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ABSTRACT: Nanostructured iron(III) oxide deposits are grown by chemical
vapor deposition (CVD) at 400—500 °C on Si(100) substrates from
Fe(hfa),TMEDA (hfa = 1,1,1,5,5,5-hexafluoro-2,4-pentanedionate; TMEDA =
N,N,N',N'-tetramethylethylenediamine), yielding the selective formation of
a-Fe,0; or the scarcely studied e-Fe,O; polymorphs under suitably optimized
preparative conditions. By using Ti(OPr'), (OPr' = iso-propoxy) and water as
atomic layer deposition (ALD) precursors, we subsequently functionalized
the obtained materials at moderate temperatures (<300 °C) by an ultrathin
titanomagnetite (Fe;_,Ti,O,) overlayer. An extensive multitechnique character-
ization, aimed at elucidating the system structure, morphology, composition and
optical properties, evidenced that the photoactivated hydrophilic and
photocatalytic behavior of the synthesized materials is dependent both on
iron oxide phase composition and ALD surface modification. The proposed
CVD/ALD hybrid synthetic approach candidates itself as a powerful tool for a
variety of applications where semiconductor-based nanoarchitectures can benefit from the coupling with an ad hoc surface layer.
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B INTRODUCTION addition, the growth of an ad hoc surface layer is also expected to
offer improved corrosion protection to the underlying iron oxide
matrix, an important issue in view of practical applications.16
The high potential of surface modification in attaining improved
material performances has been recently demonstrated for a-
Fe,0; and other semiconducting oxides such as TiO, and Cu,0,
coated by an ultrathin layer of Al,O; MgO, SiO,, and other
oxides.>'¢™1® Notwithstanding the general applicability of this
approach, its exploitation relies on the precise control of the
surface overlayer features that, in turn, depend on the adopted
synthetic technique. In this context, ALD has been proved to

Iron(III) oxide has recently attracted a great deal of attention for
its promising light-activated functional properties, coupled with
its large abundance and low toxicity."”* In particular, @-Fe,0,
(hematite, E; = 2.1 eV), the most thermodynamically stable
Fe,0; polymorph, has emerged as an efficient photocatalyst for
solar hydrogen production® > and as a promising electrode
material for dye-sensitized solar cells.”®~® Nevertheless, in spite
of the inherent hematite technological potential, its perform-
ances in light-assisted applications are hindered by the relatively
low absorption coeflicient, poor charge carrier mobility and

reduced electron/hole (e™/h*) lifetime.” ™" Interestingly, such possess superior properties with respect to other preparation
drawbacks can be partially overcome by nanostructuring iron routes because of its repeatability, perfect conformality and
oxide to enable an efficient light harvesting and minimize carrier nanomlitlegr;szciale thi(?kness control at IOWA depositi(?n temper-
diffusion distances, suppressing thus detrimental recombination atures.”” In particular, the latter feature is of great importance
losses.2®712=14 T4 achieve such goals, a promising alternative to ensure surface functionalization of the target matrix preventing,
strategy consists of iron oxide functionalization by a suitable at the same time, undesired morphological alterations.

ultrathin surface layer. Beside passivating Fe,O; surface trap

states, the precise engineering of the resulting heterointerface Received: April 22, 2013

provides in fact further degrees of freedom to tailor light Accepted: June 27, 2013

absorption and charge carrier transport phenomena.*'*'* In Published: June 27, 2013
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Recently, Kronawitter et al. have reported on the ALD of an
ultrathin Ti,O, layer on a-Fe,0,,* evidencing the occurrence of
a remarkable structural and electronic interplay at the Ti,O,/
Fe,O; interface. Such materials have been recently proposed for
applications in various technological fields, from water photo-
electrolysis to gas sensing and dye-sensitized solar cells.'*'®****
Starting from these results and basing on our recent studies on
the selective CVD growth of various Fe,O; polymorphs,>**¢ in
the present work we report on the unique features of a combined
CVD/ALD strategy for the fabrication of surface-functionalized
a- and ¢&-Fe,O; nanodeposits with tailored properties. In
particular, our attention is focused on the photoinduced
hydrophilicity (PH) and photocatalytic (PC) activity of such
systems in view of antifogging and self-cleaning applications.
Though these two processes are based on different phenom-
ena,”’ their common feature is the photoassisted generation of
e”/h" pairs, whose subsequent fate significantly affects the overall
material performances. As a consequence, a detailed study of the
ALD layer role on the system behavior, and of its interplay with
the synthesis conditions, represents a key issue in understanding
the properties of functionalized a- and &-Fe,O; nanosystems.
The obtained performances open intriguing perspectives for the
use of combined ALD/CVD approaches in the fabrication of
next-generation materials for photoassisted applications.

