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Glassy carbon disc electrodes were used to deposit micro quantities of Pt and Pd catalysts. Voltammetric
studies were made to examine the hydrogen adsorption and oxygen reduction on these model catalysts.
Their electrocatalytic activity towards anodic oxidation of methanol, formaldehyde and ethylene glycol in
acid and alkaline medium is dependent upon the amount of deposits, their hydrogen adsorption properties
and crystaUite parameters.
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EXPERIMENTAL

INTRODUCTIO

Electrodeposition studies
Platinum group metals are used most frequently as
electrocatalysts for fuel cell electrode reactions. These
catalysts are dJspersed as fine particles on porous active
carbon or carbon black support materials [IJ. Various reports
are available on the crystallite size effects of Pt catalysts on
their electrocatalytic properties [2-5J. Depending on the
nature of the support the properties and activities of catalysts
could differ since the pore structure of the support affects
the transport of the reactants. products and electrolyte.
Smooth supports dispersed with micro-quantities of metals
are convenient to evaluate the electrocatalytic property
wilhout any effect of the pore structure of the support [6-9J.
In order to find the effect of size of metal particles on their
catalytic properties, the studies on "model catalysts" have
been recommended. Vacuum evaporation technique has been
employed as standard procedures to prepare model catalysts
[to-II J. Takasu et al has investigated the catalytic properties
ofultrarine Pt[IO. 12-14J and Pd[ll, 15-17J deposited on flat
glassy carbon substrates by vacuum evaporation method.
These catalysts exhibited high catalytic activities towards
electro-oxidation of CHJOH and HCOOH and hydrogen
evolution in aqueous medium. Reports are not available on
lhe calalytic properties of electrocatalysts prepared by
electrodeposition techniques. IL is in this connection the
electrocatalytic activity of Pt and Pd electrodeposited in
microgram quantities on glassy carbon electrodes was
investigaled and reported in this paper.

Analytical grade chemicals and triple distilled water were
used. The Pt and Pd salts from Ms. Arora Mathey Ltd. were
employed. A glassy carbon rod (GC-30 from Msl. Tokai
carbon Co. Ltd., Japan) was used as the substratt:. The
glassy carbon disc was embedded into a copper cup ,1nd Light
fitted inside a Teflon sleeve. The flat surface was polished
with refractory oxides and polishing cloth according to
known procedures [18], degreased <lnd the mirror polish
surface was cleaned with acetone. A can ventional
three-compartment glass cell assembly was employed for
calTying out the electrodeposition studies from noble metal
salts in ].0 M H 2S04 solution (0.05 wt.). The gldssy carbon
rod was made as the working electrode, a Pt foi 1 as the
counter electrode and SCE as the reference electrode. A PAR
model 173 Potentiostat was employee!. The: dcposition
potential was kept at -0.10 V vs. SeE for different duration
The quantity of the metal deposited (in flg/cn/) was estimated
from the I-t curve by calculating the charge used for thc
deposition [19J.

Electrochemical characterisation of electrodeposits
The electrochemical hydrogen adsorption measurements
consisted of recording cyclic voltammograms over a range
of potential upto an anodic limit of 500 mV in hydrogen
saturated 1.0 M H 2S0 4 solution at 0.1 V Isec. The charge in
the cathodic and anodic hydrogen region (Q H) was
calculated by graphical inlegration. A charge value
210 i-lg/cm2 for hydrogen monolayer was used to obtain the
surface area of the Pt deposits [20,21]. The specific surface
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are;} pf the Pd depusits \ a~ calculated u'ing the charge
involved in the reduction of the oxide monolayer (Q 0)
formed when the Pd/GC electr de was c.:ycled between
-0.180 V and 135 V vs. SeE in 1.0 M H2S0 4, A charge
value of 405 (Jlgi c.:m-) real area for Pd was assumed for the
formatiun of a monolayer [22]. The voltammograms recorded
wert' eitba the first or second cycle. sinc.:e Pd was reported
to undergo dissolution during cycling [23J.
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Determination of the electrochemical activity of the
electrodcposits
Linear swel:jl pOlenliodynamie Yoltammograms were
obtained in the potcntial range -0.24 V Lo 1.35 V vs. SCE
in 10 M HIS 4 and in the range -0.9 V to 050 V vs. Hg,
HgO/OH- in 10 M KG
solutions containing various
organics (1.0 M) using P R M del 370 Electrochemistry
System. The results compared are the potentials at which a
maximum is obtained during the anodic sweep (Epeak ) and
the c.:urrent at the maximum (ipeak) f r various amounts of
the c.:atalyst . d 'posited. The intrinsic.: aeti ity (i g : the current
per unit mass in rnA/g) and the specific actlvity (is: the
current per unit real surbce area) were calculated b known
procedures [24].
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Fig. 2. Cyclic vo/lammograms of the Pt deposit in 1.0 M H,S04
in the hydrogen region (1) 363 ~gl cm 2
_.
(2) 242 ~glcm 2 and (3) 121 ~glcm-'

