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Abstract

The photocatalytic degradation of acetonitrile was carried out in liquid–solid regime in a batch reactor by using two types of
commercial TiO2 powders (Merck and Degussa P25) as photocatalysts. The concentration of acetonitrile and non-purgeable
organic carbon (NPOC) were monitored. The initial rate of acetonitrile conversion was found higher on TiO2 Merck than on
TiO2 P25.

FT-IR spectroscopy was used to investigate the molecular features of the adsorption and photo-oxidation of acetonitrile
on the two TiO2 powders in a fully surface hydrated form. Acetonitrile was found adsorbed on Ti4+ surface ions and
hydroxyl groups for both types of TiO2. This interaction appeared fully reversible in the case of the Merck photocatalyst,
whereas acetonitrile was more strongly stabilized on Ti4+ ions of TiO2 P25. Furthermore, the adsorption of CD3CN · · · Ti4+
on this type of photocatalyst resulted in the formation of acetamide-like species, because of the presence of nucleophilic
surface O2− and hydroxyl groups. The formation of these species, strongly bound to the TiO2 surface and recalcitrant to the
photo-oxidation, could result in the poisoning of a part of the photocatalytic sites of TiO2 P25, accounting for its lower initial
acetonitrile conversion rate.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Acetonitrile is a widely used molecular probe for
the characterization of Lewis and Brønsted acid sites,
through the interaction with the electron lone-pair
located on the nitrogen atom, which causes a high
frequency shift of the stretchingν(CN) mode with
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respect to the liquid phase. This is due to the strength-
ening of the CN bond caused by the rehybridization
of the nitrogen orbitals, leading to an increase of the
strength of the�-bond component[1]. The shift of the
ν(CN) mode increases with the acidity of the centers
involved.

Moreover, theν(CN) mode of the free CH3CN
molecule is affected by a Fermi resonance with the
δS(CH3) + ν(CC) combination [2] which perturbs
the determination of theν(CN) shift in complexes or
interacting with surface sites. Therefore CD3CN is
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frequently used instead of CH3CN since in this case
theν(CN) is not perturbed.

On the other hand, in the presence of basic O2−
anions, acetonitrile may act as a Brønsted acid. Hy-
drogen atoms of the CH3 group in �-position to the
CN bond show a proton donor character and may lead
to the CH2CN− anion by the rupture of a C–H bond.
Therefore, owing to its acid and basic character, ace-
tonitrile is a very sensitive probe to study the surface
properties of metal oxides.

Acetonitrile can also undergo an hydrolytic process,
reacting with the hydroxyl groups on the surface of the
oxide, giving rise first to acetamide-like species[3,4]
and then to acetic acid and ammonia, as observed in
homogeneous catalysis.

Moreover, acetonitrile is an interesting molecule for
photo-oxidation studies, since its alkyl and cyanide
groups may undergo different degradation pathways.
In addition, the CN moiety is representative of sev-
eral toxic materials which are good candidates for
TiO2-based solar driven photocatalytic studies.

Litchin and Avudaithai[5] reported the feasibility
of the photocatalytic oxidation of acetonitrile both in
liquid and in vapor phase, in the presence of O2 as an
oxidant. They found cyanogen (CN)2 as an intermedi-
ate species, indicating the formation of CN• radicals
which can dimerize. Acetonitrile showed to be much
more reactive in gas phase than in liquid phase. Zhuang
et al. [6] have recently reported photo-oxidation of
acetonitrile adsorbed on TiO2, and investigated the re-
action mechanism by means of infrared spectroscopy.
The final oxidation products in the presence of O2
were CO2 and H2O, but also CNO− was found as a
partially oxidized species adsorbed onto the surface.

