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Abstract

A sol–gel method was employed to prepare TiO2 particles in the powder form and on a flat quartz (SiO2) support. Calcination at progre
sively higher temperatures caused morphological and structural changes, which were followed by XRD, UV-Vis spectroscopy, A
SEM microscopy. In particular, it was found that annealing at 500◦C leads to the formation of the anatase phase for both TiO2 on SiO2
and TiO2 in the powder form (self-supported). However, after annealing at 800◦C the TiO2 particles on SiO2 remained in the anatase form
whereas the anatase phase of self-supported TiO2 particles was easily converted into the rutile form. TiO2 particles on SiO2 remained as
individual crystallites even at 800◦C despite the growth of their size, whereas annealing TiO2 powders at 500 and 800◦C led to bigger
crystallites with their eventual sintering to very big particles of micrometer size.Examination of the photocatalytic activity of TiO2 on SiO2
and TiO2 in the powder form in the reaction of acetaldehyde oxidation demonstrated the TiO2 on SiO2 superiority with quantum yield
significantly higher than that of TiO2 powder.
 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Nanoparticulate TiO2 remains one of the most promi
ing materials in the field of photocatalysis. Being produ
on a large scale, this compound possesses a low tox
and an excellent chemical stability even in harsh envir
ments. Additionally nanosized TiO2 was found to be an
active photocatalyst in numerous oxidative reactions[1–4].
The atmospheric concentration of oxygen and UV light
all that is needed to drive oxidation of virtually any orga
molecules adsorbed at the TiO2 surface. Since such redo
processes can occur at room temperature under solar
tificial UV light, a number of practical applications[5] have
been suggested including photoelectrochemical cells[6], an-
tifog windows[7], and various cleaning devices[8].

Recently, acetaldehyde was recognized to be one o
major indoor pollutants. It is thought to appear through
idation of a wide variety of organic molecules emitted
carpets and other household utilities withoutdoor ozone[9].

* Corresponding author. Fax: (785) 532-6666.
E-mail address:kenjk@ksu.edu (K.J. Klabunde).
0021-9517/$ – see front matter 2004 Elsevier Inc. All rights reserved.
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Being a fairly toxic compound, acetaldehyde can be d
stroyed with a high quantum yield over UV-illuminate
TiO2 [10].

Nanosized TiO2 of anatase crystalline form prepar
through different pathways is usually used as a photoc
lyst. Among all synthetic procedures, preparation of T2
by a sol–gel route remains one of the most attractive.
important advantages of this approach is its great flex
ity such as the possibility of preparing powders or films
pure and mixed oxides in nanoparticulate form on a rou
basis[11,12].

A typical preparation procedure involves hydrolysis
titanium alkoxides in the presence of acid or base acc
panied by polymerization. The reactions written in a v
simplified manner can be presented as follows:

(1)≡Ti–OR+ H2O→ ≡Ti–OH+ ROH

hydrolysis,

(2)≡Ti–OR+ HO–Ti→ ≡Ti–O–Ti≡ + ROH

condensation.

http://www.elsevier.com/locate/jcat
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The resulting gel is later dried under supercritical con
tions to yield an aerogel or under ambient conditions to form
a xerogel. Deposition of TiO2 sol on a solid support such a
a quartz plate followed by gelation allows the formation
well-adhering TiO2 films.

The disadvantages of the traditional sol–gel route incl
the amorphous nature of the as-prepared xerogels, and a
content of the residual organics. Firing of such xerogel
temperatures around 500◦C and higher burns the organ
contaminants and crystallizesthe sample. However, thes
processes are often accompanied by a dramatic decrease
the surface areas.

In the present work, we focus our attention on the
havior of TiO2 deposited on a quartz support as a funct
of calcination temperature. Unsupported TiO2 powder was
obtained in a similar way and used for comparative p
poses. The primary objective of this study was examina
of the influence of the SiO2 support on TiO2 morpholog-
ical/structural properties and its impact on TiO2 photocat-
alytic activity.

