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Au/TiO, cotton nanocomposite textile was prepared at low temperature (~100°C) by sol-gel and pho-
todeposition process designed for practical applications. The Au/TiO, nanoparticles have been found to
form a homogeneous thin film on the fibre surface and to show efficient photocatalytic properties upon
exposure to solar light. Stains cleaning measurements showed that the gold/TiO,-coated cotton fibres pos-
sess photocatalytic activity higher than that of TiO,-cotton fibres. For this reason the produced composite
cotton fibres display high potential and commercial importance for visible light self cleaning properties.
The original and treated fibres have been characterized by several techniques (SEM, HRTEM, FTIR, Raman,
UV-vis spectroscopy and XRD).

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Because of its excellent photocatalytic properties, high surface
area TiO; in form of thin films opens a wide scenario of practi-
cal applications in environmental purification [1,2]. Photocatalytic
degradation on TiO, of many substances (4-chloro-2-methylphenol
[3], gaseous alcohols [4], isothiazolin-3-ones [5], formaldehyde
[6], 3-amino-2-chloropyridine [7], acid orange [8], phenol [9],
4-chlorophenol, 2,5-dichlorophenol, 2,4,5-trichlorophenol, 1,3,5-
trihydroxybenzene, 2,3-dihydroxynaphthalene [10], methylene
blue in solution phase [11] and diuron on flexible industrial pho-
toresistant paper [12]) has been studied under various illumination
conditions and confirmed the excellent properties of this mate-
rial. This has encouraged the research of new synthetic method
that allows its use directly in manufacturing of smart self clean-
ing textiles. Among these research lines, the synthesis of: (a)
anatase nanocrystals deposited on cotton fabrics from titanium
isopropoxide (TIP) solutions at T< 100 °C by sol-gel process with
hydrothermal treatment [13] and more recently (b) bleached and
mercerized cotton textile fibres activated by RF or MW-plasma and
UV-irradiation can be recalled. As far as procedure (b) is concerned,
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the objective was to introduce negatively charged functional groups
which are known to interact with the TiO, powder and TiO, col-
loids to anchor TiO; on cotton textile [14,15]. In our previous works
[16,17] we have described a simple and repeatable anchoring pro-
cedure of the TiO, and Ag/TiO, nanophase to the cellulose fibres by
means of sol-gel technique to produce self cleaning, antibacterial
and photochromic textiles.

The aim of our current study is to improve the self cleaning
properties by developing a simple and repeatable anchoring pro-
cedure of a Au/TiO, nanophase on cotton fibres. This strategy is
justified by the known fact that a significant increase in photo-
catalytic decomposition of oxalic acid, as compared to unmodified
titania, was observed for Au-modified samples [18,19]. A maximum
in the photocatalytic activity with the Au-modified samples has
been registered in case of 0.16 wt.% Au. At this content the activ-
ity of the Au-modified TiO, is approximately double that of the
unmodified support [18,19]. The structure of the anchored phase
was determined by accurate characterizations with several physi-
cal methods (XRD, SEM, TEM, UV-vis, IR etc.) The photodegradation
of MB and the photostability of the Au/TiO, film on the cotton fibre
upon prolonged exposure to light have been determined under vis-
ible light irradiation and compared with that of the fibre covered
with Ag/TiO,. To check the reuse of the Au/TiO,-covered fibres, mul-
tiple adsorption-photodegradation cycles have been performed.
Then it is shown that, due to gold nanoparticles incorporated in
the nanoporous titania film, cotton textile with more efficient self
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cleaning activity and purple colour can be developed. It must be
underlined that our adopted method is different from the other
ones [14,15,20], because an organic amine was used in the sol to
stabilize the solution for long time. This method should be very suit-
able for industrial applications without using special equipment. In
this study, we have prepared Au dispersed TiO5 thin films using the
liquid phase deposition (LPD) method by adding a tetrachloroauric
acid (HAuC14) aqueous solution.

