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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 
of the requirement for the degree of Master of Science 

SURFACE DEPOSITION OF ZINC OXIDE/VANCOMYCIN FOR 
ENANTIOSELECTIVE ELECTROCHEMICAL SENSING OF 

PENICILLAMINE ENANTIOMERS 

By

ALVIN LIM TEIK ZHENG 

January 2018 

Chairman : Ruzniza Zawawi, PhD 
Faculty : Science 

The development of chiral electrochemical sensor in the recognition of Penicillamine 
(Pen) enantiomer is important for the production of pure enantiomers over racemate 
in the treatment of an array of diseases. The preparation of the modified electrode was 
a twofold procedure in which electrodeposition of ZnO was conducted first on the ITO 
glass substrate. The optimum deposition parameters were at –0.9 V, in a buffer 
solution of pH 7 at 60 oC for 900 s based on the cyclic voltammetry (CV) data 
obtained. The second part of the procedure involved dropcasting Van solution on the 
surface of the ZnO/ITO modified electrode. Electrochemical impedance spectroscopy 
(EIS) were carried out to characterize the electrical conductivity of the modified 
electrodes.. In this study, a novel chiral electrochemical sensor based on 
ZnO/vancomycin modified indium tin oxide glass substrate (ZnO/Van/ITO) was 
successfully fabricated and used in the chiral recognition of Pen enantiomers. The 
results showed that the charge transfer resistance (RCT) is the greatest for 
ZnO/Van/ITO followed by ZnO/ITO, Van/ITO and bare ITO. Field Emission 
Scanning Electron Microscopy was carried out to study the surface morphology of the 
modified electrodes surface.  

Different oxidation peak current, Ip of L- and D- Pen were observed in the differential 
pulse voltammograms (DPV) obtained in the solution containing L- or D-Pen. Under 
optimum condition, the chiral sensor exhibited good linear response to Pen 
enantiomers in a linear range of 5 mM to 30 mM with a detection limit of 23.56 mM 
and 14.73 mM (S/N=3) for the D-Pen and L-Pen respectively. This proposed electrode 
was shown to exhibit excellent performance in terms of low detection limit and good 
enantioselectivity for Pen enantiomers. Molecular docking using PyRx was further 
used to study the computational binding effect of the Van and Pen enantiomers. The 
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results showed that the binding effect was more prevalent for D-Pen as compared to 
L-Pen with a value of -2.3 kcal/mol and -2.4 kcal/mol for the D-Pen and L-Pen 
respectively. The association constant from the experiment, KD and KL obtained were 
2.314 × 103 and 1.076 ×103 L/mol for the D and L-Pen respectively. The value of KD

was larger compared to KL indicating that the binding effect is higher between 
Van/ZnO with D-Pen. The results obtained suggested that this chiral sensor has the 
ability to discriminate chiral drugs which is useful in pharmaceutical industries.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Master Sains    

PEMENDAPAN PERMUKAAN ZINK OKSIDA/ VANKOMISIN BAGI
PENGESANAN ELEKTROKIMIA ENANTIOPILIHAN BAGI 

ENANTIOMER PENISILAMINA

Oleh 

ALVIN LIM TEIK ZHENG 

Januari 2018 

Pengerusi : Ruzniza Zawawi, PhD 
Fakulti : Sains 

Penciptaan sebuah sensor elektrokimia kiral dalam pengesanan enantiomer 
Penisilamina adalah penting dalam pengeluaran enantiomer asli berbanding racemate 
dalam merawat pelbagai penyakit. Penyediaan elektrod yang diubahsuai adalah 
menggunakan dua prosedur. Pertamanya, elektrodeposisi ZnO dijalankan terlebih 
dahulu pada substrat kaca ITO. Parameter optimum adalah  pada -0.9 V, dalam larutan 
electrolit  pH 7 pada 60 oC selama 900 s berdasarkan data voltammetri kitaran (CV) 
yang diperolehi. Bahagian kedua prosedur tersebut melibatkan titik tuang Van pada 
permukaan ZnO/ITO untuk mengubah elektrod tersebut. Pengesan novel elektrokimia 
kiral menggunakan substrat kaca indium tin oksida (ITO) yang diubahsuai dengan 
zink oksida dan vankomisin  (ZnO / Van / ITO) berjaya direka dan digunakan dalam 
pengesanan kiral enantiomer penisilamina (Pen). Spektroskopi impedans elektrokimia 
(EIS) telah dijalankan untuk mengkaji kekonduksian elektrik elektrod yang 
diubahsuai. Keputusan menunjukkan bahawa rintangan pemindahan caj (RCT) adalah 
yang paling besar untuk ZnO / Van/ITO diikuti oleh ZnO/ITO, Van/ITO dan ITO. 
Mikroskopi Elektron Penskanan Pelepasan Medan (FESEM) telah dijalankan untuk 
mengkaji morfologi permukaan permukaan elektrod yang diubahsuai.

