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Anatase  TiO2 thin  films  are  deposited  on  glass  using  alcoholic  solutions  at 400–600 ◦C. The  effect  of
film  thickness,  grain  size  and annealing  temperature  on  the  catalytic  activity  of  the TiO2 thin  films  is
investigated  regarding  the  degradation  of  octadecanoic  (stearic)  acid  under  UV-A  light illumination.
Specifically,  the photocatalytic  activity  of 150-nm-thick  TiO2 thin  films  deposited  on glass  at  500 ◦C  is
quite  remarkable,  showing  the  highest  octadecanoic  acid  disappearance  rate,  i.e.,  6.28  × 10−8 mol/min
(formal  quantum  efficiency  =  6.65  × 10−3) at 30  min  of  UV-A  light  illumination.  Moreover,  the  electro-
iO2, Thin films
ol–gel technique
hotocatalysis
ctadecanoic acid
ethanol oxidation

chemical  performance  of the  same  sample  is  evaluated  by studying  the  electrocatalytic  oxidation  of
methanol  in  an  alkaline  medium  in  dark and  under  UV illumination.  Under  UV illumination,  the  methanol
electrooxidation  is significantly  improved,  as  evidenced  by  the  current–potential  measurements  pre-
senting  a satisfactory  incident  photon  to  charge  carrier  efficiency  of 88.3%  with  a fill factor  of  0.51.

©  2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

Titanium dioxide (TiO2) is one of the most highly studied metal
xides because of its interesting electrochemical and photocatalytic
roperties that are widely applied in photocatalysis, fuel cells, etc.
1–4]. TiO2 nanopowders exhibit a high photocatalytic efficiency
nd mostly been used in small-scale purification systems. This is
ue to the energy acquisition of the procedure [huge amount of
ontaminant (water/air) necessitates high amounts of light energy],
eparation and recovery difficulties of the remained solid precip-
tate, which limit the extent of their technological applications.
upporting photocatalytic materials on a steady substrate can help
vercoming this issue, targeting the decomposition of organic sub-
tances originally adsorbed on the surfaces [5,6].

In this work, we study the photocatalytic and electrooxidation
roperties of TiO2 thin films, deposited via a sol–gel procedure on
orning and indium tin oxide (ITO) glass substrates and annealed

t 400–600 ◦C. Based on the previous reports [7–9], we focused on
xamining the effect of film thickness, grain size and annealing
emperature on the photocatalytic activity of octadecanoic acid.

∗ Corresponding author at: Institute of Electronic Structure and Laser, Foundation
or  Research & Technology-Hellas, P.O. Box 1385, Vassilika Vouton, 711 10 Heraklion,
rete, Greece. Tel.: +30 2810 379703; fax: +30 2810 391305.

E-mail addresses: katsan@iesl.forth.gr, katsan@staff.teicrete.gr (N. Katsarakis).

ttp://dx.doi.org/10.1016/j.cattod.2014.05.007
920-5861/© 2014 Elsevier B.V. All rights reserved.
Moreover, the performance of the films toward the electrooxida-
tion of methanol is tested by cyclic voltammetry in dark and under
UV illumination. We  provide evidence that the TiO2 thin films
exhibit promising photocatalytic and electrooxidation properties
without the use of metals such as Pt or dopants such as N making
the approach simpler, easier and environmental-friendly.

2. Experimental details

2.1. Reagents

The following chemical compounds were used: absolute ethanol
(≥99.8%), hydrochloric acid (37%), titanium tetraisopropoxide
(Ti(OCH(CH3)2)4, ≥99.999%), octadecanoic acid (CH3(CH2)16COOH,
≥98.5%), sulfuric acid (H2SO4, 95.0–98.0%), hydrogen peroxide
(H2O2, 30 wt. % in H2O), isopropanol (≥99.5%) and acetone
(≥99.9%), all provided from Sigma-Aldrich. All reagents were used
without further purification.

2.2. Preparation of glass substrates
Standard 10 × 10 mm2 Corning Eagle 2000 Borosilicate Glass
(Specialty Glass Products) substrates (for the photocatalysis part)
were used, along with ITO-coated glass slides (for the electro-
catalytic measurements) with a surface resistivity of 8–12 �/sq

dx.doi.org/10.1016/j.cattod.2014.05.007
http://www.sciencedirect.com/science/journal/09205861
http://www.elsevier.com/locate/cattod
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cattod.2014.05.007&domain=pdf
mailto:katsan@iesl.forth.gr
mailto:katsan@staff.teicrete.gr
dx.doi.org/10.1016/j.cattod.2014.05.007
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Aldrich). Before deposition, the Corning glass substrates were
leaned for 10 min  using a piranha solution (H2SO4/H2O2 = 3/1),
insed with ultrapure water (18.2 M� cm)  and dried under N2 gas
ow, while the ITO substrates were ultrasonically cleaned with

sopropanol and acetone, washed with ultrapure water and dried
nder a N2 gas flow.