RES LTS AND DlSCUSSlO S
Results of the electrodepo ition studies
Tn the elcc.:trodcposition of Pl and Pd from their salts, the
current efficiency for the d position is reported to be greater
than 95 (J; 125] at potentials negative than the normal EO
\alues [261. The quantity of metals deposited at various
cl 'Ir!re alu '5 were akulatcd and tabulated in Table 1. The
physical ohSel'v"ll ion of the deposits on the glassy carbon
disks has inJicaled th::ll the; Pt deposit is bright, whereas the
Pd dcrosit is black and spongy, a' observed in a microscope.
The scanning electron mi roscopic.: picture of the Pt d posit
is shown ill r;'ig. 1. Thi,' 'hows the presence of white globules
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Fig 3. Cyclic va Itammog rams for Pt and Pd electrodejJosits at
100 mY/sec in 1.0 M H?S04 + 1.0 M CHpH
(I) Pr (242 ~g/ cln1") without Inelhano-/
?
(2) Pt (120 !lglcm-) with methanol
?
(3) Pt (242 ~gl cm-) with methanol
?
(4) Pd (198 !lglcm-) with methanol

Fig. 1. SPM pholOgraph of the Pt deposil (242 (~glcm2) on
glassl' corban disk
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Tablc.I: Characteristics of the Pt and Pd e1ectrodeposits
charge
HiM %
Deposit Charge for Amount
(hydrogen
deposition deposited
I
2
(mC/ern )
(llg/cm ) region)(mC/en,z)

30
60
120
180
240
30
60
120
180
240

Pt
Pl
Pl
Pt
Pt
Pd
Pd
Pd
Pd
Pel

62
121
242
363
485
33
66
132
198
264

19.06
30.86
46.3
43.2
49.8
1705
25.92
41.80
5US
57.60

Crystalite Electrochemical
umber of
size
Sufrace area surface atoms
2
X lO7/cm 2
(Cs)nm
(m /g)

64
51
39
24
21
57
43
35
28
24

1.7
2.1
2.8
4.5
52
1.9
2.5
3.1
3.8
4.5

164.7
1 3.3
100.0
62.2
53.0
263.0
200.0
161.0
132.0
111.0

peak ratio
(iplll)/(iploo)

122
1.92
2.20
269
31 j
106
1.61
261
3.19
3.99

3.5
2.7
20
1.7
1.1

and colonies of Pr particles. The bright image shows thal the

Electro-oxidation in acid medium

Pt particles grow at the surface of the glassy carbon disks.

The electrooxidation of the three organic compounus namely
methanol, formaldehyde and ethylene glycol are stucJied by
cycliC voltammetry and the results arc presentecJ below
Fig. 3 shows the voltammograms in JO M H 2SO, + 1.0 M
CH 30H. Curve J represents the behaviour of Pt dq osits in
H 2S0 4 in the absence of CH 30H Curves 2 and 3 represenl
the behaviour in the presence of CH 3 0H. The pattern IS
quite similar to the behaviour reported for a Pt wirc electrode
[32]. The methanol oxidation starts around 0.3 V, a peak JS
observed at around 0.7 V during thc anodic scan (Pal) and

It is reponed in literature that when the loading level is less
than 40 (llg/cm

2
)

(geometric area), the particles are almost

spherlcal ami randomly distributed [27]. At high loading
2

greater than 100 (Ilg/ cm ) the distribution becomes wider.
The SE

picture of the Pd deposit was found to be shabby.

