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Abstract: Nano-sized Boron doped Titanium dioxide (B-TiO2) particles were prepared by Sol gel method
using Titanium isopropoxide, Boric acid and Deionized water in appropriate proportion. As-prepared
samples were calcined at 500°C for 5 hours. The X-ray diffraction (XRD) results indicated that the
synthesized nanoparticles have existed both in anatase and rutile phase. The size of B-TiO2 nanoparticles
was found 20.77 nm from the full width at half maximum of the XRD. The band gap energy of the
boron-doped anatase nanoparticle was calculated 3.42 eV by the method of UV- Vis spectroscopy. The
powder form of B-TiO2 and Citric acid capped B-TiO2 was analyzed through FTIR study. The Raman study of
B-TiO2 nanoparticles confirmed presence of mixture of the anatase and rutile phase.
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1. Introduction
Titanium dioxide (TiO2) is one of the promising materials having numerous applications extending from
common products (paints, cosmetics, toothpaste etc.) to the advanced technological applications such as
photovoltaic cells, photocatalytic degradation of pollutants, water purification, bio-sensing and bactericidal
action. TiO2 is the most commonly used n-type semiconductors because of its high photo-catalytic activity
and stability, relatively low cost and non-toxicity [1-4]. TiO2 exists in three main crystalline forms: anatase,
rutile and brookite. Rutile is the most thermodynamically stable phase whereas anatase and brookite are
metastable phases. However, due to large surface area per unit mass and volume, anatase TiO 2 has greater
photo-catalytic activity compared to rutile [5]. Anatase shows a band gap of 3.2 eV (a UV wavelength
absorption of 385 nm). In contrast, rutile has a smaller band gap of 3.0 eV (in the visible light range 410
nm). Nevertheless, anatase is generally considered the most photochemically active phase of TiO2. The
reason for this higher activity is due to the combined effect of the higher surface adsorptive capacity of
anatase and its higher rate of hole trapping. Recent studies have indicated that mixtures of anatase-rutile or
brookite-anatase are more active than anatase alone [6-7]. Keeping these facts in mind, we have prepared
TiO2 nanoparticles with Boron doping. Here we report quite simple method of preparing B-TiO2
nanoparticles and their characterization.
In recent years, a variety of synthesis methods such as hydrothermal method [8], solvothermal method
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[9], sol-gel method [10], direct oxidation method [11], chemical vapor deposition (CVD) [12],
electro-deposition [13], sonochemical method [14], and microwave method [15] have been used for the
preparation of TiO2 nanostructured materials. Herein, we employed simple, cost effective, and
environmental benign sol-gel method for the synthesis of Boron doped TiO 2 nanoparticles. Boric acid was
used as a source for Boron doping. The B-TiO2 sample was characterized by X-ray diffraction, UV-Vis
spectrophotometer, Fourier Transform Infrared spectrometer and Raman spectrophotometer.

2. Experimental
Chemicals used in this research work were of analytical reagent grade. They were utilized as obtained
without any further refinement. All aqueous solutions were made using deionized water. For B-TiO2
nanoparticles preparation, Titanium (IV) isopropoxide (TTIP) of Sigma-Aldrich was used as a starting
material. The precursor was made by mixing TTIP, Boric acid and deionized water in the molar ratio of
1:10:200. The solution was stirred and dried at 80o C. The dried gel was grinded and calcined in a muffle
furnace at 500o C for 5 hrs. And the dried crystals were transferred to a mortar and finally grinded to a fine
powder which was used for further characterization. The procedure could be well understood from a
simplified block diagram as shown in Fig 1. XRD analysis of the synthesized nanoparticle was carried out
using CuKα radiation of D2 phaser Bruker at room temperature, ranging 2θ value from 20 o to 65o with a
scanning rate of 0.01˚ per second. UV–Vis spectra of B-doped TiO2 were taken between 200 and 1100 nm by
Cary 60 UV-Vis spectrophotometer (Agilent Technologies). Fourier transform infrared spectroscopy studies
were performed from 400 to 4000 cm-1 with Varian FTS 7000 FTIR spectrometer. Raman spectra were
recorded at room temperature with a Varian 7000 FT-Raman.

Fig. 1. Block diagram of experimental procedure to prepare boron doped TiO2 by sol gel method.
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3. Results and Discussions
3.1.

XRD Analysis

The XRD pattern of the prepared boron doped TiO2 measured at room temperature is shown in Fig. 2.
Two strong peaks at 2θ = 26.31o and 28.96o indicate the presence of anatase (101) and rutile (110) phases
respectively. Other peaks at 38.80o, 41.14o, 48.97o, 54.96o, 55.98o and 63.60o can be attributed to (004),
(112), (200), (105), (211) and (204) phases of anatase TiO2 nanoparticles, respectively. The experimental
XRD pattern agrees with the JCPDS card no 21-1272 for anatase and 21-1276 for rutile phase. Here, boron
acts as an inhibitor for the growth of the anatase nanoparticles [16]. And more intense peak (110) is
obtained for the rutile phase as shown in the Fig. 2. The average crystalline size of the boron doped TiO2
nanoparticles is evaluated from the strongest diffraction peak at 2θ = 26.31o using Debye Scherer formula
[17]

𝐷=

𝑘
 𝑐𝑜𝑠

(1)

Where k is the shape factor (0.9),
λ is the wavelength of CuKα radiation used (1.542 Å ),
β is full width at half maximum,
θ is the angle of diffraction.
The calculated crystallite size for the anatase TiO2 nanoparticles is 20.77 nm.
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Fig. 2: XRD pattern of boron doped TiO2 nanoparticles at room temperature.