2. Experimental

2.1. Reagents and materials

Titanium(IV) isopropoxide, Ti(OC3H7)4 (Aldrich), 2-
propanol, and nitric acid (Fisher) were used as recei
Distilled water was additionally cleaned prior to its use w
a Water Purification System from Millipore Corporatio
Quartz UV-type windows and cells were bought from Sta
Cells, Inc.

2.2. TiO2 film/powder preparation

A TiO2 sol was obtained through rapid addition of t
solution containing 5.9 mL Ti(OC3H7)4 in 75 mL 2-pro-
panol to the mixture of 0.6 mL H2O and 0.25 mL HNO3
in 75 mL 2-propanol. The final molar ratio of startin
compounds were: [H2O]/[Ti(OC3H7)4] = 2 and [HNO3]/
[Ti(OC3H7)4] = 0.2.

Prior to the film deposition, the quartz support was th
oughly cleaned in hot sulfuric acid overnight, rinsed in d
tilled water, soaked in a fresh portion of distilled wa
overnight, rinsed in water again, and dried under amb
conditions.

The film was prepared by dip-coating of the pretrea
quartz support into the TiO2 sol aged for ca. 5 min. The film
was first dried at room temperature in air, then at 70◦C, and
finally annealed at 200, 500, or 800◦C in air for 4 h.

The TiO2 powder was made from the same sol used
the TiO2 film fabrication with the same drying/annealin
steps involved.
h

2.3. TiO2 film/powder characterization

XRD patterns were recorded with a XDS 2000 Scin
Inc. instrument equipped with Cu-Kα source and opera
ing in 0.02◦ step mode with 1 s/step acquisition time. Th
crystallite size of the sample was derived via the Sch
equation with correction for broadening caused by the
strument.

Surface areas of the samples were derived with the m
point BET method from nitrogen adsorption isotherms m
sured at 77 K on a NOVA instrument. Prior to the measu
ments the samples were additionally degassed at 70◦C under
dynamic vacuum (10−2 Torr) for an hour.

A Cary 500 Scan UV-Vis-NIR spectrophotometer fro
Varian Analytical Instruments was employed for UV-V
optical spectra measurements. The spectra of TiO2 films
were recorded in the transmission mode, whereas a diff
reflectance accessory with PTFE reference was empl
for determination of UV-Vis spectra of the powdered sa
ples.

AFM images of the films were observed with a Mu
Mode Atomic Force Microscope from Digital Instrume
operating in the tapping mode. A scanning electron mic
scope from Hitachi Science System was used for obtainin
the images of the powdered samples.

2.4. Photocatalytic experiments

Monochromatic illumination (ca. 313 nm) was employ
to drive the photocatalyticoxidation of acetaldehyde ove
TiO2 samples. The monochromatic illumination was p
pared from the light of a 1000 W He(Xe) lamp by pass
it through water, neutral density (59670), and interfere
(56511) filters (all from Oriel Instruments). The light inte
sity was ca. 7.6 mW/cm2 (1.2 × 1016 photon/(scm2)) as
measured with a Power Max 500D laser power meter f
Molectron Detector, Inc.

A gas chromatograph equipped with a mass-selective
tector (GCMS-QP5000 from Shimadzu) was employed
follow acetaldehyde and carbon dioxide concentrations. Th
column (phase XTI-5, Restek Corp.) maintained at 40◦C
was used to separate the reagents and the products
quantification of GCMS readings was based on the inten
of m/z = 44 peaks (for both acetaldehyde and carbon diox
ide) and appropriate calibration curves obtained in separa
experiments.

Photocatalytic activity of the TiO2 films as well as pow-
ders was tested in the reaction of acetaldehyde phot
idation at 25◦C. In a typical experiment, a 5-mL quar
cell with a TiO2 film (ca. 2.5 µg/cm2 TiO2) or powder
(50 mg/cm2) placed at a cell wall was filled with ai
Later, a mixture of gaseous acetaldehyde and air was pa
through the Teflon septum of the cell until concentration
acetaldehyde reached ca. 2000 ppm.

