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Control experiment – Pt and Re NPs synthesized at other pH conditions 

  

The synthesis of Pt was also performed at acidic pH (without adjusting it with NaOH), leading to nanoparticles 

having larger sizes with a non-uniform size distribution, which were more agglomerated (Fig. S1). The obtained 

nanoparticle suspension was not stable and the nanoparticles precipitated after a few hours. STEM observations 

of Re NPs synthesized at different pH values (Fig. S2) were performed. It turned out that during a synthesis 

conducted in an acidic environment, no nanoparticles are formed and only their jagged parts are present in the 

solution. On the other hand, in basic environment strongly agglomerated islands of nanoparticles on a TEM grid 

were obtained – therefore such highly agglomerated particles are not suitable for combining them with others. In 

the case of metallic nanoparticles (Re and Pt), TEM was sufficient to show that the synthesis carried out under 

other pH conditions leads to obtaining nanoparticles with non-uniform particle size distribution, larger sizes and 

often more agglomerated. 

 

Fig. S1 Platinum nanoparticles synthesized in acidic pH. 

 

mailto:elzbieta.drzymala@ifj.edu.pl


2 
 

 

Fig. S2 Rhenium nanoparticles synthesized at various pH values: a) pH = 3, b) pH = 8, c) pH = 12. The scale bar 

corresponds to 2 nm in all pictures 

 

XPS analysis 

 

XPS analysis provided information about the potential catalyst surface composition. The oxidation states of Pt, 

Re, and Sn were studied by XPS following the Pt 4f, Re 4f, and Sn 3d transitions, respectively. Figure S3 shows 

the Sn 3d XPS spectra obtained for binary ReSnO2 (a) and PtSnO2 (b), as well as for the ternary PtReSnO2 (c) 

combinations of NPs. The spectra are similar for all samples and display two main component peaks with 

respective binding energies of 487.25 eV and 495.5 eV. The Sn 3d spectra can be deconvoluted into three 

doublet peaks attributed to Sn-C at 494 and 485.3 eV, Sn (II/IV) at 495.7 and 487.3 eV and Sn4+-Cl at 497.05 

and 488.6 eV. The peaks at 495.7 and 487.3 eV originated from tetravalent tin proving the formation of SnO2. 

Discriminating between Sn (II) and Sn (IV) oxides is difficult, because both species appear at very close binding 

energies. The Sn-C peak originates from the interface with the Vulcan XC-72R carbon support. The Sn4+-Cl 

peak is related to the tetravalent tin surrounded by chlorine. Most probably bivalent tin was oxidized to 

tetravalent tin, however the final product, which is SnO2 was not formed. Instead, tin was attached to chlorine. 

The electron states of tin on the surfaces of all analyzed samples are similar. The Re 4f spectrum profile is 

displayed in Fig. S3d. The XPS signal can be deconvoluted into three doublet peaks at BEs of 48.2 and 46.1 eV, 

44 and 46.3 eV, 42.65 and 44.95 eV. The deconvoluted peaks centered at 42.65 and 44.95 eV are attributed to 

Re0, although the BE is about 1.5 eV higher from the highest energy observed for metallic rhenium. It is related 

to the small size (~1 nm) of rhenium nanoparticles, confirmed by TEM images (Fig. 1 and Fig. 2); this is the so-

called initial state effect. The other two components originate from Re7+ and Re4+, respectively, which can be 

attributed to the presence of rhenium oxides (orange dashed line and blue dotted line in Fig S3d). The spectrum 

of Pt 4f contains doublets of 4f7/2 and 4f5/2 (Fig. S3e,f). Two paired peaks were obtained by the deconvolution of 

Pt 4f, which could be assigned to metallic Pt and Pt2+ species, respectively. Clearly, the Pt 4f in PtSnO2/C had 

binding energies (BEs) of 74.70 and 71.40 eV for metallic Pt in 4f5/2 and 4f7/2 doublets, respectively. In case of 

PtReSnO2/C the BEs were 74.60 and 71.30 eV for Pt0 in 4f5/2 and 4f7/2. The negative shifts in the BE could 

indicate the expansion of the Pt lattice parameter due to the incorporation of larger Sn atoms. Moreover, this 

could be related also to the presence of a peak from Pt2+-O-Sn at BE=72.3 eV (red dashed line in Fig. S3e,f) 

(Drawdy et al. 1990). 
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Fig. S3 XPS spectra of Sn 3d in (a-c) for PtReSnO2, PtSnO2 and PtSO2, respectively, (d) Re 4f in PtReSnO2 and 

ReSnO2, Pt 4f in (e) PtSnO2 binary and (f) PtReSO2 ternary nanoparticle combinations. 
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