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ABSTRACT
Al2O3 and TiO2 nanoparticles were synthesized using sol-gel method. The structures of Al2O3 and TiO2
nanoparticles were investigated using X-ray diffraction (XRD) study. The morphology of nanoparticles
was investigated by scanning electron microscopy (SEM) analysis. The FE-SEM images showed that most
of the nanoparticles obtained for Al2O3 and TiO2 nanoparticles have spherical shape with a particle size
of 14 nm and 43 nm for Al2O3 and TiO2 nanoparticles respectively. The absorption spectra of Al2O3 and
TiO2 nanoparticles suspended in deionized water were recorded at room temperature using UV-visible
spectroscopy. The absorption spectra show a strong peak at 344 nm and 483 nm for Al2O3 and TiO2
respectively. The results on absorption spectra are in good agreement with those investigated by XRD
which confirmed the formation of Al2O3 and TiO2.

1. Introduction

2. Experimental Methods

Al2O3 nanoparticles can be synthesized by many techniques including
ball milling, sol-gel, pyrolysis, sputtering, hydrothermal, and laser ablation
[1–6]. In the recent years, Al2O3 nanoparticles were synthesized in liquid
using a short pulse laser with the pulse width in the range of nanosecond
[7–9]. In literature, there is information on obtaining Al2O3 by sol-gel
method using the different precursors: aluminum triisopropylate in a
hydrolysis system consisting of octanol and acetonitrile [10], aluminum
nitrate – in aqueous medium [11, 12], aluminum secondary butoxide - in
an alcoholic medium [13]. Titanium dioxide (TiO2) is a versatile material
with novel properties suitable for a number of technologically important
applications, such as catalysis, white pigment for paints or cosmetics,
electrodes in lithium batteries [14], dye-sensitized solar cells [15], and
photocatalyst [16]. Although TiO2 has wide potential application in
environmental management and environmental protection, the low
photocatalytic efficiency and the difficulty to separate greatly hinder its
process of industrialization [17, 18]. There are various methods to
synthesize titanium dioxide nanostructures such as chemical vapor
deposition, microemulsion, chemical precipitation, hydrothermal
crystallization, and sol-gel [19, 20]. Sol-gel is one of the most successful
techniques to fabricate high photocatalytic titanium dioxide
nanostructures [21], with controlled shape and porosity. Moreover, other
advantages such as versatile process [22] with high purity, good
homogeneity, and low processing temperature [23] can be taken into
account for this synthetic technique. Recently, synthetic methods of
TiO2 nanostructures were accompanied with template-assisted
approaches. The templating method is one of the frequently used methods
to modify the surface properties of nanomaterials [24]. In continuation of
our studies on the nanoparticles and the new organic compounds [25-31],
herein, we describe the simple and efficient method for synthesis of
Al2O3 and TiO2 nanoparticles. The particle size and morphology of
synthesized nanoparticles obtained by sol gel method were investigated
by scanning electron microscopy (SEM). The optical properties of
synthesized nanoparticles were carried out using UV-visible spectroscopy.
The structure of the synthesized nanoparticles was investigated using Xray diffraction (XRD) technique.

