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a b s t r a c t

Oxynitride thin films of composition LaTi1�xMx(O,N)37δ with x¼0; 0.1 andM¼Nb5þ , W6þ were prepared
by nitridation via microwave-induced plasma (MIP) ammonolysis, which allowed keeping the nitridation
time short (16 min). The higher possible oxidation states of the B-site substituents (Nb5þ , W6þ) with
respect to Ti4þ caused higher N content for LaTi0.9Nb0.1(O,N)37δ and LaTi0.9W0.1(O,N)37δ compared to
LaTiO2N due to charge-compensation. XPS O 1s and N 1s core level and valence band spectra evidenced for
increasing N content in the order LaTiO2NoLaTi0.9Nb0.1(O,N)37δoLaTi0.9W0.1(O,N)37δ. All films were N
deficient comparing with their stoichiometric formulas and assuming cations in highest oxidation states.
Along with increasing N content, the bandgaps decreased from 2.4 to 2.2 and 2.1 eV for LaTiO2N,
LaTi0.9Nb0.1(O,N)37δ, and LaTi0.9W0.1(O,N)37δ and the electronic conductivities increased along with the
decreased bandgaps. The Seebeck coefficients at 860 K indicated the highest charge-carrier density for
LaTi0.9W0.1(O,N)37δ.

& 2013 Elsevier Inc. All rights reserved.

1. Introduction

Oxynitrides have received much attention due to their optical
properties offering a broad field of applications such as ecologi-
cally friendly pigments [1–3], phosphors [4,5], solar selective
coatings (high absorbance in the visible spectral range and low
thermal emittance in the infrared region) [6,7], photocatalysts, and
electrodes in photoelectrochemical water splitting cells [8–11].
The electronic structure is closely related to the chemical compo-
sition (i.e. the O/N ratio) as the less electronegative N 2p orbitals
are located energetically above the O 2p orbitals. This results in a
diminished bandgap width and shifts the absorption-edge energy
into to the range of visible light [12]. Cationic co-substitution
allows adjusting the N content due to charge-compensation
mechanisms; therefore is the bandgaps width tuneable [13–15].
Thin films are required for many application of oxynitrides e.g. as
photoelectrodes and coatings. Oxynitride thin films are mainly
prepared by one of the following three routes. The first method
involves the deposition of an oxide film, e.g. by pulsed laser
deposition or spin-coating, with subsequent thermal ammonolysis
[16,17]. A second route is a one-step deposition process by radio-
frequency magnetron sputtering of an oxynitride target [11,18,19],

or by pulsed reactive crossed beam laser ablation of an oxide
target [20–22]. A third method, frequently used for the fabrication
of photoelectrodes, is the deposition of oxynitride particles on a
conductive substrate by electrophoretic deposition [23]. Photo-
electrodes prepared by the latter method require post-treatments
for sufficient particle–particle and particle–substrate connectivity
to ensure charge-carrier transport [24,25]. Transport properties
of oxide films are often improved by substitutional doping with
higher-valent cations that increase the carrier concentration
[26,27]. Electron doping for oxynitride materials is non-trivial
because the additional cationic charges can be compensated by
an increased N content; i.e. when La3þ replaces Sr2þ in SrTiO3 to
yield LaTiO3, Ti(IV) is reduced to Ti(III), however, for the oxynitride
LaTiO2N, the oxidation state remains Ti(IV) [14]. Nonetheless,
cationic co-substitution in oxynitrides is highly interesting as it
allows modifying the bandgap and therefore the conductivity. The
synthesis of oxynitride films for technical applications should be
simple, cheap, and facile to produce substituted materials. Nitrida-
tion by microwave-induced plasma (MIP) ammonolysis has been
much less investigated than thermal ammonolysis in spite of its
advantages such as being widely applicable and having increased
reactivity compared to thermal ammonolysis [28,29]. Therefore,
shortened reaction times with a minimized NH3 consumption are
feasible by MIP ammonolysis [30,31].

In this context, we report on a novel synthesis route for
oxynitride thin films of the composition LaTi1�xMx(O,N)37δ with
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x¼0; 0.1 and M¼Nb5þ , W6þ . A precursor solution was spin-
coated on Al2O3 substrates followed by calcination and MIP
ammonolysis (16 min). The effects of B-site substitution on the N
uptake, the bandgap, the conductivity, and the Seebeck coefficient
were studied.

