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Thin sol-gel titania films with varying porosity but constant mass were coated on SiO,/glass substrate.
The mass was kept constant by changing the withdrawal rate of dipping from a titania sol. The porosity
properties of the films were determined by the analysis of adsorption isotherms of Kr at ca 77 K.
Photocatalytic performance of TiO, layers in the degradation of Acid orange 7 (AO7) and 4-chlorophenol
(4CP) in aqueous solution depends on the mass of titania but not on the porosity/surface area of the

films. On the contrary, in the degradation of thin layers of Resazurin (Rz) ink and methyl stearate (MS)

Keywords:

Sol-gel

Titanium dioxide film

Porosity

Photocatalysis

Degradation of dyes in an aqueous solution
Degradation of thin layers

deposited on the TiO; film surface, the activity of the films is clearly enhanced due to the porosity but
does not depend on titania mass itself.

Obtained data suggest that while in an aqueous solution the reaction rate depends primarily on the
mass of titania and amount of absorbed light, in solid thin films test the porosity/surface area together
with interfacial area of tested compound with titania layer is significant.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Thin films of titanium dioxide deposited on various supports are
very useful photocatalysts in a number of applications. In aqueous
media, the rather demanding and time-consuming separation of
the photocatalytic material is avoided, as the films are firmly fixed
to their supports. Further the coating of the surface of a number
of products as well as the external surfaces of buildings and other
constructions enables to render them self-cleaning or at least easy-
to-clean [1]. Such a distinguished property would substantially
enhance the utility value of the products and would improve the
cleanness of the environment and consequently the quality of life.
The photocatalytically active coatings can oxidatively decompose
organic deposits to inorganic products, such as CO,, H,O and min-
eral acids [2,3]. Consequently, the dust particles will no more stick
on the irradiated surface and can be easily washed off by rain water.
Additionally, such finishes often exhibit photoinduced superhy-
drophilicity, which further improves their self-cleaning ability.

However, there are two important aspects which should be
addressed. As the films are often thin, mostly only several tens
or hundreds of nanometres in thickness, the amount of photo-
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catalytically active material is generally small. Consequently, the
light absorption is often limited, which may negatively affect the
photocatalytic performance. Second the films may be either com-
pact or porous, which provides an interesting tool how to control
their performance. The porous films of TiO, may be more effective
when the photodecomposition mechanism includes reactants or
intermediates adsorbed on the surface. Further the mesoporosity
may ensure fast transport of O, and H,0, which are viable for the
photocatalytic degradation of deposited layers of dirt and can be
significantly hindered due to the compactness of those layers [4,5].

Due to large variability of potential applications (self-cleaning
surfaces, water and air purification, etc.) we have decided to use
different model compounds for a photocatalytic activity tests.
We used ionic organic dye (Acid orange 7) and neutral organic
molecule (4-chlorophenol) in water solutions, fatty acid ester
(methyl stearate) and reductively degraded substance (Resazurin
ink) in thin film.

Glass support enabled the characterization of the layers by
UV/vis absorption spectroscopy. SiO, interlayer prevented diffu-
sion of sodium ions from glass to TiO, photocatalytic layer [6].
Sol-gel combined with surfactant addition was used to synthesize
well defined porosity of titana layers.

Clearly, the combined effect of the variation in the light absorp-
tion and the films’ porosity on their photocatalytic performance
markedly depends on the system tested. Therefore the present
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study is aimed at the analysis of the films’ porosity and their light
absorption and the correlation of these properties with the pho-
tocatalytic performance in several important systems, namely the
degradation of selected dyes dissolved in water and the decompo-
sition of thin layers of model dirt.

2. Experimental
2.1. Chemicals

Absolute ethanol, 36% hydrochloric acid, 65% nitric acid
were purchased from Penta, sodium acetate and ethyl acetoac-
etate (EAA) from Riedel-de Haen, 2-methoxyethanol from Fluka,
Pluronic F-127, polyoxyethylene(10)cetyl ether (Brij 56). 97%
Titanium(IV) isopropoxide (Ti(OiPr)4) (Sigma-Aldrich) and 98%
tetraethyl orthosilicate TEOS (Fluka) were used for the prepara-
tion of TiO,/SiO,/glass films. Glycerol (99.5% Sigma-Aldrich) and
hydroxyethyl-cellulose (Fluka) were used for the preparation of
the Rz ink. The dyes Acid orange 7 (AO7) (dye content ~85%),
and ResazurinRz (dye content ~92%) and 4-chlorophenol 4-CP
(=99%) were supplied by Sigma-Aldrich, methyl stearate (MS) by
Fluka and n-hexane by Carlo Erba. All the chemicals were used as
received.