2.1 Materials
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The starting materials and solvents were purchased from Sigma Aldrich
and ChemAR, without further purification. The X-Ray Diffraction spectrum
for the nanomaterials were recorded on a X-Ray-STADI
P(STOE/Germany). Scanning Electron Microscope was performed using
SEM 54032-GE02-0002/8038 (MIRA3/Austria) which is a SEM system
with the sputter coater device with gold.
2.2 Synthesis of TiO2 Nanoparticles
Titanium oxide nanoparticles were prepared via sol-gel method using
the titanium isopropoxide, de-ionized water and isopropyl alcohol as the
starting materials. 100 mL of isopropyl alcohol was added to 15 mL of
titanium isopropoxide. The mixture solution is stirred 10 minutes. 10 mL
of de-ionized water was added drop wise to the mixed solution. Then the
mixture solution was stirred continuously for 2 hours. The gel left for 24 h
in dark then dried. The dried TiO2 are calcinated at 550 °C.
2.3 Synthesis of Al2O3 Nanoparticles
Al2O3 nanoparticles were prepared via sol-gel method using the
precursor aluminum trichloride as the starting materials. 28% of ammonia
was added drop wise to stirred ethanolic solution of aluminum chloride
(0.1 M). The gel was let to maturate for 30 hours at room temperature.
After ﬁltering in vacuum system, drying at 100 °C for 24 h in an oven, and
annealing at 1000 °C.
3. Results and Discussion
3.1 SEM morphologies of the synthesized Al2O3 and TiO2 nanoparticles
The morphology of Aluminum oxide and titanium oxide were examined
via SEM. Figs. 1 and 2 show the SEM images for Al2O3 and TiO2 respectively
with the nanostructures clearly visible. The SEM images confirmed that
the Al2O3 and TiO2 were nearly spherical in shape with an average grain
size of 14 nm for Al2O3 and 41 nm for TiO2. Figs. 1 and 2 show various types
of Al2O3 and TiO2 nanostructures obtained by reaction of aluminum
chloride (AlCl3) and titanium isopropoxide respectively. The nanoparticles
are entirely spherical in shape and have diameters around 14.11 nm, as
can be seen from the Fig. 1 at the resolution of 100.00 kx. These
nanoparticles are less than those reported previously [32, 33] and are also
similar with few of literatures [34, 35]. The effect of reaction time plays a
marvelous role in the morphology of nanoparticles. The influence of
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reaction conditions on physical properties of synthesized nanoparticles as
well as mechanism is yet to be investigated. Fig. 2 shows the morphology
of TiO2 nanoparticles. The nanoparticles are entirely spherical in shape
and have diameters around 43 nm, as can be seen from the figure at the
resolution of 50.00 kx. The effect of reaction time plays a marvelous role
in the morphology of nanoparticles. The influence of reaction conditions
on physical properties of synthesized nanoparticles as well as mechanism
is yet to be investigated [36].

Fig. 4 The XRD for TiO2 Nanoparticles

3.3 UV-Vis Spectroscopy
UV-Vis Absorbance Spectroscopy is a characterization techniques for
Al2O3 and TiO2 NPs. From Figs. 5 and 6 we can observe that Al2O3 and TiO2
nanoparticles are transparent in visible region and shows almost sharp
absorbance peaks at 344 nm and 483 nm respectively.
Fig. 1 The SEM test for Al2O3 nanoparticles

Fig. 5 The UV-Vis Spectroscopy of Al2O3 NPs

Fig. 2 The SEM test for TiO2 nanoparticles

3.2 XRD
Structural investigation of Al2O3 and TiO2 nanoparticles by XRD. The
particle size was calculated for Al2O3 and TiO2 NPs using the Scherrer
equation based on the XRD data as
𝐾𝜆
𝐷=
(1)
𝛽𝑐𝑜𝑠𝜃
For Al2O3, 𝐷 =

0.9×1.54×10−10
0.0625×0.8386

= 26 𝑛𝑚

where D = particle size, K = a dimensionless shape factor, with a value close
to unity, λ = the X-ray wave length, β = the line broadening at half the
maximum intensity (FWHM), θ = the Bragg angle.
The XRD pattern for the Al2O3 and TiO2 nanoparticles is shown in Figs.
3 and 4 respectively and indicates a single-phase with a monoclinic
structure. The peak intensities and positions agree well with the library
data.