2. Experimental
2.1. Materials

Pure cotton fibre, 10-15 wm in diameter, from PVS srl (Milano,
Italy) were used for the entire process. All chemicals used in this
work were procured from Aldrich, Germany and have been used
as received. Water used in our experiments was triple distilled and
produced in our laboratory.

2.2. Synthesis of Au/TiO, thin film

At first the impurities (fat, wax, etc.) of the fibres have been
removed by soxlet extraction with acetone for 30 min. Then the
fibres have been dried at room temperature for 2 h. An alcoholic
(isopropanol) solution of titanium isopropoxide was mixed with a
second solution, prepared by mixing dilute HCI (a few drops) and
(CH3),CHOH, following the procedure described in reference [16].
The so obtained transparent sol was homogenized by magnetic stir-
ring (200 rpm) at atmospheric condition. The formed TiO, particles
remained in the liquid phase without any opacity for long time (1
week) and could be used to impregnate cotton fibre. After impreg-
nation the extracted samples were placed in a preheated oven at
70°Cto remove the solvent from the fibre and then cured at 95 °C for
5 min to complete the formation of TiO, from the precursor. Finally,
the impregnated cotton fibre samples were treated in boiling water
for 3 h (post curing). The unattached TiO, particles were removed
from the fibre surface during the post curing. The resultant samples
were dried in a preheated oven at 40 °C. The thin film covered cotton
fibre is then soaked in 0.001 M HAuCl, aqueous solution for 1 min.
The sample was then dried at room temperature. To obtain gold
nanoparticles the sample with HAuCl4-TiO; film was irradiated
at 308 K (50 mW/cm?, approx 295-3000 nm, Polymer GN 400 ZS,
Helios Italquartz, Italy) for 30 min in air at atmospheric humidity.

2.3. Photocatalytic experiments

Photocatalytic degradation of adsorbed methylene blue (MB) on
Au/TiO, film covered cotton fibre has been investigated. The sim-
ulating solar light irradiation was carried out at 308 K by using a
SOL2/500S lamp (honle UV technology, Munchen, Germany) for
photocatalytic reactions. The SOL-bulb and the H; filter together
yield a spectrum, which is very similar to the natural sunlight, rang-
ing from ultraviolet to infrared radiation (approx 295-3000 nm).
For this purpose, an aqueous solutions (0.05%, w/v) of reagent grade
MB were prepared for impregnation of the pure and of Au/TiO,-
covered cotton fibres. The same quantity of each sample was
immersed under mild stirring in the same amount of the solution
and remained overnight to complete the adsorption. The samples
were then removed from MB solution and were dried at room tem-
perature. From the decreased concentration value of MB in solution,
the amount of MB on the fibre was estimated to be 4.0 mg/g of cot-
ton fibre. The samples containing adsorbed MB were then exposed
to reproducible solar-like light (50 mW/cm?) to test their photoac-
tivity. The MB photodecomposition reaction was monitored with
a UV-vis spectrometer in the reflectance mode by investigating

the evolution of the absorbance upon light exposure. The adsorp-
tion and the photocatalytic degradation cycles were repeated three
times on the same sample to check the photostability of the Au/TiO,
film.

2.4. Characterization of Au/TiO5 film

The morphology of pure and Au/TiO, deposited cotton fibres
have been investigated by scanning electron microscopy on a SEM
instrument (Leica, Stereoscan 420) equipped with energy disper-
sive spectroscopic (EDS) microanalysis system (OXFORD). Bulk EDS
analysis was also performed to verify the elemental composition of
the deposited materials on the fibre surface. The Au and TiO, parti-
cle sizes were determined by high resolution transmission electron
microscopy (HRTEM) (JEOL 2000EX instrument, 200 keV).

The UV-vis reflectance spectra have been carried out at room
temperature on a PerkinElmer UV-Vis-NIR spectrometer to inves-
tigate UV absorption intensities, location of absorption edges and
the quantum size effects (if any) of the photocatalyst. The UV-vis
spectra have been obtained in the reflectance mode on the dried
samples. This procedure is aimed to avoid systematic errors in eval-
uating the intensities of the specific UV-vis bands of the absorbates
because, as it is known, the different fillings of intracrystalline voids
by the solvent molecules have an important effect on the scattering
properties of the samples [21].

