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Abstract - One should expect that the fastest way to test 
the efficiency of any platinum-based electrocatalysts 
for oxygen reduction reaction (ORR) is a direct 
comparison of the corresponding current-potential (I-
E) curve, to the I-E curve obtained under identical, or 
at least close experimental conditions, on a smooth 
polycrystalline platinum (pcPt) electrode.  In this sense 
a question arises, whether the I-E curves of ORR on 
pcPt, obtained in different laboratories under identical 
or close experimental conditions, are satisfactorily 
reproducible.   

In order to answer this question, we collected almost 
all thus far published I-E curves of ORR on pcPt, and 
grouped them according to the criteria of equal or at 
least close experimental conditions. The extenuating 
circumstance in this sense  was the fact that  commonly  
ORR was investigated at room temperature in a rather 
limited group of electrolyte solutions, 0.1 M HClO4, 
0.05M H2SO4 and 0.1 M KOH (NaOH), to which this  
survey was  also limited.   

In an attempt to compare the reproducibility of I-E 
curves obtained by various authors in the same 
electrolyte solution, the main problem we encountered 
was the fact that the I-E graphs  published in the 
literature by various authors differed  ordinarily in 
clue aspects, e.g., in units of current (or current 
density) axis and reference potentials.  

To overwhelm this problem, in this work, the collected 

graphical data as appeared in the literature were 

carefully digitalized and uniformed to fit a common I-E 

coordinate system. These uniformed and tabulated data 

may help to the  researcher to save time in their  future 
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intention to compare their own I-E curves of ORR to 
the literature data.  

Apart of bringing the available literature data to an 
easily comparable form, this study demonstrated that 
the I-E curves of ORR on pcPt, published by various 
authors, do not overlap mutually, and thus a future 
effort of researchers is needed in order to decide,  
which among them, if any,  may be used as a standard 
one.  As a segment of this problem, the most probable 
value of limiting diffusion current of ORR was pursued. 
The usability of the data derived in this study was 
demonstrated by unveiling the significant experimental 
errors appearing in the literature related to ORR.     
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Introduction    

Platinum is known as the best single-component 
electrocatalyst for oxygen reduction reaction. Its plays 
nowadays an intrinsic role in the function of fuel cells. 
Urged by both insufficient world reserves and high 
price of platinum, many researchers attempted to 
improve platinum utilization. A common, trivial, way 
to enhance catalyst utilization consists simply in 
enlarging the real surface area per unit of mass [1,2]. 
This assumes the dispersion of the catalyst to 
nanoparticles, since the reduction of particle 
dimensions leads to the enlargement of the real surface 
area per unit of mass. To prevent nanoparticles of 
agglomeration, and keep simultaneously high electric 
conductivity being mandatory behavior of an electrode 
material, suitable electronically conductive support 
must be used. The most commonly used support of Pt 
nanoparticles is carbon black bearing the commercial 
name Vulcan®. A nontrivial ways to increase Pt 
utilization consist in the enlargement of catalytic 
activity per unit of real surface area normalized to pure 



Pt. There are literature reports that the enhancement of 
utilization was achieved by using platinum alloys 
(PtxFe, PtxNi) instead of pure platinum [3, 4]. The such 
achieved improvement was explained in terms of 
modification of surface adsorption properties through 
the modification of electronic properties under 
influence of alloying metal [3,4]. Another way of the 
improvement was achieved by surface modification of 
the supporting material – Vulcan, by forming the 
composites with transition metal oxides (TiO2 [5], 
NbO2 [6]) or carbides (WC [7]). This type of catalyst 
improvement was explained in terms of strong metal-
support interaction (SMSI) evidenced in many standard 
catalysis experiments [8,9].  

The activity of an electrocatalyst may be characterized 
by the exchange current density. However, in the case 
of ORR, the measurement of this parameter implies 
usually a big relative error, and often the authors in this 
field apply more simple and secure relative 
measurements: they compare the I-E curves of ORR in 
the whole potential range the reaction occurs: better 
catalyst is then the one which enables the ORR to 
occur at the potentials more close to the reversible 
potential of oxygen electrode. The I-E curve of smooth 
polycrystalline platinum was most often used as a 
reference curve [3,4]. This poses the question, to which 
extent is the I-E curve of ORR on polycrystalline 
platinum electrode unique and reproducible if obtained 
under identical experimental conditions, in order to 
justify its use as a standard one?  To answer this 
question, the available literature data on the I-E curves 
for oxygen reduction on smooth polycrystalline 
platinum were gathered, with the intention to compare 
them mutually. In that sense, first the selection of 
mutually comparable data was performed. Since 
majority of the recent studies relate to either 0.1 M 
HClO4 or 0.05 M H2SO4 as acidic and 0.1 M KOH or 
0.1 M NaOH as alkaline solutions, the first selection 
and grouping of the available data was based on the 
type of the electrolyte used, and the data were 
classified to correspond to the one of the listed 
electrolyte types. The second selection was made in 
relation to temperature: the data relating to room 
temperature only were taken into consideration. In 
spite of the fact that the studies of ORR published thus 
far in the literature are numerous, a very limited 
number of ones remained usable after this selection. 
The following task was the transformation of the 
available data to a mutually comparable form. Namely, 
the I-E curves were published exclusively in a 
graphical form, difficult to comparison, since usually 

