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ACTIVATION AND CHARACTERIZATION OF THE Pt/IM H2804 INTERFACE BY
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ABSTRACT

"Major" and "minor" experimental parameters that can influence
the catalytic activity of a polycrystalline Pt electrode, in an acid
aqueous medium, are emphasized. Typical results, demonstrating such
effects are presented.

It is also shown that cyclic voltammetry is a powerfull technique,
for activation and control of the state of the working Pt surface and
also for control of impurities in the base electrolyte solution.

However, the aim of this paper is to give some advices to all
those that have to work with Pt,for the purpose of comparing catalytic

activity, induced by different means.

1. INTRODUCTION

The applicability of noble metals, namely, Platinum, in funda-
mental and applied electrochemistry has been recognized for a long
time.

With the energy crisis of 1973 a number of research teams all
over the world have addressed its research programmes into the area
of Electrocatalysis, demanding for a more efficient catalyst for,both,

fuel oxidation and oxygen reduction. It has been known, for about a
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century that Pt, can be rendered more active by cycling its potential
between hydrogen and oxygen evolution potentials. By the 69's such
increase in activity was attributed to a "cleaning" process of the
electrode surface from oxides and traces of adsorbated impurities and
also to a "roughening" of the electrode surfacelﬁs. However, a hetter
understanding of the process of activation and cleanless of a Pt

electrode was still claimed.

The development of sofisticated optical techniques, i.e., LEED,
REED, AES, X-ray, SEM microfeotography made possible to follow the
structural and other types of changes, induced on a polycrystalline
Pt electrode by chemical and/or electrochemical treatments. However,
even using LEED analysis, conclusions were not definitive; e.g.
Ross6 has concluded that electrochemical activation can be either due
to structural changes, or to other phenomena, i.e. the oxidation of

impurities on the Pt surface.

By 1980 the amount of work produced with Pt single crystals was

6_17. and in fact, some highlights were introduced in the

considerable
area of electrocatalysis from such studies.

Standard CV's for the different Pt single crystals have been
published in the literature7*9’12'15d1T, i.e. for Pt (100), Pt(111),
Pt(110), etc. The main differences of the I-E responses due to a
particular face were observed in the hydrogen adsorption/desorption
region (0.03-0.4 V), particularly, the position of the two peaks
associated to the adsorption of weak and strong hydrogen species and

its relative size.

Such typical I-E profiles, can be used, e.g. to infere about the
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average of certain crystal planes, on a polycrystalline activate Pt

. 14
surface, as Arvia et al have done.

It has been recognized for some considerable time that electrode
kinetics and electroadsorption/electrodesorption studies require
ultrapure systems.Quite recently it has been demonstrated by Pletcher

et al.ls'19

and also by Nicol et 31.20, that the degree of activation
of a Pt electrode can be influenced by the purity and composition of
the base electrolyte. Therein, precautions must be taken to minimize
interfereqces from impurities either on the electrode surface or from
the electrolyte solutions. In fact, much earlier, Conway et 81.21 and
also Bruckenstein et 31.22, have concluded that impurities in the
base electrolyte, even at very low levels,can affect the I-E response
of a Pt electrode.

As much of the published work on electrocatalysis is based on
electrochemical measurements using Pt electrodes of low surface area,
so precautions must be taken to avoid poisoning of the electrode.

In a series of papers Arvia et 31.14’23_26, have demonstrated
how it is possible, to induce preferred single crystallographic faces
on a polycrystalline Pt electrode, by applying standard potential
perturbations, during the electrochemical treatment of the electrode,
e.g., by sweeping continuously the potential between 02 and H2

@ v s-l. But,

evolution regions, at very fast sweep-rates, i.e. v > 10
on the other hand, they have also verified that the development of
preferred orientations on the polycrystalline Pt electrode, depends

on its history, including the chemical and mechanical treatments and



— 134 —

also composition and purity of the electrolyte sclution.14

According to Arvia et al.la, the type of effect obtained on the
Pt surface, by sweeping the potential, is critically dependent on the
range of sweep-rates, i.e.: 1 meS_l< v < 0.1V 5_1 produces small
changes in the electrode active area; 0.1 V sl v <1000 v &7
produces considerable increase in the real surface area; fast sweep-

4 - ; ;
_rates i.e. v> 10" V s o produces preferred orientation on the poly-

crystalline Pt surface.

Although some knowledge has been achieved about the parameters
that can dinfluence the activity eof substrates, little
agreement exists about the most appropriate "recipe" for an initially
clean and active electrode surface. From our own experience and from
so much already published, we would like to emphasize, that for the

purpose of comparison of the catalytic activity induced in a working

surface, by other means, i.e. by underpotential deposited monolayers,
the essential thing is to begin with a standard and reproducible
surface, stable at least, during the measurements.