3.2.

UV-Vis Analysis

Fig. 3 shows optical absorption spectra of B-TiO2 at room temperature. The absorption spectra exhibit
strong absorption below 400 nm, corresponding to the intrinsic band gap of B-TiO2 which is related to
electron transitions from the valence band to conduction band. The direct band gap (E g) of the samples is
determined by fitting the absorption data to the direct transition equation [18]

αhυ =Ed (hυ-Eg )1/2
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where α is the optical absorption coefficient,
hν is the photon energy,
Eg is the direct band gap,
and Ed is a constant.

Fig. 3. The room temperature Optical absorption of B-TiO2.
The band gap (Eg) is determined by extrapolating the linear portion of (αhν)2 versus hν curve to
(αhν)2= 0 in high absorption region as shown in Fig. 4. The band gap of B-TiO2 is determined to be 3.42
eV.

Fig. 4: Band gap energy of B-TiO2 nanoparticles.

3.3. FTIR Analysis
The FT-IR spectra of the as prepared B-TiO2 and Citric acid capped B-TiO2 are shown in Fig. 5. The IR
spectrum of B-TiO2 shows main absorption peaks at 3950 cm-1, 1800~ 2200 cm-1, 991 cm-1 (solid line curve)
[19-20]. The broad range of peaks from 1800~2200 cm-1 is assigned for bending vibrations of Ti-O. The
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new peak at 3950 cm-1 can be attributed to Boron doping on TiO2. The shifting of peak from 1800~2200
cm-1 to 1000~1200 cm-1 suggested that there was a reaction of the carboxylic acid group with the surface of
B-TiO2. The peak around 1500 cm-1 is responsible for the carboxylate (COO-) stretching (dotted line curve)
[21].

Fig. 5. FT-IR spectrum of B-TiO2 (solid line) and citric acid capped B-TiO2 (dotted line).

3.4. Raman Analysis
Raman spectroscopy is further employed to evaluate the structural properties of boron doped TiO2
nanoparticles. Raman spectra (shown in Fig. 6) expresses Raman active modes at 145 cm-1 (Eg), 396 cm-1
(B1g), 515 cm-1 (A1g+B1g) and 640 cm-1 (Eg), corresponding to anatase phase. Likewise, weak spectra of
rutile phases are also observed Eg modes at 253 and 425 cm-1. These absorption peaks are in good
agreement with the results of TiO2 [22]. New peak at 882 cm-1 suggests the bonding of Boron with TiO2. Eg
mode in Raman spectra is mainly caused by the symmetric stretching vibration of O-Ti-O bond, the B1g
mode is caused by the symmetric bending vibration of O-Ti-O, and the A1g mode is caused by the
anti-symmetric bending vibration of O-Ti-O [23].

Fig. 6. Raman spectra of B-TiO2 nanoparticles.

4. Conclusions
In the present work, nano-sized Boron doped Titanium dioxide was prepared by inexpensive Sol gel
method. Samples were calcined at 500°C for 5 hours. From the X-ray diffraction, it was confirmed that the
synthesized nanoparticles were found in both anatase and rutile phases. An average particle size of the
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resulting B-TiO2 nanoparticles was found to be 20.77 nm computed from XRD analysis by using Debye
Scherer's equation. The optical band gap energy was determined using absorbance spectra. The calculated
band gap energy of B-TiO2 nanoparticles were found to be 3.42 eV. The powder form of B-TiO2 and Citric
acid capped B-TiO2 was analyzed through FTIR study. Main absorption peaks were observed at 3950 cm -1,
1800~ 2200 cm-1, 991 cm-1. The broad range of peaks from 1800~2200 cm-1 were assigned for bending
vibrations of Ti-O. The new peak at 3950 cm-1 could be attributed to Boron doping on TiO2. The shifting of
peak from 1800~2200 cm-1 to 1000~1200 cm-1 suggested that there was a reaction of the carboxylic acid
group with the surface of B-TiO2. It could be a sign of biocompatibility. The peak around 1500 cm-1 was
responsible for the carboxylate (COO-) stretching. The Raman spectroscopy study had further supported
presence of rutile and anatase phases. Raman spectra expressed Raman active modes at 145 cm-1, 396 cm-1,
515 cm-1 and 640 cm-1, corresponding to anatase phase. Similarly, weak spectra of rutile phases were also
observed at 253 and 425 cm-1. New peak at 882 cm-1 suggested the bonding of Boron with TiO2.
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