Arus puncak pengoksidaan L-dan D-Pen yang berlainan, Ip, dapat diperhatikan dalam 
voltamogram pulsa (DPV) yang diperolehi dalam elektrolit yang mengandungi L- atau 
D-Pen. Dalam keadaan optimum, sensor kiral mempamerkan tindak balas linear yang 
baik untuk enantiomer Pen dalam julat linear 5 mM hingga 30 mM dengan had 
pengesanan 23.56 mM dan 14.73 mM (S / N = 3) untuk D-Pen dan L-Pen. Elektrod 
yang dibina ini menunjukkan prestasi cemerlang dari segi had pengesanan yang 
rendah dan enantiopilihan yang baik untuk enantiomer Pen. Pengedokan molekular 
menggunakan perisian PyRx digunakan untuk mengkaji kesan pengikatan komputasi 
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Van dan enantiomer Pen. Hasilnya menunjukkan bahawa kesan pengikatnya lebih 
tinggi bagi D-Pen berbanding L-Pen dengan nilai -2.3 kcal / mol dan -2.4 kcal / mol 
untuk D-Pen dan L-Pen. Pemalar penyekutuan dari eksperimen, KD dan KL yang 
diperolehi masing-masing adalah 2.314 × 103 dan 1.076 × 103 L / mol untuk D dan L-
Pen. Nilai KD lebih besar berbanding KL menunjukkan bahawa kesan mengikat lebih
tinggi antara Van/ZnO dengan D-Pen. Keputusan yang diperolehi mencadangkan 
bahawa sensor kiral ini mempunyai keupayaan untuk membezakan molekul kiral yang 
boleh menyumbang dalam industri farmaseutikal.
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CHAPTER 1 

1 INTRODUCTION 

1.1 General background 

The recognition of chiral molecules has been a well-studied subject matter due to their 
importance to human mankind. It is well known that enantiomers exhibit differing 
properties in terms of its toxicology, pharmacology and pharmacodynamics even 
though they possess almost similar molecular structure. The medical and 
pharmaceutical industries would require pure enantiomer over the racemate in the 
production of medicines and effective treatments. Chiral recognition and separation of 
racemic drugs has been an interesting research subject since the introduction of the 
racemic switch strategy adapted by pharmaceutical industries (Nguyen et al., 2006).
Upon comparing affinities, enantiomer exhibiting higher affinity or higher activity is 
called ‘eutomer’ while the lower affinity or lesser activity is called ‘distomer’(Burke 
and Henderson, 2002). 

There are two known methods in the process of resolving enantiomers which are direct 
and indirect chiral separation. The indirect chiral separation utilizes derivatization of 
enantiomers into diastereomers applying optically pure reagent. The process is 
conducted in this manner as diastereomers differ in their chemical properties in which 
they can be separated in an achiral environment (Blanco and Valverde, 2003).
However, for direct chiral separation method, it is based on labile diastereomers 
formation with the presence of chiral selector. To date, there are several techniques 
utilised in chiral analysis, the commonly employed methods are such as spectroscopic 
methods, high-performance liquid chromatography (HPLC), and electrochemical 
methods. However, electrochemical methods can be advantageous compared to other 
techniques due to its simplicity, accuracy, and low material cost. In order to increase 
sensitivity and selectivity of electrochemical measurements, the implementation of 
nanomaterials with high surface area and good electrical conductivity such as carbon 
nanomaterial and metal nanoparticles have been introduced on the surface of the 
electrode. 