B EXPERIMENTAL SECTION

Synthesis. Fe(hfa),TMEDA (hfa = 1,1,1,5,5,5-hexafluoro-2,4-
pentanedionate; TMEDA = N,N,N’,N’-tetramethylethylenediamine)
was synthesized following a recently reported procedure®>*%*® and used
as CVD precursor for Fe,0; deposition. CVD experiments were carried
out in an horizontal cold-wall reaction system equipped with an external
reservoir for precursor vaporization. Depositions were performed for
60 min on HF-etched p-type Si(100) substrates (MEMC, Merano, Italy,
10 mm X 10 mm X 1 mm), subjected to a previously reported cleaning
procedure.”® In a typical CVD process, precursor powders (weight =
0.3 g) were heated at 60 °C and transported toward the growth zone
through gas lines maintained at 120 °C. Water vapor was introduced in

the reaction chamber by means of an auxiliary line passing through an
H,O external reservoir kept at 50 °C. The selective deposition of
a-Fe,0; was achieved at a growth temperature of 500 °C, total pressure
of 3.0 mbar and total O, flow rate of 40 standard cubic centimeters per
minute (sccm). For e-Fe, Oy, the growth temperature, total pressure and
total O, flow rate were set at 400 °C, 10.0 mbar, and 200 sccm,
respectively. Hereafter, as-deposited CVD samples will be labeled as a-
Fe,0; and ¢&-Fe,0;.

Functionalization of a- and e-Fe,O; was performed by ALD using
Ti(OPr), (OPr' = iso-propoxy) and water as precursors. Experiments
were carried out at the Brandenburg University of Technology (BTU) in
Cottbus, Germany, by a homemade ALD reactor described else-
where.>*! After evacuating the reactor to a base pressure lower than 1 x
107® mbar, iron oxide specimens were heated to 210 °C by a heating
plate within 15 min. ALD depositions consisted of 200 cycles of the
following pulsing sequence: 4 s Ti(OPr'),, 0.5 s N, purge, 0.5 s H,0,
0.5 s N, purge. In the following, ALD-functionalized samples will be
labeled as a-Fe,0;—Ti and &-Fe,O;—Ti.

Characterization. High-resolution transmission electron micros-
copy (HR-TEM) and high angle annular dark field-scanning trans-
mission electron microscopy (HAADF-STEM) experiments were
carried out on a JEOL 2200FS field-emission microscope with in-
column € filter, operated at 200 kV. Specimens for plane-view and
cross-sectional observations were thinned by mechanically grinding and
polishing down to the thickness of approximately 20 um, followed by
Ar* milling up to electron transparency. Electron diffraction (ED)
measurements, adopted for structural studies, have been performed over
different sample regions in order to check phase homogeneity.

Field emission-scanning electron microscopy (FE-SEM) analyses
were carried out by means of a Zeiss SUPRA 40VP instrument, using a
primary beam acceleration voltage of 10 kV.

Synchrotron radiation photoemission spectroscopy (SR-PES)
characterization was carried out at the U49/2-PGM2 beamline of the
BESSY—II synchrotron radiation facility within the Helmholtz-
Zentrum-Berlin. The base pressure of the photoemission chamber was
of the order of 5 X 107'° mbar. X-ray photons were monochromatized
by a planar grating monochromator with a resolution of the order of
AE/E~10* and focused by a refocusing mirror over a 0.5 X 1 mm? area.
Photoelectrons were detected using a Specs Phoibos 150 analyzer with
an emission angle of 45°. For Fe2p signal acquisition, 1270 eV photons

Scheme 1. Graphical Representation of the Synthetic Approach Developed for the CVD Growth of a-Fe,O; and £-Fe, 0 and Their

Subsequent ALD Functionalization
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were used in order to avoid the overlap with either TiILMM or OKVV
Auger features. For Ti2p peak acquisition, both 640 and 1100 eV
photons were used. Binding energies were corrected for charging effects
by assigning a position of 284.8 eV to the adventitious Cls photopeak.