.3. Deposition of TiO2 thin films

TiO2 thin films with a thickness in the range of 50–150 nm
ere deposited on glass substrates using the sol–gel/spin coat-

ng technique reported elsewhere [10–12]. In particular, 2.8 ml  of
i(OCH(CH3)2)4 was first dissolved in 25 ml  of absolute ethanol.
he resultant solution was stirred for 15 min  at 60 ◦C using a mag-
etic stirrer to yield a homogeneous, clear and transparent solution.
ive drops of concentrated hydrochloric acid were added in order
o get an acidic solution, as proposed by Rampaul et al. [13], and
void precipitation [14] (changing the pH value of the precursor
olution from ∼8.5–9.0 to ∼1.25–1.75). The deposition was usually
erformed within 24 h after the solution was prepared, by spin-
oating the substrates at 3000 rpm for 20 s [16,17]. After processing,
he substrates were heated at 350 ◦C for 10 min  to evaporate the
olvent and remove the organic residuals from the films. This pro-
edure was repeated up to four times. The films were then annealed
n air at 400–600 ◦C for 120 min. The thickness of the films was

easured using a stylus profilometer (alpha-step 100, Tencor).

.4. Characterization techniques

The crystal structure of all samples was determined by X-ray
iffraction (XRD) using a Rigaku (RINT 2000) diffractometer with
u Ka X-rays, while their surface morphology was studied by
eans of a field emission scanning electron microscope (FE-SEM,

EOL JSM-7000F) and an atomic force microscope (AFM) in tapping
ode (Digital Instruments Nanoscope IIIa). The surface roughness

RMS) of the TiO2 thin films was determined using the scanning
robe image processor (SPIP, v. 3.3.5.0) image processing soft-
are for nano- and micro-scale microscopy from Image Metrology.

inally, UV–Vis transmission spectra were recorded using a Perkin
lmer (Lambda 950) spectrophotometer over the wavelength range
90–1100 nm.

.5. Photocatalytic activity study

There are many different methods that can be used to determine
he activity of photocatalytic surfaces. Popular techniques include
hose based on the photo-oxidation of organic films such as octade-
anoic (stearic) acid [15–20], or organic vapors [21] and contact
ngle changes [22].

The photocatalytic activity of our TiO2 thin films was  deter-
ined using octadecanoic acid as a model compound, in which

 thin layer of octadecanoic acid is deposited onto the examined
ample and its photocatalytic destruction is monitored as a func-
ion of time [15–20]. This method has gained preference over the
ears since it is simple to set up and run and needs no dedi-
ated equipment beyond a standard laboratory FT-IR spectrometer.
ince octadecanoic acid is a solid at room temperature, it is more
asily controlled than a solution or gas, while it also provides a
easonable model for typical organic surface contamination that
eposit on exterior and interior surfaces [23]. Moreover, octade-
anoic acid is normally found in natural greases and thus is a
onvenient test material for the simulation of oil removal from the

urface of coatings [24]. Furthermore, octadecanoic acid is very sta-
le under UV illumination in the absence of a photocatalyst film
phenomenon of photolysis). Finally, octadecanoic acid can easily
e laid down from a methanol or chloroform solution making the
Fig. 1. X-ray diffraction patterns of the TiO2 thin films deposited by a sol–gel/spin-
coating procedure after 1 (a), 3 (b) and 4 (c) spinning cycles at 600 ◦C.

study much easier. In our case, a solution of 0.1 M octadecanoic acid
in chloroform was  spin-coated on the sample under test at a rota-
tion speed of 500 rpm for 30 s. Samples were then dried at 80 ◦C in
air for 10 min.