After sealing the cell and acetaldehyde concentration
bilization, the light (ca. 313 nm) was turned on and
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photocatalytic reaction was started. A decrease in the
etaldehyde concentration as well as an increase in the2
concentration was used for quantum yield determination
this purpose the first six experimental points were fitted w
a straight line, the slope of which was later used for the
tial rate estimation. The initial quantum yield of the react
was determined as a ratio of acetaldehyde/carbon dioxide
molecules,M, consumed/produced for 1 s to a number
photons,P , adsorbed by TiO2 (a film or powder) for the
same time:

(3)ϕ = M

P
.

Rewritten in terms that can be measured experimen
and expressed in percentage, the quantum yields fo
etaldehyde consumption and carbon dioxide formation a
reaction beginning are

ϕacetal= − V d[Acetal]/dt

SI0(1− 10−D)
× 100%, and

(4)ϕCO2 = V d[CO2]/dt

SI0(1− 10−D)
× 100%,

where d[Acetal]/dt and d[CO2]/dt are the initial rates o
acetaldehyde disappearance and carbon dioxide formation
(molecule/(scm3)), I0 is the light intensity reaching th
sample (1.2 × 1016 photon/s), D is the optical density o
the TiO2 films/powders at 313 nm measured with the sp
trophotometer,V is the reactor volume (5 cm3), andS (cm2)
is the cross section of the light beam. Note that the pro
of S, I0, and(1− 10−D) determines the number of photo
absorbed by the photocatalysts per second.

The optical density,D, was determined from adsorptio
spectra of films and powder according to a standard
mula[13].

For films,D = log10(
Ii
It
), whereIi is intensity of the inci-

dent light inside the spectrophotometer, andIt is intensity of
the transmitted light measured by the spectrophotomete

For powders,D = log10(
Ii
Is

), whereIi is intensity of the
incident light inside the spectrophotometer, andIs is inten-
sity of the light diffusively scattered by the sample and m
sured by the spectrophotometer.

3. Results

XRD patterns of the TiO2 films on quartz annealed a
different temperatures are presented inFig. 1. As can be
seen the films annealed at 70 and 200◦C remained amor
phous. Calcination at 500◦C yields TiO2 in the anatase crys
tal structure that did not get converted into the rutile fo
even at 800◦C. The crystallite size derived from XRD da
with the Scherer equation was ca. 28 nm for the sample
nealed at 500◦C and ca. 52 nm after annealing at 800◦C.

Similar experiments carried out with TiO2 powders
(Fig. 2) revealed an amorphous nature of the TiO2 particles
annealed at 70 and 200◦C, formation of an anatase pha
-

Fig. 1. XRD patterns of the TiO2 films annealed at different temperature

Fig. 2. XRD patterns of the TiO2 powders annealed at different tempe
tures.

along with a small amount of rutile phase upon firing
500◦C, and a pure rutile phase for TiO2 powders treated
at 800◦C. Analysis of the broadness of XRD peaks w
the Scherer equation suggests that the alteration of the
talline structure was accompanied by crystallite size gro
from 43 nm at 500◦C to more than 100 nm at 800◦C.

UV-Vis data (Fig. 3) are consistent with the changes
crystalline structure observed with the X-ray diffractome
Indeed, in the case of the TiO2 films, annealing at 500◦C
causes a shift of absorption onset to the red part of the s
trum as it should be when crystallization occurs. Howe
annealing at 800◦C does not change the position of t
absorption onset since no conversion of anatase into r
phase takes place.
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Fig. 3. Transmission UV-Vis spectra of the TiO2 films on quartz.

Fig. 4. Diffuse–reflectance UV-Vis spectra of the TiO2 powders.

