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The rise of green energy from renewable sources such as wind 

generation and demand. One innovative solution is the use of 

liquid organic hydrogen carriers (LOHCs) [1-5]. The basic idea 

behind LOHCs is that they can store hydrogen through a revers-

ible chemical process [1-5]. This method allows hydrogen to 

be stored and transported in liquid form at room temperature 

and normal pressure using the existing fuel infrastructure [4].

However, converting the chemical energy stored in LOHCs back 

into electrical energy presents a number of challenges. The 

two-step process of producing hydrogen in a dehydrogenation 

reactor and converting it to electricity in a proton-exchange 

membrane fuel cell (PEM-FC) is complex, expensive, space-con-

suming, and requires additional safety measures due to the 

handling of gaseous hydrogen [6]. In addition, the temperature 

required for the dehydrogenation reaction is much higher than 

-

A newer concept, electrochemically active LOHCs (EC-LOHCs), 

tackles these challenges (Figure 1) [6, 10, 11]. EC-LOHCs can 

be used directly in fuel cells where they are oxidized to release 

electrons and protons [6, 10, 11]. The isopropanol/acetone re-

dox pair is one of the most promising EC-LOHC systems [6, 10-

14]. A clever solution proposed by Sievi et al. combines conven-

tional LOHCs with EC-LOHCs through a transfer hydrogenation 

process [10]. This approach reduces the temperature difference 

between the dehydrogenation reactor and the fuel cell, signif-

Bimetallic Pt–Ru catalysts are the state-of-the-art for isopro-

panol fuel cells due to their high activity and resistance to ac-

etone poisoning [6, 10, 12]. Khanipour et al. found that these 

catalysts have a low overpotential peak for isopropanol oxida-

tion with an onset potential at 0.05 VRHE [12], which is about 

0.25 V lower than for Pt catalysts [6, 10, 12]. However, the 

exact reason for the high activity of Pt–Ru catalysts is not fully 

understood [6, 12]. It is speculated that the activity is related 

Here we reveal the nature of the active state of the Pt–Ru 

surface alloy catalysts responsible for the electro-oxidation of 

isopropanol at low potentials and demonstrate that it is possi-

ble to prepare surfaces completely dominated by these highly 

active sites. These model surfaces (Figure 2a) were prepared 

by a surface science approach using preparation methods 

studied in detail by H. Hoster and R. J. Behm [15, 16]. The 

surface composition of the model catalysts was characterized 

by synchrotron radiation photoelectron spectroscopy (SRPES) 

coupled with an ex situ emersion electrochemical cell.

First, the stability of the 0.5 ML Pt–Ru surface alloy catalyst was 

investigated under varying potentials in 0.2 M isopropanol and 

0.1 M HClO4 (pH=1). We found that increasing the potential be-

yond the oxidation potentials of Pt and Ru (1.2 VRHE) causes oxi-

dation of the surface, resulting in the formation of PtO and RuOx 

on the surface. Returning to 0.0 VRHE reduces the oxides back to 

the Pt0 and Ru0. We observed a shift and broadening of the Pt0 

peak, indicating the formation of ultra-small Pt aggregates. This 

implies that the electrochemical oxidation and reduction of the 

Pt–Ru alloy triggers a dealloying process (Figure 2b).

In the next step, we investigated the effect of the dealloying 

procedure on the catalytic activity by cyclic voltammetry and 

-

copy (EC-IRRAS). Prior to the dealloying procedure, the onset 

of isopropanol oxidation occurred around 0.5 VRHE with a peak 
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at ~0.75 VRHE. After dealloying, a new oxidation peak appears 

at a much lower overpotential (onset potential at 0.05 VRHE), 

forming acetone. Our work demonstrates that by tuning the in-

itial composition of the Pt–Ru surface alloy, we maximized the 

density of highly active Pt sites after dealloying.
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Fig. 2: Model approach for the investigation of electrochemical isopropanol ox-

0 

0 aggregates are associated with high 
and low overpotentials, respectively.
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