The decomposition of octadecanoic acid was demonstrated
by FT-IR spectroscopy (FT-IR, IRPrestige-21, Shimadzu) through
the monitoring of the asymmetric C–H stretching mode of the
CH3 group at 2958 cm−1 and the asymmetric and symmetric C–H
stretching modes of the CH2 group at 2923 and 2853 cm−1, respec-
tively. The photocatalytic activity experiments on all TiO2 samples
for the decomposition of octadecanoic acid were performed in
ambient air and were repeated for five times demonstrating no
changes in the % octadecanoic acid conversion. The integrated
area (2800–3000 cm−1) of the octadecanoic acid C–H stretching
peaks was monitored before and after black light illumination in
a box reactor at certain time intervals. The light source used was
a HPK 125 W Philips mercury lamp with main emission wave-
length at 365 nm and an incident light intensity of 8.9 mW/cm2.
For ease in comparison of the photocatalytic activity between dif-
ferent samples, the integrated area of the C–H stretching peaks
measured at each irradiation time interval was normalized to
the initial integrated area (prior to the irradiation) in order to

calculate the percentage of octadecanoic acid remaining as a func-
tion of irradiation time. Blank experiments (photolysis) were also
performed using bare glass substrates under exactly the same con-
ditions applied for the TiO2 samples. Finally, the octadecanoic acid
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Fig. 2. SEM images of the 1× (a), 2× (b), (3×)  (c) and (4×) (d) TiO

isappearance rate (mol/min) and the formal quantum efficiency
FQE) for all TiO2 thin films were calculated according to the

ethodology of Mills and Wang [18].

.6. Photoelectrocatalytic study

The photoelectrocatalytic measurements were performed using
 three-electrode electrochemical cell [25,26]. TiO2 thin films on
TO glass substrates acted as the working electrode biased in the
ange between −1500 to +1000 mV.  Ag/AgCl and Pt foils were
mployed as the reference and the counter-electrode, respectively.
he measurements were carried out at a scan rate of 20 mV/s in
ark and under UV illumination. Five UV-A-type lamps which pre-
ominantly emit at 365 nm (4 W,  Philips TL 4W/08) were used as
V source with an incident light intensity of 0.7 mW/cm2. Since

he CH3OH oxidation reaction produces carbonate via a CO inter-
ediate, which gets strongly adsorbed on the active TiO2 sites,

hus reducing the catalytic efficiency of the oxide [27], 0.25 M
ulfuric acid (H2SO4) was initially tested as an electrolyte solu-
ion with and without the presence of 0.5 M CH3OH. However, the
xide was immediately removed in this electrolyte (i.e., TiO2 was
upernatant inside the cell). Hence, NaOH was finally chosen as
he electrolyte solution at a concentration of 0.25 M,  based on the
iterature [28–30].

. Results and discussion

.1. Structure

Fig. 1 depicts typical X-ray diffraction patterns of the TiO2 thin
lms deposited by the sol–gel/spin-coating technique after 1, 3 and

 spinning cycles at 600 ◦C with estimated thickness of ∼50–60 nm,

110–120 nm and ∼150 nm,  respectively. In particular, the red

olid line in Fig. 1a depicts the X-ray diffraction pattern of a 50-nm-
hick (1×)  TiO2 thin film in which a single diffraction peak centered
t 25.34◦ can only be observed. Similarly, Fig. 1b and c displays the
 films deposited by sol–gel on Corning glass substrates at 600 ◦C.

X-ray diffraction patterns of 110-nm- (3×)  and 150-nm-thick (4×)
TiO2 thin films deposited on Corning glass substrates under the
same experimental conditions (green and blue solid lines in Fig. 1b
and c, respectively). The diffraction peaks observed for the 4× TiO2
thin films (25.34◦, 37.84◦, 48.18◦, 54.02◦ and 55.12◦) (see Fig. 1c)
are in good agreement with the JCPDS card (No. 84-1286) for the
crystal structure of anatase [31,13,32–35]. It can be observed that
both 3× and 4× TiO2 thin films show narrow XRD reflections with
significantly higher intensity than the corresponding 1× TiO2 sam-
ple, indicating, in general, enhanced crystallinity of the TiO2 thin
films with increasing thickness. Similar behavior was observed for
the films grown at lower temperatures.

The mean crystallite dimensions (d) of the TiO2 thin films were
calculated using Scherrer’s equation:

d = K�

(ˇ2 − ˇ0
2)

1/2
cos �

(1)

where  ̌ is the measured broadening of a diffraction line peak at
an angle of 2� at half its maximum intensity (FWHM) in radians,
ˇ0 is the instrumental broadening, K = 180/�, � is the X-ray wave-
length (0.154056 nm)  and � is the Bragg diffraction angle. By fitting
the (101) diffraction peak to Scherrer’s equation, crystallite size
values were found to increase from 21.9 for 1× to 25.7 nm for 4×
independent of deposition temperature.

