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Raman spectroscopy of laser irradiated titanium dioxide
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Abstract. Raman spectroscopy is applied to investigate the effect of
exposure to high power laser radiation on the crystalline phases of TiO,.
Measurement of the changes in the Raman spectra of TiO, with exposure
to laser radiation was reported. This has proved to be a useful sensor in
monitoring both the structure and the kinetics process of change in

crystalline phases from anatase to rutile during exposure to laser
irradiation.

1. Introduction

Titanium dioxide (TiO,) has been extensively studied as a photocatalyst for the
degradation of organic and biological complexes [1,2]. The photocatalytic activity of
TiO, is dependant upon a number of factors such as surface area, annealing
temperature and crystalline structure [1,2]. TiO, has three crystalline phases but
commonly only two are used in photocatalytic studies - anatase and rutile [1]. The
most active form of TiO, is reported to be Dugassa P25 which has a precise mixture
of anatase to rutile of ratio of 80:20 [3]. Transforming one crystalline phase of
anatase to rutile to another can be achieved by the application of either high
temperature or via high laser power [1]. Raman spectroscopy has been performed
upon the effect of temperature on TiO, crystalline phases [4-6] but as far as the author
is aware no Raman spectroscopy studies on the effect of intense laser irradiation upon
the crystalline phases of TiO, has been performed which has important ramifications
for its application in photocatalysis were conditions of intense irradiation may be
present.

2. Experimental
2.1. Laser treatment of TiO,

The catalyst under investigation was P25 TiOp which has a 80 : 20 anatase to rutile

mix supplied from Degussa. The laser source for irradiation of the TiO, was a
Continuum Surlite tripled Nd:YAG laser at 355 nm. This produced 4.5 ns pulses of 10

MW peak pulse power. Irradiation of the samples was carried out by placing 20 mg of
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TiO, directly in the laser beam for varying times. The TiO, powder was shaken every
two minutes during laser radiation.

2.2. Raman system.

Raman spectroscopy measurements were recorded using an Argon ion laser operating
at 514 nm. The laser power was 500 mW at the sample. The laser line was filtered to
remove any traces of plasma lines using a 3 nm interference filter centred at 514 nm.
A silver spot mirror with 3 mm diameter was used to direct the laser beam to the
sample. The laser spot size at the sample is about 25 um in diameter which is imaged
at the slit of the spectrograph (Oriel 260i spectrograph) using a back scattering
geometry as shown in Figure 1. A slit width of 20 um was used. The Raman signal
was filtered before passing through the spectrograph using a notch filter. The Raman
signal was detected using a water cooled front illuminated CCD detector (Orial model
DU401) cooled to -80° C and analysed using a PC as illustrated in Figure 1.

Interference filter _|

notch CCD Camera
filter

Figure 1. Schematic diagram of the Raman system.

3. Results

The Raman spectrum of TiO, before and after laser irradiation treatment for 10 min is
shown in Figure 2. Figure 2a shows the Raman spectra of the untreated TiO,. Several
Raman bands at 166 cm™, 404 cm’”, 521 cm™ and 635 cm™ are observed. These
Raman bands are assigned to the anatase form of the TiO, [4-7]. The Raman spectra
of the TiO, sample for irradiated for 10 minutes with the laser line at 355 nm
produced a distinctive Raman spectrum as shown in Figure 2. It can be seen that the
Raman bands at 166, 404, 635 cm™ were shifted to 174, 430, and 616 c¢m™. The
Raman band at 521 cm™ was disappeared during the irradiation process and a new
broad band at 1090 cm™ appeared. It has been reported that the rutile form of the
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Figure 2. Raman spectra of TiO? . (a) initial sample. (b) irradiation for 10 min (c) a-b.
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Figure 3. Raman spectra of TiO7 , (a) initial sample, (b) irradiation for 2 min. (c) irradiation
for 4 min., (d) irradiation for 6 min., (e) irradiation for 8 min. and (f) irradiation for 10 min.



Exhibited Papers

Ti0O, exhibits Raman bands at 440 cm” and 610 cm’. Therefore, the spectrum in
figure 2b could be assigned to the formation of the rutile form of TiO,. These results
thus indicate that the the anatase form of the TiO, disappeared during the laser
irradiation and converted to rutile form.

For studying the kinetics of the conversion of the anatase to rutile, the Raman
spectra were recorded at several time integrals (see figure 3). Again an increase in
intensity of the bands associated with the rutile form and a decrease in the intensity of
the anatase form was observed.

The data shown in Figure 3 was further analysed by plotting the rise and fall of
the bands at 430 and 521 cm™ respectively, which are associated with the rutile and
anatase forms, (see figure 4). This clearly shows the kinetics of the conversion of the
anatase to rutile as a function of time.
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Figure 4. A plot of relative intensity of the bands at 521 cm™ and 430 cm™ against laser
exposure time.

X-ray crystal data for anatase and rutile are shown table 1. [8]. This shows that
a change in phase from anatase to rutile brings about a reduction in the Ti-Ti bond
distance and an increase in bond length for the Ti-O bond. This data could therefore
assist 1n assienine the Raman snectra of the TiO)-
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The data reported in this paper has shown the effect of exposing TiO, over
time to high light intensities. The change has been assigned to a change in crystalline
phase from anatase to rutile.

Table 1. Bond distance for each phase for Ti to Ti bonds and Ti to O bonds.

Bond type and length / A
Phase Ti-Ti Ti-Ti Ti-O Ti-O
Anatase | 3.79 3.04 1.949 1.980
Rutile 3.57 2.96 1.934 1.980
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