different units of axes and different reference 
electrodes were used. To overcome this problem, 
graphical presentations were digitalized: the current 
axis, where needed, was transformed in current density 
axis, and all potentials were expressed with respect to a 
unique reference electrode- reversible hydrogen 
electrode. That enabled to use of a standard drawing 
programs to plot the data for I-E curves of various 
authors in a common coordinate system. Upon the I-E 
curves of various authors, relating to a selected type of 
electrolyte, were compared mutually, the conclusion 
was derived that they do not overlap mutually, and the 
reasons of this disagreement was discussed.  

 

Discussion 

A. Towards the reliable I-E curve of ORR on pcPt 
electrode in aqueous solution  

The ORR is an extremely slow electrode reaction, the 
kinetic parameters of which depend considerably on 
the state of electrode surface. On the other hand, the 
state of platinum surface is not easily controllable. This 
was demonstrated long ago, in the attempts to obtain 
reproducible potentiodynamic curve of Pt/electrolyte 
interface in the potential region of double layer 
response [10].       

The history of experiments with ORR on platinum 
surface contains many proposals of electrode 
pretreatments intended to provide reproducible results 
of electrochemical investigations. 

The reversible potential of oxygen electrode is 1.23 V 
versus reversible hydrogen electrode, and lies deeply 
inside the potential region in which the Pt surface is 
oxidized, while at the potentials close to the reversible 
potential of hydrogen electrode, the surface is free of 
oxide but covered with adsorbed hydrogen atoms 
[10,11]. Alternation of polarization steps between these 
two, or similar, potentials, in cyclovoltammetric (CV) 
experiments, cause successive formation and reduction 
of oxide layer, which enables surface reorganization 
and roughening. The deeper anodic polarization, the 
more surface changes are expressed [10, 11]. The 
experience of many authors indicated that after many 
repetitions of polarization cycles, the voltammetric 
response approaches a constant form. In a paper by 
Nekrasov et al. [12], for alkaline solutions, six cycles 
of pulse polarization switching between -200 mV and 
1.8 V versus reversible hydrogen electrode, finishing 
with a delay of 5 min at -250 mV, were proposed in 
order to provide reproducible I-E curves of ORR. More 



recently, Paliteiro et al. [13,14] found that such a 
treatment enabled indeed a reproducible I-E curves of 
ORR, but not identical to the ones reported by 
Nekrasov et al.[12]. It is interesting than no any of the 
treatments revealed the complete 4e- reduction path, 
achieved in many other cases in alkaline solutions 
[15,16,17].  Angerstein-Kozlovska [18] and Hoare [19] 
found  that 2M sulphuric acid solutions of extremely 
high purity was needed to achieve characteristic steady 
state shape of  cyclovoltammograms (CV) of pcPt in 
the voltage window of double layer response ( 0-1.5 V 
vs standard hydrogen electrode (NHE)). The 
achievement of reproducible CV diagrams was 
generally accepted as a main criterion of the reliability 
of further electrochemical investigation by other 
techniques, if taken up.  

Since the extensive investigation of mechanism of 
ORR on rotating Pt disc-ring electrodes were 
performed by Damjanovic et al. [20], the rotating 
electrode became a preferable tool of ORR 
investigation. These authos reported that the oxide 
layer on pcPt surface inhibits ORR, thus if one starts 
recording the I-E curve of ORR from reversible 
potential of oxygen electrode (cathodic scan direction), 
i.e with the oxidized surface,  the onset of measurable 
reduction current lags in relation to the current 
measured at the same potential under anodically 
directed potential  scan [20]. Thus, the scan direction is 
the parameter which influences the course of I-E curve 
of ORR and should be indicated in the publications.      
Since the discovery of Clavilier et al. [21] how to 
prepare large single Pt crystal surfaces suitable for 
electrochemical examinations, the electrochemistry on 
single crystal surfaces prevailed in the literature. That 
required sophisticated UHV techniques of surface 
investigation, which, in turn, helped to clarify the 
additional sources of irreproducibility of 
electrocatalytic behavior of platinum. The paper by 
Clavilier  [21] indicated that a part of problems of 
reproducibility of CV curves on pcPt originates from 
the fact that the catalytic activity of metal surface 
towards ORR depends on the crystallographic 
orientation of the surface, expressed through the Miller 
indices (hkl) [15,22]. If the pretreatment technique 
used changes the relative abundance of different 
crystallographic orientations that may influence the 
electrode kinetics. The thermal treatment of 
polycrystalline Pt-electrode (heating-cooling) leads to a 
generally closest packed and most stable Pt surface 
(111) with the contribution of (100) one [19]. 