2. Experimental

2.1. Materials

Perovskite-type oxynitride films of composition
LaTi1�xMx(O,N)37δ with x¼0; 0.1 and M¼Nb5þ , W6þ were
prepared in a two-step synthesis involving the fabrication of oxide
films and the subsequent nitridation with a microwave-induced
NH3 plasma. The precursor solutions for the oxides were prepared
via soft-chemistry synthesis based on a previously reported
method [32,33]. La(NO3)3 �6H2O (Merck, 499%) was dissolved in
glacial acetic acid (C2H4O2, Sigma-Aldrich, Z99%) at 90 1C in the
molar ratio 1/20. The mixture was further heated at 110 1C for 1 h
to evaporate H2O coming from La(NO3)3 �6H2O. The solution was
cooled to room temperature. Acetylacetone (C5H8O2, Merck,
Z99%) was added in the molar ratio of 1/20 (La/acetylacetone).
A second solution was prepared where stoichiometric amounts of
titanium isopropoxide (Ti{OCH(CH3)2}4, Sigma-Aldrich, Z97%)
were mixed with acetylacetone according to a molar ratio of 1/20
(Ti/acetylacetone). For the B-site substituted samples, stoichiometric
amounts of NbCl5 (Sigma-Aldrich, Z99%) and WCl6 (Sigma-Aldrich,
Z99%) were dissolved in the latter mixture. Then, both complexed
solutions were combined and ethylene glycol (C2H6O2, Merck,
Z99%) was added in a 1/1 molar ratio of La/ethylene glycol.

Round, single crystalline, non-oriented sapphire substrates
(Stettler Sapphire AG, 1 mm thickness, 20 mm diameter) were
thoroughly cleaned with Deutracon liquid soap, distilled water,
and acetone. The solution was deposited using a spin-coater
(Primus STT 15) with 3500 rpm for 30 s. Next, the films were
calcined with a heating ramp of 2.5 1C min�1 to 600 1C and with a
heating ramp of 1 1C min�1 from 600 to 900 1C (holding time of
2 h). Five layers were deposited to ensure a reasonable thickness
and the films were calcined after every layer. For the nitridation
reaction, the oxide films were treated in a microwave induced NH3

plasma (MIP ammonolysis) [28,30]. In detail, a domestic micro-
wave oven Daewoo 2M218H MFI 2.45 GHz was equipped with a
waveguide made of brass for increased radiation focus and homo-
geneity of the plasma. The gas was supplied via a small quartz
glass tube (8 mm diameter) inserted into the cavity reactor (quartz
glass, 32 mm diameter, 350 mm length) and the films were placed
with a distance of 1.5 cm to the gas outlet. The NH3 flow was set to
250 mL min�1 controlled with a Brooks 5850E flow controller and
the reactor was continuously pumped by a rotary pump (Alcatel
2004A). After evacuation, the system was flushed with NH3 for
5 min prior to the experiment and the reaction time was 16 min.

2.2. Characterization

A PANalytical X’Pert PRO MPD Θ-2Θ X-ray diffractometer
equipped with a PIXcel detector operating in grazing angle mode
(GIXRD) was used for phase identification. The incidence angle Ω
was set to 11 and the films were measured with a step size of 0.051
from 201 to 801 (2Θ).

X-ray photoelectron spectra (XPS) were collected with a Physical
Electronics (PHI) Quantum 2000 with a monochromatic X-ray
source AlKα (1486.6 eV). The detail core level and valence band
spectra were obtained with a pass energy set to 46.95 eV and a step
width of 0.2 eV. The software CasaXPS was used for curve fitting
and quantification. The spectra were referenced to the C 1s peak of

adventitious carbon from ambient air contaminations at 284.8 eV to
compensate for internal charging effects. The O/N ratios were
obtained from the integrated areas of the respective peaks after
Arþ-sputtering (1 kV). The peak area of the lattice oxygen was
obtained by subtracting the contribution of absorbed OH groups to
the O 1s signal from the total area of the O 1s signal by deconvolu-
tion into two contributions. Relative sensitivity factors were used as
provided by the PHI MultiPak library (N 1s: 0.499, O 1s: 0.733).

Transmittance and reflectance spectra were collected with a UV-
3600 Shimadzu UV–VIS–NIR spectrophotometer from 200 to 900 nm.
The absorption coefficient α was calculated from α¼ ln((1�R)2/T)/d,
where R is the reflectance, T is transmittance, and d is the film
thickness. The Tauc relationship assuming a direct transition of
(αhν)2¼(hν�Eg) allowed to determine the bandgap Eg [34].