Water contact angle (CA) experiments were performed at room
temperature using a horizontal microscope with a protractor eyepiece
[contact angle meter (CAM-100) from KSV Instruments, Ltd. Finland].
On each sample, measurements were repeated twice at different irradiation
times to obtain average water CA values. The mean uncertainty was
estimated to be ca. 8%. Zero-time angles were determined after the
specimens were stored in the dark for several days. Samples were
subsequently irradiated in a photochamber equipped with three UV lamps
(Philips CLEO 20 W, broad maximum at 35S nm). The average incident
irradiance was 23.3 W m™ in the interval 300—400 nm.

PC activities were determined by monitoring the oxidation of
terephthalic acid (TPA) to hydroxyterephthalic acid (HTPA), as

Figure 1. Cross-sectional HR-TEM image of the a-Fe,O; lattice. Inset:
FFT, corresponding to hematite, zone axis (2,1,0). The white circle
marks the (006) spot.

previously reported.* Briefly, a TPA-containing film was deposited on
the surface of each sample by dip-coating into a water/ethanol solution
of sodium terephtalate and hydroxyethylcellulose. Specimens were
subsequently UV-irradiated in a photochamber for fixed time intervals
under the same conditions adopted for water CA tests, and finally
washed with 0.25 mL of a 1:1 water/ethanol mixture per each cm? of
coated surface. HTPA concentration (average uncertainty ca. +£1 X 107 M)
was finally determined by fluorimetry in a microplate reader Tecan Infinity
F200, using 320 and 430 nm as excitation and emission wavelengths,
respectively. To obtain the HTPA concentration at various illumination
stages, we repeated the above procedure with increasing irradiation times,
with the surface of the samples washed, dried, and UV-irradiated for 30 min
between consecutive measurements. For each specimen, the measured
data points were then fitted according to the kinetic model described in
the Results and Discussion section. The mean uncertainty on the obtained
k, values was estimated to be ca. 8%.

For photothermal beam deflection (PBD) measurements, the
transverse beam deflection technique in its skimming configuration
was used. Samples were illuminated by a He—Ne laser beam (MELLES
GRIOT, model 25-LHP-928—230; output power = 75 mW at A & 600 nm).
The beam, modulated by a Vis broadband acousto-optic amplitude
modulator (New Focus, model 4102-M) controlled by a high voltage
amplifier (New Focus, model 3211), was directed and focused on the
sample surface through an optical system (THORlabs). The generated
temperature field was detected by a second, low-power (2 mW, 633 nm)
He—Ne laser beam (Uniphase, Model 1103P). The intensity change of the
latter was measured by a quadrant photodiode (RBM- R. Braumann
GmbH, Model C30846E) connected to a lock-in amplifier (Stanford
research instruments, Model SR830 DSP). All experiments were performed
in air at room temperature measuring the amplitude and phase dependence
of the photothermal deflection signal on the modulation frequency (f) of
the temperature field. To determine the effective (including the whole
active layer) transport (Eg, 7) and surface (s, L) parameters, we least-squares
fitted the amplitude and phase of the experimental data as a function of f to
the theoretical curves.” Further details are provided in the Supporting
Information.

B RESULTS AND DISCUSSION

A sketch of the synthetic approach adopted for the fabrication of
bare and functionalized iron oxide nanostructures is reported in
Scheme 1.

Structure, Morphology, and Composition. Structural
analyses on as-deposited CVD samples showed that, depending

20 nm | 20 nm

Figure 2. Cross-sectional HR-TEM images of ¢-Fe,O; grains. Inset in (a): FFT taken on the central grain, zone axis (1,0,0). Inset in (b): FFT taken on

the right grain, zone axis (0,1,0). White circles mark the (002) spots.
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Figure 3. Plane-view FE-SEM micrographs for samples (a) a-Fe,0;—Ti and (b) &-Fe,O;—Ti. Insets display higher-magnification images for the same

specimens.

on the adopted synthesis conditions (see Experimental Section),
it was possible to selectively grow either the a-Fe,O;
(thombohedral, space group: R3¢, a = 5.03 A, ¢ = 13.74 A)*
or &-Fe,0; phase (orthorhombic, space group: Pna2;, a = 5.095 A,
b=8.789 A, c=9437 A).34 To this aim, Figure 1 reports a detail of
a typical cross-sectional HR-TEM image, along with the
corresponding fast Fourier transform (FFT), obtained on a-Fe,Os.
The correct symmetry and lattice parameters of the hematite
structure were confirmed, and no appreciable signals pertaining to
other phases were detected.

