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Abstract

Catalysts play an important role in order to enhance the efficiency of the chemical processes. Catalysis
being surface phenomena, catalytic activity mainly depends on total surface area of the active metal
dispersed on supported material. Metals were often used as catalysts for electrochemical and chemical
reactions. In this study, different techniques were employed to prepare/modify some of the metal based
catalysts. Modification of metals, from first row of transition series and lead, was done in terms of
particles size and their distribution. Electrodes of copper and zinc were modified by creating nano
clusture on their surface through electro chemical deposition. More importantly these modified
electrodes were employed to check their catalytic activity for the oxidation of methanol and ethanol in
basic environment. That is one of the potential reactions which occur in fuel cell. Secondly,
hydrothermal method was adopted for the synthesis of the metal nanoparticles of copper and lead.
Synthesized materials were tested against their catalytic activity for redox reaction of organic dye i.e.

methylene blue which exhibited substantial

microscopy images were used for investigating

materials.

catalytic activity. Moreover, scanning electron

surface morphology of prepared/modified

Key words: Catalyst, Electrode, Electroxidation, SEM, Copper, Zinc, Lead

Introduction

Since huge number of publications have been devoted to field

of nanoscience in the last decade [1]. This field emerges as
major research direction. Nanoscience has wide spread
application in various fields like catalysis, sensors, model
membrane systems, solubilization media and drug delivery
[2-6]. Many interesting properties like large specific area and
quantum size effect have been evolved when the size of the
materials revolve around 100nm [7-12]. There is a
considerable interest in the fabrication of high surface area
metal nanostructures as thin films for a wide variety of
applications including energy storage (super capacitors),
energy conversion (fuel cells), separations (electrochemical
chromatography) and sensors [13-16]. Towards this end, a
common approach has been observed that classical materials
should have been replaced with materials of nano size in order
to have maximum control on the features and characteristics.

Large number of research groups are working on synthesis
and characterization of the nanoparticles [17-19]. They
observed that there was possibility to have the desired
properties through the control over size of particles. This
trend is equally frequent in the field of catalysis [20-22].
Catalytic efficiency of the catalyst mainly depends upon the
surface area and dimensions of nano size catalysts. Owing to
the achievements of interesting and desired properties,
efficiency of the catalyst can be enhanced to make the process
economical. Therefore, field of nanocatalysts looks very
promising to work on. In the present work, various
methodologies have been adopted for the synthesis of
metallic nanoparticles as catalysts. Zinc and Copper
electrodes were modified by electrochemical deposition.

Then these modified electrodes were employed to check their
catalytic activity for the oxidation of methanol and ethanol in
basic environment. Furthermore, hydrothermal methods have
been used to prepare said nanoparticles. Moreover, these
prepared nanocatalysts were further investigated through
their use in mineralization of organic dyes. In extension,
surface analysis of the modified and prepared catalyst has
been done by the scanning electron microscopy (SEM).

Experimental
Chemical and Reagents

All chemical used were of analytical grade. These chemicals
were purchased from Sigma-Aldrich and used as received
without further purification.

Electrochemical Method for the Modification of
Nanocatalysts of Zinc and Copper

For electrochemical modification of nanocatalysts, zinc and
copper nanoparticles were grown on the surface of Z» and Cu
electrode respectively, by electrochemical deposition. For
this purpose ZnSO4 and CuSO=4 were used as precursors of Zn
and Cu, respectively, along with the other additives in reverse
micro emulsion (RME). In order to avoid the problem of low
conductivity of RME [23], SmL concentrated HCI solution
was added. To grow nanoparticles of mentioned metals,
graphite electrode was taken as anode and respective metal
electrodes were taken as cathode. All these depositions took
placeat4.5+0.02V for 30mins.

Hydrothermal Method to Generate Bimetallic
Nanoparticles of Copper and Lead

A 0.05 M aqueous solution of CuSOa4. SH20 was prepared by
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dissolving 0.125 gm of salt in 100 mL of water. 1.7 mg of
Pb(NO3)2 was dissolved in 100mL of deionized water to
prepare 0.05M solution. These solutions were transferred to
the conical flask and stirred for 30 minutes. 10M solution of
NaOH was prepared and added to the solution mixture and pH
was adjusted at 13 under continuous stirring at room
temperature for 1h. The flask was sealed and placed in the
autoclave lined with teflon. The temperature of autoclave was
maintained at 125°C and heated for Sh. The precipitates of
nanocatalyst obtained after 5Sh were cooled down to room
temperature and washed three times with acetone and distilled
water.

Electroxidation of Methanol and Ethanol

Zinc and Copper electrodes modified through
electrochemical deposition were further subjected to the
investigation of their catalytic activity and compared to
unmodified electrodes. For these electrodes, electroxidation
of methanol and ethanol was selected as model reaction. Such
reactions normally take place in fuel cell. Modified Cu and Zn
electrodes were used as anode for the oxidation of ethanol and
methanol in basic medium. For all these reactions, graphite
electrode was taken as cathode. For this, mixture of 0.1M
solution of ethanol in 0.1M NaOH in water was taken as an
electrolyte. Values of the current were recorded as a function
of'voltage. Same procedure was adopted for methanol.