The morphology and thickness of the films were studied by
scanning electron microscopy (SEM) with a XL30 ESEM (FEI)
operating at a voltage of 15 kV. The samples were cut with a
diamond saw and placed on aluminium holders in horizontal
orientation for top-view imaging and in perpendicular orientation
for cross-section imaging. They were coated with carbon in order
to ensure the conductivity of the electrons coming from the beam.
A secondary electron (SE) detector was employed to characterize
the top-view morphology of the films and a backscattered electron
detector (BSD) gave the necessary contrast to measure the thick-
ness of the films in the cross-section view.

Transport properties were determined employing the four-point
method using a RZ2001i-h apparatus (Ozawa Science Co., Ltd.,
Nagoya, Japan) under an Ar flow of 50 mL min�1.

3. Results and discussion

Polycrystalline oxide films of composition LaTi1�xMxO37δ with
x¼0; 0.1 andM¼Nb5þ , W6þ were obtained after spin-coating and
calcining five layers of the precursor solution on the sapphire
substrates. Fig. 1(a)–(c) shows the XRD patterns measured in
grazing-incidence mode (GIXRD) where all reflections could be
indexed according to the La2Ti2O7 phase (JCPDS 028-0517). No Nb or
W segregations were observed. Fig. 1(a0)–(c0) illustrates the conversion
of the oxide films into their corresponding oxynitrides with

Fig. 1. GIXRD patterns of the oxide films (a) La2Ti2O7, (b) La2Ti1.8Nb0.2O7.1,
and (c) La2Ti1.8W0.2O7.2, and of the oxynitride films (a0) LaTiO2N, (b0)
LaTi0.9Nb0.1(O,N)37δ, and (c0) LaTi0.9W0.1(O,N)37δ. The green and blue vertical bars
mark the reflections of La2Ti2O7 and LaTiO2N, respectively, given by the corre-
sponding JCPDS PDF number. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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composition LaTi1�xMx(O,N)37δ (JCPDS 048-1230 for LaTiO2N) after
16 min microwave induced plasma (MIP) ammonolysis.

SEM images after spin-coating and calcination in air illustrate a
continuous coverage of the substrates with the respective films
(Fig. 2). In La2Ti2O7, needle-like structures were observed with an
average length of 200 nm. La2Ti1.8Nb0.2O7.1 had a mosaic structure
with domains of oriented needles of about 50 nm in length. The
decomposition of the organics upon calcination leads to gaseous
species that eventually evoked the bulges on the surface of
La2Ti1.8W0.2O7.2 [35]. A fractured morphology of the films after
plasma ammonolysis was observed. When the layered perovskite-
type oxide phase (A2B2X7) is converted into the simple perovskite-
type oxynitride phase (ABX3), lattice contraction due to the
exchange of 3 O2� with 2 N3� occurs [36]. This has been observed
to evoke a porous morphology in powdered samples [37,38].
Similarly, it can be assumed that lattice contraction induced the
cracks in the thin films. Furthermore, the tension created at the
interface upon different thermal expansion of the substrate and
film was likely released by the formation of cracks.

The thickness of the three oxynitride films obtained by cross-
sectional views are given in Table 1 and range from 0.25 μm for
LaTiO2N to 0.86 μm for LaTi0.9Nb0.1(O,N)37δ.

The transmittance spectra in Fig. 3 demonstrate red-shifted
absorption edges of the substituted oxide films compared to
La2Ti2O7. The oscillating transmittance implied uniform thickness
of the individual coatings while the different frequency and
amplitude of the oscillations between the three films were caused

by variations of their thicknesses and refractive indices [39].
The bandgaps of the oxide films, given in Table 1, were determined
from Tauc plots (Fig. S1) and they ranged from 4.0 to 3.6 eV for
La2Ti2O7 and La2Ti1.8W0.2O7.2, respectively.

Fig. 2. SEM images of the oxide films (a) La2Ti2O7, (b) La2Ti1.8Nb0.2O7.1, and (c) La2Ti1.8W0.2O7.2, and of the oxynitride films (a0) LaTiO2N, (b0) LaTi0.9Nb0.1(O,N)37δ, and
(c0) LaTi0.9W0.1(O,N)37δ.

