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1. X-Ray Diffractometry
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Figure S1. XRD spectra of unmodified TiO, (a) and TiO,-N modified at 300 °C (b), 350 °C (c), 400 °C (d), 450 °C (e),
and 500 °C (f). Spectra are off-set for clarity. Vertical lines show a literature pattern of anatase (ASTM file card No. 01-
0562)

2. Infrared Spectroscopy

FT-IR transmission spectra (Fig. S2) were obtained using a Perkin-Elmer PE-16PC FT-IR
spectrometer against an air background. The samples were pressed pellets of a mixture of the

powder with KBr.
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Figure S2. FT-IR spectra of unmodified TiO, (a) and TiO,-N modified at 300 °C (b), 350 °C (c), 400 °C (d), 450 °C (e),
and 500 °C (f). Spectra are off-set for clarity.

Several peaks related to TiO, are observed in all samples. The broad band centered at 500-600 cm™
!is likely due to the vibration of the Ti—O bonds in the TiO, lattice.®' The peaks at 1620-1630 cm '
and the broad peaks appearing at 3100-3600 cm ' are assigned to vibrations of hydroxyl groups.®'”
In modified samples these peaks overlap with broad bands of the stretching and deformation modes
of NH, groups.®** The multiple bands at 1200-1550 cm™' and the peaks at ~2060 cm ' are assumed
to be due to the species containing CN bonds, such as cyanamide, carbodiimide, cyanuric acid, and
related compounds coming from the decomposition products of urea.>>” Alternatively, the bands at
1200-1550 cm™' could be also ascribed to nitrogen oxide species.*®

3. Thermogravimetric analysis (TGA)

Thermal analysis of TiO,-N modified at 400 °C was performed using a Universal V2.6D TA
Instrument in a nitrogen atmosphere in the temperature range of 24—1000 °C and a heating rate of
10 °C/min with a 60 min isothermal step at 200 °C. Enhanced weight loss above 450 °C indicates
more intense desorption of surface species (Fig. S3).
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Figure S3. TGA thermogram of TiO,-N modified at 400 °C. Enhanced weight loss above 450 °C indicates more intense
desorption of surface species.

4. Removal of surface modification through treatment in boiling NaOH (5 M)

300 mg of TiO,-N modified at 400 °C (yellow powder; bandgap = 2.29 eV) was treated in boiling
NaOH (5 M) for 1 hour and subsequently washed twice with water and dried at 100 °C. The
resulting powder (0.1 wt % N; 0.6 wt % C) was white and exhibited bandgap of 3.18 eV (Fig. S4) —
a typical bandgap of unmodified titania, and induced negligible photocurrents in the visible when
deposited on ITO-glass.
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Figure S4. Bandgap determination using [F(R..)2v]"? vs. hv plots (assuming an indirect optical transition) for TiO,-N
modified at 400 °C before (a), and after treatment in boiling NaOH (5 M) for 1 hour.
5. Ti2p XPS spectra upon sputtering with Ar" ions
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Figure S5 shows the influence of the Ar’ ion sputtering on the Ti2p XPS spectra. The apparent
broadening of the Ti2ps, peak is due to the partial reduction of surface Ti*" species to intermediate
oxidation states. The broadening clearly increases with increasing sputtering time (Fig. S5A). After
10 nm thick layer was sputtered off the lower binding energy Ti2ps, subpeak obtained by
deconvolution exhibits the value of 455.5 eV — a typical value for Ti*" species in titanium nitride.>’
Reduction of surface Ti'" species upon sputtering was observed also for unmodified TiO, (Fig.
S5B). This behavior is in the literature reported to be caused by preferential sputtering of oxygen

leading to generation of defects (oxygen vacancies).®'*"?
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Figure S5. (A) High-resolution Ti2p XPS spectra of TiO,-N modified at 400 °C recorded before (a) and after sputtering
with Ar” ions to remove the top layer with a thickness of about 1 nm (b), 5 nm (c), and 10 nm (d). (B) Ti2p XPS spectra
of unmodified TiO, before (a) and after (b) sputtering (5 nm).

6. Influence of the starting material properties on the modification

In order to investigate the influence of the starting material properties on the modification, the
starting material (Hombikat UV 100, Sachtleben, Germany) was first heat pretreated at 800 °C in air
for 3 hours and then modified by the standard procedure at 400 °C. Table S1 summarizes the

properties of untreated and heat-pretreated TiO, before and after modification.
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Figure S6. XRD spectra of TiO, preheated at 800 °C in air for 3 hours before (a) and after modification. Spectra are off-
set for clarity. Vertical lines show a literature pattern of anatase (ASTM file card No. 01-0562).

