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Preface

The thesis entitled “Electrochemical Sensing of Some Selected Bio-molecules Using
Chemically Modified Gold Electrodes” describes the results of a Ph.D. study initiated
in September 2013. The study was on the modification of gold electrode surface with
different aliphatic and aromatic thiol films having redox active species that include
transition metal complexes and metal nanoparticles and the application of their
electrochemical sensing of some selected biologically important molecules. The modified
electrode surface was characterized by using microscopic (scanning electron
microscopy), spectroscopic (energy dispersive X-ray analysis, Fourier transform infrared
spectroscopy) and electrochemical (cyclic voltammetry, electrochemical impedance
spectroscopy) techniques. The sensing property of the electrode material was investigated
by two different electrochemical techniques, viz., differential pulse voltammetry and

chronoamperommetry.

This thesis consists of seven chapters. In the introductory chapter (Chapter 1), a brief
description of bio-molecules, their sensing techniques, chemically modified electrodes,
different electrode modifications and characterization techniques and a short review on
the electrochemical sensing of some selected bio-molecules using self-assembled thiol
monolayer modified gold electrodes along with the present investigation proposal. In
Chapter 2, a brief account of the chemicals and reagents used for the synthesis purpose
and a brief description of various techniques used for the characterization or
electrochemical sensing application of the chemically modified gold electrode has been
included. Chapter 3 and Chapter 4 contains the preparation and characterization of self-
assembled aromatic  thiols  (4-(2-imidazolylazo)thiophenol and  4-(pyridine-4'-
amido)thiophenol) layer modified gold electrode containing transition metal (copper and
vanadium) complexes, respectively. The copper(ll) complex modified gold electrode was
utilized for the sensing of purine bases - adenine and guanine, whereas, the vanadium(IV)
complex modified electrode was applied for the detection of glucose and hydrogen
peroxide. In Chapter 5 and Chapter 6, we describe the synthesis of CTAB and PVP
capped silver nanoparticles and their immobilization on self-assembled aliphatic thiols,

L-cysteine, and penicillamine monolayer modified gold electrode, respectively. The

Vii



electrodes modified with nanoparticles were used for the electrochemical sensing of
vitamin, ascorbic acid and catecholamine neurotransmitters, dopamine and epinephrine.
In Chapter 7, the significant results of the research work have been summarized and the
future scopes of the work stated.

| am happy to state that the work has been published in national and international journals
(List of Publications).

As usual practice, findings of other investigators have been duly acknowledged
throughout the thesis. Finally, | take the responsibility of any unintentional errors which

might have escaped notice despite due precautions.
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FE-SEM images of bare (a), PCA modified (b)
AgNPs-PCA modified gold electrode (c) and
elemental mapping of AgNPs-PCA modified gold
electrode (d)

Cyclic voltammograms obtained at bare and AgNPs-
PCA modified gold electrode in 0.1 M PBS (pH 7.0)
Overlaid cyclic voltammograms obtained with
increasing scan rate at AgNPs-PCA-Au electrode in
0.1 M PBS (pH 7.0) (a). Plot of current as a function
of scan rate with a linear trend line (R? > 0.99) (b), Bar
diagram of current versus scan rate (c)

Cyclic voltammograms of 0.5 mM K4[Fe(CN)g] in 0.1
M PBS at pH 7.0 using different working electrode
(bare Au, PCA-Au and AgNPs-PCA-Au electrode) (a).
Bar diagram of cathodic peak current at different
electrode system, (b) Five times measurement (n = 5)
were taken

Nyquist plot (-Z” versus Z) of 0.5 mM K,4[Fe(CN)g] in
0.1 M PBS at pH 7.0 using different working electrode
(bare Au, PCA-Au and AgNPs-PCA-Au electrode) (a).
Bar diagram of R values at different electrode
system, (b) Five times measurement (n = 5) were taken
Cyclic voltammogram of 10 uM DA (a) and 10 uM
EP (b) in 0.1 M PBS (pH 7.0) at bare, PCA and
AgNPs-PCA modified gold electrodes
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Fig. 6.9.

