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1. Determination of the contact angle using the Washburn method 

The contact angle of water with each of the support materials was determined using the 

Washburn method.S1,S2 Prior to the experiments, the samples were not heat treated, but 

stored in a desiccator to ensure reproducible state of the material. In this method, the mass 

change is followed as a function of time: 
𝑚2

𝑡
= 𝐶𝑤 ∙ 𝜌2 ∙

𝛾

𝜂
∙ cos 𝜃  

With m mass increase of the sample due to liquid uptake 

 t time taken for the liquid rise into capillary. 

Cw capillary constant. 

ρ density of liquid. 

γ surface tension of liquid. 

η viscosity of the liquid. 

θ contact angle of the liquid on capillary walls. 

The capillary constant was determined by n-hexane, assumed to be fully wetting. The linear 

dependence of square of the mass increase with time was used to determine the capillary 

constant (see Table S.1). The various support materials will have various capillary constants as 

to the packing of these materials in the capillary depends on the particle size and shape. 

 

Table S1. Capillary constant for the different support materials 

.  TiO2(P25) γ-Al2O3 CeO2 MoO3 γ-Fe2O3 

CW, 10-6 cm5 2.14 2.35 0.79 1.06 1.81 

 

The determination of the contact angle of water with the support is not straight forward as 

the slope of the curve of the mass increase squared as a function of time may change (see Fig. 

S1). The slope can be determined using an integral method (i.e. directly from the measured 

mass increase at a given time) or a differential method (i.e. by determining the slope as a 

moving average). These two methods do not yield the same result. The reported contact angle 

of the support was determined by determining the initial slope using the differential method. 
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Figure S1. Mass uptake (on a logarithmic time scale) as a function of time and the 

determination of the contact angle of water using the Washburn methodS1,S2  

 

The measured contact angles are given in Table S.2. The main contribution to the variation in 

the determined contact angle is the variation in the packing (thus showing the influence of 

the packing on the capillary constant, which was assumed to be constant).  

The measured contact angle of water with γ-Al2O3 is in reasonable agreement with the 

reported one of 68.4o,S3 which was determined using the same method, but smaller than the 

contact angle measured using water droplets.S4 The reported contact angle of water with TiO2 

(P25) was determined to be 80.5o, well within the range of the reported (large) variability of 

the contact angle of water on P25.S5 The determined contact angle for ceria is in the expected 

range for the low Miller index surfaces of CeO2.S6  Molybdenum oxideS7 and maghemiteS8 are 
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more hydrophilic, and a contact angle of water of 63.5o (MoO3) and 65.3o (γ-Al2O3) were 

determined.   

 

Table S2. Contact angles of water with the various support materials 

.  γ-Al2O3 TiO2(P25) CeO2 MoO3 γ-Fe2O3 

Contact angle, o 73.8 ± 1.4 80.4 ± 2.1 78.3 ± 1.9 63.5 ± 4.5 65.3 

Heat of immersion, J/m2 -0.106 -0.956 -2.875 58.9 -0.198 

 

The contact angle measurements were complemented by heat of immersion measurements. 

The obtained values is a strong function of the level of hydration on the surface.S9-S11 The heat 

of immersion of CeO2 is rather high, which may be attributed to the change in the surface 

composition upon exposure to liquid water.S7 The measured heat of immersion of MoO3 in 

water shows that dissolution of molybdenum oxide has taken place. 
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2. NH3-TPD-profiles 

 
 

Figure S2. NH3-TPD profiles of the supported catalysts (solid curves) and the support materials 

(dotted curves) 
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3. Pt-particle size distributions 

 

 
 

Figure S3. TEM-images of the catalysts and the obtained particle size distributions by counting 

at least 100 particles (curves in the particle size distribution represent the best fit Gaussian 

distribution). 
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4. Dispersion of catalysts in water/benzyl alcohol mixture  

 

 
 

Figure S4. Micrographs of a platinum-based catalyst supported on various oxides suspended 

in an emulsion containing 93 mol-%H2O and 7 mol-% benzyl alcohol. 
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5. Reactor set-up and procedures 

The catalytic activity for the benzyl alcohol oxidation was tested in an autoclave (250 mL) filled 

initially 70 mL of liquid with an initial concentration of benzyl alcohol of 2.8 M in water and 

0.5 g catalyst. The reaction is thus carried out in a bi-phasic liquid system. The mixture was 

intensively stirred (850 rpm) and brought to the reaction temperature (either 90°C) with a 

heating rate of 10°C/min. The aerobic oxidation was performed by sparging air through the 

solution (100 mLn/min) keeping the total pressure above the reaction mixture at 5 bar (the 

effluent gas passed a condenser operating at -7°C with the liquid returning to the reaction 

vessel). Samples (0.1 mL) were withdrawn hourly from the reactor through a dip tube during 

the 5-hour run. The samples were homogenized using methanol and the organic products 

were separated using gas chromatography and analysed with an FID. 

 

 
Figure S5. Semi-batch reactor schematic for alcohol oxidation reaction. PIC: pressure control 

valves; TIC: temperature controller, MFC: Mass Flow Controller, PI: pressure indicator and TI: 

temperature indicator. 

 

A GC (Varian 3400 ) fitted with a flame ionization detector (FID) was used to analyse the 

organic compounds in the samples.  
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6. Benzyl alcohol conversion as a function of reaction time 

 

 
 

Figure S6. Benzyl alcohol conversion over Pt/TiO2(P25), Pt/-Al2O3, Pt/CeO2, Pt/MoO3 and 

Pt/-Fe2O3 as a function of reaction time in pure benzyl alcohol (left) and in a benzyl 

alcohol/water mixture containing 7 mol-% benzyl alcohol (right). Conditions: T = 90°C, p = 5 

bar, air flow rate = 100 mLn/min, mlcatalyst = 0.5 g, Vliquid = 70 mL). 
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7. Correlating the adsorption of water with the energy for the formation of a vacancy 

in the support materials 

 

 
 

Figure S7. Correlating the energy of adsorption of water on perfect surfaces and defect 

sitesS17-S20 with the oxygen vacancy formation.S13-S16 
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