, charge

and morphology of synthesized nanoparticles might influ-

ence the enriched photocatalytic degradation activity. The

titanium dioxide nanoparticles have been a widespread

selection of material in photocatalytic reactions, because of

their affordable price, abundance and photostability prop-

erty (Aprile et al. 2008). Our present study results con-

firmed that the A. indica leaf-extract-mediated colloidal

titanium dioxide nanoparticles can act as a best represen-

tative for the treatment of color dyes.

Conclusions

In conclusion, we successfully synthesized A. indica leaf-

extract-mediated titanium dioxide nanoparticles. The

physico-chemical properties of ecofriendly synthesized

titanium dioxide nanoparticles were confirmed by UV–Vis,

FT-IR spectroscopy, FE-SEM with EDAX, DLS and XRD

analyses. Furthermore, time-dependent treatment of green

synthesized titanium dioxide nanoparticles powerfully

degrades the industry toxic methyl red color dye solution.

The A. indica leaf-extract-mediated titanium dioxide

nanoparticles could be used as an effective photocatalyst

toward the remediation of pollution.
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