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Enantio-recognition in chiral molecules has been attracting considerable attention due 

to the high selectivity of chiral molecules species in nature. The aim of this study is to 

fabricate and characterise the biocompatible composite material suitable for enantio-

recognition. The unique structure of graphene’s honeycomb lattice leads to numerous 

properties, such as high thermal conductivity, good biocompatible and high specific 

surface area, which made graphene a promising material endlessly including in the 

biological field. However, the interactions with significant biomolecules have not 

been studied in detail. Collagen (Col), the most abundant chiral, extracellular protein 

was chosen as a potential chiral biomolecule to fabricate a biocompatible composite 

material with graphene where profoundly capable of enhancing the chiral recognition 

properties of the chiral molecules.  

 

 

Pertaining to the promising potential of this composite, preliminary electro-analysis 

studies have been carried out on two types of graphene conditions consisting of 

Reduced Graphene Oxide (RGO) and Graphene Oxide (GO) which has been 

incorporated into Col biopolymer correspondingly. Cyclic Voltammetry (CV) studies 

have been carried out in various parameters such as effect of concentrations, 

temperatures, pH, scan rates and multiple cycles to study the performance of the 

modified electrodes. The properties, structures and morphology of the composites 

have been studied by microscopic and spectroscopic method involving Field emission 

scanning electron microscopy, Transmission electron microscopy, Fourier transform 

infrared spectroscopy, Raman spectroscopy and Electrochemical impedance 

spectroscopy. The chosen composite matrix was then applied in simple chiral 
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recognition of Mandelic Acid (MA) and Tyrosine (Tyr) enantiomers using CV and 

Differential pulse voltammetry (DPV), respectively.  

 

 

At the chosen condition, CV of L-MA and D-MA were detected at peak potential of 

(Ep) 1.54 V and 1.41 V, respectively, with almost similar current response of 165–190 

µA using GO/Col-modified electrode. However, a good separation between the 

enantiomers was detected at Ep 1.51 V and 1.44 V separately with opposing current 

response of 235 µA and 130 µA, respectively using RGO/Col-modified electrode. 

Besides, the DPV measurements of L-Tyr and D-Tyr were detected at Ep 0.67 V and 

0.68 V, respectively, with similar current response of 1.68–2.48 µA. Conversely, the 

enantiomers were detected at separate potentials of 0.66 V and 0.68 V with current 

responses of 3.99 µA and 2.78 µA, indicating that the RGO/Col-modified glassy 

carbon electrode (GCE) exhibited a better performance compared to GO/Col-modified 

GCE and displayed the potential in being used as good candidate for enantio-

recognition of chiral molecules. 

 

 

Hence, RGO/Col-modified electrode was chosen to be further studied in the enantio-

recognition of Salbutomol (Sal) and Epinephrine (Epine) enantiomers, respectively. 

Chiral recognition of Sal and Epine enantiomers were successfully accomplished by 

applying neither chiral selector nor mediator. The voltammetry responses of Sal 

enantiomers oxidation and Epine enantiomers reduction occurred on the chiral surface 

of RGO/Col-modified GCE were due to the high sensitivity as well as discriminating 

recognition ability of the modified electrode which is the crucial element in chiral 

recognition. The notable differences in peak current between D- and L- Sal was 

observed at 10.0 µmol L−1 whereas peak current between D- and L- Epine were 

observed at 7.5 µmol L−1 with a separation value of 414.7 nA (2.4 folds) and 1614.72 

nA (1.5 folds) individually. 

 

 

The incorporation of RGO into Col molecules not only provides higher surface area 

and electrical conductivity, but also facilitated RGO becomes more hydrophilic. 