Fig.2. shows the current potential profile obtained with
Pt/GC electrode at 100 mY/sec in 10 M H 2S0 4 solution.
The main features of the profile are the presence of two
symmetrIc hydrogen adsorption and desorption peaks in a
~;Ilnilar

way reported for bulk Pt sheet electrode [28,29]. The

hydrogen adsorption region was in the potential range -0.05
V to - 0.20 V vs. SCE and the charge are used to calculate
the real surface area of the catalyst [22]. As the amount of
the deposit increases, the peak heights for the weakly
adsorbed hydrogen at - 0.15 V (i plll ) and the strongly
adsorbed hydrogen at -0.20 V (ipIOO) lOcrease. The
2
ekctrochemieal surface area of the Pt crystallites (S in m /g)
and the crystallite size (Cs ) values were determined from the

QH values, as reported in Ref. 30 and given in Table 1. It is
also noted that the ratio of ipllI/iploo also decreases at high
Pt amounts. From the table, it is clear that as the amount of
the Pt deposit increases the electrochemical surface area
decreases and consequently the crystallite size increases. It
is arrarent that the crystallite size values are considerably
sma.ller than that observed under SEM. This suggests that

-1.0

the particles formcu as coalesced ultra micro Pt clusters are
observed under SEM [3 J]. For the Pd deposits on glassy

0·5
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carbon disks. the crystallite size and the electrochemical
surface area values were determined from the charae values
for the reduction of the oxide monolayer and also reported

Fig. 4. Cyclic voltammograms for Pt eleclrodepostls (242
ill (/) 1.0 M H2S0~ + 1.0 M HCH
(2) 10 M H 2S0 4 + /0 M GLY OL

(~R/c1l12) at 100 mV/sec

in Tablc 1.
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Catalyst Amount
(llg/ cm2 )

62
121
242
363
485
3
66
132
198
264

Pt
Pt
Pt
Pt
Pt
Pd

Pd
Pd
Pd
d

Table.II: Electrocatalytic activity of Pt and Pd deposits in acid medium
Ethylene glycol
peciflc
P ak ratio
CHpH
E peak
(V)
activity
(i pl )/ (i p2 )
I peak
E peak
[peak ,
(mA/cm-)
(V)
(A/m 2)
(rnA/cm2 )
0.64
0.68
0.70
0.71
0.72

0.012
0.Ql5
0.017
0.019
0019

0.19
0.24
0.38
0.40
0.50

during the rever. e scan at 0.5 V (Pa2)' However, the peak
potential values are found to snift in the positive direction,
by 20 to 50 mY, depending upon the amount f the catalyst.
The peak height value also differ accordingly. Th ratio
(P..11 )/ (P J_,) also decreased continuously with the decrease in
the particle size
le peak potential, peak current and the
specific activity value of the catalyst for the diff rent
amounts of Pt deposits on GC are tabulated in T ble II. The
hydrogen region is not complete] suppressed by methanol
adsorption, since the oxidation - reduction peaks of hydrogen