Evolution of the UV-Vis spectra of powdered samp
was somewhat different. As it can be seen fromFig. 4 an-
nealing the powders at 200◦C causes the strong absorpti
in the visible region to appear, probably due to incomp
burning/removal of the residual organics. An increase of
cination temperature to 500◦C leads to thermal oxidation o
organic contaminants to yield a pure white powder. The
ther elevation of calcination temperature to 800◦C causes
the conversion of anatase into rutile having a smaller b
gap with an observable shift of the absorption onset to
red part of the spectral region.

Morphological evolution of TiO2 film on the SiO2 sup-
port upon calcination at different temperatures is show
Fig. 5. The general conclusion from AFM images presen
is the apparent growth of TiO2 particles from ca. 10 to 25 nm
and then to ca. 50 nm, when annealing temperatures we
creased from 200 to 500◦C and then to 800◦C.

Behavior of the TiO2 particles in the powder form is
however, different.Fig. 6 presents SEM micrographs of th
powders annealed at various temperatures. Big aggre
-

s

(0.5–5 µm) are observed at any annealing temperature
ployed. Additional information on TiO2 powder structure
can be inferred from BET surface measurement studies.
cording to that the surface area of these powders were
390, 1.1, and 0.7 m2/g for the samples annealed at 70, 2
500, and 800◦C, respectively. Assuming for simplicity
spherical shape of TiO2 particles involved, the sizes derive
from the surface area studies should be around 3, 2.6,
and 1400 nm for 70, 200, 500, and 800◦C annealing temper
atures.

The photocatalytic activity of TiO2 films and powders
was tested in the reaction of acetaldehyde oxidation[10].
The initial quantum yields observed are presented inFigs. 7
and 8. An increase in the calcination temperature up
500◦C increases the film and powder photoactivities. At
same time, whereas heating the TiO2 film at 800◦C im-
proves its activity even further, a noticeable activity drop w
observed for TiO2 powders. Note also that at any calcinati
temperature the quantum yield of acetaldehyde consum
tion and carbon dioxide production over TiO2 nanocrystals
on SiO2 support were always higher than those over po
ders. The maximal of quantum yield of CO2 production for
TiO2/SiO2 samples achieved after annealing at 800◦C was
significantly higher than the maximal activity of TiO2 pow-
ders received after their treatment at 500◦C.

4. Discussion

The initial quantum yield has been chosen as a param
for comparison of activities of the TiO2 film and powders.
Determined by formula(4), the quantum yield shows ho
effective TiO2 particles are in utilization of photons to d
stroy/produce acetaldehyde/carbon dioxide molecules. Fo
example, the quantum yield of 15% with respect to c
bon dioxide production means that 100 photons abso
by TiO2 lead to formation of 15 CO2 molecules. The ad
vantages of quantum yield use for comparison of differ
system activities are its fundamental nature that can be
lated to the structure of individual photocatalyst particles
independence of the quantum yield from many parame
that can vary from one experimental setup to another.
example, a twofold increase in the beam cross sectionS,
would result in twofold increase in the initial reaction rat
d[Acet]/dt and d[CO2]/dt , so that according to formulae(4)
no quantum yield change occurs.

When comparing quantum yields measured on films
powders, one may be concerned that for films all TiO2 par-
ticles experience almost similar light intensity, whereas
powders light intensity decreases with penetration de
Since the quantum yield of aphotoreaction can vary wit
light intensity, the correct approach would require comp
ison of quantum yields on films and in topmost layers
powders where the intensity of light is close to the in
dent intensity. A little bit more detailed consideration sho
however, that variation of light intensity with depth can on
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(a) (b)

(c) (d)