Besides, Col also regulates the RGO from accumulation and the assembling of 

RGO/Col-modified GCE has more available active sites compared to bare GCE, thus 

enhanced the catalytic activity. Additionally, the chiral Col molecules might also have 

a different binding affinity towards each of Sal and Epine enantiomers, resulting 

alterations in the oxidation potential in electrochemical measurements. Moreover, the 

electrostatic interaction between RGO and Col has been significantly projected the 

alteration in chiral discrimination of the enantiomers. A good reproducibility and 

repeatability as well as acceptable stability of chiral recognition of Sal and Epine 

enantiomers by RGO/Col- modified GCE offer a rapid enantio-recognition in various 

chiral-related industries such as pharmaceuticals and agrochemicals.  
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Oleh 

 

 

BAVANI KASINATHAN 

 

 

Ogos 2016 

 

 

Pengerusi :   Ruzniza Mohd Zawawi, PhD 

Fakulti :   Sains 

 

 

Pengesanan enantiomer dalam molekul kiral telah menarik perhatian di kalangan 

penyelidik kerana pemilihan tinggi spesies molekul kiral daripada alam semula jadi. 

Tujuan kajian ini adalah untuk membina dan mencirikan bahan komposit sesuai untuk 

pengesanan enantiomer. Struktur unik kekisi sarang lebah grafen mempunyai pelbagai 

ciri menarik seperti kekonduksian haba yang tinggi dan luas permukaan yang tinggi 

menjadikan grafen bahan paling banyak diaplikasikan dalam bidang pengesanan-bio. 

Walau bagaimanapun, interaksi dengan biomolekul yang penting tidak dikaji secara 

terperinci. Kolagen (Kol), iaitu molekul kiral, dipilih sebagai biomolekul kiral yang 

berpotensi untuk membuat bahan komposit yang sepadan dengan grafen yang mampu 

meningkatkan pengesanan molekul kiral. 

 

 

Kajian elektro-analisis awal telah dijalankan ke atas dua jenis grafen yang terdiri 

daripada Grafen Oksida (GO) dan Grafen Oksida Terturun (RGO) yang dicampurkan 

dengan biopolimer Kol. Kajian voltametri berkitar (CV) telah dijalankan 

menggunakan beberapa parameter seperti kesan kepekatan, suhu, pH, kadar imbasan 

dan kitaran berganda untuk mengkaji prestasi elektrod yang diubah suai. Sifat struktur 

dan morfologi komposit, telah dikaji dengan kaedah mikroskopik dan spektroskopi 

yang melibatkan mikroskop pengimbasan elektron pancaran medan, mikroskop 

penyiaran elektron, spektroskopi perubahan inframerah fourier, spektroskopi raman 

dan spektroskopi impedans elektrokimia. Matriks komposit yang dipilih kemudiannya 

diaplikasikan dalam pengesanan kiral yang mudah bagi enantiomer Asid Mandelik 

(MA) dan Tirosin (Tyr) menggunakan voltametri CV dan voltametri pengkamiran 

nadi (DPV). 
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CV untuk L-MA dan D-MA dikesan pada keupayaan puncak (Ep) 1.54 V dan 1.41 V, 

masing-masing, dengan tindak balas arus yang hampir sama pada 165-190 μA 

menggunakan elektrod GO/Kol/GCE. Walau bagaimanapun, pemisahan yang baik 

antara enantiomer dikesan pada keupayaan puncak 1.51 V dan 1.44 V secara 

berasingan dengan tindak balas arus yang bertentangan iaitu 235 μA dan 130 μA, 

masing-masing menggunakan  elektrod GO/Kol/GCE. Selain itu, ukuran DPV untuk 

L-Tyr dan D-Tyr yang dikesan adalah pada Ep 0.67 V dan 0.68 V, masing-masing, 

dengan tindak balas arus yang sama iaitu 1.68-2.48 μA. Sebaliknya, enantiomer 

dikesan pada Ep yang berlainan iaitu pada 0.66 V dan 0.68 V tindak balas arus 3.99 

μA dan 2.78 μA, menandakan bahawa elektrod RGO/Kol/GCE menunjukkan prestasi 

yang lebih baik berbanding elektrod GO/Kol/GCE dan memaparkan keupayaan untuk 

digunakan sebagai calon yang baik untuk pengesanan enantiomer molekul kiral. 

 

 

Oleh itu, elektrod RGO/Kol/GCE dipilih untuk digunakan dalam kajian seterusnya 

bagi pengesanan enantiomer Salbutomol (Sal) dan enantiomer Epinephrine (Epine). 