The aim of this paper is (i) firstly to point out some "major" and
"minor" parameters that can influence the behaviour of a Pt working
surface (ii) secondly to emphasize the advantages of cyclic
voltammetry i.e.:

a) activation of the working surface "in situ";

b) determination of the real area through the recorded CV;

c) control of the degree of activation and stabilization of the

initial surface;

d) detection of dimpurities on the working surface or from the

solution;
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and
e) information about the % of certain crystal faces on the poly-
crystalline Pt surface, by comparison of the recorded CV with

standard CV's published for single crystals.

2. EXPERIMENTAL

Base Electrolyte Solutions

Special care was taken in preparing clean solutions. Hence,
glassware was carefully cleaned, first with an ethanol/potassium
hydroxide solution, then with 1:2 H2504/HN03 mixture and finally
washed in boiling triply distilled water,

Triply distilled water obtained from two different methods was

tested, namely:

(A) 3-D Water obtained from a Quartz destilator and (B) 3-D Water
redistilled from alkaline permanganate, under an inert atmosphere of
pure NZ’ for the oxidation of organic impurities.

Base electrolyte solutions were made up from water 3-D (A) or
(B) and H,SO,, "Analar" from BDH or "Aristar R".

Since solutions made up with water (B) have demonstrated the
introduction of some uncertainties related to contamination by traces
of organics, we have decided to carry on these studies, mostly with
fresh distilled water (A).

3-D water and solutions were kept always in glass material,
carefully cleaned. Contacts with rubber or plastic material were

avoid.
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Solutions were deoxygenated with N, of high purity, for about

2
30 m, before each set of experiments. Also here, rubber tubes were

avoided, whenever possible.

Cells and Electrodes

Typical 3 electrode, three compartment cells were used.

The working electrode was a smooth platinum wire, 1.15 cm long,
with a geometric area of 0.201 cm2, carefully made by the glassblower
of Southampton University, with Pt from Goodfellow's (99.99% of
purity). The counter electrode was a 10 cm long platinum spiral.

The reference electrode was a laboratory constructed H2
electrode separated from the working electrode,by a Luggin capillary.
Before each set of experiments, the potential of the RE was checked
against a commercial saturated calomel electrode (SCE). A goad
reproducibility in potential was maintained, during the life-time of

the reference electrode.

Cleaning and activation of the working Pt electrodes

Working Pt electrodes after being chemically cleaned and
carefully washed with 3-D water were dintroduced in the base
electrolyte and submitted to different potential perturbations, for
the electrochemical activation, till a standard CV as described by
ConwaYZl was obtained. After some preliminary experiments we have
established a standard procedure for the electrochemical treatment.
However, a "recipe" cannot be given, because each electrode, has its
own history.

Qur standard procedure consists mainly in sweeping continuously

between H, and O2 evolution potentials using sweep-rates ranging from
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(0.2 - 10 ¥ s_l) and then in the reverse way (10 V s_l - 0.2V 3_1)
according to the potential profile indicated in fig. 1. Immediately,
afterwards, the correspondent CV at 0.1 V s_l was recorded
continuously. If reproducibility was obtained then the correspondent

CV was recorded at 0.1V 5_1.

The tests suggested by ConwayZI for a
clean activate Pt surface were then applied to the recorded CV and
since they were verified the electrochemical treatment was stopped,
by holding the potential at the positive limit of 1.5 V. Afterwards,
the electrode was carefully and quickly transferred to the cell
containing the solution under study.

When not in use the electrode was kept in contact with 3-D water

During experiments, at least, two cells in paralell were always

used one for checking the state of the electrode surface and the

other containing the solution for the electrochemical studies.

Equipment
The equipment used was mainly a PAR potentiostat/galvanostat,
mod. 173 and a PAR wave-form generator mod. 175 and a Philips X-Y

recorder mod. 8143.