XRD patterns have been collected by means of a Philips PW1830
X-ray diffractometer in a Bragg Brentano configuration to identify
the crystal phase and structure. Ni-filtered CoKa radiation, 40 kV
with a 20-mA current, has been used. The observed patterns have
been analyzed using Philips X'Pert High Score software and com-
pared with standard patterns of International Center of Diffraction
Data (ICDD) and Powder Diffraction File (PDF) data bases.

To analyze the cellulose polymer chain quality, before and after
the treatment and after a long time exposure to solar-like light, FTIR
analysis was performed on the samples by mixing with KBr. The
spectra were recorded with a IFS28 spectrometer equipped with a
MCT cryodetector at a resolution of 2cm~1.

Raman spectra have been recorded with a Renishaw in Via
Raman Microscope spectrometer equipped with Ar* laser beam
emitting at 514 nm, at 8.2 mW output power. The photons scat-
tered by the sample were dispersed by a 1800lines/mm grating
monochromator and simultaneously collected on a CCD camera;
the collection optic was set at 50x objective.

3. Result and discussion
3.1. SEM, EDS and HRTEM analysis of TiO, coatings

The morphology of the obtained samples at the micrometer level
is shown in Fig. 1a-d, where the comparison between the SEM
images of the treated and virgin cotton fibres are illustrated. From
Fig. 1b the presence of natural folds running parallel to the elonga-
tion direction of the pure cotton fibre, is imaged. Otherwise, Fig. 1c
and d clearly show that the treated fibres are covered by a con-
tinuous and homogeneous Au/TiO, thin film, which obscures the
surface folds below. In addition, the presence of rare gold nanopar-
ticles deposited on the TiO, film is evidenced at this degree of
resolution (Fig. 1d). The gold nanospheres are indicated by white
arrows in the SEM images. The EDS analysis (figure not shown for the
sake of brevity) of the white spots (Fig. 1d and 2c and d) indicates
that the nanospheres are indeed constituted by gold. Fig. 2a illus-
trates the high resolution SEM image of a portion of TiO,-covered
cotton fibre and shows clearly that the film is homogeneous and
continuous. The continuous nature of the Au/TiO, films suggests
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Fig. 1. SEM images of: (a, b) pure cotton fibre and (c, d) Au/TiO,-covered cotton fibre. Comparison of these images indicates that the regular folds characteristic of the pure
fibres are covered by the thin Au/TiO; film. The particles, evidenced by arrows in (d), correspond to rare particles (Au) with ~50-150 nm size. The vast majority of the gold

particles are not evidenced by SEM.

that pollutant molecules impinging the fibre-Au/TiO, composite
are interacting preferentially with the photoactive TiO, phase cov-
ering the fibres (vide infra). Fig. 2b-d illustrates the Au/TiO, film
morphology developed on the cotton surface after burning the
Au/TiO,-covered cotton fibre at 500 °C for 5 h. During this process
the cellulose support is removed completely before reaching the
temperature of 400°C [16,17] so allowing the direct observation of
the pure TiO, envelop. The thickness of the Au/TiO, film with cylin-
drical hollow shape is clearly evidenced in Fig. 2b-d and is about
500 nm. The film thickness, however, is sufficient to cover the nat-
ural folds of the fibres present on the surface. Notice that while
Fig. 2c represents the secondary backscattered electron image of
the above mentioned Au/TiO, film, Fig. 2d represents secondary
electron image. From the comparison, it is concluded that only the
TiO,, film is well evidenced in Fig. 2d (because the gold particles are
obscured) while, on the contrary, Au particles are well evidenced
in the Fig. 2c (because the TiO, film is obscured). The EDS analysis
of Au/TiO,-covered cotton fibres and of the pure Au/TiO, film, after
burning the cellulose fibres at 500 °C, are compared in Fig. 3a and
b. From the secondary backscattered electron image (Fig. 2c) and
the EDS analysis (Fig. 3b), it is confirmed that the white spot shown
in the SEM images are indeed gold particles.