Fig. 5. AFM images of the TiO2 films (tapping mode) annealed at(a) 70, (b) 200, (c) 500, and (d) 800◦C. According to X-ray diffraction, the particle
observed in images (c) and (d) are single crystals of anatase. The films are smooth and clear to the eye.
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strengthen our conclusions about the comparative activitie
of TiO2 films and powders. Indeed, for powders, the qu
tum yield measured in this work represents an averag
value over all powder layers. However, since the quan
yield increases with light intensity decrease[10], the quan-
tum yield in the topmost layer is always lower than in lay
beneath that and thus lower than the quantum yield a
aged over all the powder. In this regard, our experime
observation that the quantum yields for films are higher t
for powders means that the quantum yields for films
definitely higher than in the topmost layers of powders ex
riencing the same light intensity. In other words, the con
eration of quantum yield vs light intensity dependence
only reinforce our observation articulated in under Result
TiO2 particles in a thin layer on quartz are significantly m
active than in powders.
Considering the quantum yield data presented inFigs. 7
and 8, it is worth paying additional attention to the ca
bon balance. The completeoxidation of acetaldehyde ca
be written as

(5)CH3C(O)H + 21
2O2 → 2CO2 + 2H2O.

Thus the complete oxidation of one molecule of
etaldehyde must lead to formation of two molecules of c
bon dioxide. It is known, however, that oxidation of a
etaldehyde proceeds in a pretty complex way and thro
a number of intermediates before the complete oxida
can be achieved[14,15]. As a result, the formation of in
termediates along should decrease the observable ra
CO2 production with respect to the theoretical value. Th
is another factor that drives apparent CO2/acetaldehyde
production/consumption ratio in the opposite direction. I
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(a) (b)

(c) (d)

Fig. 6. SEM microphotographs of TiO2 powders annealed at (a) 70, (b) 200, (c) 500, and (d) 800◦C.
s of
the

sig-
ts.
efor

da-
n of

own
Fig. 7. Influence of calcination temperature on photocatalytic activitie
the TiO2 films. (All quantum yields were measured at the beginning of
reaction.)

deed, adsorption of acetaldehyde was found to be fairly
nificant when TiO2 powders were employed as catalys
Though the gas-phase concentration of acetaldehyde b
 e

Fig. 8. Influence of calcination temperature on photocatalytic activity of the
TiO2 powders.

illumination was the same in all the experiments, the oxi
tion of absorbed acetaldehyde should lead to formatio
additional CO2. As result CO2/acetaldehyde quantum yield
ratios observed in the experiments with powders and sh
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in Fig. 8 exceed two, whereas for films this ratio is sligh
higher than unit.

Since capacity of TiO2 particles with respect to CO2 ad-
sorption was essentially negligible, the reported quan
yields of gaseous CO2 production are not expected to
influenced much by CO2 adsorption. Though the chang
in acetaldehyde consumption and carbon dioxide produc
tion have a similar trend, the values of initial quantum yi
of carbon dioxide production are referred later for Ti2
film/powder activity comparison.

It is well known that photocatalytic activity of TiO2 de-
pends on a variety of parameters including but not lim
to TiO2 crystalline structure, crystal/particle size, and
concentration/nature impurities present. A clear discrim
tion of each parameter influence, however, is not a sim
task since an alteration in TiO2 preparation procedure caus
more than one parameter to be affected.

In the present study we have been able to follow a num
of parameters to characterize TiO2 particles with increas
in annealing temperature. The behavior of TiO2 in powder
form is rather typical. As annealing temperature increas
the TiO2 particles begin to form crystallites with approx
mate sizes determined by XRD to be 43 nm at 500◦C and
more than 100 nm at 800◦C. The study of the surface area
TiO2 powders provides information on typical sizes of no
porous particles, each of those can consist of several tig
bound individual crystallites. As noted earlier, the parti
sizes determined in this way are around 3, 2.6, 900,
1400 nm after annealing at 70, 200, 500, and 800◦C cor-
respondingly. Note, for example, that the typical size of
particle of TiO2 fired at 500◦C, 900 nm, is much higher tha
the size of an average individual crystallite, 43 nm, at
same annealing temperature.