Pengesanan kiral daripada Sal dan Epine enantiomer telah berjaya dicapai dengan 

tidak  menggunakan pemilih kiral atau mediator. Tindak balas voltametri daripada 

pengoksidaan Sal enantiomer dan pengurangan Epine enantiomer berlaku di 

permukaan kiral daripada elektrod RGO/Kol/GCE adalah disebabkan kepekaan yang 

tinggi serta kebolehan mendiskriminasi pengesanan elektrod yang diubah suai yang 

merupakan elemen penting dalam pengesanan kiral. Perbezaan yang ketara dalam arus 

puncak antara D- dan L- Sal diperhatikan pada 10.0 μmol L-1 manakala arus puncak 

antara D- dan L- Epine diperhatikan pada 7.5 μmol L-1 dengan nilai pemisahan 414.7 

nA (2.4 kali ganda) dan 1614.72 nA (1.5 kali ganda) secara berasingan. 

 

 

Penggabungan RGO ke dalam molekul Kol bukan sahaja menyediakan kawasan 

permukaan yang lebih tinggi dan kekonduksian elektrik, tetapi juga memudahkan 

RGO menjadi lebih hidrofilik. Selain itu, Kol juga mengawal RGO daripada 

akumulasi; pencantuman elektrod RGO/Kol/GCE mempunyai banyak tapak aktif 

berbanding GCE sahaja, sekali gus meningkatkan aktiviti pemangkin. Selain itu, 

molekul kiral Kol juga mungkin mempunyai pengikat afiniti yang berbeza terhadap 

setiap enantiomer Sal dan Epine, menyebabkan berlaku perubahan dalam 

pengoksidaan keupayaan dalam ukuran elektrokimia. Selain itu, interaksi elektrostatik 

antara RGO dan Kol telah dijangka dengan ketara bagi perubahan itu dalam 

diskriminasi kiral bagi enantiomer tersebut. Kebolehulangan dan kestabilan yang baik 

untuk pengesanan kiral Sal dan Epine enantiomer oleh elektrod RGO/Kol/GCE 

menawarkan pengesanan enantiomer yang pantas dalam pelbagai industri kiral seperti 

farmaseutikal dan agrokimia. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background of study 

To date, a wide range of research is focussing upon pharmaceutical field mainly in 

fabricating enormous types of biosensors which are capable in detecting as well as 

measuring biological molecules exclusively on the chiral drugs. In conjunction with 

the enantio-recognition of chiral molecules research area, fabrication of 

electrochemical chiral biosensor which is capable of detecting and discriminating 

enantioselectivity in racemic drugs has been a huge concern in this research. The 

fabrication of chiral biosensor which is small in size, able to distinguish the 

enantiomers with high selectivity and good sensitivity, offers a minimal logistical 

burden while providing immediately significant results according to the respective 

drugs, desires a widespread range of research in chiral bio-sensing system.  

In concurrence of the research interest, an electrochemical analysis is carried out with 

a suitable composite utilising reduced graphene oxide and collagen that are sensitive 

to enantioselectivity in racemic drugs. The interaction involving the properties and the 

reactivity of composite and chiral molecules will be investigated to enhance the 

analysis. Hence, there are two chiral drugs of interest chosen in this study in 

developing chiral biosensors which are salbutamol and epinephrine. 

1.2 Importance of Enantioseparation 

Enantioseparation of chiral molecules continues to be a substantial area of research, 

particularly in pharmaceutical and environmental fields where many drugs and 

agrochemicals are still racemic compounds (Hroboňová et al., 2001). Since most 

marketed are racemic mixtures, nevertheless some of their enantiomers exhibit 

different toxicological, physiological, pharmacological, pharmacodynamics and 

pharmacokinetic properties (Crupi et al., 2011; Paik et al., 2004). To be precise, 

chirality plays an enormous role in drug development consisting pharmaceuticals, 

clinical and biomedical-based products, where many pharmaceutical drugs are mostly 

effective as single enantiomers and the opposite enantiomers are generally deliberated 

impurities or even inactive (Hroboňová et al., 2001) thus initiated a drive force 

towards enantioseparation of enantiomers in drug analysis (Dubey et al., 2012).  