In order to investigate the structure of Au and TiO, particles
forming the film, a portion of the material was collected by scratch-
ing the surface and was analyzed by HRTEM. TEM images, reported
in Fig. 4, show that the deposited titania film consists of TiO, par-

ticles almost uniform in size (5-7 nm) (Fig. 4b). The presence of
very small particles makes our TiO, surfaces different from the
surfaces obtained by TiO, deposition on glass [22], etc. Our previ-
ous HRTEM study of TiO, thin film deposited on cotton textile, has
indicated that the particle size of the deposited titania on the fibre
surface are uniform through the entire surface and the film is uni-
form and homogeneous [16]. The gold particles are well evidenced
in Fig. 4a and b and their size distribution (Fig. 5) (as obtained by
using the particles size computing software) indicates that the vast
majority is in the 10-12 nm range, whereas only a minor fraction
of particles has larger dimensions. The small size of gold and TiO,
nanoparticles suggests that the exposed surface area of Au/TiO,
film is very large. This fact together with the above mentioned
continuous and homogeneous structure of the film is at the ori-
gin of the preferential adsorption of the pollutant on the external
layers.

3.2. UV-vis reflectance spectra of Au/TiO5-covered fibres

Fig. 6 shows the reflectance spectra of pure cotton fibres (curve
1), of anatase TiO, (curve 2), of TiO,-covered fibres (curve 3)
and of Au/TiO,-covered fibres (curve 4). An absorption edge at
29,000cm~! (curve 3-4), which is slightly upward shifted with
respect to that of pure anatase TiO, (curve 2), is indicative of the
presence of the anatase phase TiO,. Of course this absorption edge
is absent in the curve 1, corresponding to the pure cotton fibres.
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Fig. 2. SEM image of: (a) a TiO; film coated cotton fibre (which illustrates the morphology of the TiO, film throughout the fibre surface); (b) Au/TiO, film collected after
combustion at 500°C for 5 h; (c) back scattered secondary electron image (clearly showing the gold nanoparticles); and (d) secondary electron image (more clearly showing

the TiO, film thickness). (c and d) refer to the inset reported in (b).

The observed blue shift of the absorption edge on the TiO,-covered
fibres with respect to pure anatase TiO, is due to quantum size
effects typical of small particles, which have a higher band gap
with respect to that of infinite crystals. This observation is in agree-
ment with the results obtained from XRD pattern (vide infra) and it
is qualitatively confirming SEM and HRTEM results. Furthermore,
gold nanoparticles incorporation in the synthesis batch do not mod-
ify the size of the TiO, crystals, as suggested by TEM images. It is
useful to recall that these very small TiO, nanoparticles are strongly
bounded to the fibres as shown from their good stability toward
washing [16,17]. This suggests that the anchoring process of the
TiO, particles involves the formation of chemical bonds via esteri-
fication of the surface OH groups of the fibres with titanols. Coming
now to curve 4, the presence of a broad plasmonic absorption
centered at ~18,000cm™1, is associated with the presence of Au
particles on the TiO, film (since Au* does not have any absorption
band in this range). The peak position (and hence the purple colour)
depends on the particle size [23], which can be estimated to be in
the 5-15 nm range. This result is in strong agreement with the TEM
images.

