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Electrocatalytic properties of palladium modified zinc oxide nanorods (Pd-ZnO NRs):
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Among various semiconductor materials, zinc oxide (ZnO) presents itself as one of the most important semiconductor due to
its versatile potential properties, when modified with palladium has attracted much attention for their promising applications.
Nano rods (NRs) like structure were prepared through hydrothermal method. As synthesized samples morphological proper-
ties were characterized by X-ray diffraction (XRD), diffuse reflectance ultra-violet spectroscopy (DRS-UV), photo luminescence
(PL), field emission scanning electron microscope (FE-SEM), high resolution transmission electron microscope (HR-TEM) in
order to confirm the phase purity and surface morphology of the sample. Palladium modified ZnO NRs (Pd-ZnO) samples
possess a stable morphological structure composed of rod like structure. The modified glassy carbon (GC) electrode with
Pd-ZnO NRs shows better catalytic activity for the electrochemical oxidation of uric acid (UA).
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Introduction

In semiconductor metal oxide (SMO) the age-old goal to
study the interaction between the metal nanoparticles (NPs)-
SMO interactions remains a face up to task. Size and defect
control, besides the distribution of the metal NPs on SMO is
always a challenge and the outcomes of this, influences the
most promising properties like optical, electronic and cata-
lytic to prepare outstanding metal NPs-SMO*6.910. |ndeed,
noble metal NPs decoration on SMO promotes the activity of
SM0'"258 The recombination of electron-hole pair is being
delayed by electron sink noble metal nanoparticles in noble
metal NP-SMO. Among various SMO, the wurtzite hexago-
nal structured ZnO presents itself as one of the most impor-
tant 1l-VI group, due to its a variety of properties such as
wide band gap of 3.37 eV, large exciton binding energy of 60
meV, much higher than other SMO™4.15.

In this present study we have reported the preparation of
Pd modified ZnO nanorods, using a hydrothermal method.
The prepared nanoparticles is used to modify the GC elec-
trode. The modified GC electrode shows better catalytic ac-
tivity for the electrochemical oxidation of UA when compared
with the bare GC electrode.
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Experimental
Synthesis of Pd modified ZnO (Pd-ZnQ):

Precursors, Zn(CH;C00),.2H,0 and NaOH were dis-
solved into of distilled water to which PdCI, were added. Af-
ter the mixture was magnetically stirred, was transferred into
a Teflon lined stainless steel autoclave. It was then sealed
and maintained at 180°C for 2 h. After separation the samples
were finally calcined at 200°C for 2 h. All the reagents were
analytical grades. Deionized water was used in the experi-
ments.

Characterization:

To analyse the sample structure a Rich Siefert 3000
diffractometer with Cu-K 4 radiation (A=1.5406 A) was used.
The surface morphology of the prepared sample was ana-
lyzed by FE-SEM using a HITACHI SU6600 field emission-
scanning electron microscopy and TEM using a PHILIPS
CM200 transmission electron microscopy respectively. The
electrocatalytic experiments were performed on a CHI 600A
electrochemical instrument using as-coated electrodes and
bare GCE, a platinum wire was the counter electrode and
saturated calomel electrode (SCE).
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Results and discussion

Characterization: Fig. 1 depicts XRD patterns of the as-
prepared, palladium modified ZnO samples. The peaks dif-
fraction at 31.8°, 34.4°, 36.3°, 47.5°, 56.6°, 62.9°, 66.4°,68.0°,
69.1° can be indexed to the planes of standard patterns for
hexagonal phase wurtzite structure ZnO (JCPDS Card File
No. 36-1451) and at 40.1° can be indexed to face-centered
cubic (fcc) of palladium (JCPDS 05-0681), according to the
reported data. All the peaks agree well with two crystal phases
and no other characteristic peaks are observed, indicating
high purity of the as-prepared samples. The come out sug-
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Fig. 1. XRD patterns Pd-ZnO NRs.

gests that the obtained products are palladium modified ZnO
NRs. The room temperature photoluminescence spectrum
for colloidal solution of the sample at 340 nm of excitation
energy is shown in Fig. 2. Luminescence peaks centred at
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Fig. 2. PL spectrum of Pd-ZnO NRs.

392 nm has been observed for the prepared samples, due to
the radiative recombination of an electron and a hole, i.e. the
excitonic emission’:13. As-prepared Pd modified ZnO sample
shows a prominent excitonic absorption peak at 355 nm at
room temperature against the optical absorption spectra is
shown in the Fig. 3. This may be attributed due to the quan-
tum size effects in nanocrystals®:!!. The variation of (cthv)2
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Fig. 3. DRS UV-Visible spectrum; inset plots of (cthv)? vs photon en-
ergy (hv).

versus photon energy (hv) for the synthesized sample is plot-
ted in Fig. 3 (inset). The band gap (Eg) is estimated through
the extrapolation method'#. The values is found to be 3.28
eV. Fig. 4 depicts FESEM of the sample are in rod like struc-
ture. HRTEM reinforces the rod like structure and the distri-
bution of palladium particles in the ZnO rods shown in Fig. 5.
Fig. 6 depicts EDX spectrum of the sample confirms pres-

ence of Pd, Zn and O elements.

Fig. 4. FE-SEM image of Pd-ZnO NRs.
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Fig. 5. HR-TEM image of Pd-ZnO NRs.
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Fig. 6. EDAX spectrum of Pd-ZnO NRs.

Electrochemical oxidation of uric acid at the Pd-ZnO NRs
coated electrode:

The modified electrodes show shift in anodic peak po-
tential with enhanced anodic peak current than the bare GCE,
indicates thatthe modified electrode (Pd-ZnO NRs/GCE) has
better catalytic activity shown in Fig. 7. The oxidation peak
potential and anodic peak current of UA at Pd-ZnO NRs/GCE
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Fig. 7. CVs of (a) bare GCE and (b) Pd-ZnO NRs/GCE in 0.1 MPBS
(pH 7.0), (d) Pd-ZnO NRs in 0.1 MPBS (pH 7.0) solution con-
taining 1.0 mM uric acid at scan rate 50 mV s~".
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is about 0.49 V and 24 mA respectively, which is higher than
bare GCE and comparable with the reported catalyst!216.
Consequently, the results suggest that Pd-ZnO NRs enhance
the electron transfer rate and lower the overpotential of UA
oxidation. Effect of scan rate were also studied. From Fig. 8,
it can be seen that the oxidation peak current moved linearly
with increasing scan rate in the range from 30 to 700 mV s
shows an adsorption-controlled.
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Fig. 8. CVofPd-ZnO NRs/GCE at the scan rate (a) 20, (b) 30, (c) 40,
(d) 50, (e) 60, (f) 70, (g) 80, (h) 90, (i) 100, (j) 150, (k) 200, (1)
250, (m) 300, (n) 350 (0) 400 (p) 450 (q) 500 mV s~".

Conclusions

Pd modified ZnO NRs were prepared by hydrothermal
method. The characterization techniques confirms the modi-
fication of ZnO by palladium. Pd-ZnO NRs covered GC elec-
trodes were successfully fabricated. The as-prepared Pd-ZnO
NRs/GCE show an excellent electro-catalytic activity towards
the oxidation of UA. As-prepared sample, favors for the an-
odic peak potential and current increment.
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