Fig. 3 the XRD for Al2O3 Nanoparticles

Fig. 6 The UV-Vis Spectroscopy of TiO2 NPs

3.4 Reaction Mechanism for the Synthesized of TiO2 and Al2O3 Nanoparticles
Sol-gel is a one the best techniques that can be applied to prepare and
analyze the formation of TiO2 and Al2O3 nanoparticles. Some effective
parameters on the nature of the sol–gel process are metal precursor,
temperature, pH of solution and the presence/absence of catalyst.
Proposed benefits of the sol gel process are considered as easy control of
formation process (nucleation and growth), high stability, better
homogeneity, and high purity. The sol-gel process has been widely
employed for preparing of TiO2 and Al2O3 nanoparticles because the
control of hydrolysis and polycondensation reactions can be easily
stablished and gotten the appropriate properties [37]. TiO2 nanomaterial
can be synthesized by sol gel process with different titanium precursors.
Typically, synthesizing of TiO2 nanoparticles via sol-gel process include an
acid-catalyzed hydrolysis step of titanium(IV) alkoxide followed by
condensation. The development Ti-O-Ti is favorite with low water. Present
of large excess of water lead to develop polymetric Ti-O-Ti chains [38, 39]
The study on nucleation and growth kinetic of titania nanoparticles
prepared by sol gel method shows that the rate constant for coagulation of
particles increases with temperature because the velocity of monomer
through the particles has high dependency of temperature. Secondary
particles were formed and the growth of particles increased when they
passed critical radius and became stable [40]. Researcher were found that
the nucleation period was limited to a short period of time and the growth
process was induced by another step [41]. On the basis of this idea it can
be possible to make nucleation through super-saturation phenomena and
it is possible to produce almost perfect mono-dispersed particles. During
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the synthesis of TiO2 nanoparticles, the following reactions might occur
according to the postulated mechanism:
𝑇𝑖(𝑂𝑅)3 +𝐻2 O → 𝑇𝑖(𝑂𝐻)3 +𝑅2 O
𝑇𝑖(𝑂𝐻)3 → 𝑇𝑖𝑂2 + 𝐻2 𝑂

(2)
(3)

For the synthesis of Al2O3 nanoparticles, the following reactions might
occur [46]:
𝑁𝐻3 . 𝐻2 O → 𝑁𝐻4+ 𝑂𝐻 −
𝑂𝐻 − + 𝐴𝑙𝐶𝑙3 → 𝐴𝑙(𝑂𝐻)3
𝐴𝑙(𝑂𝐻)3 → 𝐴𝑙2 𝑂3 + 𝐻2 𝑂

(4)
(5)
(6)

4. Conclusion
Al2O3 nanoparticles were prepared by sol gel method. Mole ratio of
ammonia:aluminum chloride (AlCl3) plays an important role in controlling
the size of the Al2O3 nanoparticles. The size of Al2O3 in this method was 14
nm. With increasing the concentration of the base, the particles size
becomes smaller. TiO2 nanoparticles were prepared by sol gel method
using isopropyl alcohol and titanium isopropoxide. Mole ratio of isopropyl
alcohol and titanium isopropoxide have an important role in controlling
the size of the TiO2 nanoparticles.
References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]