There are numerous ways of providing a pure drug enantiomer including by 

eliminating inactive and toxic enantiomer which gives side effects, reducing drug 

interactions, avoiding bioconversion and easier assessment of efficacy and toxicity 

through monitoring of the stereochemically pure active enantiomer (Davies and Teng, 

2003). However, the chiral drug is often produced in the racemic form, and it is quite 

costly to resolve the racemic mixture into the pure enantiomers. Hence the enantio-
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recognition as well as enantioseparation of enantiomers is very essential in 

pharmaceutical drugs which have dependable stereoselectivity and regulatory 

agencies have emphasised on the importance of safety as well as efficacy of 

stereoisomers in drug research and development (Tao and Zeng, 2002).  

1.3 Chiral Drugs  

Chiral drug is a drug that contains an asymmetric carbon (Tao and Zeng, 2002). This 

asymmetric carbon has become the main aspect of pharmaceutical drug development 

recently, that the contrary enantiomer of a chiral drug often differs significantly in 

pharmacological, toxicological and pharmacokinetic properties. A number of chiral 

drug efficacies have been reported and summarised subsequently. 

Firstly, R-Verapamil (R-Ver) a calcium channel antagonist has far less cardiotoxicity 

than (S-Ver). Therefore, R-Ver would be preferable as a modifier of multidrug 

resistance in cancer chemotherapy, while S-Ver would be preferable as a calcium 

channel blocker for cardiovascular therapy (Davies and Teng, 2003). R-Safinamide 

mesilate (R-Saf) is a neuroprotective agent with antiparkinsonian and anticonvulsant 

activity for the treatment of Parkinson disease, is a novel sodium and calcium channel 

blocker endowed with selective and reversible inhibition of monoamine oxidase type 

B  while  (S-Saf) is inactive (Zhang et al., 2011).  

3,4-dihydroxy-L-phenlyalanine (L-Dopa) is a precursor of dopamine which is 

considered to be the most recommended drug for Parkinson’s disease but then, 3,4-

dihydroxy-D-phenlyalanine (D-Dopa) is found to be inactive and is even toxic          

(Yuan et al., 2011; Chandrakishore and Pandurangan, 2013). Moreover, S-Ibuprofen 

(S-Ibu) is more biologically active and primarily is responsible for more anti-

inflammatory activity than R-Ibuprofen (R-Ibu) (Crupi et al., 2013). Besides, 

ketamine (Ket) is an intravenous anesthetic. The S-Ket is more potent and less toxic 

than R-Ket (Davies and Teng, 2003). R-Methadone (R-Met) is a central acting 

analgesic with high affinity used to treat opiate receptors and cancer pain and more 

analgesic than S-Met (Nguyen et al., 2006).  

S-Omeprazole (S-Ome) is a stronger antiulcer agent which has almost two fold higher 

plasma concentration than R-Ome (Olsson and Blomberg, 2008). Likewise, S-

Naproxen (S-Nap) a widely used nonsteroidal anti-inflammatory drug (NSAID) 

exhibits better performance for rheumatoid arthritis than R-Nap (Tong et al., 2011). 

Particularly, the pharmacological activity of S-Nap is 28 times stronger than R-Nap 

where R-Nap provides side-effects (Afkhami et al., 2015). Moreover L-Vesamicol (L-

Ves) is 25 fold more potent inhibitor of vesicular acetylcholine than D-Ves (Zhou and 

Stewart, 2002). In addition, S-Citalopram (S-Cit) is effective as antidepressant drug 

but then R-Cit is inactive in showing the inhibitory effect (Nevado et al., 2005). S-

Bupivacaine (S-Bup) is less far toxic as nerve blocker than R-Bup (Martínez et al., 

2004) . 
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L-Tryptophan (L-Typ) is a vital protein for growth in infant as well as a significant 

precursor for serotonin, melatonin and niacin in regulating mood (Deng et al., 2013; 

Guo et al., 2013). Similarly, L-Tyrosine (L-Tyr) is a precursor of neurotransmitter 

including dopamine, epinephrine and norepinephrine as well as regulating hormones 

(Deng et al., 2013). Furthermore, D-Penicillamine (D-Pen) is used as a treatment for 

Wilson’s disease (hepatolenticular degeneration), hepatitis, fibrotic lung disease, 

rheumatoid arthritis, cystinuria and progressive systematic sclerosis (Li et al., 2013).  

However, (L-Pen) is toxic (Chen et al., 2012).  