Another source of irreproducibility is the dependence 
of the kinetics of ORR on the nature of the anions 
present in the electrolyte. Namely, the anions may 
adsorb specifically on platinum surface and concur to 
the adsorption of O2 or its reaction intermediates. For 
instance, the effectiveness of Pt catalyst was found to 
be lower in sulfuric acid than in perchloric one [31]. 
This is a well-known effect caused by adsorbed 
(bi)sulfate anions which block the sites available for O2 
adsorption [15, 23-29]. Since this feature is 
unavoidable, the data on ORR must be treated as 
specific for actual electrolyte solutions. The other side 
of the same feature is the remarkable influence of 
impurities on electrode kinetics. The presence of 
chlorides, originating, for example, from reference 
electrodes, may drastically reduce the kinetics of ORR 
in HClO4 solutions [30]. It is known that, generally, at 
each crystallographic Pt surface, the order of the 
adsorption strengths, expressed trough the enthalpy of 
adsorption, is F <Cl<Br<I [15]. On the today’s level of 
purification techniques, the prevention of the presence 
of impurities in water and other chemicals needed to 
prepare solutions, should not present a difficult task.    

The fact that nowadays the mostly used solutions in 
ORR investigations are 0.1 M HClO4, 0.05 M H2SO4 
and 0.1 M KOH (NaOH) was the reason to select these 
group of solutions for the purpose of this study.  Since 
no any I-E curve published by different authors were 
recorded under absolutely identical conditions, the less 
important differences in experimental conditions were 
tolerated, for example differences in electrode 
pretreatment and scan rate. The unique potential scale 
used in this study is the scale of reversible hydrogen 
electrode. The scale conversion was done by means of 
conversion tables found on the web page of 
electrochemical resources [32], and calculations on the 
basis of Nernst equation of reversible electrode 
potential. The conversion addend was noted where 
applied.   

  

i. ORR in 0.1 M HClO4 

Very recently, Stamenkovic et al. reported that in 0.1M 
HClO4 the surfaces of alloys Pt3Ni [3] and Pt3Fe [4] are 
more active for ORR in comparison to smooth pcPt. 
However, the working temperature was 333 K [3, 4], 
and thus these I-E curves were not suitable for the 
purposes of this study. In somewhat older reference,  
(Stamenkovic et al. [22]), the activities of these alloys, 
compared to the one of smooth pcPt rotating disc, were 
examined at 20 oC. Although the polarization rate used 



(50 mV/s) was somewhat higher than usual for rotating 
disc electrode, due to a small number of useful 
available data, these date were used into consideration. 
The electrodes were cleaned and characterized in a 
UHV system under pressure in the 10-10 Torr range 
[22]. The system was equipped with an angular-
resolving double pass cylindrical mirror analyzer with  

an electron source at its center. UHV cleaning 
procedures were done by repeating the sputtering-

annealing cycles with Ar ions and oxygen until Auger 
electron spectroscopy (AES) indicated that an ideally 
clean (carbon and oxygen free) surfaces were 
produced. The reference electrode used was RHE, and 
therefore no any translation of the data along the 
potential axis was needed. The I-E curves were 
obtained using anodic scan, and that obtained at the 
rotation rate of 1600 rpm was selected for 
digitalization.  The digitalized data were presented in 
Table 1.  

Sarapuu et al. [31], investigated the kinetics of ORR on 
thin platinum layers attached to a rotating glassy 
carbon disc and compared the data with the ones 
obtained on smooth bulk platinum rotating disc.  They 
ran the experiments at 20 oC at a polarization rate 10 
mV/s. The complete data related to polycrystalline 
platinum in 0.1 M HClO4 needed to present I-E curves 

in a tabulated form were found in the paper. Reference 
electrode was SCE, and the potential axis was 
transformed to the scale of reversible hydrogen 
electrode by subtraction 300 mV. The Pt electrode (A = 
0.2 cm2) was finished by polishing with a 0.05 m 
alumina slurry. After polishing, the electrodes were 
ultrasonically cleaned in Milli-Q (Millipore) water for 
5 min. Prior to the O2 reduction measurements, the 
electrodes were electrochemically pre-treated in the 
same solution by scanning the potential between −0.25 
and 1.15V for 50 cycles at 100 mV s−1. The authors 
claimed that this procedure enabled to obtain 
reproducible cyclovoltammograms characteristic of 
pure pcPt. The authors determined the real surface area 