Figure 2 displays the HR-TEM images recorded in cross-
section on &-Fe,O; grains. The inspection of lattice fringes and
ED patterns (or FFTs as shown in the insets of Figure 2) proved
the presence of &-Fe,Oj; as the only detectable crystalline phase.
On the basis of the difficulty in stabilizing this polymorph,® we
devoted particular attention to the analysis of the grain structure,
but only stacking defects (see the planar stacking faults on the left
and right grains in Figure 2b) without transition to other phases
were detected. It is also worthwhile observing that crystalline
grains were often aligned perpendicularly to the substrate surface
with a [001], // [001]; preferential orientation.

The morphology of Fe,O; specimens, both before and after
ALD functionalization, was investigated by FE-SEM. The bare a-
Fe,O; sample (see Figure Sla, b in the Supporting Information)
was characterized by a bimodal distribution of pyramidal (lateral
size and length = 600 and 1000 nm, respectively) and globular
particles (lateral size and length = 300 and 600 nm, respectively),
whose agglomeration produced a relatively disordered material
topography. In a different way, £-Fe,O; (see Figure Slc, d in the
Supporting Information) exhibited a more uniform morphology
arising from the growth of rodlike structures perpendicular to the
substrate surface. The mean nanorods lateral size and length
corresponded to 80 and 350 nm, respectively, yielding an average
aspect ratio (length/lateral size) > 4. It can also be observed that
rods showed a cylindrical trunk (= 300 nm) and a sharper tip
(~ 50 nm). The anisotropic growth of the observed columnar
structures can be associated to the [001] preferential orientation
revealed by TEM analyses.

Images a and b in Figure 3 show the surface texture of
a-Fe,0;—Ti and &e-Fe,O;—Tij, respectively. The comparison of
Figure S1 in the Supporting Information with Figure 3 evidenced
that the morphology of the bare Fe,0; samples did not undergo
any appreciable change after ALD functionalization. This effect
could be traced back to the conformal coverage capability of the
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Figure 4. Fe2p and Ti2p SR-PES spectra of @-Fe,0;—Ti (black) and &-
Fe,0;—Ti (red), respectively. Both samples were measured under the
same experimental conditions (electron analyzer and beamline
parameters).

ALD technique'®?° and to the use of relatively mild processing
conditions, preventing the occurrence of thermally induced
aggregation phenomena in the final systems.

To investigate the composition of the ALD layer and attempt a
surface coverage estimation of the underlying iron oxide matrix,
SR-PES analyses were carried out. Figure 4 displays the Fe2p and
Ti2p signals for the functionalized samples.

The Fe2p line shape and positions were similar for both
a-Fe,0;—Ti and &-Fe,0;—Ti, and comparable with the t;fpical
photoemission spectra measured on Fe,O, samples."***” The
small differences between the two curves in the 707—709 eV
range could be ascribed to differently coordinated Fe(III) centers

dx.doi.org/10.1021/am401475g | ACS Appl. Mater. Interfaces 2013, 5, 7130—7138
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Figure S. Cross-sectional (a) HAADF-STEM micrograph and (b, d, e) HR-TEM images of the a-Fe,O;—Ti sample. Arrows indicate the growth
direction. Image (c) refers to the top of the FFT image in (b), which shows spots related to a-Fe,O; in (-4,-2,1) zone axis and extra-spots (corresponding
to a lattice distance of ~0.25 nm) related to the surface overlayer. The yellow and red rectangles mark the areas selected for inverse FFT analysis. Images
obtained from the yellow and red selections are reported in (c), bottom left and right, respectively. The insets in (d) and (e) are the FFTs of the areas
marked by white squares in the corresponding HR-TEM images. They can be indexed to titanomagnetite in (1,1,2) and (1,5,2) zone axes, respectively.

in a-Fe,0; and &-Fe,0;.>® Ti2p peaks closely resembled those
reported for titanium(IV) in an oxide environment.'>>’
Furthermore, the Fe2p/Ti2p intensity ratio (=~ 1.7 for both
specimens) indicated that the ALD process resulted in a
comparable surface composition and a similar surface coverage
of Fe,0; deposits.

