










Appendix

Figure A.19: Comparison of the XPS N 1s peaks of Ana:N15-600-5 (green) and TiO2:N-Urea (blue).

Figure A.20: In situ EPR spectra of the Au-free undoped Ana and P25 materials in the dark (black),
under irradiation with UV-vis light (blue) and under subsequent addition of water (red) and MeOH (green).
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Appendix

Figure A.21: UV-vis absorbance spectra of Au-loaded N-doped Ana (a) and P25 (b) catalysts.
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Appendix

Further analyses on the Cu-based catalysts from Chapter 6

Figure A.22: Experimental photocatalytic H2-evolution curves from H2O/MeOH over mono- and bimetal-
lic Cu-based TiO2 catalysts using different filter settings of the Lumatec Hg lamp: ca. 6 h under visible
light (400–700 nm filter) and subsequently ca. 2.5 h under UV light (320–500 nm filter).
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Figure A.23: HAADF-TEM images and EDX analysis of the poorly visible-light-active Cu-IM catalyst.
Highly dispersed Cu species instead of clear Cu particle formation was observed.
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Figure A.24: HAADF-TEM images and EDX analysis of the Cu-RP catalyst. Along with Cu-spread
areas, also small Cu agglomerates of 2–4 nm size were observed.
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Figure A.25: HAADF-TEM images and EDX analysis of the poorly visible-light-active, but highly UV-
vis-light-active Cu/Au-SP catalyst. Highly dispersed Cu areas are separated from the small Au particles
of 2–5 nm size.
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Figure A.26: HAADF-TEM images and EDX analysis of the highly visible-light-active Cu/Au-CP cata-
lyst. 4–8 nm sized metal particles containing both Au and Cu were found.
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EPR signal assignment of the Cu2+ species in Cu/Au-SP The difference spectra de-
picted in Figure A.27a show that at least four paramagnetic Cu2+ centers can be distinguished.
Subtracting the spectrum under visible-light irradiation from that in the dark (pink) reveals that
primarily the Cu2+ ions of oxidized Cu clusters (signal B, g∥ = 2.25) are reduced under these
conditions and not species A (g∥ = 2.38), the latter of which shows defined hfs splitting and is
probably arising from isolated Cu2+ sites occupying Ti4+ vacancies at the TiO2 surface.[267]

The difference spectrum “UV-vis minus vis” (brown) exhibits two new signals, C and K, which
are responsible for the increase of the double integral for Cu/Au-SP under these conditions (Figure
6.6a). Signal C exhibits a typical line shape of monomeric Cu2+ as well, whereas signal K is
represented by two features split by ca. 1030 G. The latter is characteristic for Cu2+-ion pairs, since
the coupling between the two unpaired electrons becomes significant at a certain distance, resulting
in a splitting of the spin system into a paramagnetic triplet state (S = 1) and a diamagnetic singlet
state (S = 0).[268] At zero magnetic field, the former is again split by the anisotropic exchange
interaction, which leads to one forbidden (∆MS = 2) and two allowed (∆MS = 1) transitions
(Figure A.27b). In the spectrum, only the two perpendicular components of the allowed transitions
of signal K appear, but with unresolved hyperfine splitting to the two Cu nuclei (I = 3/2), which
would give rise to seven lines (1:2:3:4:3:2:1) for equivalent nuclei.

It is plausible that signals C and K appear due to line narrowing upon reduction of the other
Cu2+ species causing decreased dipolar interactions. Hence, the appearance of signal K in the
EPR spectra may indicate an efficient reduction of the oxidized Cu clusters. This happens in
Cu/Au-SP only under UV-light irradiation in H2O/MeOH.

Figure A.27: a) In situ EPR spectra of Cu/Au-SP in H2P/MeOH (red) and after subsequent irradiation
with visible (green) and UV light (blue) for 20 min. To extract the different Cu2+ species, difference spectra
are displayed resulting by subtracting the spectrum of the visible-light-irradiated catalyst from that in the
dark (pink) or by subtracting the vis-spectrum from that under UV-vis light (brown). b) Energy-level
diagram for the spin–spin interaction of Cu2+ dimers.
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