The photocatalytic oxidation of acetonitrile carried
out in aqueous suspensions of polycrystalline TiO2
P25 Degussa irradiated by sunlight has been also re-
ported[7]. A plug flow photoreactor in a total recycle
loop was used and concentrations of acetonitrile, in-
termediate products and non-purgeable organic carbon
(NPOC) were monitored. First order kinetics well fit
the data with respect to acetonitrile and NPOC con-
centrations and total abatement of acetonitrile both
in the absence and in the presence of strong oxidant
species (H2O2, S2O8

2−, ClO−) is reported. The pres-
ence of cyanate is a strong clue to the formation of
cyanide species and, indeed, previous studies showed
that the main oxidation products of free[8,9] and com-

plex cyanides[10] were cyanate, nitrite, nitrate and
carbonate/hydrogen carbonate ions.

The aim of the present investigation is the study of
the photocatalytic degradation of acetonitrile in aque-
ous TiO2 dispersion irradiated by near-UV light. The
kinetics of the photocatalytic process were investi-
gated for two commercial TiO2 powders (Merck and
Degussa P25).

Moreover, an investigation of the phenomena oc-
curring during acetonitrile adsorption and photo-
oxidation on the TiO2 surface was carried out by
FT-IR spectroscopy simulating the experimental con-
ditions used for the photoreaction. In particular, the
attention was focused on the study of the interac-
tion between acetonitrile and the TiO2 surface, with
the aim of understanding the molecular mechanisms
occurring during the process.

2. Experimental

2.1. Photoreactivity set-up, catalysts and analytical
procedures in liquid–solid regime

For the reactivity experiments in the liquid–solid
system, a Pyrex batch photoreactor of cylindrical
shape containing 1.5 l of aqueous suspension was
used. The photoreactor was provided with ports in its
upper section for the inlet and outlet of gases, for sam-
pling and for pH and temperature measurements. A
500 W medium pressure Hg lamp (Helios Italquartz,
Italy) was immersed within the photoreactor.

The photon flux emitted by the lamp was measured
using a radiometer (UVX Digital) leaned against the
external wall of the photoreactor containing only pure
water. The mean value of the radiation power imping-
ing on the photoreactor was 16.3 mW cm−2. Oxygen
was continuously bubbled into the suspension for ca.
0.5 h before switching on the lamp and throughout the
occurrence of the photoreactivity experiments.

The photocatalysts used for the experiments were
commercial polycrystalline TiO2 Merck (100%
anatase, SSABET = 10 m2 g−1), and Degussa P25
(80% anatase and 20% rutile, SSABET = 50 m2 g−1).

The amount of catalyst used for the experiments
was 0.4 g l−1, and the initial acetonitrile concentration
ranged between 0.24 and 2.2 mM. 0.4 g l−1 of cata-
lyst were sufficient to absorb almost all the photons
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Table 1
Initial reaction rate (r0), initial reaction rate per square meter (r′

0) of photocatalyst and quantum efficiency (η) for acetonitrile disappearance
at different initial concentrations

TiO2 C0(CH3CN) (mM) r0 (×108 M s−1) r′
0 (×108 M s−1 m−2) η (%)

P25 0.24 3.7 0.12 0.18
P25 0.50 3.8 0.13 0.19
P25 1.2 4.3 0.14 0.22
P25 2.2 4.3 0.14 0.22
Merck 0.24 3.8 0.63 0.19
Merck 0.50 5.3 0.88 0.27
Merck 1.2 7.0 1.16 0.35
Merck 2.2 5.8 0.96 0.29

emitted by the lamp, as verified by using the radiome-
ter. The initial pH of the suspension was adjusted at
11 by adding NaOH (Merck). The temperature inside
the reactor was ca. 300 K. Moreover, in order to de-
termine quantum efficiency (η), reported inTable 1,
the ferrioxalate actinometer method was used for mea-
suring the photon flow inside the photoreactor[11].
The absorbance of the actinometer solution was mea-
sured at 510 nm. The value of the photon flow was
1.99× 10−5 einstein s−1 l−1.

The photoreactivity runs lasted 6.0 h including the
first half hour during which the lamp was switched-off.
Samples of 5 ml volume were withdrawn from the sus-
pensions every 30 or 60 min for analyses and the cat-
alysts were separated from the solution by filtration
through 0.45 mm cellulose acetate membranes (HA,
Millipore).

