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ELECTROCHEMICALS

EQUILIBRIUM POTENTIAL OF 8-Pb0O; IN NITRATE SOLUTION
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During tshe examination of the final state of the reaction on the electrochemical kinetics, it has become essential to study
the duration needed for the B-lead dioxide to attain equilibrium potential in nitrate solution. This was studied by first depositing
R-lead dioxide on platinum foil from 1M lead nitrate solution using a H-type cell and introducing freshly prepared anodes (for
each experiment) in the experimental cell containing deaerated lead nitrate solution. The potential measurements were car-
ried out against saturated calomel electrode {SCE) and at a temperature of 303 + 0.2 K for 60 minutes. The variation of equilibrium
potential with time was studied for (i) B lead dioxide prepared for different durations (i) different concentrations of lead nitrate
and {iii) different nitric acid concentrations. The buffering action was also seen by taking lead acetate in acetic acid. In general,
the equilibrium potential for B- PbO5 is quickly attained in acidic solutions. It is known that lead dioxide behaves as a non-
stoichiometric oxide electrode and the variations in the deviations from the ideal stoichiometry. The variation of equilibrium

INTRODUCTION

he formation of metallic oxides by the anodic oxidation of
Tsolutions of the salts of the metals is a group of reactions of
considerable interest, as the process may be studied from a varie-
ty of solutions. Most of these oxides exist in two or more modifica-
tions. The anodic oxidation of plumbous salts can be considered
as one of the examples of these reactions. The lead dioxide elec-
trodes prepared by electrodeposition of the oxide, preferably, from
nitrate baths are used as anodes for a variety of inorganic and
organic oxidation reaction [1] Hence the electrochemical kinetics
of the anodic oxidation of plumbous salts is of major interest.

During the examination of the final state of the reaction on the
electrochemical kinetics, it has become necessary to study the dura-
tion needed for the B-lead dioxide to attain equilibrium potential
in nitrate solution. This paper deals with the measurement of
equilibrium potential of B-lead dioxide in nitrate solution. The lead
dioxide is treated from’ the kinetic point of view as a non-
stoichiometric oxide electrode [2-5]. Although kinetic studies have
been carried out in different electrolytes [6,7], not much studies
have been done in nitrate medium.

EXPERIMENTAL

Cell assembly

A 250 ml round bottom pyrex flask fitted with an outer jacket car-
rying water circulated under thermostatic control to maintain the
temperature of the electrolyte, was used as the cell. This was pro-
vided with a three-necked cover for introducing the working elec-
trode, Luggin capillary and gas inlet. ‘To avoid the mixing of
potassium chloride with lead nitrate (when lead chloride would
precipitate), two bridges were provided with ammonium nitrate
solution in the middle. A saturated calomel electrode (SCE) dipp-
ing in potassium chloride was used as a reference electrode.

Working electrode .
A platinum foil (I cm x 1.4 cm) was cleaned by dipping in nitric

potential with time is discussed taking into consideration of these facts.
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acid (1:1), washed well with distilled water and conductivity water.
Lead dioxide was deposited on the foil from 1M-lead nitrate solu-
tion (in some experiments different electrolytes were used) using
a H-type cell with a sintered disc in the horizontal limb to separate
the anode and cathode compartments. The cathode was also a
platinum sheet (I cm wide x 5 cm long). A constant current
generator (with less than 1% a.c.ripple) was used as the D. C.
source and the deposition was carried out at anode current densi-
ty of 20 mA. cm-2 and a temperature of 302 + 1 K. The deposi-
tion was carried out for 15 minutes in all the experiments except
in the experiments carried out with different durations of deposi-
tion. After the deposition, the electrode was washed well with con-
ductivity water and kept in a desiccator for 10 minutes before be-
ing introduced in the electrolyte for measuring the equilibrium
potential.

Electrolyte

Different concentrations of lead nitrate solution were prepared by
dissolving required weight of recrystallised lead nitrate in conduc-
tivity water and made up to required volume. When lead acetate
was used similar procedure was adopted.