Therefore, developing a chiral biosensor is necessarily important to monitor and 

regulate the percentage of enantiomers specifically on the inactive and even 

undesirable enantiomer that might harm a person. Hence, emerging a chiral biosensor 

that is able to enantio-recognise the chiral drugs would be an ideal solution as well as 

a key step towards the chiral separation of chiral drugs. Salbutamol and epinephrine 

are chosen in this study, because to the best of our knowledge, there is no previous 

report on the chiral biosensor of enantio-recognition salbutamol and epinephrine 

enantiomers using electrochemical techniques.  

1.4 Chiral Drugs of Interest 

1.4.1 Salbutamol 

Salbutamol (Sal) which is also known as albuterol has an IUPAC nomenclature as 2-

(tert-butylamino)-1-(4-hydroxy-3-(hydroxymethyl)phenyl)-ethanol (Boulton and 

Fawcett, 1995) is a well-recognised β2-adrenoceptor agonist (Karuwan et al., 2012) 

and well known prescribed bronchodilators (Rajkumar et al., 2013) used in the 

treatment of asthma or chronic obstructive pulmonary disease (COPD) (Liu et al., 

2011). Sal has a molecular formula of C13H21NO3
 with a molecular weight of 239.311 

g/mol commonly marketed in the name of the brand ventolin and many others. 

Interestingly, Sal has a single asymmetric carbon atom which subsists as a pair of 

enantiomers. The enantiomers are known as R-Sal and S-Sal as shown in the Figure 

1.1.  

  

Figure 1.1 : Structures of R-Salbutamol (R-Sal) and S-Salbutamol (S-Sal)        

-chiral carbon 

 

http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Nitrogen


© C
OPYRIG

HT U
PM

 

 

4 
 

The marketed form of Sal is racemic (RS-) in nature, composed of equal amounts of 

the (R)- and (S)- enantiomers and usually administered as a racemate (Wei et al., 

2006). However, studies have shown that, the metabolism of Sal is effective due to the 

stereoselective characteristic of R-Sal which metabolises faster (Alizadeh and Naser, 

2016) and mostly active for all bronchial airway aids. Whereas, the S-Sal induces 

hypersensitivity in the airways as well as metabolises more slowly than R-Sal (Halabi 

et al., 2004) leading to higher plasma and urine concentration of S-Sal. Besides, R-Sal 

gives more effective metabolism up to 10-fold than the S-Sal for bronchodilating 

(Sjöswärd et al., 2004). This clarifies that less dosage of pure R-Sal is needed than the 

dosage of racemic Sal (Hashem et al., 2011). 

1.4.2 Epinephrine 

Epinephrine (Epine) also known as adrenaline or β, 3, 4-trihydroxy-N-

methylphenethylamine has an IUPAC nomenclature as 4-(1-Hydroxy-2-

(methylamino) ethyl) benzene-1,2-diol. Epine generally used as treatment of 

anaphylactic shock where it increases heart rate and blood pressure. Epine commonly 

will be added to local anesthetic injections to promote vasoconstriction at the injection 

site, thereby reducing the amount of local anesthetic that gets into the blood stream. 

Epine has a molecular formula of C9H13NO3
 with a molecular weight of 183.204 g/mol 

and commonly marketed in the name of the brand asthmahaler and many others. Epine 

is the main element of neutral transmission media which has essential effect on the 

transmission of nerve impulses as well as exhibits vasoconstriction and blood pressure 

elevation (Wei et al., 2005). Besides, Epine also is a vital neurotransmitter in central 

nervous system of mammals and human beings (Cui and Zhang, 2012). 