The quantitative determination of CH3CN was
routinely performed by using a gas chromatograph
(Hewlett-Packard, GC 6890 system) equipped with
a column (Hewlett-Packard HP-1) and a FID de-
tector. Chromatographic grade helium was used
as carrier gas. The sample was placed in a vial
and the compounds present in the vapor phase
were extracted (extraction time, 5 min) by using a
75�m Carboxen-PDMS solid phase micro-extraction
(SPME) fiber assembly (Supelco) with a fiber holder
for manual sampling. Then the holder was placed in
the split/splitless injector, maintained at a temperature
of 250◦C for 2 min before starting the analysis. The
temperature of the oven was held at 40◦C for the first
3 min, then it was increased up to 250◦C at a rate of
60◦C min−1.

The quantitative determination of ionic species was
carried out by using an ionic chromatograph system

(Dionex DX 120) equipped with an Ion Pac AS14
4 mm column (250 mm long, Dionex). Aqueous so-
lutions of NaHCO3 (Merck) (1 mM) and Na2CO3
(Merck) (3.5 mM) were used as eluants at a flow rate
of 1.67× 10−2 cm3 s−1. A 5000A Shimadzu total or-
ganic carbon analyzer was used in order to determine
the NPOC content of the samples.

2.2. FT-IR apparatus and procedures

TiO2 powders were pressed in the form of self-sup-
porting pellets (ca. 20 mg cm−2) and put in a conven-
tional IR quartz cell equipped with CaF2 windows
connected to a vacuum line (residual pressure: 1×
10−6 Torr, 1 Torr= 133.33 Pa) which allowed adsorp-
tion–desorption experiments to be carried out in situ.

For the reason reported in the Introduction, CD3CN
(99.8%, Aldrich), was employed. In order to avoid
any exchange of the deuterium atoms of CD3CN with
the hydrogen atoms of the hydroxyl groups and wa-
ter molecules present on the surface of the photocata-
lysts, the TiO2 pellets were submitted to several D2O
(99.9%, Aldrich) vapor adsorption–desorption cycles
and finally outgassed at room temperature prior to
contact with acetonitrile. The accomplishment of the
OH/OD and H2O/D2O exchange was monitored by IR
spectroscopy.

The FT-IR spectra (4 cm−1 resolution) of the TiO2
pellets were recorded with a Bruker Vector 22 spec-
trophotometer equipped with a MCT detector.

In the photo-oxidation experiments the TiO2 pel-
lets were irradiated in presence of O2 (100 Torr; high
purity, Praxair) and D2O (18 Torr) through the quartz
walls of the IR cell by the same type of lamp employed
for the catalytic tests, equipped with a Pyrex filter.
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3. Results and discussion

3.1. Photoreactivity results

Some preliminary experiments have been carried
out in order to investigate the adsorption of acetonitrile
onto the catalyst surface. Acetonitrile concentrations
of the liquid phase were measured before and after the
addition of TiO2 powder. The acetonitrile values did
not show a significant difference with respect to that of
the starting solution even after long times of contact.
The conclusion was drawn that acetonitrile scarcely
adsorbs in the dark onto the TiO2 surface. It is worth
noting that photo-adsorption and photo-desorption
phenomena on the catalyst surface can occur during
the irradiation of the suspension, but it is difficult to
quantify them due to the fact that these phenomena
take place contemporarily to photodegradation.

Fig. 1reports acetonitrile concentration versus irra-
diation time for two selected experiments carried out
by using TiO2 Degussa P25 (a) and TiO2 Merck (b).
It can be observed that the initial reaction rate of ace-
tonitrile disappearance is higher by using TiO2 Merck
than by using TiO2 Degussa P25.

Table 1reports initial reaction rate (r0), initial re-
action rate per square meter (r′

0) of photocatalyst and
quantum efficiencies (η) for acetonitrile disappearance
at different initial concentrations. InFig. 2, ther′

0 val-
ues versus different initial concentrations of acetoni-
trile in the liquid phase are plotted. It can be observed
that the initial reaction ratesr′

0 are ca. 5–8 times higher
for TiO2 Merck than for TiO2 Degussa P25, and TiO2
Merck showed to be more photo-active also when the
r0 values are compared.