7134

In order to perform a detailed characterization of the ALD
surface layer, TEM investigation was undertaken. Cross-sectional
images of the a-Fe,O;—Ti sample displayed regularly shaped
grains (Figure Sa), conformally covered by a thin crystalline layer
(<10 nm, Figure Sb). The FFT analysis showed regular spots
belonging to the a-Fe,0; phase, along with the occurrence of

dx.doi.org/10.1021/am401475g | ACS Appl. Mater. Interfaces 2013, 5, 7130—7138
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Figure 6. Plane-view (a) HAADF-STEM and (b) HR-TEM images of &-Fe,O;—Ti. The inset in (b) is the FFT of the HR-TEM micrograph. Cross-
sectional (c) HAADF-STEM image and (d, ¢) HR-TEM images of ¢-Fe,0;—Ti. The insets in (d) and (e) are the FFTs of the HR-TEM images, which
can be indexed to titanomagnetite in (0,1,3) and (1,1,2) zone axis, respectively.

diffused extra-spots (see Figure Sc, enclosed in red and yellow
rectangles) related to the copresence of a different crystalline
lattice. When a mask was applied to the FFT around one of these
extraspots, the inverse FFT (left and right bottom images in
Figure Sc) selectively showed the outermost layer structure. For
the latter, HR-TEM analysis evidenced a mosaic texture, with
subregions characterized by a well-defined orientation and lattice
structure (Figures Sd, e).

7135

Such a structure could not be related either to a-Fe,O; or to
TiO,, in any of the rutile, brookite, and anatase polymorphs. This
finding suggested that the iron oxide matrix underwent a solid
state reaction during the ALD process, resulting in the ultimate
formation of a surface Fe—Ti—O overlayer. To this aim, the
comparison of experimental FFTs with various ternary structure
projections evidenced the occurrence of a cubic inverse spinel
Fe;_,TiO, phase (titanomagne‘rite).40 The Ti content in this phase

dx.doi.org/10.1021/am401475g | ACS Appl. Mater. Interfaces 2013, 5, 7130—7138
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could not be accurately quantified neither from structural measure-
ments, because of the very small variations in lattice parameter with x
(<29% for x = 1), nor from TEM energy-dispersive X-ray spectroscopy
(EDXS), because of the very low signal-to-noise ratio.

Figure 6 displays the plane-view HAADF image (Figure 6a)
and the HR-TEM micrograph (Figure 6b) of the &-Fe,0,—Ti
sample. As in the case of the a-Fe,O;—Ti specimen (see above),
TEM-EDXS investigation of titanium presence was attempted,
but the detected Ti signal was too weak to allow any spatial
mapping. As a consequence, a deeper analysis was performed in
cross-sectional geometry, investigating the phase composition of
irregularly shaped structures formed on the surface of &-Fe,0;
(Figure 6c). Similarly to the previous specimen, well-defined
areas that could be indexed to the Fe; ,Ti,O, titanomagnetite
phase along different projections (Figure 6d, e), could be
detected in the outermost sample region. Taken together, these
observations unequivocally confirmed that the ALD process
responsible for the ternary phase formation was limited to the
outermost sample layers for both a- and &-Fe,O; specimens.

Photoactivated Properties. On the basis of the above
results, particular attention was dedicated to the study of light-
assisted properties of Fe—Ti—O materials, that have been
scarcely investigated so far. To this regard, Figure 7 displays the
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Figure 7. Water contact angle as a function of UV irradiation time for
a-Fe,0; or &-Fe,0; samples before and after ALD functionalization.

results of water CA measurements under UV irradiation. As can be
observed, irrespective of the Fe,O; polymorph and ALD
functionalization, the initial values were comprised between 120
and 130°. This phenomenon, indicating an hydrophobic state, can
be traced back to the presence of aliphatic carbon sgecies, because of
air exposure, in the outermost sample layers.””*' Under UV
irradiation (Figure 7), a progressive CA decrease was observed for
all specimens, revealing the occurrence of a progressive hydro-
phobic-to-hydrophilic conversion as a function of time.

After 60 min, final water CA values were found to decrease in
the order a-Fe,0; > a-Fe,O;—Ti > &-Fe,0; > &-Fe,0;—Ti.
Overall, these data suggest that &-Fe,O;-based specimens show
an enhanced PH behavior with respect to the corresponding
a-Fe,O;-based ones. This effect is reasonably dependent on the
different morphological organization of the iron oxide matrices,
&-Fe,0O; being characterized by a rodlike structure with a higher
active area (see also PBD data in the Supporting Information
section). An increase in the latter parameter likely results in a
larger surface roughness and an higher amount of oxygen
vacancies/hydroxyl groups, responsible for the enhanced
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wettability observed upon irradiation.””*'~* Additional con-
tributing phenomena are related to the different band gap and
lifetime values of photogenerated charge carriers. Interestingly,
ALD functionalization results in an improved hydrophilic
behavior, an effect attributable to an increased charge separation
at the Fe;_,Ti O,/Fe,0; interface, as further described below.
The self-cleaning properties of the synthesized samples were
evaluated by testing the PC oxidation of TPA to HTPA under
UV irradiation by assuming zero-order and pseudo-first-order
processes for HTPA formation and degradation, with rate constants
k, and k), respectively. Hence, the time dependence of HTPA
concentration could be described on the basis of egs 1 and 2:**

d[HTPA] _
— = k, — k,[HTPA] W
[HTPA] = h(1 — Tk

k, )