Table 1
Summary of physical and chemical properties of oxynitride LaTi1�xMx(O,N)37δ films and the bandgap values of oxide LaTi1�xMxO37δ films.

Samplea Thicknessb(μm) Electronegativity (χ) N/(OþN)c Ti 2p3/2 peak area ratio of O–Ti–N/Ti–Oc Bandgap (eV) Seebeck coefficient at 860 K (μV K�1)

LTON 0.250 Ti (1.5)
O (3.4)
N (3.0)

0.18 1.18 2.4 (Oxide: 4.0) n. d.

LT(Nb)ON 0.860 Nb (1.6) 0.25 1.29 2.2 (Oxide: 4.0) �591.52
LT(W)ON 0.600 W (1.7) 0.27 1.99 2.1 (Oxide: 3.6) �413.00

a LTON, LT(Nb)ON, and LT(W)ON refer to LaTiO2N, LaTi0.9Nb0.1(O,N)37δ, and LaTi0.9W0.1(O,N)37δ, respectively.
b Determined from SEM cross-sections.
c Quantified by XPS.

Fig. 3. Transmittance spectra of the oxides (a) La2Ti2O7, (b) La2Ti1.8Nb0.2O7.1, and
(c) La2Ti1.8W0.2O7.2, and the oxynitrides (a0) LaTiO2N, (b0) LaTi0.9Nb0.1(O,N)37δ, and
(c0) LaTi0.9W0.1(O,N)37δ.
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Fig. 4(A) shows the valence band spectra that are formed by
O 2p orbitals, measured by XPS. No significant electronic changes
of the valence band maximum (VBM) were caused by the B-site
substitution in the oxide films; hence, the observed differences of
the bandgap values must have been due to changes related to the
conduction band. The conduction band minimum (CBM) is formed
by antibonding πn-combinations of transition-metal dt2g and O 2p
orbitals [40]. The dt2g orbitals of more electronegative transition-
metal ions are energetically closer located to the anionic 2p
orbitals explaining the smaller values obtained for the B-site
substituted oxides compared to La2Ti2O7 [2].

The transparent oxide films were transformed into orange–
brown translucent oxynitride films. Accordingly, the transmittance
spectra shows red-shifted absorption edges of the oxynitride films
(Fig. 3). The absorption edges of the oxynitrides were less steep
compared to the oxides. This phenomenon has been reported for
other oxynitrides and was attributed to a lower homogeneity of
the Ti environment due to O/N disorder [14]. As N diffusion was
progressing from the film surface toward the bulk, a gradient in
the O/N ratio seemed likely, changing the surrounding of indivi-
dual Ti ions and causing a spread of the absorption edge. The
N/(OþN) ratios obtained by XPS analysis given in Table 1 evi-
denced N deficiency for all samples compared to the ideal
stoichiometry (LaTiO2N with N/(OþN)¼0.33). Incomplete trans-
formation into the oxynitride in XRD phase-pure LaTiO2N is a
frequently observed phenomenon in films and powders [11,18,20].
As reported, the presence of oxygen-rich intermediate-phases
on atomic scale and without periodic ordering is possible; there-
fore, such intermediate phases are not detectable by means of XRD
[41]. The N/(OþN) ratios were increasing for Nb- and
W-substituted films, i.e. from 0.18 to 0.25 and 0.27 for LaTiO2N,
LaTi0.9Nb0.1(O,N)37δ, and LaTi0.9W0.1(O,N)37δ, respectively. This
trend was reflected in the bandgap values which decreased from
2.4 to 2.2 and 2.1 eV for LaTiO2N, LaTi0.9Nb0.1(O,N)37δ, and
LaTi0.9W0.1(O,N)37δ, respectively. Due to N defects, the bandgap
of LaTiO2N (2.4 eV) was about 0.2 eV larger than the reported
values for stoichiometric LaTiO2N [11,15,42]. The XPS valence
band spectra in Fig. 4(B) evidenced that the electronic density
near the Fermi level was increased due to the mixing of N 2p
and O 2p orbitals. The different N contents were mirrored in
the VBM positions that were shifted from 0.8 (LaTiO2N) to
0.6 (LaTi0.9Nb0.1(O,N)37δ) and 0.5 eV (LaTi0.9W0.1(O,N)37δ). Not

only the N content but also the averaged electronegativity-
increase of the B-site elements in the substituted films relative
to LaTiO2N diminished the bandgaps of the former.

