
Oxygen reduction reaction on Pt-nanowires 

synthesized in a superfluid helium

Kochergin Valeriy Konstantinovich1, Manzhos R.A.1, Krivenko A.G.1, Karabulin A.V.1,2, Matyushenko V.I.3

1 Institute of Problems of Chemical Physics of Russian Academy of Sciences, Chernogolovka, Russia

2 Joint Institute for High Temperatures of Russian Academy of Sciences, Moscow, Russia

3 Chernogolovka Branch of the N.N. Semenov Federal Research Center for Chemical Physics of Russian Academy 

of Sciences, Chernogolovka, Russia

e-mail: kocherginvk@yandex.ru

Net structures formed by ultrathin (3–4 nm in

diameter) long platinum nanowires (Fig. 1) obtained

via the method of laser ablation from a platinum target

in a superfluid helium at T < 1.5 K and deposited on

the surface of a glassy carbon (GC) electrode were

demonstrated to possess a high specific catalytic

activity towards the oxygen reduction reaction (ORR)

along with an outstanding long-term stability.

Fig. 1. TEM images of Pt-nanowires at different scales.

Fig. 2. Linear sweep voltammetry in an air-saturated solution of

0.1M KOH for the Pt-GC (1) and Pt/С electrode (2); ω = 2000 rpm,

ν = 10 mV/s. The inset shows relevant Koutecký-Levich plots at

–600 mV.

Fig. 2 demonstrates voltammograms measured in

an air-saturated solution of 0.1M KOH for the

composite electrode (Pt-GC) and a commercial

Pt/Vulcan XC-72 catalyst, 40 wt. % Pt (Pt/C) at

ν = 10 mV/s and ω = 2000 rpm. The curve obtained on

the Pt-GC electrode is close in shape to that of Pt/C

catalyst loaded onto the GC electrode, although the

limiting diffusion current is somewhat lower and

formally corresponds to the electron transfer number

of ca. 3. At the same time, the dependencies of the

ORR current density at –600 mV on ω plotted in the

Koutecký-Levich coordinates (inset in Fig. 2)

demonstrate close slopes corresponding to the electron

transfer number of ca. 4.

The difference between the corresponding ORR

limiting currents and overpotential values on the GC

completely covered with Pt/C and Pt-GC electrode is

apparently due to the size effect arising from the ratio

of the diffusion layer thickness and the average

distance between the ORR active centers, which was

ca. 15 μm. Therefore, the average distance between

the ORR active centers, which are nanowires, is

somewhat larger than the thickness of the diffusion

layer, and for this reason, the ORR current on this

electrode is less than that on Pt/C.

Durability tests have demonstrated a relatively high

stability of the limiting diffusion current and the shape

of the voltammograms for the Pt-GC electrode, which

may be due to the difficulty of both the deallocation of

extended objects and their agglomeration on the

surface of GC.

The study was carried out in the framework of the

State Assignment no. АААА-А19-119061890019-5.