The values reported inTable 1 are mean val-
ues obtained by considering three different experi-
ments. Each value ofr0 was obtained by applying a
least-square fitting procedure to the experimental data
and the differences between the three figures obtained
in this way ranged between 1 and 4%.

Moreover, it has been observed that acetonitrile can
be photocatalytically oxidized until complete miner-
alization by using both types of catalysts.

For both catalysts the almost complete mineraliza-
tion of the substrate was achieved after similar reac-
tion times (ca. 25 h), while the disappearance of the
substrate was almost complete after ca. 5 h, for the
lowest concentrations.

Fig. 1. Acetonitrile concentration versus irradiation time for runs
carried in the liquid–solid system by using as photocatalysts: (a)
TiO2 Degussa P25 and (b) TiO2 Merck.

Fig. 2. Initial reaction rate per square meter of catalysts vs. initial
acetonitrile concentration for runs carried in the liquid–solid system
by using as photocatalysts: (�) TiO2 Degussa P25 and (�) TiO2

Merck.
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The lower photoactivity of TiO2 Degussa P25 with
respect to TiO2 Merck and the fact that the initial
reaction rates for Degussa P25 does not change sig-
nificantly by increasing the initial concentration of
acetonitrile, indicating a plateau of acetonitrile cov-
erage on the surface, suggests the formation of some
stable intermediate species which remain strongly ad-
sorbed onto the catalyst surface and de-activate part
of the catalytic sites.

3.2. FT-IR investigation

In order to understand the molecular phenomena
involved in the process on the TiO2 surface and to
explain the differences in the photo-activity observed
for the two TiO2 powders, acetonitrile adsorption and
photo-oxidation were studied by FT-IR spectroscopy.

Although two crystallographic phases (anatase
80%, rutile 20%) have been recognized in the bulk
structure of TiO2 Degussa P25 particles, their surface
structure has been found to correspond to that of
anatase phase[12–14]. Thus, it seems reasonable to
compare the behavior of TiO2 Degussa P25 and TiO2
Merck towards acetonitrile in terms of differences
of anatase surface faces depending on the particle
morphology, as stated in previous studies[15].

The acetonitrile adsorption was carried out on the
photocatalysts simply outgassed at room temperature.
In this condition the TiO2 surface is still completely
covered with a full monolayer of hydroxyl groups and
coordinated water molecules, as should occur in the
first interface layer at the solid/liquid boundary in the
photocatalytic experiments carried out with TiO2 in
aqueous suspension.

The FT-IR spectra related to the adsorption of ace-
tonitrile are reported inFigs. 3 and 4for TiO2 Merck
and TiO2 Degussa P25, respectively.

The spectrum of the TiO2 Merck pre-outgassed at
room temperature after isotopic exchange (OH/OD:
H2O/D2O) (Fig. 3, curve a) exhibits an asym-
metric peak at 2670 cm−1, with a broad shoul-
der at 2707 cm−1, and a very broad absorption in
the 2650–2200 cm−1. At lower frequency, a com-
plex pattern of weak bands is observed in the
range 1800–1300 cm−1. The components at higher
wavenumbers can be assigned to the stretching mode
of isolated deuteroxyl groups, while the broad band in
the 2650–2200 cm−1 range results from the overlap of

Fig. 3. FT-IR absorbance spectra (recorded using the IR lamp as
a background) of TiO2 Merck: (a) outgassed at room temperature,
(b) after the admission of 5 mbar of CD3CN, (c) after 45 min
contact with CD3CN and (d) subsequently outgassing at room
temperature for 10 min. Inset: FT-IR absorbance spectra (recorded
using the sample outgassed at room temperature as a background)
of TiO2 Merck after the admission of 5 mbar of CD3CN.

the bands due to the stretching mode of D-bonded OD
groups and of D2O molecules coordinated to surface
Ti4+ cations[16]. The bands in the 1800–1300 cm−1

range are due to carbonate-like species[17].
By admitting acetonitrile onto the sample (Fig. 3,

curve b), the peak at 2670 cm−1 and its shoulder at
2707 cm−1 completely disappear, being converted into
a broad component superimposed to the absorption

