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Calculation of Theoretical Cell Voltage E0cell

2 CH3OH + 3 O2  2 CO2 + 4 H2O   (E0
cell = 1.19 V) (S1)

Δ𝐺0 =‒ 𝑛𝐹𝐸 0
𝑐𝑒𝑙𝑙 (S2)

The theoretical cell voltage E0
cell for methanol oxidation according to Equation (S1) is calculated 

from the change of Gibbs energy ΔG0 based on Equation (S2). The other parameters in the equation 

are the number of transferred electrons n = 6 and the Faraday constant F =96485 C/mol. ΔG0 is 

calculated according to Equation (S3). The standard reaction enthalpy ΔH0 is calculated by the 

difference of the sum of the product and educt standard molar enthalpies of formation H0
f 

(Equation (S4)). The standard reaction entropy ΔS0 is calculated by the difference of the sum of 

the product and educt standard molar entropies S0 (Equation (S5)).

Δ𝐺0 = Δ𝐻0 ‒ 𝑇Δ𝑆0 (S3)

Δ𝐻0 =∑𝐻 0
𝑓,𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑠 ‒∑𝐻 0

𝑓,𝐸𝑑𝑢𝑐𝑡𝑠 (S4)

Δ𝑆0 =∑𝑆 0
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑠 ‒∑𝑆 0

𝐸𝑑𝑢𝑐𝑡𝑠 (S5)

The standard molar enthalpies of formation and standard molar entropies for the products end 

educts of methanol oxidation to CO2 according to Equation (S1) are listed in Table S1. From this, 

the theoretical cell voltage E0
cell can be calculated to E0

cell = 1.19 V at T = 298.15 K if all products 

and educts are in gaseous state.



Table S1: Standard molar enthalpies of formation and standard molar entropies at 298.15 K for the products 

and educts of methanol oxidation.[1]

Compound H0f in kJ/mol S0 in J/mol*K

CH3OH -201 (aq:-239.2) 239.9 (aq: 126.8)

O2 0 205.2

CO2 -393.5 213.8

H2O -241.8 (aq:-285.8) 188.8 (aq: 70)



EDX Quantification of loaded PS111-b-P4VP96 micelles and Pt@TiO2

Figure S1: STEM micrograph of PS111-b-P4VP96 micelles after loading with TiCl4 and H2PtCl6∙6H2O (a,c). 
HAADF-STEM micrograph of Pt@TiO2 structures after calcination at 500 °C under air and reduction at 
400 °C in 10 vol.% H2 in N2 (b,d). Comparison of Ti:Pt atomic ratio and mass ratio based on the EDX 
quantification (e). The circles in the micrographs mark the regions, which were used for EDX quantification.



STEM Characterization of Pt@TiO2

Figure S2: HR-STEM micrograph of Pt@TiO2 nanocomposites after calcination at 500 °C under air and 
reduction at 400 °C in 10 vol.% H2 in N2. The red markings show the small platinum nanoparticles in the 
space between the Pt@TiO2 structures (a). Particle size distribution of the small platinum nanoparticles in 
the space between the Pt@TiO2 structures (b).

Figure S3: HR-STEM micrographs of Pt@TiO2 nanocomposites after calcination at 500 °C under air (a,b) 
and subsequent reduction at 400 °C in 10 vol.% H2 in N2 (c,d).



HAADF-STEM Characterization of Pt/XC72

Figure S4: HAADF-STEM micrographs of the Pt/XC72 reference catalyst (a-c). Particle size distribution of 
the platinum nanoparticles (d).



XPS results of Pt@TiO2 and Pt/XC72

Table S2: Binding energies, full width at half maximum (FWHM) and relative intensities of the different 
platinum species from the Pt4f XPS signal of Pt@TiO2 and Pt/XC72.

Material Species Binding energies of Pt4f7/2 (eV) FWHM (eV) Relative intensities (%)

Pt@TiO2 Pt0 70.9 1.3 89.6

Pt2+ 72.3 1.3 7.4

Pt4+ 73.5 1.3 3

Pt/XC72 Pt0 71.7 1.6 77.3

Pt2+ 73.7 1.8 16.2

Pt4+ 75.4 1.8 6.5

Table S3: Binding energies and FWHM of Ti4+ species from the Ti2p XPS signal of Pt@TiO2. No Ti3+ species 
were detected.

Material Peak Binding energy of Ti4+ (eV) FWHM (eV)

Pt@TiO2 Ti2p3/2 458.8 1.4

Ti2p1/2 464.5 2.2



XPS of Pt-NA

Figure S5 (a) shows a platinum nanoarray (Pt-NA) on ITO coated glass, which was processed in 

the same way like the Pt@TiO2 nanocomposites with the exception that no TiCl4 was used in the 

synthesis. After dip-coating on ITO coated glass, the sample was calcined at 500 °C under air, 

followed by reduction at 400 °C in 10 vol.% H2 in N2. Figure S5 (b) shows the XPS measurement 

of the Pt4f signal and the peak deconvolution of Pt-NA on a silicon wafer. Based on the fitting 

result, platinum is only present as Pt0 (98.4 at.%) with a binding energy of 71.2 eV.

Figure S5: HR-SEM micrograph of Pt-NA on ITO coated glass after calcination at 500 °C under air and 
reduction at 400 °C in 10 vol.% H2 in N2 (a). XPS measurement and peak deconvolution of the Pt4f signal 
of Pt-NA on a silicon wafer after calcination at 500 °C under air and reduction at 400 °C in 10 vol.% H2 in 
N2 (b).



Pt@TiO2 on ITO coated glass

Figure S6: HR-SEM micrographs of Pt@TiO2 structures coated as monolayers on ITO coated glass after 
calcination at 500 °C under air and reduction in 10 vol.% H2 in N2: as-synthesized (a), after electrochemical 
measurements (Conditioning: 0.03-1.2 V vs. RHE, 0.1 M HClO4, 200 cycles; Methanol oxidation: 0.03-
1.2 V vs. RHE, 0.1 M HClO4 + 1 M MeOH, 20 cycles (b).



Mechanism of formic acid and formaldehyde oxidation

Similar as for the oxidation of methanol on platinum, a dual-pathway mechanism is proposed for 

formic acid and formaldehyde oxidation.[2–4] A non-CO pathway, leading to weakly adsorbed 

intermediates, and the CO-pathway leading to strongly adsorbed CO.[2,4]

In case of formic acid the non-CO pathway leads to formate (HCOO-) as shown in Equation (S6) 

and (S7).[2,3] The CO pathway is shown in equation (S8), which then proceeds further as mentioned 

for methanol oxidation in Equation (6).

HCOOH + Pt  Pt-HCOO + H+ + e- (S6)

Pt-HCOO  Pt + CO2 + H+ + e- (S7)

HCOOH + Pt  Pt-CO + H2O (S8)

In case of formaldehyde, which is hydrated to methylene glycol in aqueous solution 

(Equation (S9)), formate is a possible intermediate for the non-CO pathway (Equation (S10) and 

(S11).[4] As mentioned for methanol and formic acid oxidation, there is a CO-pathway as shown 

in Equation (S12).

HCOH + H2O  H2C(OH)2 (S9)

H2C(OH)2  Pt-HCOO + 3 H+ + 3 e- (S10)

Pt-HCOO  Pt + CO2 + H+ + e- (S11)

H2C(OH)2  Pt-CO + H2O + 2 H+ + 2 e- (S12)
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