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Electrocatalytic properties of La-manganites prepared by
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Pure and strontium substituted lanthanum rnanganites were prepared by a sol-gel rout~ and their
electrocatalytic properties, in the form of film electrodes, were studied in relation to.O2 ev~lutton. Results
showed that the catalytic activity of new oxides in I M KOH at 25°C w~ 25-100 nmes higher ~an ones
obtained by a conventional ceramic method. The Tafel slopes were rangmg 9?-I14 m~ d~cade and the
reaction order in OH- concentration was found to be approximately one. Strontium substitutions have been
observed to be.greatly beneficial from electrocatalysis stand-point.
The perovskite family of mixed oxides with
general formula LaB03 (where B=Ni, Co or Mn)
are known for their ap-plications as efficient
heterogeneous
catalysts'
and as electrode
materials for water electrolysis''''" and solid oxide
fuel cellsll-13•
To improve
the operational
characteristics
of the device, it is desired to
decrease the activation energy of the process by
increasing their real surface area and/or increasing
intrinsic catalytic activity of materials. Several
novel low temperature methods have already been
reported"!"
to produce perovskite-type
mixed
oxide powders of greatly enhanced surface area. It
is, therefore, of interest to study the electrocatalytic properties of these new materials for
different applications, Very recently, we have
carried out investigation of the electrocatalysis.of
O2 evolution on LaCoO), LaMnO) and their
substituted .products prepared by ma 1IC· 17,18 an d
polyacrylic'
acid precursor routes. In this paper,
we present the results of similar investigation on
pure
and
strontium
substituted
manganites
obtained through a citric acid-ethylene glycol
precursor route.

Experimental Procedure
Lanthanum manganites were synthesized by the
method as described elsewhere 20 . In t hiIS an excess
quantity of citric acid, few mL of ethylene glycol
and finally 2 drops of HN03 were added to a
*For correspondence

100 mL aqueous solution of metal nitrates
dissolved in stoichiometric
ratio. During the
addition of each ingredient the solution was stirred.
A gel was formed soon which was heated
gradually to decompose and then calcined at
'650°C for 6 h in an electrical furnace to obtain the
desired oxide. In each preparation, the proportions
of metal ions, citric acid and ethylene glycol were
4 g: 10 g:4 mL. The catalyst so obtained was
confirmed for perovskite phase formation by
recording X-ray powder diffraction patterns. The
nickel supports used for obtaining the adherent
oxide over layer were pretreated and electrically
connected as given in earlier publications 17,19. The
oxide films were prepared'{ by painting a slurry
containing the oxide and Triton X-IOO. The
interfacial electrochemical
and electrocatalytic
properties of the film electrodes were studied in a
conventional single compartment Pyrex glass cell
using cyclic voltammetry (CV), AC impedance
and Tafel polarization techniques, details of which
.
have already b een glyen
ear 1·ler.17 C ounter
electrode was a bright Pt (in coil form) having a
much larger area as compared to the test electrode.
The reference electrodes were Hg/HgOIl M KOH
and Hg/Hg0/30
wlo KOH .. The latter electrode
was used only in tests carried out in 30 wlo KOH.
All potentials mentioned in the text were with
respect to the reference, Hg/HgO, only.
Impedance measurements were carried out with
the oxide electrodes in I M KOH at 25°C. The
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frequency range used were, 0.01 Hz-IOO kHz. The
experimental data were displayed as Bode plots,
log 12]vs log I and vs log f and the double layer
capacitance (Cd1=1I12]) was estimated by extrapolating the linear capacitance region to the log
12]axis at w=l (or j=0.16 Hz).