2.2. Preparation of TiO,/SiO,/glass samples

First a SiO, barrier layer ca 50 nm in thickness was deposited
on the microscope soda-lime glass slides (75 x 251 mm) as fol-
lows: 10 g of TEOS was diluted with 15 mL of ethanol and stirred
for 90 min. Afterwards 2.5 mL of water and 0.5 mL of concentrated
hydrochloric acid were added to produce a sol, which was stirred
for 1 h. The sol could be stored for up to 1 month in cold and dark.
The microscope slides were dip-coated (at a withdrawal rate of
60 mmmin~1) with the SiO, sol and was calcined at 550°C for 3h
to obtain a SiO, barrier layer.

Transparent TiO, films were deposited on both sides of SiO,-
precoated glass slides by a sol-gel route, already described
in detail in our previous publications [7,8]. Ti(OiPr); was
added to EAA (n(EAA)/n(Ti(OiPr)4)=1) at constant stirring.
The prepared solution was dissolved in 2-methoxyethanol
(n(MeOCH,CH,0H)/n(Ti)=13.6) and was stirred at room temper-
ature at least for 3h (sol D). The prepared sol was kept in the
refrigerator and was conditioned at room temperature for at least
1 h before the use. The procedure for the preparation of modified
sols with added surfactants or copolymers was basically the same as
described above. The only difference was that the triblock copoly-
mer Pluronic F-127 (4.7 g) or surfactant Brij 56 (15wt.%) were
dissolved in the sol (35.0 g) after the addition of 2-methoxyethanol
to form sol C and sol R, respectively. Sol L was prepared at vigorous
stirring, 7 g of Ti(OiPr),4 solution being added drop wise to 10 ml of
ethanol. Afterwards, 10 ml of ethanol, 2 g of ethyl acetoacetate and
nitric acid were then added and the mixture was stirred for 24 h.
The obtained sol could be stored for up to 3 months in dark and
cold [9].

To keep the mass of titania in TiO, layers prepared from sols C,
D, R and L constant, different withdrawal rates of the dip-coating
were used. The deposited films were calcined at 500°C for 1 h.

2.3. Titania layer characterisation

The adsorption experiments were carried out using an
Micromeritics ASAP 2010 apparatus. Prior to the adsorption exper-
iments the samples were outgassed at 200 °C overnight. In order to
determine the texture parameters of thin porous films deposited
on supports, whose total surface area is in the range of several

tens of square centimeters, a high-sensitive Kr adsorption tech-
nique has to be used. The most frequently used adsorptives, namely,
nitrogen and argon at ca 77 and 87K, respectively, cannot be
applied with materials having very small surface area. The satu-
ration pressures of nitrogen and argon at 77 and 87 K, respectively,
are very high, reaching ca 760 Torr, which leads to an extremely
large number of molecules being trapped within the void volume
of the sample cell. Because of the very small total pore volumes
and surface areas of such thin porous films, the pressure changes
due to adsorption cannot be measured with sufficient precision.
As an alternative, an adsorptive with a substantially lower sat-
uration vapor pressure should be used, such as krypton at the
boiling point of liquid nitrogen, whose saturation pressure equals
1.63 Torr and 2.63 Torr as a solid and a supercooled liquid, respec-
tively.

The specific surface area was determined by the BET method
using the molecular cross-sectional area of Kr of 0.21 nm? as sug-
gested by the producer of the equipment. The information on the
pore volume was obtained from the limiting adsorption at pres-
sure near to the saturation pressure. As the analysis of adsorption
isotherms of Kr at 77 K is far from being straightforward and a well-
established procedure (e.g. DFT) has not been implemented yet,
a simple method based on comparative plots was used to deter-
mine the mean pore size and the pore size distribution [5]. First,
a non-porous anatase (Aldrich) was selected as a suitable refer-
ence material, whose surface area equalled 11.2m2g~'. On this
material, the adsorption isotherm of Kr at 77 K was carefully mea-
sured several times with a very good reproducibility. This isotherm
was afterwards used as a reference in the calculation of the pore
size distribution. Second, comparative plots for each sample were
constructed, in which the adsorption on the sample under study
was plotted against that on the reference material. If such a plot
provided a straight line, the mechanism on both the non-porous
reference material and the sample under study should be the same,
i.e. also the sample under study would be non-porous, the slope
of the straight line giving its surface area. Any upward deviation
from the linearity indicates the presence of porosity, which was
actually the case for all the samples studied. The degree of this devi-
ation and location correspond to the amount and size of the pores.
Third, the comparative plots were differentiated, which provided
an assessment of the pore size distribution for each film.