3.3. X-ray diffraction (XRD) analysis

The XRD patterns of the pure, TiO, and of Au-TiO,-coated cot-
ton fibres are illustrated in Fig. 7. In the inset, an exploded view
shows the patterns of the TiO, and Au-TiO, impregnated samples
together with the anatase peaks position taken from the reference.
The intense peak at 20 =26.4° is due to the cotton phase. The three
broader peaks at 20 =29.44°, 44.192° and 56.40° are indicative of

anatase phase. The remarkable width of these peaks are a direct
indication that the particles sizes of the deposited photocatalyst are
quite small. From the full width at half maximum (FWHM) of the
peaks, by using the Scherrer’s equation L = KA /(Scos 8) [24] (where
A is the X-ray wavelength, 8 is the FWHM of the diffraction line, 0 is
the diffraction angle, and K is a constant, which has been assumed
to be 0.9), an average diameter of the TiO, particles is estimated
about 5.0 nm. An additional peak at 26 =44.5° obtained on the pat-
tern of the Au/TiO,-covered cotton fibre is corresponding to Au®
particles on the TiO, film. From the width of the 20=44.5° peak,
the size of the Au particles is estimated to be ~40 nm. This figure is
different from the average particle size estimated in TEM analysis.
We believe that this signal is due to the few large particles imaged
with TEM and SEM analyses. In fact due to their large size, these
particles are expected to give a substantial contribution to the XRD
pattern.

3.4. FTIR and Raman spectra

The IR spectra of the cotton fibres before and after TiO, and
Au/TiO, grafting are compared (Fig. 8 curves 1-3). The aim of
the experiment was to ascertain whether IR spectroscopy could
be informative on the grafting mechanism (which is expected to
involve the esterification of OH groups located on the external
surface of the fibres) and on any degradation of the cotton fibres
caused by the presence of the TiO, photoactive phase. The spec-
trum of the virgin sample (Fig. 8, curve 1) is characterized by an
intense and broad band in the 3600-3100cm~! range, associated
with inter- and intra-chain -OH---O groups (7) of the hydrogen
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Fig. 3. EDS spectra of: (a) Au/TiO,-covered cotton fibre; (b) Au/TiO, film collected after burning the sample at 500°C for 5 h in air. In (a) the contribution of the Ti film is
highlighted; in (b) the presence of even gold nanoparticles is evidenced. Notice that the residue does not contain the characteristic C and O cellulose components observed

on the sample before burning (part a).

2

Fig. 4. (a) TEM image of a portion of Au/TiO; film; (b) Fourier filtered image of pure anatase particles of a selected area of part a. From these images a mean size of Au
nanoparticles of about 10-12 nm along with some larger particle (~40 nm) is highlighted.
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Fig.5. Au particle size distribution in the TiO- film covering the cotton textile, show-
ing that the average particle size is about 10 nm. The rare particles with size in the
40-60 nm range are likely those observed also by SEM (Fig. 2d).

bonding interacting chains. A peak at ~1600 cm~! is also indicative
of the presence of interstitial or adsorbed water. The absorp-
tions in the 3000-2800 and 1450-1350cm~! ranges are due to
the v(CH) and §(CH) modes. Finally, the complex absorption in
1250-900 cm~! range is mainly associated with stretching mode
of C-0O-C groups of the fibre framework. All the above-mentioned
groups are mainly located inside the films. Due to the diameter
of the fibres (~10 wm) the contribution of the external alcoholic
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Fig. 6. UV-vis reflectance spectra of: (1) pure cotton fibre; (2) pure anatase TiO,;
(3) TiO2-covered cotton fibre and (4) Au/TiO,-covered cotton fibre.
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Fig. 7. XRD pattern of: (1) pure cotton; (2) TiO,-covered cotton and (3) Au/TiO,-
covered cotton fibre. The vertical grey lines and (*) indicate the presence of TiO,
anatase phase and gold nanoparticles, respectively. The rutile TiO, particles are not
evidenced in the deposited films.

