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S-1. Synthesis

MnsOs nanodeposits were fabricated using a custom-built cold-wall CVD reactor.!
Mn(tfa).TMEDA (tfa = 1,1,1-trifluoro-2,4-pentanedionate; TMEDA = N,N,N’,N’-
tetramethylethylenediamine) was used as an innovative precursor, being an amenable
alternative with respect to classical Mn B-diketonates typically adopted in vapor deposition
processes.> The inherent advantages of such kind of molecular structures, along with the
compound synthesis and chemico-physical characterization data, have recently been reported.®
% In CVD experiments, the compound was vaporized at 65°C, and transported into the reactor
chamber by an electronic grade O flow [rate = 100 standard cubic centimeters per minute
(sccm)]. An independent O> flow (rate = 100 sccm) was separately introduced into the growth
chamber. Connection gas lines were maintained at 105°C throughout each deposition process
to avoid undesired precursor vapor condensation. The used Si(100) substrates (MEMC®,
Merano, Italy; geometrical area = 1x1 cm?) were cleaned prior to each deposition by washing
in deionized water with sulphonic detergent, rinsing in deionized water and subsequently in 2-
propanol, sonication in dicholometane and final rinsing in deionized water. At the end of each
growth experiment, specimens were cooled down under flowing O and subsequently used as-
prepared, avoiding any thermal treatment to prevent the thermally-activated transformation of
Mn3Qy4 into other Mn oxides.>®

Functionalization of Mn3O4 samples with gold nanoparticles was carried out by means of a
custom-built two-electrode radio frequency (RF) plasmochemical reactor (v = 13.56 MHz),’
using electronic grade Ar as plasma source (flow rate = 10 sccm). A gold target (BALTEC AG;
thickness = 0.1 mm; purity = 99.99 %) was fixed on the RF electrode, and supported MnzO4
specimens were mounted on a second grounded electrode (T = 60°C). Basing on a preliminary
screening of processing parameters, the use of RF-powers and sputtering times higher than the

present ones (5 W and 30 min, respectively) was intentionally avoided, in order to prevent the



fabrication of compact systems with an excessive gold loading and a reduced active area, that

could have a detrimental influence on material functional performances.®

S-2. Characterization

S-2.1. Atomic force microscopy (AFM)

Figure S1. 2 um x 2 um AFM micrographs for MnzO4 and Au/Mn3zO4 specimens supported
on Si(100).



S-2.2. X-ray diffraction (XRD)

(220)

Au/Mn;0,

Intensity (a.u.)

20 25 30 35 40 45 50
28 ()

Figure S2. GIXRD patterns of Mn3O4 and Au/Mn3O4 samples collected at an incidence angle
of 1.0°.



S-2.3. Transmission electron microscopy (TEM) and energy dispersive X-ray

spectroscopy (EDXS)
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Figure S3. (a) HAADF-STEM micrograph of an Au/Mn304 sample. Z-contrast allows to
differentiate the Si(100) substrate, the Mn3O4 region and the near-surface one. The coloured
boxes correspond to EDXS spectra obtained: (b) in the outermost region, where Au
nanoparticles are mainly concentrated. The presence of carbon in the outermost sample region
arises from the glue used for the cross-sectional preparation process; (c) in the Mn3O4 deposit;

(d) in the Si(100) substrate, where a minor O signal is also observed.



S-2.4. X-ray photoelectron spectroscopy (XPS)

The first step in XPS spectral analysis consists in the identification of all photopeaks related to
the different elements contained in the target samples. Nevertheless, in some cases the overlaps
of photoelectron peaks originating from different elements may complicate the analytical
process. This was the case of Au/Mn304 samples, in which the most intense Mn2p and Au4f
signals were overlapping with the Audpi. spin orbit component and the Mn3s peaks,
respectively, because of the very similar binding energy (BE) values.®>*° In the case of Au,
quantitative analyses can be carried out using the interference-free Au4dds,, line.! Regarding
manganese, the Mn3p peak could, in principle, be utilized, but the appreciable BE difference
with the O1s peak would imply the analysis of photoelectrons with different escape depths,
affecting thus the O/Mn ratio.*?