Finally, the x-axis of the differentiated comparison plot was con-
verted from the adsorption on the reference material to the pore
width. To obtain an equation enabling such a conversion, adsorp-
tion isotherms of Kr at 77 K were measured on a series of powders of
mesoporous TiO, with structure and texture properties as similar
as possible to the samples studied. The texture properties of these
powders were reliably determined from the analysis of adsorption
isotherms of nitrogen at 77 K using a DFT method.

The mass of TiO, layer was determined by measuring the weight
of glass with and without titania layer using balance. The coated
area varied depending on used titania sol and was 9.5+ 0.5 cm?.
The thickness of the films was measured by a Taylor-Hobson Taly-
surf profilometer. The crystallinity of the films was determined
with an X'Pert PRO -6 powder diffractometer with a parafocusing
Bragg-Brentano geometry using Cu K, radiation.

The transmittance (T) and reflectance (R) spectra (300-700 nm
spectral range) of clean and calcined TiO, films deposited
on SiO,-precoated sodium glass were recorded on UV-vis-NIR
spectrophotometer Lambda 950 (PerkinElmer) employing an inte-
gration sphere with inner diameter of 150 mm (PELA 1000,
PerkinElmer). When measuring T spectra, the sample was inclined
11° from the normal direction of an incoming radiation beam of
the spectrometer to get the optical interference maxima and min-
ima at exactly the same wavelength values as in reflectance spectra.
According to Eq. (1), the sum of Tand R spectra was subtracted from
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1in order to obtain the true absorption (A) of the investigated TiO,
film:

T+R+A=1 (1)

The adsorption (A) for the wavelength of 365 nm was calculated for
all prepared films and compared with other layer properties like
mass and thickness.

2.4. Photocatalytic experiments

2.4.1. AO7 and 4CP degradation

Stirred, air saturated aqueous solutions of model compounds
AO7 (10—> M, pH=6.6, 25cm3) and 4-CP (10~4 M, pH=4.5, 25 cm?)
were photocatalytically oxidized on TiO, films in a glass cuvette
(2.0cm path length x 3.0cm x 5.0 cm depth) at 20°C (no air or O,
bubbling was provided). The irradiation was provided by UVA light
(1.5mW cm~2) from an 11 W BLB Sylvania Lynx light source (wave-
length range from 320 to 390 nm with maximum at 355 nm). The
concentration of 4-CP and AO7 was determined by HPLC (Shimadzu
10avp) and UV-vis spectrophotometry (Varian 100), respectively.

In the test, the solution was first equilibrated with the titania
film for 45 min in the dark to ensure a complete adsorption of the
test compound. A simple spectroscopic analysis of the AO7 solution
before and after this equilibration step revealed that in all cases less
than 2% of the compound tested was adsorbed by the titania films.
In the case of 4-CP, the adsorption was even lower (within the error
of measurement).

2.4.2. Rzink

The Rz ink used in this work comprised 3 g of 1.5% aqueous
solution of hydroxycellulose (HEC), 0.3 g of glycerol and 4 mg of
the redox dye, Resazurin, Rz [10]. A film of the ink was coated
(withdrawal speed 60 mm min~—2)onto the substrate under test and
dried in an oven at 70 °C for 10 min. A typical dried ink film was ca
500 nm thick and blue in colour. In this work, each Rz ink coated
TiO,/Si0,/glass film was irradiated using the same light source as
that used in the contact angle test.

In the first step of Rz ink degradation, the blue Rz is reduced by
photogenerated electrons to pink resorufin (Rf). Rf can be reduced
subsequently to its colourless counterpart dihydroresorufin (HRf)
[10]. The degradation rate of Rz ink was then calculated from the
first reduction step of the reaction and that is the reason why we
are talking about reduction of Rz ink.