potentials. The Bode plots for each catalyst were
quite similar and they demonstrated
a single
capacitive region over the frequency range used.
The variation of the Cdl as a function of Eapp in one
case (i.e. LaMn03) is also shown in Fig.2. From
this figure it is evident that the Cdl values are
practically constant in the potential region of -0.2 to 0.4
V, increasing considerably only at higher potentials.
Results and Discussion
This
rise in Cdl at higher potentials might be
Cyclic voltammetry-Cyc1ic voltammograms of
predominantly
due to the oxidation of nickel
the catalytic films on Ni were recorded between 0
0
and 0.65 V at 20 mV s' in 1M KOH at 25 C; ions'". To make the contribution of any Faradaic
results showed an anodic (Epa=542±12 rnV) and a process negligible, the Cdl values determined in the
corresponding
cathodic (Epc=326±6 mY) peak potential region 0-0.20 V were considered for
estimation of the oxide roughness, assuming
before the commencement
of O2 evolution,
regardless of the strontium substitution. A typical 60 JlF Cm'2 as Cdl for a smooth oxide
voltammogram
for Lao.sSro.2MnOJ is shown in surface'". The average values of Cdl estimated
Fig.I. However, it has previously been estab- were 4.2, 2.9, 6.7 and 10.6 x 10'2 F ern" for
lished 18,21that manganites do not exhibit any redox LaMnO),
Lao.9Sro.IMn03, Lao.8Sro.2Mn03 and
peak in the potential range used and that the Lao6Sro.4Mn03, respectively
and the corressurface redox peaks produced were originated
ponding roughness factor (RF) were 690, 483, 1117
from the nickel support due to its contact with the and 1767. This shows that 0.2 and 0.4 mole Srelectrolyte, It is considered that when the oxide substitutions
increased
the oxide roughness
electrode is immersed in an aqueous solution, it greatly. The values of the oxide roughness found
undergoes hydration as a result of which the nickel in situ were higher than those obtained for the
support comes in contact with the electrolyte 19. same oxide synthesized by the malic acid aided
Also, the electrolyte might reach to the substrate methodl8. On contrary, 0.1 mole Sr-substituted had
(Ni) through pores, intercrystalline
gaps or shown somewhat adverse effect on the oxide
crevices formed in the catalytic film. However,
roughness. A relatively low value of the oxide
this did not influence the stability of the catalyst roughness for 0.1 mole Sr-substituted LaMn03 was
overlayer. As the redox peaks were not originated
also found in the case of ceramic method".
from the catalyst surface, they have not been
Electrokinetic study- The electrode kinetic
studied in detail.
parameters for the oxygen evolution reaction such
The double layer capacitance/roughness as the Tafel .slope (b), reaction order (P) and
lactor-The double layer capacitance (Cd1) of the activation energy (Ea) have been determined by
oxide/solution
interface
was
estimated
by recording the anodic Tafel polarization curves
determining the Bode plots at varying applied
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(E vs log i) at the scan rate of 0.2 mV S,I in
different KOH solutions at 2S·C. All the curves
were similar and they appeared to have only one
Tafel region, particularly at low potential. At high
potentials, the Tafel curve was observed to be
polarized progressively with increasing applied
potential. This might be caused due to setting up of
the concentration
polarization,
which is quite
evident from the Tafel curves determined at
different KOH 'concentrations (Fig.3). Fig.3 shows
that the extent of the polarization of the Tafel
curve
reduces
with
increasing
OH'
ion
concentration, at high overpotential. To determine
the reaction
order
with
respect
to OH'
concentration, the straight line plot, log i vs log
Cow, was constructed at a constant electrode
potential (0.7 V) and the value of slope of this line
was estimated. The order was found to be 0.8 with
each oxide. A typical plot in the case of pure and
0.2 mole Sr-substituted oxide is shown in Fig.4.
The study of O2 evolution on the base .and 0.2
mole Sr-substituted oxide has also been carried out
in practical cell solution (i.e. 30 w/o KOH) at
varying temperatures (2S-70· C). The activation
energy (Ea) was calculated from the slope of the
plot, log i vs liT (Fig.S), constructed at two
different potentials, 0.67S and O.72S V, 'across the
oxide/solution
interface, and was found to be
-S8.9±1.1 kJ mole", Because of low activity of
lanthanum manganites in the form of sintered
pellet they appear to have scarcely been studied for
O2 evolution in concentrated KOH solutions and at
higher temperatures.
Results of electrode kinetic study shown in
Table 1 indicate that Sr-substitutions (0.1-0.4 mol)
increase the electrocatalytic activity of the oxide
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greatly particularly at high current density. Based
on the oxygen overpotential data at the current
density of 100 mA ern" (on geometrical scale) in 1
M KOH at 2S·C, the catalytic activity of
oxides followed the order: Lao.6Sro.4Mn03 >
Lao.SSrO.2Mn03 > Lao.9SrO.IMn03 > LaMn03' The
increase in activity of the oxide with increasing Srsubstitution can be ascribed to the increase in the
valence of Mn and/or to the formation of oxygen
vacancies''. The latter defect (i.e. oxygen ion
vacancies), considered to be predominant one,
increased the electrocatalytic activity.
The first order reaction in OH- concentration
observed in-situ was also reported21,24 for oxides
prepared by ceramic methods, however, the Tafel
slope values (90-114 mV decade") were somewhat
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Table I-Electrode
Electrode

kinetic parameters for O2 evolution on lanthanum manganites in I M KOH at 25°C.