Table 1:   I-E dependence for ORR on pcPt rotating disc  
in 0.1 M HClO4 at 1600 rpm – - tabulated data present 
the points taken from the graph published in [22] 
Table 2:  I-E dependence for ORR on pcPt rotating disc 
in 0.1 M HClO4  at 1900 rpm– - tabulated data present 
the points taken from the graph published in [31] 
  

Table  1  
 

E/V j 

0.06 -5.2 

0.1 -5.35 

0.14 -5.5 

0.18 -5.55 

0.22 -5.65 

0.25 -5.75 

0.29 -5.8 

0.34 -5.8 

0.37 -5.8 

0.41 -5.8 

0.45 -5.8 

0.49 -5.75 

0.53 -5.7 

0.57 -5.65 

0.61 -5.6 

0.65 -5.4 

0.68 -5.15 

0.72 -4.8 

0.74 -4.5 

0.76 -4.15 

0.78 -3.8 

0.79 -3.45 

0.8 -3.1 

0.82 -2.75 

0.83 -2.4 

0.84 -2.1 

0.855 -1.75 

0.87 -1.4 

0.884 -1.05 

0.9 -0.8 

0.925 -0.35 

0.96 -0.1 

1 0 

 

Table 2  

E /V j 

0.1 -6.1 

0.15 -6.15 

0.2 -6.18 

0.25 -6.18 

0.3 -6.2 

0.35 -6.2 

0.4 -6.2 

0.45 -6.2 

0.5 -6.2 

0.52 -6.2 

0.55 -6.18 

0.6 -6.12 

0.62 -6.1 

0.66 -6 

0.68 -5.9 

0.7 -5.75 

0.71 -5.7 

0.73 -5.5 

0.75 -5.25 

0.76 -5.05 

0.78 -4.5 

0.8 -3.95 

0.81 -3.5 

0.82 -3 

0.83 -2.7 

0.84 -1.95 

0.85 -1.7 

0.86 -1.3 

0.88 -0.7 

0.9 -0.35 

0.92 -0.15 

0.95 0 
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Fig 1. The I-E curves of ORR on pcPt electrode in 0.1 M 

HClO4: squares: anodic sweep, 50 mV s-1, 1600 rpm [22], 

circles: cathodic sweep, 10 mV s-1 , 1900 rpm [31] 



of Pt by charge integration under the hydrogen 
desorption peaks, assuming a charge of 0.210 mC cm−2 
for the electroactive Pt surface [2]. After potential 
cycling the electrodes were immediately transferred to 
an O2-saturated solution in another cell in order to 
avoid surface contamination in air. For O2 reduction 
measurements, the potential was held at 0.8V for 5 s 
and scanned between 0.8 vs SCE (1,1 V vs RHE) and  
−0.2V at 10 mVs−1. The authors published the I-E 

curve for ORR on pcPt, at a rotation rate of 1900 rpm 
only, and this curve, in tabulated form, was presented 
in Table 2.  In Fig. 1 the tables 1 and 2 were presented 
graphically. The curves indicate somewhat different 
kinetics in the range of kinetic control, and as expected, 
higher current density for higher rotation rate.      

The third usable I-E curve of ORR on pcPt in 0.1 M 
HClO4  was that published by Paulus et al. [33] within 
the study of ORR on Pt3Ni(pc) and Pt3Co(pc) dispersed 
on carbon black. The electrode cleaning performed in 
[33] was the same as that described in ref. [22], since 
the same laboratory was used for the experiments. The 
scanning rate of 20 mV s-1 and various rotation rates 
were used in the experiments. The I-E curve relating to 
the rotation rate of 1600 rpm, recorded in both anodic 
and cathodic scan directions were used for 
digitalization. Their digitalized form (table 3) were 
used to draw the  diagram in Fig. 2, together with the 
ones from [22] and [31] added for the sake of 
comparison. To avoid confusion, the last ones were 
presented by smaller dots.  

0.0 0.2 0.4 0.6 0.8 1.0

-6

-4

-2

0
 anodic scan [22]  
 cathodic scan[31] 
 anodic scan [33]
 cathodic scan [33]

j /
 m

A
 c

m
-2

E / V vs RHE

Fig. 2. The I-E curves of ORR on pcPt in 0.1 M HClO4 , at 
20 mV s-1, 1600 rpm, Δ-anodic scan, ▼- cathodic scan [33]. 
The data from Fig 1 [22,31] were added by smaller symbols. 

 

b. ORR in 0.05 M H2SO4 

The data for ORR on polycrystalline platinum in 0.05 
M sulfuric acid, obtained under mutually comparable 
conditions, are those found in refs. [20] and [31].  