XPS Ti 2p detail spectra of the oxide La2Ti2O7 (Fig. 5(A))
recorded the Ti 2p3/2 peaks at 458.1 eV as was reported for Ti4þ

in La2Ti2O7 [43]. The Ti 2p3/2 peaks were shifted to higher binding
energies for the B-site substituted oxides. It was related to an
inductive effect of Nb (χ¼1.6) and W (χ¼1.7) being more electro-
negative than Ti (χ¼1.5) and therefore decreasing the electron
density on Ti. Along with the positive shift of the Ti 2p3/2 peak,
its FWHM increased from 1.2 eV for La2Ti2O7 to 1.6 eV for
LaTi0.9W0.1(O,N)37δ because the chemical environment of
Ti4þ ions changed depending on B-site substituents. For the
oxynitrides, a new peak at lower binding energies of the Ti 2p3/2
spectra appeared (Fig. 5(B)). This new peak was not fully resolved
for Ti 2p1/2 but only visible as a peak broadening due to the smaller
intensity and larger FHWM compared with Ti 2p3/2. The position
and shape of the Ti 2p3/2 peak in oxynitrides is under discussion in
literature as some reports evidenced for a dual peak and others
demonstrated the signature of a single broad peak [44,45]. Here,
the peak was positioned at around 456.7 eV and indicated a
different chemical environment or lowered oxidation state of Ti.
The reported value for Ti3þ in TiN is with 455.3 eV clearly lower
than observable here [46]. According to literature, the peak of Ti in
O–Ti–N bonds is located at 456.5 eV which matches closely
the values obtained here [47,48]. The signature of the O–Ti peak
was still present and therefore indicates that a part of the
Ti octahedra did not contain N. This finding corroborates the
previously discussed N deficiency. The integrated area ratios
between the two peaks related to O–Ti–N and to O–Ti are given
in Table 1. The contribution of the O–Ti–N peak increased for
LaTi0.9Nb0.1(O,N)37δ and even more for LaTi0.9W0.1(O,N)37δ com-
pared to LaTiO2N confirming the increased N content of the former
two (Table 1).

The oxidation states of Nb and W in the B-site substituted
oxide films were assigned to W6þ and Nb5þ by comparing with
reference spectra of Nb2O5 and WO3, (Fig. 6(A) and (B)). In contrast
to the simple perovskite-type structure where anionic excess
is not possible due to the close-packed structure, the layered
La2Ti2O7 allows for O excess by increasing the density of
O slabs between the TiO6 octahedral blocks [49,50]. After MIP
ammonolysis, Nb 3p as well as W 4d doublets of the oxynitrides

Fig. 4. XPS valence band spectra of (A) oxides (a) La2Ti2O7, (b) La2Ti1.8Nb0.2O7.1, and (c) LT(W)O and of (B) oxynitrides (a0) LaTiO2N, (b0) LaTi0.9Nb0.1(O,N)37δ, and
(c0) LaTi0.9W0.1(O,N)37 δ.
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Fig. 5. (A) XPS Ti 2p spectra of the oxides (a) La2Ti2O7, (b) La2Ti1.8Nb0.2O7.1, and (c) La2Ti1.8W0.2O7.2. (B) XPS Ti 2p spectra after MIP ammonolyis the oxynitrides (a0)
LaTiO2N, (b0) LaTi0.9Nb0.1(O,N)37δ, and (c0) LaTi0.9W0.1(O,N)37δ.

Fig. 6. (A) XPS Nb 3p spectra in La2Ti1.8Nb0.2O7.1 and reference Nb2O5 (bottom panel), and LaTi0.9Nb0.1(O,N)37δ (top panel). (B) XPS W 4d spectra in La2Ti1.8W0.2O7.2 and
reference WO3 (bottom panel) and LaTi0.9W0.1(O,N)37δ (top panel).
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were broadened and asymmetric towards lower binding energies.
Likewise to the Ti spectra, the reason was supposed to lie in the
changed chemical environment for Nb (O–Nb–N) andW (O–W–N).
Furthermore, a partial reduction of Nb5þ and W6þ to lower
oxidation states could not be excluded because the more electro-
negative cations are often not stabilized in their highest oxidation
state due to the reductive atmosphere during ammonolysis
[51,52].