Oxide loading
(mg em")

b
(mV decade")

P

E,mV

10 mA ern?
LaMn03

20±5

103 ± 8

L1lo9SrOlMn03

16±2

106±5

LllogSro2Mn03

18 ±4

92±2

L1lo6Sro4Mn03

18 ±2

108±6

low as compared to those (b=125-140 mV decade') obtained by ceramic ones21,23. A low Tafel
slope of 90 mV decade" was also found'? in the
case of O2 evolution
on a single crystal
Lao.7Pbo.3Mn03 electrode. As far as the apparent
catalytic activity is concerned the oxides were
many times more active than those obtained by
conventional ceramic methods. However, their
apparent catalytic activities towards 01 evolution
were observed to be marginally low as compared
to those obtained through malic acid route".
Bockris and Otagawa observed'"
the oxygen
evolution current densities based on geometrical
surface area (i.e. apparent current density) 4.3, 1.0
and 10 mA cm-2 for massive LaMn03 (RF=670),
LaO.9SrO.IMn03 (RF=140) and LaO.6Sro.4Mn03
(RF=1200) electrodes at 1]02 :::.597 mV in 1 M
KOH at 25°C, respectively. At the same overpotential
for
similar
electrodes,
namely,
Lao.
9SrOIMn0
,
Lao.SSrO.2Mn03,
and
3
.
0
Lao.6Sro.4Mn03.in 1 M KOH at 25 C, Matsumoto
and Sato observed" the ap~arent current densities
0.67, 3.5 and 4.0 mA ern , respectively. On the
other hand, under similar experimental conditions
the catalytic film of the similar oxides, namely,
LaMn03,
Lao.9SrO.IMn03, and Lao.SSrO.2Mn03
obtained by the new method produced much higher
apparent
current
densities
even at a low
overpotential
(1]0 =497
mY), values being
2
38.2±5.4, 48.2±7.6 and 52.4±6.5, respectively.
Taking into account the electrochemically (or true)
active area, the catalysts obtained by the new
method were found to be greatly active. Thus, the
new method has improved the intrinsic catalytic
activity of the material also.
To explain the observed electrode kinetic data
for. O2 evolution on pure and Sr-substituted
lanthanum manganites the following mechanism
has been proposed \Scheme 1), which is similar to
that reported earlier 5.

0.8
0.8

50mA em"

674 ±9

100mA ern?

839 ± 10

952 ± 10

676±3

810 ± 12

850± 14

664 ± 10

773 ± 10

843 ± 5

673 ±6

757+ 9

822 + 12

Scheme 1
SZ+I+OH-"'Sz+OH+eSZ+OH~SZ+IOHSz+IOH-•.•Sz+IOH+e -

(1)
(2)

(3)
(4)

SZ+IOH+OIr •••Sz+O+H20
2Sz+0· ..•2Sz+ +02
: •• (5)
where Sz+(Mn3+IMn 4+) is considered as an active
site on the electrode surface.
In scheme 1, if reaction (1) is considered as the
rate determining, the net electrolysis current for
the overall reaction under the Langmuir adsorption
conditions becomes
i = nF klCow exp(FEI2R1)
... (6)
If the second step (chemical)
is the rate
determining, the overall current density under
Langmuir adsorption conditions can be obtained as
i = nF k2KICow exp(FEIR1)

... (7)

In case reaction (3) and reaction (4) are the rate
limiting, the overall current density for O2
evolution would be given by Eqs (8) and (9)
respectively.
i ~ nF k3 KI K2 Cow exp(3FEI2R1)
i = nF k4 KIK2K3 Cow exp(2FEIR1)

... (8)
... (9)

where KI(=kl/kl), Kz(=k2/k2) and K3(=k3Ik3) are
the equilibrium constants for reactions (l), (2) and
(3), respectively. The other terms have their usual
meanings. The rate Eqs (5), (6), (7) and (8) give
the theoretical Tafel slope and reaction order as
2RTIF and 1,RTIF and 1, 2RTI3F and 1, and RTIF
and 2, respectively. Thus the experimental results
show that both the step (l) and (2) contribute to the
overall rate for O2 evolution, particularly in the
case of 0.2 mole Sr-substituted catalyst.
Conclusion
The study demonstrates that the citnc acidethylene glycol precursor route increase both the
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apparent as well as intrinsic electrocatalytic
activity of the oxide greatly. Sr-substitutions (0.10.4 mol) are observed to improve the catalytic
activity of the oxide further.
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