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Chemicals and catalysts. 2,5-Dimethyltetrahydrofuran (DMTHF, cis/trans isomer
mixture, 96%), Cs,CO; and H3;PW ;049 hydrate (99%) were purchased from Sigma-
Aldrich. Aerosil 300 silica support (Sger = 300 m?g!) was from Degussa.

CsPW was prepared according to the literature procedure! and vacuum dried at 150
°C/1073 kPa for 1.5 h. Supported Pt and Au catalysts were prepared by wet impregnation of
CsPW or Aerosil 300 silica (SiO,;) with aqueous solutions of H,PtCls or HAuCly, as
described previously.?# The preparation involved stirring the aqueous slurry at 50 °C for 2
h, rotary evaporation to dryness and reduction with H, flow at 250 °C for 2 h. Supported

bimetallic PtAu catalysts were prepared similarly via co-impregnation of CsPW or SiO,
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with H,PtCls and HAuCl, from aqueous solution with reduction by H; as above. Pt and Au
loading in these catalysts was determined by ICP-OES. Physical mixtures of Pt, Au and
PtAu catalysts with CsPW and SiO, were prepared by grinding the catalysts with CsPW and
Aerosil 300 silica to 40—180 um particle size. Information about the catalysts prepared is

presented in Table 1 in the main text.

Techniques. The surface area and porosity of catalysts were determined from nitrogen
physisorption measured on a Micromeritics ASAP 2010 instrument at —196 °C. Before
measurement, the samples were evacuated at 250 °C. Inductively coupled plasma optical
emission spectroscopy (ICP—OES) elemental analysis was carried out on a Spectro Ciros
optical emission spectrometer. Powder X-ray diffraction (XRD) patterns of catalysts were
recorded on a PANalytical Xpert diffractometer with CuKa radiation (4 = 1.542 A) and
attributed using the JCPDS database. High-angle annular dark-field scanning transmission
electron microscopy (HAADF-STEM) images were obtained on a spherical aberration-
corrected JEOL 2100 F microscope at an accelerating voltage of 200 kV. Energy dispersive
X-ray spectroscopy (EDX) mapping was performed using JEOL Silicon Drift Detector
DrySD100GV with a solid angle of up to 0.98 steradians from a detection area of 100 mm?.
The STEM—EDX work was performed in the Albert Crewe Centre for Electron Microscopy,
a University of Liverpool Shared Research Facility (SRF).

Platinum dispersion, D, in supported Pt and PtAu catalysts defined as the Pt fraction
at the surface of platinum particles, D = Pty/Pty., was measured on a Micromeritics
TPD/TPR 2900 instrument using H,/O, titration pulse method in a flow system at room
temperature as described previously.>* The D values were obtained assuming the
stoichiometry of H, adsorption Pt;O + 1.5 H, — Pt,;H + H,0.3% Adsorption of H, on PtAu

catalysts was attributed entirely to platinum as Au did not adsorb H, under such



conditions.”* The average diameter of Pt particles, d, was obtained from the empirical
equation d (nm) = 0.9/D.° The size of Pt and Au particles was also estimated from STEM

images and XRD using the Scherrer equation.

Catalyst testing. The HDO of DMTHF was carried out in a gas-solid system at 90 °C in
flowing H, at ambient pressure using a down-flow fixed-bed microreactor (9 mm internal
diameter) fitted with an on-line GC analysis as described elsewhere.” DMTHF was fed by
passing H, flow controlled by a Brooks mass flow controller through a saturator, which held
the liquid substrate at 0 °C to maintain the chosen DMTHF partial pressure of 2,3 kPa. The
gas feed entered the reactor at a flow rate of 20 ml min-'. The catalyst bed (0.20 g total
weight) contained a uniform physical mixture of powdered catalyst components (45-180
um particle size). Prior to reaction, the catalysts were pre-treated in situ for 1 h at the
reaction temperature in H, flow unless stated otherwise. Reactions were carried for 3 h time
on stream (TOS); each run was reproduced at least twice. Product selectivity was defined
on the carbon basis as moles of product formed per one mole of substrate converted and
quoted in mole per cent. The mean absolute percentage error in conversion and selectivity
was < 5% and the carbon balance was maintained within 95%. The initial reaction rate (R)
based on total Pt weight in the catalyst was calculated as R = XF/W (mol h-'g-!), where X is
the fractional conversion at 1 h TOS, F (mol h-!) is the inlet molar flow rate of DMTHF and
W is the weight of Pt (g) in the catalyst. The initial turnover frequency (TOF) was calculated
as the initial reaction rate per surface Pt site, TOF = R/D (h'!), using the values of Pt

dispersion D from Table 1.



STEM-EDX images

STEM-HAADF Au Au + Pt

25 nm 25 nm 25 nm

STEM-HAADF Au Pt Au + Pt

20 nm 20 nm 20 nm 20 nm

Fig. S1 HAADF-STEM images of 6.6%Pt/5.9%Au/SiO, catalyst and the corresponding STEM—EDX elemental maps
showing the spatial distribution of Au (red) and Pt (green) in the sample.
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Fig. S2 Powder XRD patterns: 6.5%Au/Si0,, 6.0%Pd/SiO, and 5.6%Pd/5.9%Au/Si0,.
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