Fig. 4. FT-IR absorbance spectra (recorded using the IR lamp
as a background) of TiO2 Degussa P25: (a) outgassed at room
temperature and (b) after the admission of CD3CN vapor pressure
(≈100 Torr).
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in the 2650–2200 cm−1 range. This behavior moni-
tors the occurrence of a D-bonding between isolated
deuteroxyl groups and CD3CN molecules, interacting
with the OD through their lone-pair on the nitrogen
atom. On the other hand, weak bands due to adsorbed
acetonitrile appear at 2270 and 2113 cm−1. The ad-
sorption of CD3CN molecules seems also to perturb in
some extent the carbonate-like groups present on the
TiO2 surface, as their bands in the 1800–1300 cm−1

range appear slightly modified. A clearer view of the
bands due to adsorbed CD3CN is reported in the inset
of Fig. 3, where the spectrum resulting from the sub-
traction of curve a from curve b in the main frame is
shown. The main component at 2270 cm−1 is due to
the ν(CN) mode of acetonitrile molecules D-bonded
to surface deuterated hydroxyl groups. The relatively
small shift of the peak with respect to theν(CN)
mode of liquid CD3CN (2262 cm−1 [1] and refer-
ence therein) indicates that this interaction is quite
weak.

The shoulder at 2305 cm−1 corresponds to the
ν(CN) mode of CD3CN adsorbed on stronger Lewis
acid sites. This interaction could result from the dis-
placement by acetonitrile of D2O molecules coordi-
nated to surface Ti4+ cations. Unfortunately, the band
due to the deformation mode of these D2O molecules,
which should be sensitive to such ligand-displacement
effect, expected at ca. 1200 cm−1, falls at a frequency
lower than the cut-off of TiO2 Merck (ca. 1250 cm−1).
However, a confirmatory evidence of this proposed
displacement was observed in the case of TiO2 De-
gussa P25 (see below).

Finally, the weaker component at 2113 cm−1 corre-
sponds to the symmetricν(CD3) mode, which is less
sensitive to the coordination of CD3CN to surface cen-
ters. Other CD3CN bands expected below 2000 cm−1

are apparently too weak to be detected.
No changes were observed by increasing the time

of contact with acetonitrile (Fig. 3, curve c). More-
over, all CD3CN bands disappear by outgassing at
room temperature and the peaks due to the isolated
deuteroxyl groups are restored (Fig. 3, curve d), indi-
cating the complete desorption of the weakly adsorbed
species.

The spectrum of the TiO2 Degussa P25 pre-out-
gassed at room temperature (Fig. 4, curve a) exhibits
an asymmetric peak at 2685 cm−1 with two shoul-
ders at higher wavenumbers (2715 and 2754 cm−1),

indicating a greater heterogeneity of isolated OD
groups with respect to the Merck catalyst, while the
peak at 2533 cm−1 is due to the stretching mode of
D2O molecules coordinated to Ti4+ sites. As in the
case of the TiO2 Merck, the spectroscopic pattern in
the 1800–1300 cm−1 range reveals the presence of
carbonate-like species. In the case of TiO2 P25 De-
gussa, which exhibits the cut-off at ca. 1150 cm−1,
a weak band at 1195 cm−1, due to the deformation
mode of D2O molecules coordinated to surface Ti4+
ions, is observed.

By admitting acetonitrile onto the sample, the
peak at 2685 cm−1 and its shoulders disappear
and are transformed into a broad absorption in the
range 2750–2200 cm−1 (Fig. 4, curve b) revealing
the formation of D-bonding between OD groups
and the N lone-pair of CD3CN molecules. In the
2300–2000 cm−1 range peaks at 2291 and 2264 cm−1

