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Chapter 15

Microwave Assisted Sol-Gel Synthesis

and Characterization of M-TiO, (M=Pt, Au)
Photocatalysts

R. Hernandez, S.M. Durén-Torres, K. Esquivel, and C. Guzman

Abstract Pt-TiO, and Au-TiO, photocatalysts have been synthetized by a
microwave assisted sol-gel method and characterized by means of X-ray diffraction
(XRD) techniques and UV-Vis diffuse reflectance spectroscopy. Particle sizes
have been determined by means of Scherrer equation. Depending on the weight
percentage of dopant, some changes in the band gap energy can be observed. X-
ray diffractions patterns were recorded to study the formation of TiO, crystalline
species. The diffraction peaks detected after the calcination process indicate the
presence of the crystalline anatase phase and no presence of rutile phase was
observed. For the Pt-TiO, sample, the peaks detected in 260 (39.4°, 45.9°, and 67°)
indicate the presence of particles of metallic platinum. For the Au-TiO, sample, the
peaks detected in 26 (38°, 44.2°, 64.4°, and 77.2°) indicate the presence of particles
of metallic gold. The Pt-loaded samples have a crystal size slightly smaller than
the Au-loaded samples, from 3.09 to 4.74 nm. UV-Vis DSR technique was used to
study the influence of metal load and type. The band gap decreases according to
the metal load; it shows that at higher metal load (5 %) the band gap changes from
3.2eV (pure TiO,) to 2.98eV and 3.04eV for the samples loaded with gold and
platinum, respectively. For the Pt-TiO, sample, the band gap varies from 3.04eV (5
wt.%) to 3.2¢eV (0.1 wt.%), the same behavior is found on the Au-loaded samples,
with a band gap energy variation from 2.98eV (5 wt.%) to 3.21eV (0.01 wt.%).
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15.1 Introduction

Titanium dioxide (TiO;) has been widely used and investigated due to the stability
of its chemical structure, biocompatibility, and its physical, optic, and electric
properties. Its photocatalytic properties have been utilized in many environmental
applications to remove pollutants in water and air. The main feature of the
photocatalytic process is that it breaks the complex organic molecules into simple
molecules such as carbon dioxide and water; this process has been used for a variety
of applications such as decomposition of organic pollutants [1].

TiO, exists as three different polymorphs: anatase, rutile, and brookite. The most
stable form of TiO, is rutile. Anatase form has a crystalline structure corresponding
to a tetragonal system and is used mostly in photocatalytic applications due to its
photocatalytic activity under UV radiation. Rutile form of TiO, has a tetragonal
structure and brookite an orthorhombic structure [2].

Typically, titanium dioxide is an n-type semiconductor. The energy gap is 3.2
eV for anatase, 3.0 eV for rutile, and 3.2 eV for brookite. Generally, anatase
form of TiO, is desired owing to its higher photo activity, high superficial area,
and low toxicity. Due to its high photoinduced reduction, anatase form is a better
photocatalytic material for degradation of organic pollutants in both water and
air [3].

The application of TiO; is limited due to its low photoactivity under visible light.
Therefore, attempts to extend its photoactivity to the visible region have been made
by substitution of Ti*t on the crystalline structure for metallic ions such as Fe, Ni,
Co, Ag, Au, Pt, etc. [4-8].

Sol-gel synthesis technique has been widely used for catalysts development,
such as TiO, nanopowders. In comparison to traditional techniques, it offers
many advantages. For instance, in supported metals catalysis, the active metal and
support can be prepared in a single step. This allows an economy in the catalyst
preparation [9].

In the present paper, we report the synthesis and characterization of Pt-TiO, and
Au-TiO, catalyst prepared by the microwave assisted sol-gel technique.

15.2 Experimental

The synthesis of the TiO, catalyst was carried out by dissolving the titanium
precursor (titanium isopropoxide) in an organic solvent (isopropanol, 99.9 %),
and the titanium solution was magnetically stirred for 20 min under nitrogen
atmosphere. The hydrolysis process was then performed by adding water into
the precursor/solvent solution and was magnetically stirred for 1 h in a dark box.
For the Pt-modified TiO, samples, the platinum precursor was H,Pt(NO,),SOy,
and for the Au-modified TiO, samples, the precursor was NaAuCly- 2H,0. These
precursors were added by dissolving them into the water used for the hydrolysis
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process in different weight percentage (0.01, 0.05, 0.1, 0.5, 1, and 5wt.%). The
obtained sol was transferred into Teflon vessels and placed on a microwave reaction
system. The heating procedures were carried for 30 min at 220 °C. The obtained
product was filtered and dried at room temperature for 12h. A calcination process
was carried out at 450 °C for 3 h to promote the anatase form of TiO,.

15.2.1 Photocatalyst Characterization

Elemental analysis was performed by Energy Dispersive X-ray Spectroscopy (EDS)
(EDS Oxford Inca X-Sight coupled to an MT 1000, Hitachi). Particle size was
determined using Scherrer equation [10]. Band gap energy (Ebg) values were
determined from diffuse reflectance measurements (Cary 5000 UV-Vis-NIR Varian
spectrophotometer) by applying Kubelka—Munk [11] function and Tauc’s graphics.