2.4.3. Contact angle - MS

The titania films were pre-irradiated in a photochamber (type of
the lamps: CLEO 20 W, 438 mm x 26 mm, Philips; broad maximum
at 355 nm) for 24 h. The photon flow (®;) in the cell was evaluated
by potassium ferrioxalate actinometry [11], and determined to be
5.3 x 10~2 Einstein cm~2s~1. The methyl stearate coatings were
prepared from a solution of methyl stearate in n-hexane (0.2 M)
by dip-coating at a withdrawing speed of 20 cm min~!. After the
pre-irradiation, the methyl stearate was deposited. Then the films
were positioned back in the photochamber on places with the same
UVAintensities and were irradiated for a certain time in air at 25 °C.
The degradation of methyl stearate was followed by measuring the
water CA at room temperature using a horizontal microscope with a
protractor eyepiece. To this aim, a Contact Angle Meter (CAM-100),
KSV Instrument, Ltd., Finland, was used. Specimens were taken out
of the illumination chamber for CA measurements after irradia-
tion for different times. The data reported herein correspond to
the stable value of the angles obtained by averaging three repeated
measurements.
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Fig. 1. Amount of TiO, [mgcm~2] laid on SiO,/glass substrate as a function of with-
drawal speed [mm min~2] for different titania sols.

3. Results and discussion

One of the goals was to prepare TiO, layers on SiO,/glass sub-
strate from four different sols (sols C and R for mesoporous and
sols L and D for titania layers of low porosity). For a better compar-
ison of titania layers with different morphological properties it is
very useful to keep one parameter constant, the mass of TiO, being
chosen. Fig. 1 shows the amount of TiO, [mgcm~2] deposited on
Si0,/glass substrate as a function of withdrawal speed [mm min~!]
for different titania sols. It is obvious that the preparation of lay-
ers with the same amount of titania from sols D, L and R is easy.
With the sol C, layers prepared at very low withdrawal speeds
(<60 mm min~1) were not transparent (milky mist appeared after
calcinations). For higher withdrawal speeds (=60 mmmin~') the
mist disappeared, but the amount of titania in such layers was the
same as the maximal amount which can be reached using sols D, L
and R.

Two different withdrawal rates were used for each titania sol
to create TiO, layers with different mass of titania. The withdrawal
rates together with the mass of prepared titania films are in Table 1.
The samples 1 (C1, R1, L1 and D1) have almost the same mass of
titania.

3.1. Titania layer characterization

3.1.1. Porosity

According to their texture properties, the samples can be divided
into three groups.

Films C1 are characterized by well-developed mesoporosity
with large surface area and pore volume (Table 1, Fig. 2). Especially
the sample C1 exhibits an unusually high porosity of 64%. As both
the adsorption and desorption branches of the isotherm on C1 is
very steep (Fig. 2), this sample have a narrow pore size distribu-
tion. The average pore size of C1 is roughly 10-11 nm. The analysis
using the above described semiempirical method shows that the
pores are definitely larger than 10 nm. More specific statement is
difficult, as this method is not suitable for so wide pores.

The isotherm on sample R1 is substantially flatter than that on
C1,whichindicates arather broad pore size distribution. The porous
system of the sample R1 seems different from that of C1. First,
pores of R1 are definitely narrower; second also some proportion
of smaller mesopores is contained. Therefore this sample has a very
high specific surface area.

The D1 and especially L1 films have much less developed porous
system, their porosity achieving only 9 and 4% (Table 1). Both
isotherms are rather flat with very wide hysteresis loops, reach-
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Table 1

An overview of samples, their texture parameters.
TiO,/Si0y/ Withdrawal rate TiO, mass Thickness ? Vror @ SgeT ? Ssp Vpore ? Porosity D [nm]
Glass samples [mmmin—'] [mgcm—2] [nm] [x10% cm?3] [cm?] [m? cm—3] [x10% cm?] [%]
C1 60 0.0607 + 0.0024 206 + (37) 0.721 2983 160 0.461 64 10.2
c2 200 0.0779 + 0.0022 533 £ (18) - - - - - -
R1 150 0.0516 + 0.0001 201 +£(12) 0.804 2381 296 0.337 42
R2 50 0.0317 + 0.0017 108 + (27) - - - - - -
L1 200 0.0505 + 0.0016 146 + (23) 0.803 267 33 0.033 4 ~5
L2 50 0.0265 + 0.0003 75 £ (12) - - - - - -
D1 175 0.0487 + 0.0001 148 + (13) 0.592 350 59 0.052 9 ~5
D2 50 0.0307 + 0.0013 81 £ (29) - - - - - -

Vror, the total volume of the film including both the voids and the solid pore walls, Sger, the BET surface area, Syp, the specific surface area of a film calculated by dividing the
BET surface area by the total volume of a film Vror, The porosity was calculated by divining the pore volume Ve by the total volume of a film Vror. D, an assessment of the
pore size calculated as 4Vjore /Sger (formula for calculation of model cylindrical porediameter).