As an example, Figure 8 reports a representative [HTPA] vs.
irradiation time curve for a-Fe,0; specimen. Starting from similar

150 - E
=) )
[=>]
2 1007 Sample (10° r\’xmin-n
E -1 a-Fezoa 16
|_ -
L 50 — a-Fe;05-Ti 17
-1 8-F6203 11
0 -1 e-Fes05-Ti 21
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Figure 8. PC behavior of specimen a-Fe,O3: HTPA concentration as a
function of UV irradiation time. In the inset, k, rate constant values are
provided for a- and e-Fe,O; samples before and after ALD
functionalization.

data plots, the k; values reported in the figure inset were obtained for
each sample. In line with water CA measurements, these data
evidenced improved PC performances for &-Fe,O; after ALD
functionalization. Notably, the k; rate constant obtained in the
present work for the e-Fe,O;—Ti sample was higher than the value
reported under the same conditions for ZnO nanorods*' and
commercial Pilkington Activ glass,z’2 which showed k; values of ca.
9.5 x 10 and 2.1 X 10~ M min~’, respectively. Such results
highlight the inherent technological potential of the present
specimens for eventual self-cleaning applications. Overall, &-
Fe,0;—Ti materials show attractive performances for both PH
and PC applications.

In an attempt to gain a deeper insight into the observed CA
and PC trends, PBD analyses (see the Supporting Information
section) were performed, obtaining the band gap and carrier
lifetime values collected in Table 1.

Compared to the bare iron oxide polymorphs, a slight increase
of both E, and 7 values took place after the ALD process. Such
effects were traced back to the conformal coverage of the Fe,0;
deposits by the Fe; Ti,O, phase. In particular, the intimate

dx.doi.org/10.1021/am401475g | ACS Appl. Mater. Interfaces 2013, 5, 7130—7138
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Table 1. Band Gap (E,) and Minority Carrier Lifetime (7)
Values Obtained from PBD Experiments

sample E, (eV) 7 (ps)
a-Fe, 0, 22+0.1 64+03
a-Fe,04Ti 25402 10.6 + 0.4
e-Fe,04 20+0.2 72 +03
&-Fe,05-Ti 22402 11.8 £ 0.4

Fe,05/Fe;_,Ti,O, interfacial contact likely resulted in an
improved charge carrier separation and passivation of iron
oxide surface trap states.”'**> As a consequence, both PH and PC
performances are enhanced upon titanomagnetite deposition.

B CONCLUSIONS

The present work has introduced a joint ALD/CVD synthetic
strategy to develop a tailored surface functionalization of
supported Fe,O; nanosystems. This goal is readily fulfilled by
the selective CVD deposition of a-Fe,O; or &-Fe,O; under
suitably optimized conditions, followed by ALD using Ti(OPr'),
and water as precursors. A thorough material characterization
revealed the formation of an ultrathin titanomagnetite
(Fe;_,Ti,O,) layer uniformly covering the underlying iron
oxide deposits. The reported results highlight that the optimization
of Fe,0;/Fe;_,Ti,O, interfacial interactions was the key tool to
develop efficient materials for light-assisted (e.g, antifogging, self-
cleaning) applications, as demonstrated by PH and PC properties.
In this regard, the use of systems based on the scarcely studied &-
Fe,0; polymorph enabled to achieve performances superior to
those containing the most conventional a-Fe,0; one.

As a whole, this work demonstrates the possibility to obtain smart
nanomaterials through an advanced engineering of their surface
properties. It is reasonable that the above interfacial phenomena
could beneficially affect functional performances also in other
related technological applications, such as photovoltaics and light-
emitting diodes. To this aim, the extension of the proposed
approach to other oxide heteronanostructures with controlled
composition, structure, and morphology is currently under
investigation in our laboratories.

B ASSOCIATED CONTENT
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FE-SEM micrographs of a-Fe,O; and &-Fe,03, a description of
the PBD technique, as well as morphological surface parameters
obtained from PBD analyses of the bare iron oxide specimens.
This material is available free of charge via the Internet at http://
pubs.acs.org.
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