Simultaneously to the I-E curve of pcPt in 0.1 M 
HClO4 described in the previous section, Sarapuu, et al 
[31] published the I-E curve of  O2 reduction on 
polycrystalline Pt electrode  in 0.05 M H2SO4. The 
electrode treatment was the same as described in the 
previous section [31]. The I-E curve for 1900 rpm, 10 
mV/s, cathode scan direction, was only presented. The  
 
 
SCE reference electrode was used, and the transition to 
the RHE reference electrode for the purposes of this  

Table 3:  I-E dependence for ORR on pcPt in 0.1 M 
HClO4 at 1600 rpm - tabulated data present the 
points taken from the graph published in [33]. Both 
sweep directions were considered. 

 
 

Table  3   
 

E/V j,anod. j,cathod. 

1 0 -- 

0.97 -0.1 -- 

0.95 -0.2 -- 

0.93 -0.35 -- 

0.91 -0.7 -- 

0.9 -0.9 -0.1 

0.89 -1.2 -0.15 

0.87 -1.8 -0.3 

0.85 -2.8 -0.5 

0.83 -3.5 -1.1 

0.81 -3.9 -1.8 

0.8 -4.15 -2.4 

0.78 -4.7 -3.2 

0.76 -4.95 -4 

0.74 -5.25 -4.8 

0.72 -5.45 -5.1 

0.7 -5.6 -5.3 

0.68 -5.65 -5.5 

0.65 -5.7 -5.6 

0.6 -5.7 -5.65 

0.55 -5.75 -5.75 

0.5 -5.8 -5.8 

0.45 -5.8 -5.8 

0.4 -5.8 -5.8 

0.35 -5.8 -5.8 

0.3 -5.75 -5.75 

0.25 -5.75 -5.75 

0.2 -5.7 -5.7 

0.15 -5.7 -5.7 

0.1 -5.65 -5.65 

 



study was made by 
addition of +0.34 V. The tabulated data obtained from 
the mentioned graph were presented in Table 4 and in 
Fig. 3. 

Damjanovic et al [20] used 0.05 M H2SO4 as the 
electrolytic media at room temperature to examine 
ORR on polycrystalline Pt rotating disk-ring electrode.  

Before measurements, the electrode was mechanically 
polished using 0.3 m alumina as a final polishing 
medium. Electrode was thoroughly washed before 
experiments with sulfuric acid and conductivity water. 
The electrochemical pretreatment consisted of 
potentiostating the disk electrode first at 1.4 V for 
about 1 min and then at 0.0 V for another minute. In 
Fig. 7 of the reference [2], the I-E curve for rotation 
rate 120(π) sec-1 (equivalent to 60 rps or 3600 rpm) was 
only presented. The potential of the disk electrode was 
changed discontinuously, point-by point, in steps of 50 
mV, in the potential range of 1.0-0.0, in the cathodic 
direction. The current axis units in ref. [20] were 
miliamperes. By means of known electrode surface 
which amounted to 0.178 cm2, current strength was 
converted in current density, mA cm-2, for the purpose 
of this study.  The reference electrode used by the 
authors was reversible hydrogen electrode, thus no 
conversion was needed. The tabulated data relating to 
I-E curve from ref. [20] were presented in Table 5. The 
Table 5 was presented graphically in Fig. 3, too. The 
difference between I-E curves presented in Fig. 3 in the 
region of limiting diffusion current is in sound with the 
differences in rotation rates (3600 vs. 1900 rpm). The 

difference in the potentials of the ORR onset of the 
magnitude order 100 mV illustrates the scatter of the 
measured data in different laboratories. 

 

Table  4:  I-E dependence for ORR on pcPt rotating 
disc in 0.05 M H2SO4 – tabulated  data present the 
points taken from the graph published in [31] for  
rotation rate 1900 rpm, polarisation rate 10 mV/s, and 
cathodic sweep direction 
 
Table  5 I-E dependence for ORR on pcPt rotating 
disc in 0.05 M H2SO4  - tabulated data present the 
points taken from the graph published in [20], for 
rotaton rate 3600 rpm, and  point-to point cathodic 
sweep with the increments of 50 mV. 

  

Table 4  

E/ V j 

0.14 -6.25 

0.19 -6.28 

0.24 -6.28 

0.29 -6.28 

0.34 -6.3 

0.39 -6.3 

0.44 -6.25 

0.49 -6.25 

0.54 -6.2 

0.56 -6.12 

0.59 -6.05 

0.61 -5.95 

0.64 -5.8 

0.66 -5.6 

0.68 -5.4 

0.70 -5.15 

0.72 -4.8 

0.75 -4.1 

0.77 -3.5 

0.79 -2.9 

0.80 -2.6 

0.82 -1.9 

0.84 -1.3 

0.86 -0.8 

0.89 -0.35 

0.91 -0.15 

0.94 -0.005 

 