3.2. Morphology

Fig. 2a–d illustrates the SEM images of the 50-nm- (1×),  70-
nm-  (2×),  110-nm- (3×)  and 150-nm-thick (4×)  TiO2 thin films
deposited by sol–gel on Corning glass substrates at 600 ◦C. As it can
be observed, in all cases, the substrates were covered with crack-
free, quite dense and uniform TiO2 thin films. Similar observations

are shown for the films grown at lower deposition periods (not
shown here for brevity).

Fig. 3a–c presents AFM images (scan size 1 �m × 1 �m) of the
50-nm- (1×),  70-nm- (2×)  and 110-nm-thick (3×) TiO2 thin films
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Fig. 3. (Top) AFM images (scan size 1 �m × 1 �m)  of the 1× (a), 2× (b) and 3× (c) TiO2 thin films deposited on Corning glass substrates via sol–gel at 600 ◦C and the 150-nm-
thick  (4×)  TiO2 thin films at 400 ◦C (d), 500 ◦C (e) and 600 ◦C (f), respectively. (Bottom) Grain size (black squares) and surface roughness (RMS, blue stars) of the as-grown
TiO2 thin films as a function temperature (g) and number of spin-coated layers (h) (For interpretation of the references to color in this figure legend and citation, the reader
i
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s  referred to the web version of this article.)

eposited at 600 ◦C, while Fig. 3d–f illustrates the AFM images
scan size 1 �m × 1 �m)  of the 150-nm-thick (4×)  TiO2 thin films
t 400, 500 and 600 ◦C, respectively. It can be observed that all TiO2
hin films are homogeneous, crack-free and densely packed, while
heir grains are significant small, exhibiting values of 14 ± 3 and
2 ± 4 nm for 4× TiO2 thin films annealed at 400 and 600 ◦C, respec-
ively. As it is shown in Fig. 2a–d and Fig. 3a–c and f, there is a good
greement between the results revealed from AFM and SEM analy-
es regarding the surface morphology of the sol–gel-deposited TiO2
hin films.

Fig. 3g and h exhibits the variation in grain size (black squares)

nd surface roughness (RMS, blue stars) of the as-grown TiO2 thin
lms as a function of annealing temperature (Fig. 3g) and number
f spin-coated layers (Fig. 3h). From Fig. 3g, one can notice that
or a fixed number of spinning cycles (4×,  150-nm-thick samples)
the increase in annealing temperature from 400 to 600 ◦C leads to
TiO2 thin films with an RMS  surface roughness ranging from ∼0.8
to ∼1.8 nm and a relatively small grain size variation from 14 ± 3
to 22 ± 4 nm,  respectively. This behavior clearly demonstrates the
stability of the as-grown sol–gel-deposited TiO2 thin films for a
wide range of annealing temperatures. Furthermore, similar con-
clusions arise for the 1× to 3× TiO2 thin films deposited at 600 ◦C
(see Fig. 3h) since the RMS  surface roughness varies between ∼1.6
and ∼1.9 nm,  while the grain size of the samples ranges from 18 ± 4
to 20 ± 2 nm.

One may  then suggest that the RMS  surface roughness is mainly

dependent upon the annealing temperature and not the num-
ber of spinning cycles (film thickness), obtaining the maximum
value at the highest annealing temperature (600 ◦C). Hence, we
should expect at 600 ◦C, on the one hand, enhanced photocatalytic
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Fig. 4. Optical transmittance spectra of the 1× to 4× TiO2 thin films grown at 600 ◦C
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Fig. 5. Normalized integrated area vs. irradiation time for 1× to 4× TiO2 thin films

T
P

n  the wavelength region 190–1100 nm.  In the inset, the optical energy bandgap
Egap, eV) of the TiO2 thin films, as determined using “Tauc” plots of ˛2 as a function
f  h�.

erformance since the adsorption of more water molecules will be
romoted [36] and, on the other hand, improved electrooxidation
ehavior because there will be more defects for ions to enter the
xide [37].

.3. Optical measurements

The optical transmittance spectra of the 1× to 4× TiO2 thin films
rown at 600 ◦C in the wavelength range of 190–1100 nm are pre-
ented in Fig. 4. All the TiO2 thin films are highly transparent in the
isible wavelength region with an average transmittance of about
5–90%, with a fall-off for wavelengths shorter than 350 nm.