Measurement

After arranging the cell assembly, the electrolyte was taken
in the cell and deaeration was done by bubbling pure nitrogen.
The working electrode was introduced and the variation in
potential (vs SCE) was measured with time for 60 minutes.
During the potential measurements, nitrogen gas was not bubbled
into the electrolyte. All the experiments were conducted at a
temperature of 303 + 0.2 K.

RESULTS

Fig.1 Shows the variation of equilibrium potential with time in 1M
lead nitrate solution for B-lead dioxide prepared for different dura-
tions. It can be seen from the figure that even though the open
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Fig. 1: Variation of equilibrium potential with time in 1M Pb(NO3),
solution for B- PbO, prepared for different durations | = 5 min:
i1=10 min; Hil=15 min; IV =30 min: V=60 min.

circuit potential increases at electrodes prepared for longer dura-
tions, the final potentials for the electrodes with 15 minutes and
30 minutes remain almost constant. Hence for further experiments,
deposition of B-lead dioxide was carried out only for 15 minutes.
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Fig.2: Variation of equilibrium potential in different concentrations
of Pb(NO3); solution

1=0.01M (pH = 4.95);Il = 0.05M (pH = 4.55); Ill = 0.1M (pH
= 4.,40); IV = 0.058M {pH 3.95); V = 1.0M (pH 3.7)

The variation of equilibrium potential of 8-lead dioxide in dif-
ferent concentrations of lead nitrate is shown in Fig. 2, which clearly
shows that the final equilibrium potential value at 60 minutes in-
creases with increase in concentration while the difference is small
(less than 10 mV) for concentrations of 0.01M to 0.1M,the dif-
ference is between 30-50mV for higher concentrations.

To study the effect of acid on the equilibrium potential, ex-
periments were conducted with B-lead dioxide in lead nitrate solu-
tion containing nitric acid and the results are graphically represented
in Fig 3. It is seen that the equilibrium is attained quickly in
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Fig.3: Effect of acid on the equilibrium potential for 8- PbO,
deposited from 1M Pb(NO3) 2

= 1M Pb(NO3)y; Il = 1M Pb(NO3y; + 0.01M HNOg: lil = M
(PbNO3l2 + 0.1M HNOg; IV = for B-PbO, depasitad from 0.515M
Pb(NO3), + 2M HNO3 and V = for 8- PbO, deposited from 0. 1M
Pb(NO3), + 2M HNO; (Eq.potential in 1.0 M Pb {NO3), solution
for IV and V)

acidic solutions, though the potential is higher in the same.
However, the deposit obtained from acidic solutions does not at-
tain the equilibrium so quickly in lead nitrate solution. The final
equilibrium potential after 30 minutes is higher by 50 mV from
that of the electrode prepared from pure lead nitrate solution con-
taining no acid.

The buffering action was also seen by taking lead acetate [ 7,8 ].
The results (Fig. 4) indicate that the equilibrium potential is lower
in acetate solution than in nitrate soiution. However the deposit
obtained from lead acetate solution shows a marked increase in

.potential @60 mV) in lead nitrate solution, whereas the increase

is marginal in lead acetate solution.

352 B. Electrochem 4{4) Apr 1988




Narasimham — Equilibrium potential of 8-PbQO5 in nitrate solution

COUILIDNUM POWINTIAL, ¥ vs SCE

T8 % 31 40 &8ss
TIME , min

Fig.4: Effect of lead acetate on the equilibrium potential

A = Potential in 1M Pb(Ac); solution PbO, deposited from:

I = IM Pb (NO3ly; Il = 1M Pb(Ac); solution;

B = Potential in 1M Pb(NQO3); solution; PbQO, deposited from:
i = 1 M-Pb (NO3),: IV = 1M Pb(Ac),

DISCUSSION

It is known that lead dioxide behaves as a nonstoichiometric ox-
ide electrode and the variations in chemical potentials of lead and
of oxygen are reiated to the deviations from the ideal stoichiometry
[5]. The electrodeposited lead dioxide whose composition can be
represented as Pb O(,. §) (x.H,0) can function as lead electrode
with variable chemical potential of Pb in PbO;, as oxygen elec-
trode with variable chemical potential of O, in PbO, and as
hydrogen electrode [9].