Table  5   
 

E/V j 

0.9 0 

0.88 -0.112 

0.86 -0.225 

0.84 -0.337 

0.82 -0.561 

0.8 -0.955 

0.78 -1.404 

0.76 -1.966 

0.74 -2.416 

0.72 -2.865 

0.7 -3.427 

0.68 -3.933 

0.66 -4.438 

0.64 -4.775 

0.62 -5.393 

0.6 -5.843 

0.58 -6.180 

0.56 -6.517 

0.54 -6.798 

0.52 -6.910 

0.5 -7.079 

0.48 -7.191 

0.45 -7.331 

0.4 -7.444 

0.35 -7.528 

0.3 -7.584 

0.25 -7.584 

0.2 -7.584 

0.15 -7.584 

0.12 -7.472 

0.1 -7.303 

0.08 -7.135 

0.06 -6.854 

0.04 -6.180 

0.02 -5.393 

0 -5.056 
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Fig. 3 The I-E curves of oxygen reduction on bulk pcPt in 

0.05 M H2SO4, circles - Table 4 ( Ref. [31], Fig. 4, 

cathodic scan  10 mV/S, 1900 rpm);  squares - Table 5 

(ref.  [20], cathodic scan, point-by-point, 3600 rpm)  



 

c. ORR in 0.1 M Na0H (KOH) 

There were no much investigations of ORR on smooth 
polycrystalline platinum in alkaline solutions available 
for this study. Two of relating papers describing 
thoroughly derived experiments [34, 35], have not been 

suitable to be considered here since either the 
temperature or the electrolyte concentration were 
incompatible with the conditions selected. The data in 
[34], although relating to polycrystalline Pt rotating 
disc in a wide range of KOH concentrations (0.1-6 M), 
being presented in a form of Tafel plots with diffusion 
corrected current densities, were unsuitable for the 
conversion back to the original I-E voltammograms, 
while in the paper [35] the I-E curves for ORR in 0.3 
M KOH at 33 oC only were presented. In the paper of 
Paliteiro et al [13,14] many valuable I-E data were 

presented, but the electrolyte used was 1 M NaOH, 
being out of the range considered in this study.  

Tammeveski et al. [16,17] investigated  ORR in 0.1 M 
alkaline solution at room temperature on thin Pt films 
deposited on metallic Ti or GC supports by vacuum 
evaporation. Although Pt films might be different than 
bulk Pt, the check the authors made by cyclic 
voltammetry indicated for thicker films the behavior of 
polycrystalline Pt, and therefore, in absence of other 
literature data, the data for thick (10 nm) Pt films in ref 
[16] were used in this study to represent bulk pcPt.     

In ref. [16]  the graph was presented of the I-E curve of 
ORR obtained in oxygen saturated 0.1 M KOH on 10 
nm thick Pt film evaporated on Ti support, at a 
scanning rate 10 mV/s, and rotation rate 1900 rpm. The 
authors found that this IE curve gave the Tafel plots 
with two different slope regions: at low current 
densities the slope was around -60 mV dec-1, whereas 
at high current densities the slope was varying between 
- 260 and -490 mV dec-1.  

According to the ref [17], this I-E curve transformed to 
the Tafel plot practically overlaps with the same plot of 
bulk polycrystalline Pt, what justified its use in this 
study.  

  

The units of the current axis in ref [16] were 
milliamperes, which was converted to current density 
units, using geometric surface area (0.01256 cm2) 
notified in the paper. The potentials were originally 
presented versus Hg/HgO, 0.1 M OH- reference 
electrode, thus transformation to the RHE scale by 
placing the zero of the potential axis for 0.926 V in the 

Table 6  I-E dependence for ORR on pcPt rotating 
disc 0.1 M KOH – - tabulated data present the points 
taken from the graph published in [16], for  rotaton 
rate 1900 rpm, polarisation rate 10 mV/s, unknown 
sweep direction    

Table  6   

E/V j 

0.924 0 

0.904 -0.239 

0.884 -0.478 

0.864 -0.876 

0.844 -1.393 

0.824 -2.388 

0.804 -3.583 

0.784 -4.14 

0.764 -4.538 

0.744 -4.777 

0.724 -4.936 

0.704 -5.056 

0.674 -5.175 

0.644 -5.255 

0.624 -5.295 

0.574 -5.414 

0.524 -5.533 

0.474 -5.613 

0.424 -5.653 

0.374 -5.693 

0.324 -5.732 

0.274 -5.732 

0.224 -5.772 

0.174 -5.812 

0.124 -5.693 
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Fig. 4. I-E curves of ORR on  10 nm thick Pt film on Ti, 

in oxygen saturated 0.1 M KOH solution; anodic scan 

direction, 1900 rpm [16] 



negative direction [32]. The tabulated data formed on 
the basis of ref [16], Fig 5, were presented in Table 6, 
and the tabulated data were converted again to the 
graphical ones, presented in Fig. 4.     

