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Physical characterizations

Transmission electron microscopy (TEM) images were obtained to get information about the particles 

size of the metal nanocatalysts on a JEOL 200 kV TEM instrument. More than 300 particles were 

measured to get the integrated information about the catalyst. For TEM analysis, the samples were 

prepared by ultrasonically suspending the catalyst powder in ethanol. The drops of the nanoparticle 

solutions were cast on the 400-mesh copper grid covered with a continuous carbon film. The excess 

solution was then removed with an adsorbent paper, and then the samples were dried under a vacuum 

at room temperature before the analysis. 

X-ray diffraction (XRD) was obtained with a Panalytical Emperian diffractometer with Ultima + 

theta-theta high resolution goniometer equipped with a Cu K  source operating at 40 kV and 40 mA 

generator. The angular resolution in the 2θ-scans was 0.02◦ for the wide-angle 2θ-scans. The scan 

range is from 10◦ to 90◦, and the scan rate was 4◦ min-1. 
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X-ray photoelectron spectroscopy (XPS) analysis was applied to identify the possible differences 

among the oxidation states of the metals in the prepared catalysts. Specs spectrometer was used for 

XPS measurements using Kα lines of Mg (1253.6 eV, 10 mA) as an X-ray source.  All lines were 

referenced to the C 1s line at 284.6 eV. Peak fittings were done using a Gaussian function.

Electrochemical measurements

Electrocatalytic measurements have been carried out using microcomputer-controlled 

potentiostat/galvanostat (Gamry Interface 1000). A glassy carbon electrode of 3 mm in diameter was 

carefully polished with alumina powder until a mirror finish was obtained. Then, the electrode was 

ultrasonically cleaned with methanol and deionized water alternant and dried in the air at room 

temperature. In order to prepare the catalyst ink, 1 mg of the catalyst was dispersed into 40 µL 0.5 % 

Nafion solution and 2 mL deionized water and ultrasonically treated for 30 min. 2 µL of the dispersion 

was coated on the GCE with a micropipette and let it dry in air. A conventional, three-electrode cell 

consisting of the GC (glassy carbon) working electrode, Pt wire, as counter electrode, and Ag/AgCl 

reference electrode was used for the cyclic voltammetry (CV) and chronoamperometry (CA) 

experiment. The CV and CA experiments were performed in 0.5 M H2SO4 solution in the absence and 

presence of 1M formic acid at a scan rate of 50mVs-1. The cyclic voltammograms and 

chronoamperometry of Pt NPs/TPrA@VC-AC, Pt NPs/TPrA@VC and Pt NPs/TPrA@AC catalysts 

for the electro-oxidation of formic acid were recorded at a sweep rate of 50 mVs-1in 0.5 M H2SO4 + 1 

M formic acid.

Table S1. Average crystallite platinum particles size determined by (a) X-ray line broadening, (b) 

transmission electron microscopy.

a (nm) b (nm)

Pt NPs/TPrA @AC ~4.452 4.35

Pt NPs/TPrA@VC ~3.871 4.01

Pt NPs/TPrA@VC-AC ~3.659 3.63
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Table S2  Pt 4f7/2 core binding energy, eV, in the prepared catalyst. The number in the parentheses is 

the relative intensities of the species.

Table S3.The comparison of particle size, ECSA, CSA and Pt utilization for the prepared catalysts 

with commercial Pt catalyst.

Pt 4f7/2 Pt 4f7/2 Pt 4f7/2

Pt(0) Pt(IV) Pt(II) Pt(0)/Pt(IV+II)

Pt NPs/TPrA@AC 71.0 (81.1) 74.4 (8.4) 72.2(13.7) 3.52

Pt NPs/TPrA@VC 71.1 (81.8) 74.5 (9.8) 72.5(14.2) 3.16

Pt NPs/TPrA@VC-AC 70.9 (83.1) 74.2 (7.3) 72.4(9.6) 4.92

Particle 

Size (nm)

ECSA 

(m2/g)

CSA 

(m2/g)

Pt utility 

(%)
Pt NPs/TPrA@AC ~4.452 43.66 62.98 69.32

Pt NPs/TPrA@VC ~3.871 54.78 72.43 75.63

Pt NPs/TPrA@VC-AC ~3.659 66.67 76.63 87.01
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Fig S1 TEM image of Pt NPs/TPrA@VC 

Fig S2 TEM image of Pt NPs/TPrA@AC
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Fig. S3 Cyclic voltammetry curves of monodisperse Pt NPs deposited on VC, AC,  and VC-AC in 0.5 

M H2SO4 solution. Scan rate 50 mV s−1.