groups, which are expected to actively participate in the anchoring
process and hence to be consumed by the grafting procedure, is
expected to be small or in the worse case, is negligible. That this is
the case is demonstrated by the spectrum of the fibres after grafting
(Fig. 8, curve 2 and 3), which is substantially unaltered. It is quite
remarkable that being the IR spectrum of the treated sample totally
dominated by the spectrum of the fibre, the contribution of the TiO,
phase (which should appear at v < 700 cm~1)is also negligible. The
photostability of the cellulose fibres is illustrated in Fig. 8, where
the curves 4-6 correspond to the sample exposed to solar-like light
for 24, 48, 84 h, respectively. It can be seen that the characteris-
tic absorption band at ~3400cm~! and the complex absorption
in the range 1650-1050 cm~! of the fibres are mostly unchanged.
These three curves indicate that the chemical structure of cotton
fibre is not substantially altered upon exposure to solar-like light.
In our opinion, this is due to the homogeneous character of TiO,
film, which is completely adhering and protecting the fibres from

Absorbance (a u)

T T T
4000 3000 2000 1000

Wavenumber (cm™)

Fig. 8. FTIR spectra of: (1) pure cellulose fibres; (2) TiO,-covered fibres; (3) Au/TiO,-
covered fibres; (4) cellulose fibre upon 24 h; (5) 48h and (6) 84h of solar light
exposure. Spectra 3-6 show fibre stability upon sol-gel treatment and solar-like
light exposure.
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Fig. 9. Raman spectra of: (1) Au/TiO,-covered cotton; (2) pure cotton fibre and (3)
anatase TiO,. Label A indicates anatase phase TiO, on cotton fibre.

aggression of O,~ and OH* species generated during the exposure
to the light.

Contrary to the IR results, shown in Fig. 8, the presence of anatase
particles is well evidentiated by the Raman spectroscopy. Fig. 9
curve 1 represents Raman spectrum of Au-TiO,-covered cotton
fibres, while curve 2 reports Raman spectrum of the pure cotton
fibres treated with the blank sol (containing all the components,
except for the TiO, impregnating precursor). For comparison, the
Raman spectra of the cotton fibre (curve 2) and of pure anatase
TiO, (curve 3) are also reported. It can be immediately seen that
the spectrum of the Au-TiO,-coated cotton fibres (curves 1) is
dominated by peaks at 158, 406, 517 and 639 cm™!, certainly asso-
ciated with a TiO, phase. This assignment has been confirmed
by comparison with the Raman spectrum of pure anatase (curve
3), which shows similar bands at slightly different frequencies
(143, 396, 515, and 637 cm~1). It can be remarked that the Raman
peaks of the supported TiO, are much broader than those of the
pure anatase. An explanation of the frequency shifts and of the
increase of the peak half width can be advanced by considering the
small size of the supported particles. For instance, Raman studies
of nanosized anatase, produced by sol-gel route at low tempera-
tures (i.e. lower than 100°C), report that the vibrational features
of TiO, are slightly dependent upon the particles sizes and crys-
tallinity [25]. In particular, smaller and less crystalline particles
are characterized by broader Raman peaks. Another interesting
observation concerns the position of the lowest Raman band at
158 cm~!, which is distinctly upward shifted with respect to that
of pure anatase (143 cm~1). Choi et al. [26] have suggested that the
Raman bands shift towards higher frequency values as the particles
sizes decrease. In particular, when the particles sizes decrease to
the nanometer scale, the lowest Raman band shifts towards higher
frequency values due to increasing force constants [27,28]. As a sim-
ilar shift is observed on our sample, it is confirmed that TiO; film
is constituted by extremely small particles.

3.5. Photocatalytic self cleaning

The photoactivity of the gold-titanium dioxide-coated cotton
textiles has been investigated by exposing the samples containing
adsorbed methylene blue to solar-like light.
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Fig. 10. Spectral changes of methylene blue (MB) spectrum under solar-like light
exposure due to photocatalytic degradation. (A) Photodegradation of MB on the
TiO,-covered fibre under artificial solar irradiation: no exposure (curve a), irradia-
tion for 4 h (curve b), 7h (curve c), 9.5 h (curve d), 11.5 h (curve e) and 19.5 h (curve
f). In the inset (curves a and f) FTIR spectra in the 1650-1550 range corresponding to
the same curves shown in UV-vis spectra. (B) UV-vis spectral changes of the same
stains on Au/TiO,-covered fibres: no exposure (curve a), 4 h exposure (curve b), 7h
exposure (curve c) and 19.5 h exposure (curve d).