The SEM images of TiO2 powders given inFig. 6present
their overall pictures. The sizes of aggregates, which co
sist of adhered TiO2 particles, are in the range of 0.5–5 µ
Compared with the sizes of the particles found with the B
method, one may conclude that aggregates shown inFigs. 6a
and 6bare highly porous, whereas the aggregates show
Figs. 6c and 6dare essentially nonporous.

The morphological evolution of TiO2 on flat quartz sup
port is different. Indeed, the sizes of individual cryst
lites determined with XRD give ca. 28 nm at 500◦C and
ca. 52 nm at 800◦C. These values are quite consistent w
those directly observed by AFM, and the sizes of the
dividual particles which are ca. 25 and 50 nm at 500
800◦C correspondingly. Thus, in contrast to TiO2 powders,
individual TiO2 crystallites on quartz do not adhere to ea
other forming nonporous particles but rather stay apar
monocrystallites. Interestingly, TiO2 particles grow in both
powder and on quartz. But the growth of TiO2 particles in
powder proceeds through the growth of individual crys
lites as well as through an increase in a number of crysta
sintered. At the same time, the presence of the stable2
support, which certainly interacts with attached TiO2 parti-
cles, seems to prevent the movement of TiO2 crystallites as
a whole, thus preventing sintering of individual crystalli
into bigger particles.

The crystalline phase of TiO2 remains one of princi
pal factors that determine activities of the photocatalysts
The anatase form of TiO2 is preferable since anatase rath
than rutile is found to be highly active in the photooxida
tion of organics when oxygen is used as an accepto
photogenerated electrons[16]. It is interesting, however
that just the opposite is truewhen the reactions are ca
ried out in the presence of relatively high concentrati
of acceptors such as Ag+ [17] or H2O2 [18]. Variation
of adsorption capabilities, crystallinity[17], the lower con-
centration of hydroxide groups on the rutile surface[19],
and dissociative nature of water adsorption on rutile[20]
were pointed out as the reasons for observed differenc
anatase/rutile activities. Formation of close contact betw
the pure anatase/rutile phases can further improve the a
ities of the pure anatase/rutile crystalline forms[21]. The
space charge formed in the vicinity of the anatase–ru
interphase is thought to be responsible for photogener
electron/hole separation andhigh activity of commercially
available TiO2 Degussa P25[22].

For the purpose of oxidation of organic compounds w
molecular oxygen, it is important to have TiO2 in anatase
form as well as to keep TiO2 in a nanosized range whe
the highest activity was observed[23–26]. Unfortunately,
the TiO2 crystalline structure and average particle size
often related to each other and both change as anne
temperature increases. It is a general tendency that a
nealing temperatureincrease causes TiO2 particles to grow
(loss of TiO2 surface area), while the crystalline structu
changes from amorphous into anatase and then into the
stable rutile[20]. As observed in this work, a tremendo
particle growth from 2.6 to 900 nm in the 200 to 500◦C
range that accompanied crystallization of amorphous T2
is consistent with literature data[27]. Interestingly, the parti
cle growth can be partially suppressed when residual org
is partially removed from the sample before calcination[27]
or when highly crystalline TiO2 particles are prepared in th
solution[28].