2 In the fourth column the numbers in brackets represent measured variability in the layer thickness. Vror was calculated as product of geometrical area of the film and its

thickness. The uncertainties of Sger and Vpore Were about 1% and 3-5%, respectively.
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Fig. 2. Adsorption isotherms of Kr at 77 K on the porous films of TiO,.

ing from relative pressures of 0.1-0.2 to almost 1. Therefore the
pore size distribution for both samples is very broad, including also
very small mesopores. It is a major difference from samples C1 and
C2, which contain only wider pores.

3.1.2. Thickness and mass

Before the measurement of film thickness by profilometry, a part
of the titania layer was removed by a mixture of Zn powder with
hydrochloric acid, to form the sharp edge. At this edge it was then
possible to measure the layer thickness. The results are shown in

Table 1 where the numbers in brackets are the differences between
profilometry measurements of titania layer thickness on different
places of the layer. For all studied films the thickness increases pro-
portionally with mass of titania in the layer. The light absorption
depends on the mass of titania, but not on the layer thickness. It
means that the optical distance for films with lower and higher
porosity is the same.

The thickness of films depends on the withdrawal rate approx-
imately according to the Landau-Levich equation (i.e. thickness is
proportional to the rate to the power of 2/3). Similar dependence
was found also for their specific surface area and pore volume. The
character of porosity (i.e. the pore size, shape and connectivity) is
not practically influenced by the withdrawal rate at all [12].

3.1.3. Crystallinity

Typical XRD diffraction patterns of films deposited on SiO,/glass
substrates were observed where the major peak at 26 =25.4 corre-
sponds to the (101) reflection of the anatase phase presented in
all tested samples (matched with the PDF card 21-1272 [13]). The
size of anatase crystallites (calculated by the Scherrer equation)
is for films with higher porosity (C, R) 20nm and for those with
lower porosity (L, D) around 12 nm. The only difference between
compositions of the films is that C and R sols are modified by the
addition of Pluronic F-127 and Brij 56 so it means that the addi-
tion of such compounds is increasing not only the porosity but also
the anatase crystallite size. On the contrary Dionysiou et al. [14]
observed decrease in anatase crystal size when surfactant (Tween
20) was used as modifying agent in sol-gel thin film. The aver-
age crystal size of TiO film without surfactant was approximately
11 nm. As the surfactant loading increases, the average crystal size
gradually decreases.

3.2. Photocatalytic experiments

3.2.1. Degradation of AO7 and 4CP - aqueous solution

In this work, for each titania film under test a series of UV-vis
spectra of the AO7 solution in the spectrophotometric cell were
recorded as a function of UVA irradiation time; the results for a
typical, L1 layer titania film are illustrated in the insert diagram in
Fig. 3. The variation in the absorbance at Amax (485 nm) of the AO7
solution as a function of irradiation time was determined from such
data for each of the layered films and the result plotted in the form
of AO7 concentration [moldm—3] vs. irradiation time, illustrated
in Fig. 3. From the initial slope of the concentration dependences
dc/dt (where the curves are linear: 0-120 min) the initial rate of
the dye degradation, R; [mol min—! cm~2] was then calculated by
multiplying the slope by reaction volume and divided by irradiated
area of the catalyst layer.
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Similarly, each titania film was tested for activity using 4CP
as the test compound. 4CP concentration as a function of irradi-
ation time was determined from measured data for each of the
layered titania films and again rate of the 4CP degradation, R
[mol min—! cm~2] was calculated. The results reveal a rate of 4-CP
degradation not too dissimilar to that of AO7.

To see the effect of different porosity and titania loading on AO7
and 4CP degradation, the rates of degradation are shown in Fig. 4.
For samples C1, R1, L1 and D1 (same mass of titania but different
porosity and surface area) the rate constants are almost the same. If
we compare samples with different mass of titana (samples 1 with
2), we can see that the degradation rate depends proportionally on
the mass. Please mind that only in layers prepared from sol C, the
C2 has higher amount of titania then C1. For all other series (R, L
and D) the mass in sample 1 is higher than 2. It is obvious, that the
degradation rate of both model compounds depends only on the
mass of titania (adsorbed light). The porosity (surface area) is not
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Fig. 4. Initial rates of AO7 and 4CP degradations for TiO, films of various porosity
and titania loading.

so important. The results are in good correlation with AO7 degra-
dations on particulate TiO, layers (prepared from various titania
powders), where the resulting photoactivity does not depend on
the surface area of used powders [15].