3. RESULTS

Activation of the Pt electrode by cycling at fast sweep-rates

After having chemically cleaned the Pt electrode following the
procedure déscribed in section 2, the electrode was immersed in the
base electrolyte - an aqueous solution 1M in HZSO&. Then, a potential

perturbation consisting in cycling continuously the potential between
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0.03 and 1.5 V vs. NHE at 0.1 V svl, was applied to the Pt electrode,
during about 5 minutes. CV's corresponding to the 1st, 2nd and 10th

-1 i
cycles of sweeping at a 0.1 V s © are shown in fig. 1.
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Fig. 1. CV's from Pt/1M HZSO& aqueous solution,recorded at 0.1V s ~.
Geometric area of the Pt electrode = 0.201 em™.
4 -1
(-——) 1lst cycle at 0.1V s 1; (-.—.-) 2nd cycle at 0.1 Vs 75

(...) after 10 cycles at 0.1 V 5_1: (—) immediately after

the application of the potential profile indicated.
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From CV's in fig. 1, it can be seen that some improvement was

obtained after 10 cycles of sweeping, at 0.1 V sdl. However, only

after sweeping at fast sweep-rates, e.g. from 0.2 — 10 V s_l and then

1

from 10 Vs T — 0.2 V s~1 according to the profile shown, the typical

voltammetric response was obtained (full line in fig. 1.). Such response

was then submitted, to the diagnostic proposed by Conway et 51.21 for a
i

cleaned and activated Pt/1M HESOA interface.

In fact, the I-E response (—) in fig. 1., reveals the following

features:

— two cathodic peaks I' and II', and the correspondent anodic peaks
I and IT, respectively at 0.11 +0.005 and 0.24 + 0005V vs NHE.

Peak II is preceeded by a pre-peak (IIA):

—peak currents and peak potentials follow the relationships:

I v and AE =10
P B
= the ratio between anodic and cathodic charges, under the region 0.03
to 0.35 V approaches unity, in the final CV (—);
.—1in the double-layer region (0.35 — 0.75),n0 faradaic or adsorption

currents are observed;

~——for E> 0.80 V the anodic current increases steeply and a broad peak
is observed, correspondent to the PtO formation;

——the ratio between anodic and catheodic charges correspondent to the
oxide region (0.8 to 1.5 V and 1.2 to 0.5 V), changes from 3.0 to

1.5, from the lst recorded CV (---) till the final (—).

The real surface area of the polycrystalline Pt electrode was

calculated by integration of the charge due to the adsorption of H, in the
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potential region from 0.03 to 0.35 V,in the final CV ((—) in fig.l1),
following the procedure indicated by GilmanZT. The real surface area
was obtained by assuming a charge of 210 uC en~? for a monolayer of
adsorbed hydrogenza. A roughness factor ranging from 1.7 to 2.0 was

~obtained.

During the electrochemical treatment is was also observed that
when the electrode is completely deactivated, if the anodic limit of
the potential perturbation, for the electrochemical cleaning does not
reach the oxide region, the standard CV response with well developped
hydrogen peaks is not obtained, even after submitting the electrode
to fast sweepings. The electrode can only be activated, after the
oxidation of impurities and its removal from the electrode surface.
However, once the electrode is cleaned and activated, the -anodic
limit of potential can be reduced to 0.75 V, and successive runs
between 0.03 and 0.75 V would give reproducible I-E curves - such a
feature has actually been indicated as a test for the cleanless and
activation of the Pt surface.

Fig. 2 is an example of the observed behaviour.

Fig. 2. Voltammetric responses from alPt/IM stoﬁ interface,
after being sgbmitted to a potential brofi]e of the type
indicated in fig. 1.

(a) When the anodic limit of the potential perturbation
has not overcome 0.75 V.
(b) When the anodic 1limit of potential has been

previcusly extended to 1.5 V.
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02 in the solution detected by Cyclic Voltammetry

After being cleaned and activated the Pt electrode was carefully and
quickly transferred to another cell containing the same bhase electrolyte

M H2504. previously  deoxygenated, but only during 10 minutes. The
1

correspondent voltammetric response, at 0.1 V s

/\

is shown in fig., 3 (—).

Fig. 3. Effect of some residual 02 on the CV response of the
PL/IM H,S0, interface. v = 0.1 V s™'. Pt= 0.201 cm’.
—}) .M H2504 aqueous solution with some remaining 02.
(—--) WM HZSO& aqueous solution fres of 0:.
The correspondent curve shows the typical shape of a standard CV for
a Pt/1M H

2304 interface, apart from the displacement of current in the

cathodic direction.
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Stability of the activated Pt surface
Some tests were performed, in order to verify for how long the
electrode can keep its state of activation. Fig. 4 demonstrates some

of the conclusicns,

002 ——137 V vs NHE

-1
Fig. 4. CV's from a Pt/IM H,50, aqueous interface. v = 0.1Vs
Pt = 0.201 cm’.

(—) standard CV response; (——) after having the
electrode at open circuit for about 30s. After having
the electrode in contact with the atmosphere: (—) 30s;

(-—-) 150s; (-.-.-.) 180s.