Fig. 6.10.

Fig. 6.11.

Fig. 6.12.

Fig. 6.13.

Fig. 6.14.

Nyquist plot of 10 uM DA in 0.1 M PBS at pH 7.0
using bare Au, PCA-Au and AgNPs-PCA-Au
electrode (a). Bar diagram of R values at different
electrode system (b), Five times measurement (n = 5)
were taken

Nyquist plot of 10 pM EP in 0.1 M PBS at pH 7.0
using bare Au, PCA-Au and AgNPs-PCA-Au
electrode (a). Bar diagram of R values at different
electrode system (b), Five times measurement (n = 5)
were taken

Cyclic voltammogram of 10 uM DA (a) and 10 uM
EP (c) in 0.1 M PBS (pH 7.0) at AgNPs (4 nm)-PCA
(red curve), AgNPs (10 nm) -PCA (black curve) and
AgNPs (20 nm) -PCA (green curve) modified gold
electrodes

Chronoamperograms of 10 uM DA (a) and 10 uM EP
(b) in 0.1 M PBS (pH 7.0) at + 0.22 V and + 0.18 V
versus Ag/AgCI, respectively using AgNPs (4 nm)-
PCA (red curve), AgNPs (10 nm) -PCA (black curve)
and AgNPs (20 nm) -PCA (green curve) modified gold
electrodes

Chronoamperograms with increasing concentration of
DA (0.1 to 100.0 mM) in 0.1 M PBS (pH 7.0) using
AgNPs-PCA-Au electrode at + 0.22 V versus
Ag/AgCl, LOD = 0.2 nM (S/N = 3) (a). Plot of
resulting current in chronoamperometry at 30 seconds
versus concentration of DA (b), Five times
measurement were taken (n = 5)

Chronoamperograms with increasing concentration of
EP (0.1 to 100.0 mM) in 0.1 M PBS (pH 7.0) using
AgNPs-PCA-Au electrode at + 0.18 V versus
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Fig. 6.15.

Fig. 6.16.

Fig. 6.17.

Fig. 6.18.

Fig. 6.19.

Ag/AgCIl, LOD = 0.5 nM (S/N = 3) (a). Plot of
resulting current in chronoamperometry at 30 seconds
versus concentration of EP (b), Five times
measurement were taken (n = 5)

Overlaid DPVs for each increment of 0.1 uM DA at
AgNPs-PCA-Au electrode in 0.1 M PBS solution at
pH 7.0 (a). A plot of oxidation peak current versus
increasing concentration of DA (b), Five times
measurement were taken (n = 5)

Overlaid DPVs for each increment of 0.1 uM EP at
AgNPs-PCA-Au electrode in 0.1 M PBS solution at
pH 7.0 (a). A plot of oxidation peak current versus
increasing concentration of EP (b), Five times
measurement were taken (n = 5)

Overlaid differential pulse voltammogram for each
increment of 0.2 uM DA to 0.2 uM EP at AgNPs-
PCA-Au electrode in 0.1 M PBS buffer solution at pH
7.0 (a). A plot of reduction peak current versus
increasing concentration of DA (b), Five times
measurement were taken (n = 5)

Overlaid differential pulse voltammogram for each
increment of 0.2 uM EP to 0.2 uM DA at AgNPs-
PCA-Au electrode in 0.1 M PBS buffer solution at pH
7.0 (@). A plot of reduction peak current versus
increasing concentration of EP (b), Five times
measurement were taken (n = 5)

Overlaid DPV for simultaneous increase of
concentration of DA and EP in 0.1 M PBS at AgNPs-
PCA-Au electrode (a). Plot of current as a function of

concentration of DA and EP with linear trend line (b)
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Fig. 6.20.