Catalytic Activity for Oxidation of Methylene Blue

Decolouration of methylene blue dye in the presence of strong
oxidizing agent (H202) was selected as a model reaction to
demonstrate the catalytic activity of the bimetallic
synthesized nanoparticles of copper and lead by hydrothermal
method. UV-Vis spectrometer (Labomed, UVD 3500) was
used to analyze the catalytic activities of the nanoparticles.
Spectra were recorded after a certain time period to the start of
oxidation of methylene blue dye by hydrogen peroxide as an
oxidizing agent without and with nanocatalyst. For this
purpose, 0.8mg of methylene blue dye was dissolved in
100mL of deionized water to prepare solution of methylene
blue. 0.7M H20: was used for both the cases. In this
experiment, 20mL of dye solution was mixed with 15mL of
H20:2 followed by recording of UV-Vis spectrum after certain
period of time. To check the catalytic activity, same procedure
was repeated with the addition of 0.02mg of catalyst. All the
study was done around 660nm which is the Imax value of
methylene blue [24].

Result and Discussion
A.Copper and Zinc Modified Electrodes

1. SEM Analysis: SEM images (Hitachi, S-4800) of the
copper and zinc modified and unmodified electrodes are
given in Fig. 1-4. These electrodes were modified through
electrochemical deposition. On examination of the SEM
images, it can be seen that nanoparticles are grown. Due to the
growth of these nanoparticles, true surface area of the
electrodes is enhanced. As ability of a catalyst mainly depends
upon its available surface therefore enhanced catalytic
activities are expected.
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Fig. 1: SEM image of zinc unmodified electrode
(Scale bar = 100 nm).

Fig. 2: SEM image of copper unmodified trode
(Scale bar = 100 nm).

Fig. 3: SEM image of zinc modified electrode
(Scale bar =100 nm).

Fig. 4: SEM image of copper modified electrode.
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2) Electroxidation of Ethanol and Methanol: As it is
confirmed from SEM images that true surface area of the zinc
and copper electrodes are enhanced after the modification
through electrochemical deposition. It is believed that
catalytic activity of the catalysts will be improved with the
increases in surface to volume ration. To demonstrate this,
modified and unmodified electrodes has been undergone for
the catalytic characterization. For the said purpose modified
and unmodified electrodes of copper and zinc were used as
anode for electro oxidation of ethanol and methanol while for
every case graphite electrode was taken as cathode. Current as
function of voltage was measured and results for ethanol are
givenin fig. 5, when electrodes of copper were taken as anode.
From the given plot, one can say that large slope is observed
for modified copper electrode as compared to respective
unmodified electrode. This indicates that large amount of
ethanol get oxidized for given voltage by using modified
electrode. Although trend is same for both the electrodes,
which proves that mechanism of the oxidation is same and not
responsible for large amount of current. Similar results are
obtained for other combination of alcohols and electrodes.
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Fig. 5: Plot of electroxiadtion of 0.1M ethanol in basic environment
when graphite electrode acts as cathode and modified copper
electrode( A ), udmodified copper electrode (e) used as anode.

Copper and Lead Nanocatalysts from Hydrothermal
Method

1) SEM Analysis: Scanning electron microscope was used to
study the morphological characteristics of the prepared
catalyst. Figure 6 shows SEM image of the Cu-Pb alloy
catalyst synthesized at pH 13. This figure provides the
evidence that Cu-Pb alloy catalyst prepared at pH 13 exhibits
the dendrite like morphology. The size of this dendrite like
structure is in the range of 100-200nm.
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Fig. 6: SEM image of Cu-Pb catalyst
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2) Catalytic Activity of Cu-Pb Nanocatalyst: Catalytic
activity of the Cu-Pb bimetallic catalyst for the oxidation of
methylene blue dye was studied by UV-Vis spectroscopy.
Amax of methylene blue was observed around 660nm. For the
oxidation of methylene blue, H202 was used as oxidizing
agent. In first case, oxidation was done without the addition of
any catalyst. In second case, same procedure of oxidation was
adopted but in the presence of Cu-Pb as catalyst. In the
absorption spectra, given in figure 7 recorded in the same
experimental conditions, intensity of absorption peak
corresponds to the amount of un-oxidized dye. Intensity of the
peak, amount of un-oxidezed dye, is far less when catalyst is
used as compared to when no catalyst is used. This shows the
considerable contribution of the catalyst to speed up the
oxidation process.
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Fig. 7: UV-visible spectra for the oxidation methylene blue using
H20:2 as an oxidizing agent without Cu-Pb nanocatalyst (solid
line) and with Cu-Pb nanocatalyst (dotted line).

Conclusion

Catalyst of different metals particularly from first row of
transition series and lead have been successfully modified and
prepared by two different routes. SEM analysis showed that
catalysts with suitable morphology i.e. enhanced surface area
are obtained. This substantial increase in surface area is
mainly responsible for better catalytic activity for both type of
catalysts.
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