0.8 , . - - - - - - - - - - - - ,

0.8

.,...
~ 0.4

~

0.67
0.68
0.69
0.70
0.71
0.68
089
0.70
0.70
0.71

0.20
0.40
0.50
0.60
065
0.20
0.25
0.28
0.30
0.31

0.015
0.020
0.030
0.040
0.050
0.005
0007
0.009
0.010
0011

are still visible. Howev 1', the peak due to strong adsorption
of hydrogen is absent in the presence of methanol [331.
The curve 4 rep I' s nts th behaviour of Pd deposit on C.
The current voltag" patt rn does not indicate any peak for
methanol oxidation. he fact that Pd does not chL:misorb
CH 30H is reflected from the fact that the peak height for
the hydrogen oxidation does not chanCTe in the presence of
methanoL Because of this the palladium oxide reduction reak
is also observed at +0.44 V. which is absent for the Pt
deposits in the presence of CH 30H in 1.0 M H 1SO.,.
Fig. 4 shows the linear sweep voltammogram for the Pt
deposited cat Iysts for the Qxidation of formaldehyde and
ethylene glycol in 1.0 M H~ 04' Durin a the anodic SCJn the
oxidation of formaldehyde (curve I) starts at 0.60 Y when
the Pt surface is partially covered with an oxide layer. A
peak is observed at 0.90 Y, thereafter the currL:1l t decreases.
In the cathodic scan, two anodic peaks at 0.40 and 0.25 Y
are noticed even after the Pt-O reduction region. The
oxidation is reported to proceed through a path, which
involves the formation of formic acid radical as the
intermediate [34]. This intemlediate is strongl adsorbed on
the surface, which is hardly oxidised at all during h anodic
sweep. However, the current due to oxidation of strongly
adsorbed hydrogen is completely absent indicating that the
intermediates are strongly adsorbed.
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Fig. 5.

1.1
1.5
1.9
2.7
3.0

Specific
activity (A/m 2 )

yelie voltaml7lograms for PI eleetrodeposits at lOa
mVlsee in 1.0 M KOH +1.0 M CHpH
2
2
(I). Pt (485 (~lglem ),(2) PI (242 (~glem )

Compared with HCHO, the electrooxidation of cthylene
glycol (curve 2) starts at 0.2 Y. A shoulder at 0.4 Y is also
noticed. The initial decrease corresponds to the stan of the
oxidation of the surface. The current rises at 0.55 Y. reac.hes
a maximum at 0.7 Y and then decreases similar to the
behaviour observed for methanol. During the gative sweep.
no oxidation of ethylene glycol occurs until the surfac ox.ide
2
gets reduced. A peak at 0.45 V (0.7 mN m ) appears, which
corresponds to the shoulder observed during the anodic
436
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Table.JJJ:Electrocatalytic acitvity of Pt and Pd deposits in alkaline medium
CH 30H

Catalyst Amount
(~lg/cm2)

Pt
Pt
Pt
Pt
Pt
Pd
Pd
Pd
Pd
Pd

62
121
242
363
485
33
66
132
19R
264

E peak
(V)

-0.25
-0.22
-0.20
-017
-0.15
+0.01
0.00
+0.02
+0.01
+0.01

Formaldehyde

I peak
Specific
(mA/cm 2) activity
2
(A/m )
0.35
0.44
0.57
0.64
0.76
0.10
0.12
0.15
0.16
0.20

(V)

-0.25
-0.22
-0.20
-0.18
-015
-0.15
-0.14
-0.10
-0.12
-0.10

sweep [351- Here again, the formation of strongly adsorbed
hydrogen is suppressed. The peak potential values shifted in
the po:;itive direction by 10 to 40 mY only, as the amount
of the Pt deposit increases for both HCHO and ethylene
glycol, compared to a larger shift observed for CH 3 0H. The
peak current and specific activity values increase as the
amount of depOSIt increases.

2.0 , - - - - - - - - - - - - - - - - - - - - ,

3
1.5

~

1.0

l

0.5

o~~~~~~--l
-1.0

-0.5

0.5

1.0

ECV-..MOE)

Fig. 6. Cyclic Yollanzmograms for PI and Pd eleclrodeposils at
100 IIlVlsec in 1.0 M KOH + 1.0 M GLYCOL

0.80
1.00
1.20
1.22
1.25
0.09
1.00
1.00
1.30
1.10

0050
0065
0.070
0.075
0.090
0.020
0.Q35
0.040
0.060
0.043

E pcak
(V)

Specific
lpeak
(mA/cm 2) activity
(A/m2 )

0.05
0.08
010
0.12
0.15
0.09
009
010
010
0.10

0.80
1.00
1.20
1.30
1.40
100
110
130
1.40
1.98

0.100
0.110
0.120
0140
0.150
0.Q3
0.040
0.050
0.060
0.071

than HCHO or methanol. However the specific activity
values of th Pd deposits were low I' than Pt deposits