Table S1. Influence of Various Parameters on Modification: Crystallite Size (before/after modification);* Surface
Area (before/after modification);” Surface OH-groups;° Nitrogen and Carbon Content’ (after modification)

Starting Material Crystallite Size Surface Area SurfaczOH—groups N C
Pretreatment [nm] [m%/g] [10~ mol/g] [wt %] [wt %]

- 8/8 282 /53 17.6 15.5 7.9

800 °C in air (3hours) 32/31 14/12 3.2 5.6 2.9

“ calculated from Scherrer formula; > BET method; ¢ from TGA analysis; 4 Elemental analysis

The pretreated material retained the anatase structure and exhibited ~ 4 times larger crystallite
size, ~ 20 times lower surface area and ~ 5.5 times lower concentration of surface OH-groups.
Surface OH-groups were determined by TGA analysis (Universal V2.6D TA Instrument; nitrogen
atmosphere; temperature range: 24—-1000 °C ; heating rate = 10 °C/min with a 60 min isothermal
step at 200 °C) assuming that the weight loss between 200 °C and 1000 °C is due to dehydroxylation
of the surface. After modification, the pretreated material contained ~ 2.7 times lower amount of
nitrogen and carbon and exhibited a larger bandgap of 2.77 eV in contrast to 2.29 eV of the material
modified without a heat pretreatment (Fig. S7).
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Figure S7. Bandgap determination using [F(R.)hv]"? vs. hvplots (assuming an indirect optical transition) for TiO,-N
modified at 400 °C without (a), and with calcination pretreatment in air at 800 °C for 3 hours (b).

7. Determination of band edges — quasi-Fermi level measurements

For heavily doped n-type metal oxides like TiO,, the lower conduction band edge, E., practically
merges with the quasi-Fermi level for electrons, Er (|Ee — nEF*| < 0.1 V)31 The values of

.Fr were determined by the method of Roy.>'"'®

In short, we recorded the pH dependence of the
potential of a Pt electrode immersed in an irradiated (Osram XBO 150 W xenon arc lamp)
suspension of a semiconductor in the presence of an electron acceptor with pH-independent
reduction potential. One of two different electron acceptors were used: MV>" (methyl viologen; 1,1'-
dimethyl-4,4'-bipyridinium dichloride; Eypy2++=—0.45 V vs. NHE)*'"” and DP*" (4,5-dihydro-3a,5a-
diaza-pyrene dibromide; Epp2+ = —0.27 V vs. NHE).>*** The inflection point (pHp) of the
potential-pH curve (Fig. S8) determines the pH value at which .Er" coincides with Eypy2oeor Eppeese.

516,24

Assuming Nernstian shift of band edges the values of nEF* at pH = 7 can be then obtained from

equations nEF* = Eypy2++0.059 (pHo— 7) or HEF* = Epp2++ 1+ 0.059 (pHp — 7), respectively.
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Figure S8. pH dependence of the potential of a Pt electrode immersed in an irradiated suspension of unmodified TiO,
(a) and TiO,-N modified at 300 °C (b), 350 °C (c), 400 °C (d), 450 °C (e), and 500 °C (f) in the presence of (MV)Cl, (a,

b) or (DP)Br; (c-f).
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8. Photocurrent transients

Figure S9 shows raw photocurrent spectra measured under intermittent irradiation as a function of
irradiation wavelength (without correction for the change of light intensity) in LiClO4 (0.1 M)
without and with addition of KI (0.1 M). The insets show photocurrent transients at A = 400 nm; the
spike-like shape of the transient in absence of iodide is a typical fingerprint of surface recombination
processes.>** Photogenerated holes are trapped too deep in the bandgap to induce efficient water
oxidation (E ~ 2.0 V vs. NHE)*"” and accumulate therefore at the surface. This increases the
probability that they capture conduction band electrons, recombine and do not contribute to
photocurrent. Accordingly, the recombination manifests itself by photocurrent decay after switching-
on the light. The transients recorded in the presence of iodide indicate that more easily oxidizable

iodide (E ~ 1.3 V vs. NHE)®" reacts more readily with surface-trapped holes. Thus the surface

recombination is suppressed and the rapid photocurrent decay after switching-on the light is absent.
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Figure S9. Photocurrent measured under intermittent irradiation as a function of irradiation wavelength (without
correction for the change of light intensity) in LiCIO, (0.1 M) without and with addition of KI (0.1 M): unmodified TiO,
(a), TiO,-N modified at 300 °C (b), 350 °C (c), 400 °C (d), 450 °C (e), and 500 °C (f). The insets show photocurrent
transients at A = 400 nm.
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