Eppo, / V = 1.449 - 0.0295 log a (ag) - 0.118 pH ... (1)

Pb’ Y
EOz /V = 1.229 + 0.0148 log (poz/ paz) ~ 0.059 pH

.. (2
Eu, (PbO2) =  En, - RT In ay, (PY0y) + RT 1n ay, (aq)
2F F " ®

At equilibrium

phase and has been confirmed by NMR studies [10,11) as well as
by electrochemical methods(12].

It is further reported [9] that the partial pressure of oxygen in
PbO, which is in equilibrium with an electrolyte depends on the
thermodynamic activities of Pb2+ and H+ in the solution. pg,
(PbO)) varies with the changing composition of the electrolyte.
The deviation § from the ideal stoichiometry of Pg,is a function
of chemical potential of O, in PbOy,_ g)(x.H30) or as a function
ot the equilibrium partial pressure of oxygen in the oxide Po,
(Pb0Oy).

If PbO; is in equilibrium with the given electrolyte containing

Pb2+, the chemical potential of PbO in PbO, is fixed by the
equilibrium in solution:
Mpso [PbO;] = Adppo (electrolyte) )
Even if PbO cannot be found in the form of undissociated PbO
molecule, it may be built up in the electrolyte according to the
following reaction [9].

PbO = Pb2+ (aq) + H,O - 2H* (aq) .. (6)

The deposition or dissolution of PbO and/ or Pb(OH), changes
the stoichiometry of PbOQy,. gy (x. H;0), which is the case when
lead dioxide electrode is currentless but not in equilibrium with
the surrounding solution.

The change in stoichiometry of PbO, may be explained to a
large extent by the deposition or dissolution of H, into or-out of
PbO,. It has also been reported [9] that the interstitial protons ex-
isting in PbO, are the disorder centres. When PbO; is exposed to
air for several days, a desorption of oxygen or an absorption of
hydrogen has been observed [13], which has been related to the
increase of electron concentration. The incorporation of O, or H,
into lattice occurs as per the following reactions [14]

O +2Vy+4d______ 5 20, - (M

2H,0 + 4V, __ 5 4H; + 4 + 0, .. (8)
oxygen at oxygen site in the

interstitial proton and

where Vg is oxygen vacancy, O, =
lattice, V; = empty interstitial site, H; =
e = quasi - free electron in PbO;.

In addition, it is also suggested [3,4,] that PbO, can be con-
sidered not only as a Pb electrode or O; electrode but also H, elec-
trode since hydrogen is dissolved in PbO,. The dissolution of lead
and H,from PbO, and incorporation of O, can be according to
the following reactions [9}:

nL . - P2 .
Epy (P02 = Eo, (PbO)= Eny(PbOy) = Epyo, . (4 PblnPbOy) = Pb2+(aq) + 2¢ (in PbOy) .9
The deviation from ideal stoichiometry viz o is a variable quanti- H20 = O (in PbOy) + 2H* (aq) + 2¢ (in PbOy) - (10)
ty and that the (x.H,O) indicates available amount of water

| dissolved in PbO,. Water or hydrogen exists in the solid PbO, H (in PbOy) = H* (aq) + e (in PbO,) (1D
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Thus it can be said that the initial decrease of potential in these
experiments is due to removal of PbO as given in eq(6). The
equilibrium potential increases with decreasing pH, which is due
to variation of partial pressure of oxygen and depends on the ther-
modyanamic activities of Pb2+ and H+ in the solution as per the
following equation[9].

| 10g Po,(PbOy) = Const. -2 log apy 2*(aq) + 4log ag* (aq)..(12)
The oxygen ¢lectrode potential is thus dependent on partial pressure
of oxygen (vide eq 2). The higher equilibrium potential is thus due
to increase in oxygen electrode potential.
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