The films showed semiconducting behaviour with high resistivity
at room temperature. Therefore, conductivity was only measurable at
higher temperatures, i.e. above 600 K for LaTi0.9W0.1(O,N)37δ and
760 K for LaTiO2N and LaTi0.9Nb0.1(O,N)37δ (Fig. 7). The conductivity
was highest for LaTi0.9W0.1(O,N)37δ followed by LaTi0.9Nb0.1(O,N)37δ
and LaTiO2N. The grain boundaries and the cracked morphology
presumably degraded the mobility leading to poorly conducting
films. In agreement to our results, LaTiO2N films prepared by PLD
[16] and spin-coating [17] were reported to be insulating at room
temperature. On the other hand, LaTiO2N films prepared by radio-
frequency magnetron sputtering had a conductivity of 0.08 S cm�1

at room temperature [18]. Depending on the preparation proce-
dure, the morphology of the films and also oxidation state of the
transition-metal ions can be different and affect the electrical
conductivity. In oxynitrides, the conductivity also might be dete-
riorated due to morphological peculiarities like pore-formation
upon the oxide-oxynitride conversion [53]. The increasing con-
ductivity (LaTiO2NoLaTi0.9Nb0.1(O,N)37δoLaTi0.9W0.1(O,N)37δ)
can be associated with the decreasing width of the bandgap
(LaTiO2N4LaTi0.9Nb0.1(O,N)37δ4LaTi0.9W0.1(O,N)37δ). Electron
doping by higher-valent cations increases the conductivity in
metal oxides [54]. In oxynitrides, however, the additional positive
charges of the substituents could have been compensated by
increasing N content. On the other hand, the possibility of reduced
Nb and W oxidation states was discussed in the XPS section. This
would increase the density of conduction-band electrons for the
B-site substituted samples relative to LaTiO2N. It cannot be ruled
out that different morphologies had an impact on the results.
However, the trend of increasing charge carrier density in the
order LaTiO2NoLaTi0.9Nb0.1(O,N)37δoLaTi0.9W0.1(O,N)37δ as
seen in the conductivity measurements was supported by the
Seebeck coefficients (Table 1). The Seebeck coefficient is inversely
proportional to the charge carrier density. They were measured to
be �591.52 μV K�1 for LaTi0.9Nb0.1(O,N)37δ and �413.00 μV K�1

for LaTi0.9W0.1(O,N)37δ at 860 K while it was not possible to
measure it for LaTiO2N due to its low electrical conductivity. The

sign of the Seebeck coefficient was negative as expected for
electrical conductivity dominated by electrons.

To assess the photoelectrochemical properties of the films,
LaTiO2N and LaTi0.9Nb0.1(O,N)37δ were selected for the measure-
ments, the latter due to its increased electronic conductivity.
Photocurrents were observed for both compositions under visible
light irradiation while a substantial dark current was present
(Fig. S2). This observation suggests that MIP ammonolysis could
offer a novel route to obtain LaTiO2N electrodes for PEC
applications.

4. Conclusion

Polycrystalline and randomly oriented unsubstituted and B-site
substituted LaTi1�xMx(O,N)37δ with x¼0; 0.1 and M¼Nb5þ , W6þ

thin films were fabricated by spin coating an oxide precursor
solution on sapphire substrates, calcination, and nitridation with a
microwave-induced NH3 plasma. Regardless of the N deficiency
found in all films, B-site substitution allowed for more N uptake
compared to unsubstituted LaTiO2N due to the higher possible
oxidation state (W6þ and Nb5þ compared to Ti4þ). Hence, the
bandgap was reduced for LaTi0.9W0.1(O,N)37δ (2.1 eV) and
LaTi0.9Nb0.1(O,N)37δ (2.2 eV) relative to LaTiO2N (2.4 eV).
Likewise, the valence band maxima were shifted from 0.8
to 0.6 and 0.5 eV for LaTiO2N, LaTi0.9Nb0.1(O,N)37δ, and
LaTi0.9W0.1(O,N)37δ, respectively. The conductivity increased in
the order LaTiO2NoLaTi0.9Nb0.1(O,N)37δoLaTi0.9W0.1(O,N)37δ
along with a decreased width of the bandgap. The increased
conductivity was confirmed by the lower Seebeck coefficient for
LaTi0.9W0.1(O,N)37δ compared to LaTi0.9Nb0.1(O,N)37δ. Photoelec-
trochemical measurements showed the possibility of this synth-
esis approach to obtain photoanodes for solar water splitting
applications.
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