3.2.2. Photo-reduction of Rz ink and degradation of MS - solid
phase

All the layered titania films were assessed for photocatalytic
activity using the Rz ink test and the spectral variations observed
as a function of irradiation time for a typical L1 layer titania film are
illustrated in Fig. 5. Note the very short times (every 20 s) between
recording each spectrum compared with those for AO7 and 4CP
(every 20 min); i.e. the Rz test is more than 60 times faster than the
other tests, as well as being simpler to use, under otherwise identi-
cal irradiation conditions. The Rz ink reduction was then calculated
from the initial linear dependence of Rz adsorption (610nm) on
time.

In order to confirm the results from Rz ink method, its com-
parison with a standard method (CA measurements during MS
degradation) was carried out. Fig. 6 shows the degradation of MS
thin film on films with various porosity. For films with low poros-
ity (L and D) you can clearly see the first initial step (0-200 min)

Absorbance

Time /s

Fig. 5. Relative absorbance of Rz ink measured at 610 nm for different TiO,/SiO;/glass films (C1, R1, D1 and L1 having the same mass of titania) as a function of illumination
time. The insert diagram is a plot of UV-vis absorption of a typical Rz ink film in contact with L1/SiO,/glass films as a function of UVA (1.0 mW cm~2) irradiation time (one

spectrum every 205s).
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Fig. 6. MS degradation - contact angles measurement for different TiO,/SiO,/glass
films (C1, R1, D1 and L1 same mass of titania) as a function of illumination time.
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Fig. 7. Rates of Rz ink reduction and MS decomposition for TiO, films of various
porosity and titania loading.

of degradation, where the decomposition is very slow due to the
low light penetration through the MS layer. As a consequence, it is
obvious, that for MS test the porosity is very important (similar like
in Rz ink test).

A good correlation is noticed between the novel and the stan-
dard method. In order to quantify the data, the degradation rate
of MS was obtained from the curves and the data are collected
together with the Rz ink reduction in Fig. 7.

Generally, the results obtained shown the rather complex effect
of the porosity of TiO, films on their photocatalytic performance.
Especially in an aqueous media the photocatalytic activity sub-
stantially depends on the respective mechanism. The increased
adsorption due to a large surface area may be beneficial when its
decomposition is initiated by direct hole transfer. However, too
high concentrations of adsorbed species to be degraded may even
be detrimental and lead to a substantial decrease in the degrada-
tion rate [12]. AO7, which is a sodium salt of sulfonic acid, exhibits
pH slightly above the isoelectric point of TiO,. Due to this fact AO7
anion is not electrostatically attracted to the titania surface. Conse-
quently the degradation of AO7 is mediated by primarily generated
OH’. It was already observed that AO7 photocatalytic degradation
led to only small change of pH. It means that the surface conditions
are practically unchanged during the whole degradation and the
porosity of the film does not influence the photodegradation pro-
cess. Dominant role place the number of photons absorbed in the
layer which is proportional to the mass of titania.

In the case of 4CP, HCl is formed during photocatalytic degra-
dation which causes gradual decrease in pH leading to surface

polarity change. However, owing to the electroneutrality of 4CP
molecules, their adsorption and rate of photocatalytic degradation
should not be effected. Similarly to AO7, the dominant factor is the
light absorbed.

In the photocatalytic degradation of both solid and liquid lay-
ers of various substances (such as methyl stearate, stearic acid, oleic
acid, and dyes) the effect of the porosity has been found mostly ben-
eficial [5,16]. The most probable reason is the mesoporosity ensures
better transport of O, and H, 0, which are viable for the photocat-
alytic degradation of deposits. This transport is often significantly
hindered by a compact layer of deposited matter [17]. This general
tendency is confirmed by the beneficial effect of porosity found
in the degradation of relatively thick layers of Resazurin ink and
methyl stearate.

4. Conclusions

It can be concluded, that for photocatalytic degradation of both
model compounds (AO7 and 4CP) porosity is not important while
mass of titania in layer is decisive. On the other side for MS oxi-
dation and Rz reduction it was observed that the degradation rate
increases with increasing porosity of titania layer. This means that
porosity generally plays important role in photocatalytic degrada-
tions of thin organic layers.

Those results should be taken into account when the standardis-
ation methods will be proposed, because it looks like that one single
test is not enough to compare or test the photocatalytic activity of
titania layers, especially when their morphological and structural
properties are different.
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