(ν(CN)) and at 2113 cm−1 (νsym(CD3)) due to ad-
sorbed acetonitrile appear, and a slight modification
of the carbonate-like pattern in the 1800–1300 cm−1

range occurs. Noticeably, the band at 1195 cm−1 due
to D2O molecules coordinated to surface Ti4+ ions
is converted in a very weak absorption at higher fre-
quency. This behavior clearly monitors the occurrence
of a ligand displacement of D2O molecules from sur-
face Ti4+ cations by CD3CN. Acetonitrile molecules
adsorbed on such sites are responsible for theν(CN)
band at 2291 cm−1, while the peak at 2264 cm−1

is due to theν(CN) of CD3CN in weaker interac-
tion with OD groups. Finally, as reported above, the
2113 cm−1 weaker component is common to acetoni-
trile molecules adsorbed in both forms. Furthermore,
additional experiments carried out by admitting D2O
on the sample with pre-adsorbed acetonitrile, reveals
that also CD3CN molecules adsorbed on Ti4+ ions,
but surrounded by water molecules, partly contribute
to the 2264 cm−1 peak (spectra not reported).

Differently from what observed for TiO2 Merck, a
significant evolution of the spectral pattern of the ad-
sorbed species was observed by increasing the time of
contact. For the sake of clarity, the spectra obtained are
reported having subtracted the spectrum of the sample
before acetonitrile adsorption (Fig. 5). In this form,
positive bands are due to adsorbed species, while the
negative band at 1195 cm−1 corresponds to the D2O
initially coordinated to Ti4+ ions and then displaced
by CD3CN molecules.
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Fig. 5. FT-IR absorbance spectra (recorded using the sample out-
gassed at room temperature as a background) of TiO2 Degussa P25:
(a) after the admission of CD3CN vapor pressure (≈100 Torr), (b)
after 1 h contact with CD3CN, (c) after 3 h contact with CD3CN
and (d) after 12 h contact with CD3CN.

In the 2300–2000 cm−1 range, a decrease of the in-
tensity of all peaks is observed, particularly evident for
the signal at 2291 cm−1. Moreover, a complex pattern
in the range 1700–1350 cm−1 appears and evolves by
increasing the contact time. Similar spectroscopic fea-
tures have been previously reported, for example, for
CeO2 [3], ZrO2 [4] and ZnO[18], and related to the
formation of acetamide-like species by reaction of ad-
sorbed acetonitrile molecules with surface basic cen-
ters. In the present case, the observed spectral behavior
indicates that acetonitrile molecules initially adsorbed
on Ti4+ cations react with adjacent O2− anions (or OD
groups), which in the case of Degussa P25 are basic
enough[15] to give a nucleophilic attack to CD3CN
forming acetamide-like species.

For the mechanism of the formation of such species
on ZrO2, a scheme of the process was proposed[4].

Scheme 1.

Fig. 6. Section A: FT-IR absorbance spectra (recorded using the
sample outgassed at room temperature as a background) of (a)
CD3CN adsorbed on TiO2 Degussa P25, after 12 h contact with
CD3CN, (b) after outgassing CD3CN for 45 min. Section B: (b′)
the same as (b), (c) after 2 h UV irradiation in presence of O2

and D2O and subsequent outgassing of O2 and D2O and (d) after
17 h UV irradiation in presence of O2 and D2O and subsequent
outgassing of O2 and D2O. Inset: (c′) the same as (c) and (d′) the
same as (d).

Such mechanism may tentatively be invoked to occur
at the surface of the TiO2 Degussa P25, in the pres-
ence of D2O molecules displaced from Ti4+ sites by
CD3CN (Scheme 1).

A subsequent outgassing at room temperature af-
fected to some extent the bands of surface species
(Fig. 6A, curves a and b). The peak at 2264 cm−1

disappears, mainly as a consequence of the des-
orption of acetonitrile molecules from surface OD
groups (the stretching bands of which, falling in the
2750–2650 cm−1 range, are fully restored; spectra
not reported). The desorption of such molecules is
responsible for the decrease in intensity of the weaker
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component at 2113 cm−1. The outgassing resulted
also in the removal of D2O “solvating” part of CD3CN
molecules coordinated to Ti4+ ions (contributing,
when in such form, to the 2264 cm−1 peak), which
are converted in new “dehydrated” adducts, respon-
sible for the increase in intensity of the 2291 cm−1