The UV-vis reflectance spectra before (curve a) and after illu-
mination with increasing time obtained on TiO,-cotton/MB and
on Au/TiO,-cotton/MB systems are compared in Fig. 10A (curves
b-f) and Fig. 10B (curves b-d). From this comparison it is inferred
that the complex absorption bands in the 20,000-12,000cm™!
interval, due to absorption of MB, change rapidly because TiO, pro-
motes the catalytic photodegradation (curves a-f and a-d). This
is not unexpected since the photocatalytic activity of TiO; is well
known [1,29]. Of course the disappearance rate of the band due
to adsorbed MB on the TiO,-covered fibres is much higher than
that observed in case of untreated fibres. On the basis of the data
reported in the literature [16], the bands at 15,400 and 16,400 cm ™!
are assigned to the monomeric and aggregated MB (mostly dimeric
and trimeric species), respectively, adsorbed on the surface. Under
light exposure the aggregate species disappear first, followed by the
monomeric ones. Of course the photodegradation effect is lower
than that of observed on P25 (Fig. 11).

The photodegradation process can be followed also by the grad-
ual disappearance of the IR bands of adsorbed MB. Among all
bands of MB, that at 1600 cm~! can be better monitored, since it
falls in a region where the cellulose skeleton is not absorbing. The
results are shown in the inset of Fig. 10A. It is worth noticing that
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Fig. 11. Photocatalytic MB degradation by Au/TiO,-covered cellulose fibre upon
solar-like light illumination. Photocatalytic degradation of MB on untreated fibres
(O),onTiO,-coated fibres (a),on Au/TiO,-coated fibres (W), on Ag/TiO,-coated fibres
(@), on P25 (1) and on Au/P25 (O).

both UV-vis and IR spectroscopies are unable to clearly reveal the
formation of intermediate degradation products during the photo-
catalytic process. An important result of this investigation is the
observation that the TiO,-covered cotton fibres containing gold
particles are more active in MB degradation than those not con-
taining gold (Fig. 11). This is not unexpected. In fact a substantial
improvement in photoactivity of gold (0.1-0.8%) dispersed tita-
nia [30], specifically containing small gold particles, was observed
[31]. In particular, the dispersion of gold nanoparticles on the TiO,
matrix has a beneficial influence on the organic stains photodegra-
dation [32] and catalysis [19,33]. Two explanations of the beneficial
effect of the gold particles are usually advanced. The first explana-
tion is that the gold nanoparticles absorb the light in the visible
range and transfer the excitation to TiO, photocatalyst, plausibly
acting as sensitizer. The second explanation lies on the electron
trapping ability of the metal particles which can increase excita-
tion lifetime and stability of generated electrons, so reducing the
tendency to recombine hole (h*) and electron (e~). On the basis of
our experimental data, we cannot make a choice between the two
hypothesis.
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Fig. 12. Photocatalytic activity of Au/TiO,-covered cotton fibre upon repeated MB
adsorption-illumination cycles.

Fig. 12 shows that the photocatalytic efficiency of the Au/TiO,-
coated fibre on degrading MB is unchanged upon repeating cycles.
These results suggest that the activity of Au/TiO, film is not influ-
enced by successive impregnation steps and this is in agreement
with the results shown in our previous study [17].

4. Conclusions

Cotton fibres, covered by a thin Au/TiO, film constituted by
anatase nanocrystallites strongly adhering to the support, display
a purple colour and are photocatalytically active under solar light.
The Au/TiO,-covered cotton fibres show high efficiency in MB
photodegradation, so suggesting high photocatalytic self cleaning
properties under solar-like light. The sol-gel synthesis method,
utilized to cover the cotton fibres with TiO, and Au/TiO, films,
guarantees a great stability towards repeated washing cycles and
prolonged photodegradation activity. This stability is promising for
possible industrial applications.
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