Fig. 6.21.

Fig. 6.22.

Fig. 6.23.

Fig. 6.24

Fig. 6.25.

Fig. 6.26.

DPVs of 0.2 uM DA and 0.2 uM EP and in presence
of 1000 times higher concentration of AA and UA
Overlaid differential pulse voltammogram for
simultaneous increment of DA, EP, AA and UA at
AgNPs-PCA-Au electrode in 0.1 M PBS buffer
solution at pH 7.0 (a). Plot of reduction peak current
versus increasing concentration of DA, EP, AA and
UA (b and c), Five times measurement were taken in
each case (n=5)

Overlaid DPV for simultaneous increment of DA, EP,
AA and UA at AgNPs-PCA-Au electrode in 0.1 M
PBS buffer solution at pH 7.0 (a). Plot of oxidation
peak current versus increasing concentration of DA,
EP, AA and UA (b and c), Five times measurement
were taken in each case (n =5)

Cyclic voltammograms of 10 uM DA in 0.1 M PBS
(pH 7.0) at different scan rate using AgNPs-PCA
modified gold electrode (a). Plot of oxidation peak
current versus square root of scan rate (b), Five times
measurement were taken (n = 5)

Cyclic voltammograms of 10 uM EP in 0.1 M PBS
(pH 7.0) at different scan rate using AgNPs-PCA-Au
electrode (a). Plot of oxidation peak current versus
square root of scan rate (b), Five times measurement
were taken (n = 5)

DPVs of 0.6 uM DA in 0.1 M PBS at different pH
using AgNPs-PCA modified gold electrode (a), Plot
of anodic peak current of 0.6 uM DA versus pH(b),
Plot of oxidation peak potential of 0.6 uM DA versus
pH(c), Five times measurement were taken (n = 5)
DPVs of 0.6 uM EP in 0.1 M PBS at different pH (5.0
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Fig. 6.27.

Fig. 6.28.

- 9.0) using AgNPs-PCA modified gold electrode (a),
Plot of anodic peak current of 0.6 uM EP versus
pH(b), Plot of oxidation peak potential of 0.6 uM EP
versus pH(c), Five times measurement were taken (n
=5)

Amperometric response at AgNPs-PCA-Au with an
applied potential of + 0.22 V on subsequent addition
of 0.01 uM DA, 1.0 uM AA, 1.0 uM UA, 1.0 uM
Cys, 1.0 uM CA, 1.0 uM Glu, 1.0 uM NaCl, 1.0 uM
KCI under stirring condition (a). Amperometric
response at AgNPs-PCA-Au electrode with an applied
potential of + 0.18 V on subsequent addition of 0.01
uM EP, 1.0 uM AA, 1.0 uM UA, 1.0 uM Cys, 1.0 uM
CA, 1.0 uM Glu, 1.0 uM NaCl, 1.0 uM KCI under
stirring condition (b) (Supporting electrolyte: 0.1 M
PBS, pH 7.0)

Overlaid DPV of human blood sample solution and
after addition of standard DA and EP (a). Overlaid
DPVs of human blood sample solution and after
addition of standard UA and AA solution in blood
sample solution (b). [Green arrow shows scan

direction]
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2D

3D

°C

cm

fcc

two dimensional
three dimensional
angstrom

time

microampere

volt

millivolt

velocity of light
degree Celsius
centimeter
concentration

band gap

electron volt
cathodic potentials
anodic potentials
potential difference
face-centered cubic
hour

second

anodic peak current

cathodic peak current

surface coverage

signal to noise ratio

diffusion coefficient

Symbols

XV

ks

mg

nM

MM
mL

nm

electrode area

number of electron

electron transfer coefficient
scan rate

standard heterogeneous rate
constant

milligram

nanomolar

micromolar

milliliter

nanometer

Avogadro’s number
average radii of the particles
molar

millimolar

catalytic rate constant

maximum wavelength

kelvin