The full line represents the standard CV response of our
electrode previaﬁsly cleaned and activated. It can be seen that after
being in contact with the atmosphere for about 30s the response of
the surface coincides with the lst one. But, for time intervals longer

than 150s the CV response deviates from the standard CV, as shown by

— 143 —

the dashed lines in fig. 4. Such time intervals are necessarily
dependent on the agressivity of the atmosphere of the laboratory where

the experiments are being performed.

If the electrode is left in high purity base electrolyte, then is
can keep its state of activation for at least 24h,even at open circuit.
Nevertheless, if some activity is lost meanwhile, then a few cycles of
sweeping would be enough to restore it. Therein, between experiments
the electrode was carefuly kept, either in the base electrolyte
solution, or in pure 3-D water. Contacts with the atmosphere of the
laboratory were always avoid..

In any case, the electrode was kept in open circuit only when its

potential was at the anodic limit (in the oxide regionm).

Interferences from a 5.C.E. used as reference electrode

Most workers, in the area of Electrocatalysis, use the hydrogen
elecrode (NHE) as reference electrode even though it is less convenient
when compared with a commercial saturated calomel electrode,

In our first experiments we used a SCE as reference electrode,
during the electrochemical treatment of the electrode. After a certain
number of cycles, at relatively fast sweep-rates, a CV at 0.1 V s_l was
recorded and anomalous features, which were not originally observed,
were detected as shown by CV's in fig. 5.

In fact, curve -1- in fig. 5. shows that the oxide formation has
been inhibited and at the anodic limit of 1.5 V the current rises

suddenly showing that a new process is occurring. According to the

potential, the process can be attributed either to 02 or Cl2 evolution.
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Fig. 5. CV's from a Pt/1M HZSOA + xM C1 interface. v = 0.1V s ~.
Pt = 0.201 cm2 (-——) x=0; CJJ—} - traces of C1~ coming

from the R.E.; (-2 - 1 x 1073M €1~ added to the solution.

Differences are also observed in the hydrogen adsorption/desorption
peaks. Peak II and II' are displaced cathodically and a slight increase
in charge is also observed.

After comparing these results with published work namely with
Breiter's results29 we suspected that the anomalous effects observed
could be due to the diffusion of Cl through the Luggin reaching the
working elctrode surface after a certain time.

To confirm our idea we have added some Cl~ to the base electrolyte.

The correspondent CV also shown in fig. 5 confirms diffusion of .
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It might happen that one can use the SCE without interfering with
the state of the working surface, but our advise is do not use it.
In a previous paperlg we have demonstrated the deleterious effects

of C17 in the oxidation process of HCOOH, at Pt in acidic medium.

Detection of impurities in the solution

Th tolerable level of impurities in electrode kinetics studies is
very low. A concentration of 2 x 107 M of impurities will block 10% of
the surface of an electrode with a surface to volume ratio of 1:100.
The importance of a rigorous control of impurities even, at uefy low
levels, should be stressed.

In fact, it was observed that, if for some reason, the triple-
distilled water or the stoa was not of high purity, some additional

peaks were observed in the recorded CV's, as shown, in fig. 6.

L

003 ==—147 V

Fig. 6. CV's from a Pt/IM H2504 aqueous solution, with traces of

impurities (——) and without impurities (---). v=0.1Vs'%
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Concluding remarks

From our experience and also from vast published work we know that
the conclusions about the electrocatalytic activity of a Pt working
electrode can be adversely affected by the state of the surface.Therein
the reason for the following advices:

® Establish "your standard methodology" for preparing a cleaned,
activated and reprodicible Pt surface.

® Keep your Pt electrode in the base electrolyte solution or in 3-IL
distilled water. Do not touch it when transferring it from one tc
another cell. If possible keep it with a drop of water or solution.

@ Use always the hydrogen electrode as reference electrode.

e Use high purity water and chemicals. Avoid contact with plastic or
rubber.

@ Use always, at least, two cells in paralell, one with the solution
containing the species under study and the other, with the base
electrolyte for checking the state of the electrode, wheﬁever you
find it necessary.

Finally,

@ Record a CV of your cleaned and activated Pt electrode. Keep it as.

a picture for the present and for the future.
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ABSTRACT

Measurements of the differential capacity of a Hg electrode
in contact with six aqueous solutions of urea were made
using a computer controlled system which sampled 75 times
during the drop life. The parameters of the adsorptien
isotherm are determined under appropriate thermodynamic
conditions. The results indicate that urea adsorbs much

less strongly than thiourea.

I - INTRODUCTION

The electrochemical adsorption of urea has feceived considerably
less attention than the similar compound, thiourea, in contact with
the many physical chemistry studies of its biological influence1’2’3’4.
Parsons and Peat5 studied the electrochemical adsorption of urea from

aqueous 1.0 M KNO3 and found that urea was adsorbed on a Hg electrode
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