C.B. Reid, J.S. Forrester, H.J. Goodshaw, E.H. Kisi, G.J. Suaning, A study in the
mechanical milling of alumina powder, Ceramics Int. 34 (2008) 1551–1556.
F. Mirjalili, M. Hasmaliza, C. Abdullah, Size-controlled synthesis of nano αalumina particles through the sol-gel method, Ceramics Int. 36 (2010) 1253–
1257.
R. Kavitha, V. Jayaram, Deposition and characterization of alumina films
produced by combustion flame pyrolysis, Surf. Coat. Technol. 201 (2006)
2491–2499.
D.H. Trinh, M. Ottosson, M. Collin, I. Reineck, L. Hultman, H. Högberg,
Nanocomposite Al2O3-ZrO2 thin films grown by reactive dual radio-frequency
magnetron sputtering, Thin Solid Films 516 (2008) 4977–4982.
L. Qu, C. He, Y. Yang, Y. He, Z. Liu, Hydrothermal synthesis of alumina nanotubes
templated by anionic surfactant, Mater. Lett. 59 (2005) 4034–4037.
K. Yatsui, T. Yukawa, C. Grigoriu, M. Hirai, W. Jiang, Synthesis of ultrafine γAl2O3 powders by pulsed laser ablation, J. Nanopart. Res. 2 (2000) 75–83.
Z. Yan, R. Bao, Y. Huang, D.B. Chrisey, Hollow particles formed on laser-induced
bubbles by excimer laser ablation of Al in liquid, J. Phys. Chem. C. 114 (2010)
11370–11374.
L. Liu, P. Shen, S.Y. Chen, H+- and Al2+-codoped Al2O3 nanoparticles with spineltype related structures by pulsed laser ablation in water, J. Phys. Chem. C. 114
(2010) 7751–7757.
B. Kumar, R.K. Thareja, Synthesis of nanoparticles in laser ablation of
aluminum in liquid, J. Appl. Phys. 108 (2010) 064906.
H. Liu, G. Ning, Z. Gan, Y. Lin, A simple procedure to prepare spherical α-alumina
powders, Mater. Res. Bull. 44 (2009) 785-788.
P. Padmaja, P. Krishna Pillai, K.G.K. Warrier, Adsorption isotherm and pore
caracteristics of nano alumina derived from sol-gel Boehmite, J. Porous Mater.
11 (2004) 147-155.
S. Granado, V. Ragel, Influence of alfa-Al2O3 morphology and particle size on
drug release from ceramic/polimer composites, J. Mater. Chem. 7 (1997) 15811585
J.A. Wang, X. Bokhimi, A. Morales, O. Novaro, T. Lopez, R. Gomez, Aluminum
local environment and defects in the crystalline structure of sol−gel alumina
catalyst, J. Phys. Chem. B. 103 (1999) 299-303.
A.R. Armstrong, G. Armstrong, J. Canales, P.G. Bruce, TiO2-B nanowires as
negative electrodes for rechargeable lithium batteries, J. Power Sources. 146
(2005) 501–506.
H. Park, W.R. Kim, H.T. Jeong, J.J. Lee, H.G. Kim, W.Y. Choi, Fabrication of dyesensitized solar cells by transplanting highly ordered TiO2 nanotube arrays,
Sol. Energy Mater. Sol. Cells Res. 95 (2011) 184–189
T. Ochiai, A. Fujishima, Photoelectrochemical properties of TiO2 photocatalyst
and its applications for environmental purification, J. Photochem. Photobio. C.
13 (2012) 247–262.