The optical energy gap values (Egap) of the TiO2 thin films were
etermined by the extrapolation of the linear portion of (˛hv)2

ersus hv plots (“Tauc” plots) (inset in Fig. 4). The values obtained
or the as-deposited samples vary from 3.65 to 3.72 eV, similar
o the ones reported by [38] and [39] for anatase TiO2 thin films
btained by sol–gel approaches at 500 ◦C. The estimated values of
he bandgap for the as-grown TiO2 thin films are larger than bulk
iO2 (3.3 eV), since the films consisting of fine crystallites show
blue shift” [40]. We  assume that the increase in the bandgap is due
o the quantum size effect (QSE), which occurs for semiconductor
articles below 100 nm.  Moreover, as seen in the inset of Fig. 4,
he energy bandgap of the TiO2 thin films generally decreases with
nnealing temperature and number of spinning cycles (film thick-
ess). This decrease may  be correlated with the grain size increase
ith annealing temperature, since when the latter increases, the
efects and impurities tend to disappear causing a reorganization

n the structure [40,41].
.4. Photocatalysis

Fig. 5 presents the normalized integrated area vs. irradiation
ime curves for 1× to 4× TiO2 thin films deposited by sol–gel on

able 1
hotocatalytic activity of the sol–gel-deposited TiO2 thin films regarding the degradation

Temperature (◦C) No. of layers

1× (50 nm)  2× (70

400 ◦C 20.14% 61.05%
500 ◦C 59.43% 84.68%
600 ◦C 71.09% 83.87%
deposited by sol–gel on Corning glass at 400–600 ◦C. For comparison reasons, the
photolysis curve (black solid squares) is also presented.

Corning glass at 400–600 ◦C. For comparison reasons, the photolysis
curve (no catalyst present) is also displayed in the same figure.

Table 1 summarizes the photocatalytic activity of TiO2 thin films
regarding the degradation of octadecanoic acid at 30 min  exposure
under UV-A illumination. Following the methodology explained by
Mills and Wang [18] and Paz et al. [42], we found that the octade-
canoic acid disappearance rate (mol/min) and the formal quantum
efficiency (FQE) are the highest for the 150-nm-thick (4×) TiO2
thin films deposited at 400–600 ◦C. In particular, the 4× TiO2 thin
film deposited at 400 ◦C shows an FQE value of ∼3.93 × 10−3 and
an octadecanoic acid disappearance rate of ∼3.71 × 10−8 mol/min
at 30 min, while the corresponding values for the films deposited
at 500 and 600 ◦C are ∼4.43 × 10−3/∼4.18 × 10−8 mol/min and
∼6.65 × 10−3/∼6.28 × 10−8 mol/min, respectively. As one can
notice from Table 1 (and the calculation of FQE and octadecanoic

acid disappearance rate), the photocatalytic activity of all TiO2
thin films regarding the % decomposition of octadecanoic acid is
always significantly higher than that observed due to photolysis,

 of octadecanoic acid under UV-A illumination for 30 min.

 nm)  3× (110 nm) 4× (150 nm)

 80.39% 89.10%
 89.96% 96.41%
 92.74% 95.46%
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Fig. 6. Variation of current density with potential for the 1× and 4× TiO2 thin films in dark and under UV illumination without (a) and with (b) the presence of methanol.
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nterpretation of the references to color in this figure legend and citation, the reade

.e., light irradiation of octadecanoic acid in the absence of a
etal oxide catalyst. At 30 min, for example, the % octadecanoic

cid degradation due to photolysis is only ∼8%, reaching an FQE
alue of 0.05 × 10−3 and an octadecanoic acid disappearance rate
f ∼4.44 × 10−10 mol/min. Moreover, it should be noted that, our
50-nm-thick (4×)  TiO2 thin films annealed at 500 ◦C show photo-
atalytic activity (FQE = 6.65 × 10−3) similar to the one reported by
az et al. [42]. It can be generally concluded that the anatase TiO2
hin films with the highest crystallinity exhibit the best photocat-
lytic performance, however, for maximum activity, a combination
f high crystallinity and optimum grain size (at 500 ◦C) is required
43].

It is worth mentioning that the photocatalytic activity tests were
arried out for at least five times on our TiO2 samples in order to
xamine their stability under UV illumination, demonstrating no
hanges in the photocatalytic activity after five runs.