  

B. Diffusion current of ORR in oxygen saturated 
aqueous solutions 0.01 M HClO4, 0.05 M H2SO4 and 
0.1 M KOH  

In sufficiently deep cathodic polarization region, the I-
E curves of oxygen reduction show  diffusion limited 
plateau, the height of which depend on the rotation 
rate. This dependence is described by famous and well 
proven Lewich equation  

                                       
(1) 

 

where n is the number of electrons consumed in the 
gross reaction, presents the  kinematic viscosity, i.e.  
viscosity divided by density, D is diffusion coefficient 
of electroactive species, C its concentration, and  is 
angular rotation frequency ( = 2f, where f  is rotation 
frequency). This equation may be drawn shortly as:             

 2/1Bjl                                 (2) 

The constant B was often used in literature in order to 
prove the number of electrons n in ORR at various 
catalytic materials, since it is commensurate to the 
number of electrons involved in ORR.   

In oxygen saturated diluted electrolyte solutions at 
standard pressure and at a room temperature,  the 
oxygen concentration is very close to a constant which 
varies very little with the nature of the electrolyte. For 
commonly  used 0.1 M concentrations of hydroxyl ions 
(NaOH, KOH) for alkaline, and hydrogen ions (HClO4, 
H2SO4) for acidic solution as supporting electrolytes 
for investigation of O2 reduction,  similar kinematic 
viscosities, very close to that of pure water i.e.,  0.01 
cm2 s-1 may be assumed.  The diffusivity of O2 in them 
is similar, and thus diffusion coefficient may be 
approximated by unique common values. Therefore, 
whenever in a dilute aqueous solution at common 
temperature and oxygen pressure the 4e- path of ORR 
is realized (n=4), one may expect unique course of  jl 

vs. , i.e., unique value of constant B in Lewich 
equation.   

According to Markovic et al. [15, 22], and Damjanovic 
et al. [20], on the basis of absence of any ring current 
of ring-disc rotating electrode, on all low-index 
crystallographic planes of Pt, as well as on pcPt, the 

path with n = 4 in holds in almost whole potential 
range of 0-1 V vs RHE, excepting a part below 0.2 V 
vs. RHE. Consequently, the  limiting diffusion current 
density which is surely achieved  between 0.2 and 0.4 
V vs. RHE, should be identical for each platinum 
catalyst in common electrolyte solution at a common 
rotation rate.  This agrees with the paper by Paulus et al 
[33], which shows limiting diffusion current density for 
both anodic and cathodic scan direction, identical to 
that registered previously [15,22] for each low-index Pt 
single-crystal plane. Therefore, the value of the 
limiting current density at roughly 0.2-0.4 V  may 
serve as a simple criterion whether actual 
measurements of ORR on polycrystalline Pt,  is 
reliable, or alternately, whether  the process on any 
other electrode materials involve 4 or less electrons per 
a gross reaction.  

The value of constant B may be predicted by 
calculation, using literature values for concentration 
and diffusion coefficient of molecular oxygen and 
solution viscosity. According to the literature survey, 
several sets of corresponding values were used.    

For 0.1 M HClO4, Adzic et al. [36] used C = 0.00138 
mM cm-3, D = 1.9×10-5 cm2 s-1 and ν = 0.00997 cm2 s-1, 
while Sasaki et al. [6] used C = 0.00126 mM cm-3, D = 
1.93×10-5 cm2 s-1 and ν = 0.01009 cm2 s-1.   

For both 0.1M HClO4 and 0.05 M H2SO4 Sarapuu et al 
[31] used C = 0.00122 mM cm-3, D = 1.93×10-5 cm2 s-1, 
both taken from ref. [36], and ν = 0.01 cm2 s-1, taken 
from ref. [37].  

For 0.1 M KOH, Tammeveski et al. [16] used C = 
0.00118 mM cm-3, D = 1.9×10-5 cm2 s-1 and ν = 0.01 
cm2 s-1.  Assuming n = 4, Tammeveski et al. [16], 
calculated B = 0.000436 A cm-2 (2πs-1)-1/2   ( 0.436 mA 
cm-2 rad-1/2 s1/2).  If one uses SI units: C = 1.18 mol m-3, 
D = 1.9×10-9 m2 s-1, and v = 1.10-6 m2 s-1, one gets 
dimensionally different but actually identical value, B 
= 4.36 A m-2 (2πs-1)-1/2. In Fig 5, the experimental 
points published by Tammeveski et al. [16] are visibly 
lower than those published in some other papers 
[15,22,33], what may be attributed to specific form of 
platinum catalyst (platinum islands probably 
incompletely covering titanium support).   

In Fig 5, the experimentally determined diffusion 
limiting currents of ORR of various authors were 
presented as the function of rotation rate.  Not only Pt 
but also other materials on which 4e- path of ORR was 
evidenced, for instance Ag(111) [38] were considered.  
In some cases [16, 20, 39] the ordinates of published I-
E curves were in units of currents strength, and the 

213/26162.0  CDnFjl





current density was calculated on the basis of 
geometric surface area, in order to adapt them for the 
diagram shown in Fig. 5.   