Electro-oxidation in alkaline medium

In the case of Pd deposits only the oxidation current for
ethylene glycol is noticed. Here also the peak potential shifts
towards positive direction as the amount of the Pd deposit
increas s. Both the peak current and specific activity values'
increasc with the deposit amount. Both Pt and Pd deposits
cxhibit higher activity for the oxidation of ethylene glycol

N

Specific
I peak
(mA/cm 2) activity
(A/m 2 )

E pcak

0.030
0034
0.Q35
0.040
0.050
0.003
0004
0.005
0006
0.007

Ethylene glycol

The general shape of the voltammograms in 1.0 M
CHpH + 1.0 M KOH (Fig.5) is quite similar to the patt 111
reported for a Pt sheet [36J. The anodic peak current density
values increase with the amount of Pt on the glassy carbon
substrate. The overpot ntials at which the CUlT nt maximum
occurs is very close to the values observed in acid media.
The hydr gen adsorptiun reaion is also suppressed The
observed peak characteristics and the sp ific activity values
are tabulated in Table III. The current uensity and activity
values are generally higher in alkaline medium than in acid
medium. For Pd deposits, the peak pot ntial was anodic
(-0.0 Y) than observed with Pt deposits. Little or negligible
shift of the peak potentials are noticed at variou amounts
of the deposit. The peak current values were lower than Pt
catalysts and the specific activity values were much lower.
Similarly, the peak current values f r the oxidation of
formaldehyde are higher than those observed for methanol
and for HCHO in acid medium Two anodic peaks during the
anodic and reverse scans weI' noticed as in acid medium.
The pattern for Pd was found to be quite difkrent. Only
one anodic peak was observed at -0.10 V durin o the forward
'can and at -0.30 Y during the reverse scan. The peak
potential values for Pd/GC were more positive than that
observed for PtlGC by about 50 - 100 mY Th peak
potentials shifted in the ancdic direction for both PtlGC and
Pd/GC as the amount of the deposit increases. It can be se 'n
from Table III that the difference was larger at low catal st.
amounts. The peak height values are of the same order a,
PtlGc. But the specific activity values were lower than
PtlGc. This behaviour is in conlrary to the expectation that
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Pd is a heller catalyst than Pt for HCHO oxidation in alkaline
medlum.
Fig. 6 represents the typical voltammograms in l.0 M KOH
+ 1.0 M ethylene glycol. In all the cases the miLial oxidation
due to adsorbed hydrogen is suppressed. The oxidation of
ethylene glycol starts at -0.25 V and reaching a maximum
at 0 V. During the cathodic sweep, the peak is observed at
-0.20 V. For Pd deposits, the oxidation starts even earlier at
-0.35 V and a peak is observed at +0.10 V with a higher
current density than Pt, but the specific activity values were
lower than PtlGc. This behaviour is also contrary to the
behavjour reported for bulk catalyst [131. The peak current
during the reverse scan is also higher as in the case of
HCHO. But no shift of peak potentials was noticed at
different Pd contents as observed with CH 30H unlike Pt
deposits. For both PtlGC and Pd/GC catalysts a shift of the
peak potential towards the positive values was noticed, from
HpH to HCHO and then ethylene glycol.

CONCLUSION
The microdeposits of Pt and Pd on glassy carbon disk show
similar voltanlmetrie pattern as bulk electrodes for the
oxidation of methanol. formaldehyde and ethylene glycol in
acid and alkaline medium. The oxidation starts earlier at [ow
overpotentials at low catalyst amounts due to the absence of
strong adsorption of hydrogen or intermediates. The shift of
peak potential in the positive potential region is an indication
of the presence of strong adsorption of the organic or
I ntermccl iates at high catalyst amounts. The size and the
electrochemical surface area bear direct relevance to the
activity of the catalysts. The activity values are the highest
for the oxidation of ethylene glycol in alkaline medium for
both PtlGC and PdlGC than other organics.
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