.5. Photoelectrocatalytic evaluation

Based on the above analysis, we focused on studying the effect
f spinning cycles (film thickness) on the electrooxidation per-
ormance of the films annealed at 500 ◦C via cyclic voltammetry
xperiments. The potential was ranged from −1500 to +1000 mV
t a scan rate of 20 mV/s in 0.25 M NaOH (Fig. 6a) and 0.25 M
aOH + 0.5 M CH3OH (Fig. 6b) in dark and under illumination for
× and 4× TiO2 thin films. Regarding the curves obtained in 0.25 M
aOH, they exhibit narrow cathodic peaks attributed to sodium

ntercalation in TiO2. However, the process is irreversible since
espective anodic peaks are not shown. In addition, those derived

n the presence of methanol show similar behavior with the oth-
rs, but with broad cathodic regions. The dark current was  zero
n all cases (see black curves in Fig. 6). However, the current den-
ity for the thin films under UV light illumination (red curves) was
 to indicate the intercalation (cathodic) and deintercalation (anodic) regions (For
ferred to the web version of this article.).

higher by two orders of magnitude in the presence of methanol, i.e.,
0.0085 and 0.182 mA/cm2 with and without methanol for the 4×
TiO2 films, respectively. The observed increase in the photocurrent
is due to the efficient trapping of holes as also recorded with other
alcohols [44].

Specifically, the generation of e−/h+ pairs can be promoted
under UV illumination of TiO2, which can in turn enhance methanol
electrocatalysis. Holes will probably conduct the oxidation reac-
tions (I) and (II) [45], since HO− are very efficient hole scavengers.

6HO− + 6h+ → 6HO• (I)

CH3OH + 6HO• → CO2 + 5H2O (II)

Combination of reactions (I) and (II) gives reaction (III), which is
the most usual case in basic environments:

CH3OH + 6HO− + 6h+ → CO2 + 5H2O (III)

While, the photogenerated electrons will drive the reduction
reaction in the presence of oxygen as indicated in reaction (IV) [45]:

H2O + 1/2O2 + 2e− → 2OH− (IV)

It becomes evident from Fig. 6 that the current is lower in dark,
while higher value is observed under UV illumination indicating
that the TiO2 films are photoactive [46]. The 4× TiO2 presented the
highest current value and consequently an enhanced photoactivity
due to the crystalline anatase TiO2 and the increased surface cov-
erage of the substrate, which provides larger active volume for the
alcohol oxidation.

The quantitative measure of the photoelectrocatalytic proper-
ties is the incident photon to current efficiency (ICPE, expressed in

% [47]):

IPCE(%) = 1240Jsc (mA/cm2)
� (nm) · P (mW/cm2)

× 100
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here Jsc is the recorded short-circuit current density for a
onochromatic incident power density P and � is the wavelength of

he incident radiation. Thus for P = 0.7 mW/cm2 peaking at 365 nm
nd current density of 0.182 mA/cm2, the IPCE value is 88.3% for the
× sample in the presence of methanol. In addition, the fill factor
f the same sample was calculated using the formula [44]:

F = (J · V)max

Jsc · Voc

here Jsc is the short-circuit current density, Voc the open-circuit
oltage and (J·V)max is the maximum value of the J·V as depicted
rom Fig. 6. In this case, Jsc, Voc and (J·V)max are 0.182 mA/cm2,
95 mV,  and 0.055 mW/cm2, hence FF = 0.51. The IPCE and FF values
re comparable [44,45,47,48], while in some cases higher than oth-
rs [49,50]. These discrepancies may  be related with the methanol
oncentration and the pH of the electrolyte.

. Conclusions

TiO2 thin films were grown on glass substrates via a sol–gel pro-
edure at 400–600 ◦C. The only detectable crystal structure is the
ne of anatase, while the grain size of the as-grown thin films varies
rom 14 ± 3 to 22 ± 4 nm.  All TiO2 thin films are highly transparent
n the visible wavelength region and show remarkable photocat-
lytic activity regarding the % conversion of octadecanoic acid,
ith the 4× TiO2 thin film at 500 ◦C presenting the highest activity

FQE = 6.65 × 10−3 at 30 min). We  suggest that this is related to both
he crystalline anatase TiO2 phase and the optimum grain size of the
lm. In addition, the current recorded in the presence of methanol

s larger than in its absence due to the efficient trapping of holes.
he crystallinity and the surface coverage of the titania films are
mportant factors for the efficient methanol oxidation.
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