As seen for powders, there are at least two factors, par
size and crystalline structure, which can be expected to d
the photocatalytic activity of TiO2 in different directions as
annealing temperature increases. Indeed, as annealing te
perature increases from 200 to 500◦C, the powdered TiO2
converts in highly active anatase form. However, this is
companied by the tremendous particle size growth from
to 900 nm. Since the increase of photoactivity is actually
served (Fig. 8), the change in the crystalline structure see
to be the determining factor in this annealing tempera
range. The further annealing temperature increase to 80◦C
results in the further growth of TiO2 particles as well a
conversion of anatase into generally less active rutile. F
500 to 800◦C, both factors are expected to drive the Ti2
particle activities down and this is observed in experim
(Fig. 8).
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The preparation of TiO2 particles on the quartz suppo
changes the morphological behavior of TiO2 with annealing
temperature increase. Besides the different particle size
lution considered above, the presence of SiO2 under TiO2
was found to be important for stabilization of the anat
form of titanium dioxide. Considering the behavior of TiO2
on the quartz support it is important to relate it to the
erature data on TiO2/SiO2 powders and TiO2/SiO2 films.
In particular, the insertion of Si4+ into TiO2 particles was
found to be beneficial for stabilizing the anatase form
TiO2 [29,30]. It was suggested that along with Si–O–Ti bo
formation the main reason of this influence is expulsion
Si4+ from TiO2 at high temperatures. The SiO2 shell formed
in this process surrounds TiO2 particles, preventing their fur
ther growth so that nucleation of rutile becomes a less lik
event[29]. As to TiO2 on quartz studied here, formation
SiO2 around TiO2 particles is unlikely since the quartz su
port was found to be stable at any temperature emplo
Another mechanism has to be operational to stabilize T2
in the anatase form.

The thin films of TiO2 on SiO2 have been studied ea
lier [31–35]. Similar to our results stabilization of th
anatase form of TiO2 on SiO2 at high annealing tempera
tures was observed[35]. In that instance, however, the TiO2
film was prepared from a preformed TiO2 colloidal solution.
The TiO2 particles did not grow with temperature. Thus tw
possible reasons for anatase stability were assumed:

The small size of the TiO2 particles (it was argued tha
the TiO2 particle should be at least 20 nm in size to make
anatase to rutile phase transformation possible); and sec
a TiO2/SiO2 interaction.

The different preparation procedure of TiO2 on SiO2 in
the present study results in somewhat different TiO2 behav-
ior. The particles do grow with temperature while remain
in the anatase form. This observation points at the interac
of TiO2 with the SiO2 support as being the crucial factor f
stabilization of the anatase phase of the otherwise growin
TiO2 particles.

The influence of SiO2 on photocatalytic activities o
TiO2/SiO2 powders was studied earlier. The reactions w
conducted in the aqueous phase and the positive as
as negative influences of silica additives on TiO2 photo-
catalytic activities have been established when, corresp
ingly, cationic and anionic organic molecules were used
probes[30,36]. The key point here was suggested to be
charge of TiO2/SiO2 particles that becomes more negat
as SiO2 content increases, facilitating adsorption of orga
counterions[37].

Since in the present study the reaction occurs at
gas/solid interface, the above noted mechanism of SiO2 in-
fluence is hardly operational. The substantial increase in
reaction quantum yield and, hence, in utilization of absor
photons, when TiO2 is on quartz, would be attributed t
structural peculiarities of the TiO2 particles. In this respec
the TiO2 particles on SiO2 are superior to TiO2 particles in
powder, since TiO2 particles on SiO2 are smaller in size
-

,

l

-

consist of a single crystallite (thus less defective than T2
particles in powders), and exist in a highly photocatalytica
active anatase crystalline form at 500 and 800◦C.

5. Conclusions

Comparison of TiO2 films with analogously prepare
TiO2 powders highlights a significant influence of the Si2
support on structure, on morphology, and eventually on p
tocatalytic activities of TiO2 particles. In contrast to the un
supported TiO2 powders, TiO2 nanocrystals on SiO2 remain
in a highly photocatalytically active anatase form even
800◦C. At all temperatures studied TiO2 particles on SiO2
remain well spread out with their sizes being always sma
than in the powders. The annealing temperature incr
causes the TiO2 crystallites/particles on SiO2 and in powder
form to grow. The way it happens in each case is, howe
different. Indeed, during high-temperature treatment of
TiO2 powders, the growth of individual crystallites is acco
panied by their sintering into even bigger particles. In c
trast to that, TiO2 crystallites on SiO2 remain significantly
restricted in motion. As a result no significant sintering
curs, thus, minimizing capture/recombination of photog
erated electrons/holes at intercrystalline boundaries, and fa
cilitating formation of low defective TiO2 particles with high
photocatalytic activities.
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