15.3 Results and Discussion

15.3.1 X-ray Diffraction

X-ray diffractions (XRDs) patterns were recorded to study the formation of TiO,
crystalline species. The diffraction peaks detected after the calcination process
indicate the presence of the crystalline anatase phase and no presence of rutile phase
was observed. For the Pt—TiO, samples (Fig. 15.1a), the peaks detected in 26 (39.4°,
45.9°, and 67°) indicate the presence of particles of metallic platinum. For the Au—
TiO, samples (Fig. 15.1b), the peaks detected in 260 (38°, 44.2°, 64.4°, and 77.2°)
indicate the presence of particles of metallic gold. As can be seen from the XRD
patterns crystallinity of the photocatalyst decreased on platinum and gold doping.

The crystallite sizes were calculated by the Scherrer equation and are compiled
in Table 15.1. The Au-loaded samples have a crystallite size between 4.74 nm for
5 wt.% of gold and 3.17 nm for 0.05 wt.% of gold. The Pt-loaded samples have sizes
between 3.17 and 10.7 nm for 5 and 0.1 wt.% of platinum, respectively.

15.3.2 Raman Spectroscopy

Another technique widely used to characterize various polymorphs of TiO, is
Raman spectroscopy. Some advantages of using this technique are the sample
preparation and the simplicity with which each spectrum is collected [12].
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Fig. 15.1 XRD diffraction patterns of synthetized TiO,, (a) Pt-TiO, and (b) Au-TiO,
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Table 15.1 Crystallite sizes

Photocatalyst Crystallite sizes (nm) | Crystallite sizes (nm) | Photocatalyst
TiOx-Au (5 %) 4.74 3.71 TiO-Pt (5 %)
TiOx-Au (1 %) 4.10 11.2 TiO-Pt (1 %)
TiOx-Au (0.5%) |3.97 10.8 TiO,-Pt (0.5 %)
TiO,—Au (0.1 %) |3.59 10.7 TiO,—-Pt (0.1 %)
TiO,—Au (0.05 %) |3.17 -
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Fig. 15.2 Raman spectroscopy patterns of synthetized TiO,, (a) Pt-TiO; and (b) Au-TiO,

For anatase, characteristic vibration modes are located at 144, 197, 399, 515, and
639 cm™!. For rutile, there are four modes at 143, 235, 447, and 612 and a broadband
at 826cm™!. Brookite has 36 vibration modes, some of them located at 132, 138,
152,197,212, 245,278, 325, 370, 406, 457, 500, 550, 587, and 630 cm™". The most
intense vibration mode for anatase is at 144cm™!, and the weakest for rutile is at
143cm™ [13].

Figure 15.2 shows the Raman spectra for samples synthetized at different dopant
loads. In order to make identification of the vibration modes easer, the spectra were
arbitrarily displaced on the vertical axis. Pt-loaded samples show a spectrum with
well-defined vibration modes assigned to anatase (144, 197,399, and 515 cm™ 1) and
rutile (612cm™"). Au-loaded samples show a spectrum with well-defined vibration
modes assigned to anatase (144, 197,399, 515, and 639 cm™!) and no characteristic
vibration modes of rutile or brookite were observed.
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15.3.3 Band Gap Measurements

UV-Vis DSR technique was used to study the influence of metal load and type. The
Tauc’s graphics showed in Fig. 15.3a, b for Pt-TiO; and Au-TiO,, respectively, are
utilized to estimate the band gap energies by means of Kubelka—Munk method.

The band gap energies estimated are listed in Table 15.2. The band gap decreases
according to the metal load; it shows that at higher metal load (5 %) the band gap
changes from 3.2 eV (pure TiO;) t0 2.98 ¢V and 3.04 eV for the samples loaded with
gold and platinum, respectively.

For the Pt-TiO, sample, the band gap varies from 3.04eV (5 wt.%) to 3.2eV
(0.1 wt.%), the same behavior is found on the Au-loaded samples, with a band gap
energy variation from 2.98eV (5 wt.%) to 3.21eV (0.01 wt.%). It is interesting to
note that the band gap energies increase on metal doping for both platinum and gold.
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Fig. 15.3 Raman spectroscopy patterns of synthetized TiO,, (a) Pt-TiO, and (b) Au-TiO,

Table 15.2 Band gap energies

Photocatalyst Band gap (eV) | Band gap (eV) | Photocatalyst
TiO,—Au (5 %) 2.98 2.87 TiO,—Pt (5 %)
TiO,—Au (1 %) 3.05 3.09 TiO,—Pt (1 %)
TiOy-Au (0.5 %) |3.23 3.05 TiO,-Pt (0.5 %)
TiO>-Au (0.1 %) | 3.24 3.15 TiO,-Pt (0.1 %)
TiO>-Au (0.05 %) | 3.19 - -




15

Microwave Assisted Sol-Gel Synthesis and Characterization of M-TiO;. . . 189

15.4 Conclusions

Microwave assisted synthesis methodology can be applied for the preparation of
TiO,-based photocatalysts and modify its properties using a dopant metal such as
Au and Pt. With these metals it is possible to observe a change in the band gap
energy, which can be related to the metal load in the photocatalyst.
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