Because of the scatter of the relevant data (C, D and ) 
used by various authors, most sure way to determine B 
is its direct experimental determination. The 
experimentally determined values of jl at various 
rotating rates in oxygen saturated 0.1 M HClO4 solution 
from recent data of well equipped laboratories [15, 
22,33]  revealed to calculate experimental value of  B. 
amounting to  0.448 mA cm-2(2s-1)-1/2. For 0.1 M 
KOH solution, the experimental value obtained from 

the data of ref. [16] and [38] are 0.410 and 0.420 mA 
cm-2(2s-1)-1/2, respectively.   

Using the value B = 0.430 mA m-2 (2πs-1)-1/2  as a mean 
value valid for 0.1 M, acidic or alkaline solution, as the 
criterion of accuracy,  one can easily perceive obvious 
mistakes, either in experimental procedure or in results 
presentation, permitted sometime in even serious 

scientific journal. For instance, in the review [15, Fig 
34], for ORR on pcPt disc in 0.05 M H2SO4 and 0.1M 
KOH  at 900 rpm, limiting current density,  IL = 1.25 
mA cm-2 was reported, while ref. [27] was assigned as 
the source of data. From Fig. 4 is however clear that 
the exact value should not be much different from 4.5 
mA cm-2.  The value of diffusion current reported by 
Machedo et al. [39], as Fig. 5 shows (curve I), are 
obviously underestimated, although the I-E curves they 
published display a fair diffusion plateau. 

Drastically overestimated diffusion current for ORR at 
rotating platinum disc in O2 saturated 0.5M H2SO4  

solution at room temperature and 2500 rpm, exceeding 
20 mA cm-2, was reported by Hernandez-Fernández et 
al. [41], which is obviously far above the possible 
value.     

One should have in mind that the increase in electrolyte 
concentration from 0.1 KOH to 1M KOH, may 
significantly influence the B value. For instance, Zinola 
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Fig. 5.  Limiting current density versus rotation frequency (rpm) for ORR on polycrystalline Pt (with the one exception: 
symbols C are for Ag(111)) rotation disc electrode  in the potential region of diffusion control :    
B -  01 M HClO4 [15]; C-  0.1 M KOH, Ag (111)[38]; D-  0.1M HClO4, 50 mVs-1 [40]; E -  0.1M KOH, 10 mVs-1 [16] 
F-   0.1 M HClO4 20 mVs-1 [33]; G-  0.05 M H2SO4 [20]; H-  0.1 M H2SO4, [31]; I -  0.2 M HClO4, 40 mVs-1 [39] 



et al [42] studied kinetics and mechanism of ORR on 
platinum in 1 M KOH solution. The concentration of 
oxygen in 1 M KOH (0.843.10-6 mol cm-3), the 
diffusion coefficient of oxygen (1.43.10-5 cm2 s-1) and 
the kinematic viscosity (0.01128 cm2 s-1) , with n = 4, 
lead to a relatively low value of B of  0.251 mA cm-2 
rad-1/2 s-1/2. They used the references [43] and [44] as 
the source of data for diffusion coefficients and 
equilibrium concentration of dissolved molecular 
oxygen, respectively, where the data for other alkaline 
concentrations may be found too.  

 

 Conclusion 

In spite of the numerous studies published in the 
literature relating to ORR on polycrystalline Pt 
electrode, few of  them may be used to define standard 
I-E curves of ORR for a selected electrolyte type ( 0.1 
M HClO4, 0.05 M H2SO4, 0.1 M KOH (NaOH)) at 
room temperature. The I-E curves of different authors 
do not overlap mutually, even if recorded under almost 
identical experimental conditions. This is the 
consequence of the fact that, although one deals with 
the precious metal, it is, on one hand, extremely 
difficult to obtain its reproducible surface state, to 
which is, on the other hand, the kinetics of ORR 
extremely sensitive. Thus, at present,  one should  not 
surely define the standard I-E curve usable to present 
general activity of pcPt, and the here presented I-E 
curves may be used as a temporary standards only. An 
additional effort is needed in order to decide whether 
some of them may be accepted as a proven standard.  

The here reviewed data, being converted to digitalized 
form, spare much time to the authors intending to 
compare them to any new data in ORR experiments.  

As regards to the diffusion current density in oxygen 
saturated solutions, for a 4e- reaction path,  the most 
probable value of Levich constant B may be accepted 
to be  0.430 mA cm-2(2s-1)-1/2  This value may be used 
to calculate diffusion limited current density at any 
specified rotation rate used. Any drastic deviation of 
the experimental value for the Pt rotating electrode 
from the calculated one may indicate surely an 
experimental error.    
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