39

[17] X.B. Chen, S.S. Mao, Titanium dioxide nanomaterials: synthesis, properties,
modifications, and applications, Chemical Reviews. 107 (2007) 2891–2959.
[18] M. Anpo, Preparation, characterization, and reactivities of highly functional
titanium oxide-based photocatalysts able to operate under UV-visible light
irradiation: approaches in realizing high efficiency in the use of visible
light, Bull. Chem. Soc. Jpn. 77 (2014) 1427–1442.
[19] S. Valencia, X. Vargas, L. Rios, G. Restrepo, J.M. Marín, Sol-gel and lowtemperature solvothermal synthesis of photoactive nano-titanium dioxide, J.
Photochem. Photobio. A Chem. 251 (2013) 175–181.
[20] N.M. Julkapli, S. Bagheri, S.B. Abd Hamid, Recent advances in heterogeneous
photocatalytic decolorization of synthetic dyes, Sci. World Jour. 2014 (2014) 125.
[21] J. Yan, G. Wu, N. Guan, L. Li, Z. Li, X. Cao, Understanding the effect of
surface/bulk defects on the photocatalytic activity of TiO2: anatase versus
rutile, Phys. Chem. Chem. Phys. 15 (2013) 10978–10988.
[22] X. Chen, S.S. Mao, Titanium dioxide nanomaterials: synthesis, properties,
modifications and applications, Chem. Rev. 107 (2007) 2891–2959.
[23] C. Han, H. Lee, S. Han, Synthesis of nanocrystalline TiO2 by sol-gel combustion
hybrid method and its application to dye solar cells, Bull. Korean Chem. Soc. 29
(2008) 1495–1498.
[24] F. Zhang, Modified ambient template-directed synthesis, characterization and
applications of one-dimensional nanomaterials, A dissertation presented by
Fen Zhang to the graduate school in partial fulfillment of the requirements for
the degree of doctor of philosophy, Stony Brook University, USA, 2009.
[25] A. Al-Amiery, Y.K. Al-Majedy, A. Kadhum, A. Mohamad, New coumarin
derivative as an eco-friendly inhibitor of corrosion of mild steel in acid
medium, Molecules 20 (2015) 366-383.
[26] A. Kadhum, A. Mohamad, L. Hammed, A. Al-Amiery, N. San, Inhibition of mild
steel corrosion in hydrochloric acid solution by new coumarin, Materials 7
(2014) 4335-4348.
[27] A. Mohamad, A. Kadhum, A. Al-Amiery, L. Ying, A. Musa, Synergistic of a
coumarin derivative with potassium iodide on the corrosion inhibition of
aluminum alloy in 1.0 M H2SO4, Met. Mater. Inter. 20 (2014) 459-467.
[28] A. Al-Amiery, A. Kadhum, A. Alobaidy, A. Mohamad, P. Hoon, Novel corrosion
inhibitor for mild steel in HCl, Materials 7 (2014) 662-672.
[29] A. Al-Amiery, A. Kadhum, A. Mohamad, A. Musa, C. Li, Electrochemical study on
newly synthesized chlorocurcumin as an inhibitor for mild steel corrosion in
hydrochloric acid, Materials 6 (2013) 5466-547.
[30] A.A. Al-Amiery, R. Al-Bayati, K. Saour, M. Radi, Cytotoxicity, Antioxidant and
Antimicrobial activities of novel 2-quinolone derivatives derived from
coumarins, Res. Chem. Intermed. 38 (2012) 559–569
[31] A.A. Al-Amiery, A.Y. Musa, A.A.H. Kadhum, A. Mohamad, The use of
umbelliferone in the synthesis of new heterocyclic compounds, Molecules 16
(2011) 6833–6843.
[32] B.A. Wasmi, A.A. Al-Amiery, A.A.H. Kadhum, A. Mohamad, Novel approach:
tungsten oxide nanoparticle as a catalyst for malonic acid ester synthesis via
ozonolysis, J. Nanomater. 2014 (2014) 1-7.
[33] X. Song, P. Qu, H. Yang, X. He, G. Qiu, Synthesis of γ-Al2O3 nanoparticles by
chemical precipitation method, J. Cent. South Univ. Technol. 12 (2005) 536541.
[34] J. Lam, D. Amans, F. Chaput, M.D. Ledoux, N.S. Mary, K. Masenelli-Varlot, V.
Motto-Rosabc , C. Dujardin, γ-Al2O3 nanoparticles synthesized by pulsed laser
ablation in liquids: a plasma analysis, Phys. Chem. Chem. Phys. 16 (2014) 963973.
[35] V. Iriyawong, V. Thongpool, P. Asanithi, P. Limsuwan, Preparation and
characterization of alumina nanoparticles in deionized water using laser
ablation technique, J. Nanomater. 2012 (2012) 1-6.
[36] H. Ke-long, Y. Liang-guo, L. Su-qin, L. Chao-jian, Preparation and formation
mechanism of Al2O3 nanoparticles by reverse microemulsion, T. Nonferr.
Metals. Soc. 17 (2007) 633-337.
[37] J. Zhang, Q. Xu, L. Feng, C. Li, UV Raman spectroscopic study on TiO2 II: Effect of
nanoparticle size on the outer/inner phase transformations, J. Phys. Chem. C.
113 (2009) 1698–1704.
[38] S. Mahshid, M. Askari, M.S. Ghamsari, N. Afshar, S. Lahuti, Mixed-phase TiO2
nanoparticles preparation using sol-gel method, J. Alloys .Compounds. 478
(2009) 586-589.
[39] S. Mahshid, M. Askaria, M. Ghamsar, Synthesis of TiO2 nanoparticles by
hydrolysis and peptization of titanium isopropoxide solution, J. Mater. Proc.
Technol. 189 (2007) 296-300.
[40] X. Chenl, S.S. Mao, Titanium dioxide nanomaterials: synthesis, properties,
modifications, and applications, Chem. Rev. 38 (2007) 2891-2959.
[41] M. Keshmiri, T. Troczynski, Synthesis of narrow size distribution sub-micron
TiO2 spheres, J. Non- Cryst. Solid. 311 (2002) 89-92.

Cite this Article as: F. Kamil, K.A. Hubiter, T.K. Abed, A.A. Al-Amiery, Synthesis of aluminum and titanium oxides nanoparticles via sol-gel method: optimization for the minimum size,
J. Nanosci. Tech. 2(1) (2016) 37–39.