To overcome the above problem and quantify both Au and Mn atomic percentages (at. %) in
the case of Au/Mn3O4 systems, the following procedure was adopted, in line with a previous
study.™® The Audpu2/Audds,, area ratio can be obtained by the corresponding sensitivity factor

ratio, S(Audp1/2)/S(Audds;), according to the following relation:

A(AU4P12)/A(AUAds2) = S(AU4p12)/S(Audds)) (S1)

Since Au4dds, area can be directly measured from the spectra, Audpi/, area can be estimated
provided that the S(Au4p1/2)/S(Audds,) ratio* is known. Subsequently, Mn2p area [A(Mn2p)]
can be computed by the area difference of the [A(Mn2p) + A(Audpi2)] and A(Au4dpis) signals,

and used for the calculations of atomic percentage (at. %) values according to the relation:®

i J 5 (S2)
where Ci, Ai and S; represent the at. % value of the i element, the area of the corresponding

photopeak and the sensitivity factor, respectively.
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Figure S4. (a) Surface XPS wide-scan spectra for Mn3O4 and Au/Mn3O4 nanodeposits. The
O1s (b) and Mn3s (c) photopeaks for a MnzO4 sample are also displayed. In the case of O1ls,
the two components resulting from peak fitting are also displayed.



S-2.5. Photoreforming experiments for Hz production

Photoreforming experiments were carried out without the application of any external bias,
using a previously described experimental apparatus.*® Illumination was performed using a
solar simulator (LOT-Oriel) equipped with a 150 W Xe lamp, using an Atmospheric Edge filter
in order to exclude the contribution of UV photons (A < 300 nm). The light intensity for
simulated sunlight experiments, measured by a radiometer, was ~25 and ~180 mW c¢m2 in the
250-400 nm and 400-1000 nm spectral ranges, respectively. All tests were performed with the
photoreactor immersed in a thermostatic bath at 25°C. Samples were immersed in a
ethanol:water 1:1 volume mixture and the system was flushed with Ar in the dark until air was
no longer detected by gas chromatrography (GC) analysis. During illumination, the evolved
hydrogen was removed from the solution by an Ar flow (15 mL min™) and detected on-line by
an Agilent 7890 GC apparatus, equipped with a 10 way-two loop injection valve. Hz analysis
was performed by means of a Carboxen 1010 PLOT column (Supelco, 30 m x 0.53 mm ID, 30
um film) connected to a Thermal Conductivity Detector (TCD), using electronic grade Ar as
carrier gas. The yield data were normalized for the geometrical area of the target samples (see
above). Preliminary control tests evidenced the absence of any appreciable H> photogeneration
in the dark and/or in the absence of the photocatalysts.

Solar-to-Fuel Efficiency (SFE) values were calculated using the following equation:6-18

SFE = %xlOO (S3)

where AE corresponds to the amount of photoproduced Hz (mol s cm?) multiplied by
hydrogen combustion enthalpy (285.8 kJ mol™?), and S represents the total incident solar

irradiance (W cm).
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Figure S5. Sketch of the photoactivity enhancement mechanism for Au/Mn3O4 nanosystems
under simulated sunlight. CB, VB and Eg: conduction, valence band edges and energy gap of
Mn304.3%° The redox potential of the H*/H; couple at pH = 7.0, corresponding to the presently
adopted conditions, is marked by a horizontal green dashed line. The blue dashed line indicates

the Fermi level position for gold nanoparticles.?

The scheme in Figure S5 is a simplified representation of ethanol photoreforming mechanism.
As a matter of fact, the oxidation of ethanol to acetaldehyde can proceed either by direct

reaction of ethanol with the holes photogenerated in MnzO4 (h*):

CHsCH20H + 2h* — CH3CHO + 2H* (S4)

or by ethanol dissociative chemisorption on Mn3Oa, forming ethoxy radical species that are

subsequently oxidized to acetaldehyde:?22
CH3CH20-H + Mn—O¢) — CH3CH20-Mns) + H-Og) (S5)

CHsCH;0" + h* — CHsCHO + H* (S6)



where Mn) and Ogs) are surface Mn and O atoms in Mn3O4. Alternatively, even a process
mediated by H>O can occur, in which oxidation is carried out by hydroxyl radical species,

formed by reaction of water with photogenerated holes:
H.O +h™ — H"+ 'OH (S7)
CH3CH20H + 'OH +h" — CH3CHO + H,0 + H* (S8)

The produced H* ions can then lead to Hz formation:

2H" + 26 — Hy(g) (S9)
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Figure S6. H. production rates per unit area in recyclability tests over Au/MnzOs in
photoreforming of ethanol/water solutions upon simulated sunlight irradiation. Between two
consecutive cycles (vertical bars in the figure), samples were rinsed with ethanol and the

solution was replaced. The catalytic run was repeated as described in the experimental details.
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S-2.6. Characterization of Au/Mn3Os catalysts after use

Figure S7. Characterization of an Au/Mn304 specimen after photoreforming experiments for

hydrogen production. Plane-view (a) and cross-sectional (b) FE-SEM images.
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