Enantioselective sensors have been an effective tool in the monitoring of different 
interactions of enantiomers, determining purity in chirally pure marketed products and 
studying toxicological effects of enantiomer. Chiral analysis can be considered a 
rapidly profound research in the past decade due to its importance in various fields, 
notably, pharmaceutical and clinical applications due to the potential of different 
activities and toxicities of drug enantiomers. There are several techniques utilized in 
chiral analysis, the most common is via spectroscopy methods, high-performance 
liquid chromatography, and electrochemical methods. The concept of chirality can 
also been studied in the application of biosensors.
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To date, many chiral recognition sensors have been developed that shown to have high 
sensitivity, selectivity, and compatibility in biological assay. The principal objective 
of chiral recognition is to construct an effectual chiral selective system, which should 
have recognition sites for certain chiral enantiomers (Guo et al., 2009). The choice of 
chiral selector is indeed important to achieve the desired results in chiral analysis. The 
usage of macrocyclic antibiotics such as glycopeptide, polypeotide and ansamycins as 
an effective chiral selector reveals a very steady growth of its usage in chiral 
discrimination of enantiomers (Claudia and Salvatore, 1998). 

1.2 Problem Statement  

In the current age, the medical and pharmaceutical industries is thriving and require 
fast and reliable analysis on chiral drugs in which they require pure enantiomer over 
the racemate in the production of medicines and effective treatments. Nowadays, the 
commonly used technique in the discrimination of chiral molecules is time consuming 
and high cost. Electrochemical method has garner wide interest as a reliable technique 
in chiral analysis. The important research questions that arise revolves around one very 
important aspect; whether electrochemical determination using vancomycin as the 
chiral selector of the enantiomer pairs can be a reliable alternative that can provide a 
substantial data on the discrimination of penicillamine enantiomers. 

In this study, the chiral selector employed is vancomycin which is a macrocyclic 
glycopetide that is proven to successfully discriminate enantiomers in many 
techniques such as high-performance liquid chromatography (HPLC) and 
electrochemical methods. The interesting properties of vancomycin containing an 
array of chiral centre containing functional groups that interacts with the analyte is 
worth to be explored. Although ZnO is known to be a poor electrochemical compound, 
it is hoped to understand the capability of ZnO in biosensing capability upon reacting 
with a macrocyclic glycopeptide for the discrimination of chiral molecules. Since, 
ZnO is known to exhibit various desirable traits for biosensing such as high catalytic 
efficiency, strong adsorption capability, and high isoelectric point (IEP; ~9.5) which 
are suitable for adsorption of certain proteins (e.g. enzymes and antibodies with low 
IEPs) by electrostatic interaction. Combining the unique properties of Van with ZnO 
as a hybrid couple is expected to enhance the chiral detection of the enantiomers. To 
date, there are no published report on the usage of ZnO/Van modified ITO in the chiral 
analysis of Penicillamine enantiomers. Hence the main goal of the present study was 
to develop a newly modified electrode based on ZnO/Van/ITO.  

The simple experimental design of the nanohybrid electrode is hoped to be a reference 
for the development of chiral sensor. This will thus give important implications for 
biosensing, asymmetric syntheses and separation, and understanding the nature of 
chiral interactions in biological systems. The outcome could hold good application in 
the fields of electroanalytical chemistry and biosensors. Answers to these puzzling 
questions will bring significant impact on the understanding of the processes involving 
chiral molecules in living organism. 
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1.3 Objectives 

The objectives of this study are: 

i. To grow the ZnO nanomaterials with well-controlled orientation via 
electrodeposition technique. 

ii. To optimize and characterize the properties of chiral surface composed of 
ZnO/vancomycin nanohybrid material suitable for enantioselective detection of 
D- and L- Penicillamine 

iii. To evaluate the capability of the prepared nanohybrid-modified electrode in the 
enantioselective electrochemical sensing of penicillamine enantiomers 

iv. To identify the mechanism of the enantioselective electrochemical sensing of 
penicillamine enantiomers by the nanohybrid matrix using computational 
method. 
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