band. This band appears irreversible by outgassing
at room temperature, indicating a higher stability
of the CD3CN · · · Ti4+ adducts with respect to the
corresponding species formed on TiO2 Merck. Con-
versely, its location at a wavenumbers (2291 cm−1)
lower than that observed for CD3CN · · · Ti4+ species
on TiO2 Merck (2305 cm−1) could suggest a weaker
interaction of acetonitrile molecules with Ti4+ ions
(seeSection 1). As previously reported for the ad-
sorption of CD3CN on MgO[19], a small shift of the
ν(CN) band of adsorbed acetonitrile molecules com-
bined with an increase of the strength of adsorption
results from their interaction with multiple cationic
sites located in defect positions.

The presence of the spectral pattern of acetamide-
like species in the 1750–1350 cm−1 range after out-
gassing indicates that these species are irreversibly
adsorbed on the surface of the photocatalyst. The ob-
served changes in their feature can be related to the
occurrence of some modification in the structure of
such surface species by desorption of D2O and ph-
ysisorbed CD3CN molecules.

After outgassing, UV irradiation for increasing time
in the presence of O2 and D2O was carried out. At
the end of each irradiation step, O2 and D2O were
outgassed, and the IR spectrum of the sample was
recorded. The results are reported inFig. 6B, curves
c and d (curve b′ corresponds to curve b inFig. 6A,
and is reported for sake of clarity).

By irradiation for 2 h, a decrease in intensity of
the band at 2291 cm−1 is observed, accompanied by
a growth of the absorptions in the 1750–1350 cm−1

range (Fig. 6B, curve c), monitoring the occurrence
of a photostimulated conversion of CD3CN adsorbed
on Ti4+ ions in acetamide-like adducts. For UV irra-
diation up to 17 h (Fig. 6B, curve d), the peaks due
to acetamide-like adducts appear almost unchanged,
while the weak band at 2291 cm−1 due to residual
CD3CN · · · Ti4+ species considerably decreases in in-
tensity (Fig. 6B, inset). On the other hand, new compo-
nents appear, assignable to cyanate (2234 cm−1) [20],
isocyanate (2189 cm−1) [21], formyl (1720 cm−1)

[22], carbonate and bicarbonate (1700–1450 cm−1

range) [15,17] and nitrate (1560–1500 cm−1 and
1300–1250 cm−1 ranges)[23] species, which result
from the photo-oxidation of CD3CN coordinated to
Ti4+ ions. Moreover, the weak band at 2161 cm−1 is
likely due to polymerized CD3CN [4].

This behavior indicates that acetamide-like species
are less sensitive to the photo-oxidation than acetoni-
trile adsorbed in molecular form. Thus, these species
can exhibit a poisoning effect towards part of the pho-
tocatalytic surface sites, accounting for the lower ini-
tial reaction rate observed for TiO2 Degussa P25 with
respect to TiO2 Merck.

4. Conclusions

In the adopted liquid–solid regime, the photo-
oxidation of acetonitrile occurs until complete min-
eralization on both types of TiO2 powders (Merck
and Degussa P25) considered, but with a significantly
higher initial rate for the TiO2 Merck photocatalyst.

FT-IR investigations indicates that acetonitrile is ad-
sorbed on both type of TiO2 by interaction between
the nitrogen lone-pair and TiO2 Lewis acid sites (Ti4+
surface cations and deuteroxyl groups). This interac-
tion is very weak in the case of the Merck catalyst, and
it is completely reversible by simply outgassing the
sample at room temperature. Conversely, in the case
of TiO2 Degussa P25 acetonitrile is more strongly sta-
bilized on Ti4+ ions, and part of the CD3CN · · · Ti4+
adducts are converted, even in the absence of UV light,
in acetamide-like species by nucleophilic attack of ba-
sic surface O2− and hydroxyl groups.

These species are strongly bound to the TiO2 sur-
face and scarcely sensitive to the photo-oxidation.
Thus, they can persist on the photocatalyst for long
time, and act as poisoning species of a part of the
photocatalytic sites. This could account for the lower
initial conversion rate of acetonitrile obtained by
using TiO2 Degussa P25.
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