    

Figure 1.2 : Structures of R-Epinephrine (R-Epine) and S-Epinephrine (S-

Epine)  Chiral carbon 

Similarly, Epine contains a single asymmetric carbon atom which subsists as a pair of 

enantiomers. The enantiomers are known as R-Epine and S-Epine as shown in the 

Figure 1.2. The marketed form of Epine is racemic (RS-) in nature and composed of 

equal amounts of the (R)- and (S)- enantiomers. However, studies have shown that S-

Epine exhibits ten times stronger response compared to R-Epine. Consequently S-

Epine is used as anesthetic or ophthalmic solution (Wei et al., 2005). 

http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Nitrogen
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1.5 Problem statement 

Wang et al., (2003) specified the enantiomers generally do not exhibit identical 

physical and chemical properties in chiral environment. In particular cases, one 

enantiomer has effective pharmacological activity and another has slight 

pharmacological activity or is toxic (Wu et al., 2013). Therefore, chiral recognition 

has been a focal research attention among researchers due to its implication in the 

fields of biomedical as well as pharmaceutical sciences either to eliminate or to reduce 

the percentage of the unused enantiomers. Thus, a highly sensitive technique for chiral 

recognition of chiral molecules is becoming a huge challenge among researchers. 

Numerous approaches on chiral separation have been taken including, high 

performance liquid chromatography (HPLC) (Pathare et al., 2006), gas 

chromatography (GC) (Paik et al., 2004), supercritical fluid chromatography (SFC) 

(Maftouh et al., 2005) and capillary electrophoresis (CE) (Esquisabel et al., 1997).  

Although most of these techniques are proven and widely accepted, nevertheless they 

are not suitable for rapid screening, since they fundamentally depend on expensive 

and large instruments, require advanced technical expertise, time consuming sample 

treatments and complicated manipulations (Gao et al., 2014). Besides, choosing a poor 

material, which is not biocompatible with biomolecules, can deteriorate the chiral 

separation of the chiral molecules. Hence, a suitable composite is needed in enantio-

recognition of chiral molecules where composite which is a vital element in 

recognition of chiral molecules utilising an electrochemical technique due to their high 

sensitivity, low cost, fast analysis and ease of miniaturisation (Liu et al., 2011). 

Collagen has great potential as a biomaterial due to its profusion, biocompatibility, 

high porosity and biodegradability properties (Kandamchira et al., 2013; Liu et al., 

2014). Moreover, collagen also acts as a prominent chiral agent in improvising the 

enantioselectivity of chiral molecules (Eliav and Navon, 2006). Graphene, a single 

layer of sp2-bonded nanostructured carbon sheet (Lin et al., 2015) has been a 

captivating material in electrochemical-based sensor and providing an effective 

platform for small molecules (Zor et al., 2013).  

Knowing the best properties of collagen and graphene independently, the 

incorporation of graphene/collagen based-composites will be a hopeful candidate in 

enantio-recognition of chiral molecules. Also to the best of our knowledge, there is no 

former report on the electrochemical chiral biosensor-based on graphene/collagen 

composites. Therefore, this study emphasises on the voltammetric performances and 

spectroscopy characterisations to corroborate the benefits of graphene/collagen-based 

composites. Principally, a comparison between graphene oxide/collagen (GO/Col) 

and reduced graphene oxide/collagen (RGO/Col)-modified glassy carbon electrode 

(GCE) in giving best enantio-recognition peak in distinguishing enantiomers of chiral 

molecules will be studied. 
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From the comparison of GO/Col and RGO/Col-modified GCE, the best composite is 

used further in chiral recognition. Hence, in this present work, we report a fabrication 

of highly biocompatible of RGO/Col-modified GCE-based electrochemical chiral 

biosensor is prepared via drop casting for enantio-recognition of Sal and Epine 

enantiomers which are alcohol and amine based drugs respectively, and they are 

chosen as an example of this chiral biosensor by Differential Pulse Voltammetry 

(DPV) and Square Wave Voltammetry (SWV) techniques, respectively. 

1.6 Significance of Study 

To the best of our knowledge, there is no previous report on the enantio-recognition 

of Sal and Epine enantiomers via electrochemical method. Herein, we report a 

fabrication of RGO/Col-based GCE to enantio-recognition Sal and Epine enantiomers 

by DPV and SWV technique, respectively. This fabrication of electrochemical-based 

chiral biosensor utilising RGO/Col-modified GCE will facilitate in detecting 

enantiomers in racemic drugs in the pharmaceutical industry. There are few objectives, 

stated in this study in order to achieve this. 

1.7 Objectives of Study 

The objectives of this study are: 

1. To prepare RGO from GO by a simple chemical reduction method 

using NaOH.  

2. To incorporate GO and RGO into Col, and to characterise the 

composite as well as the individual candidates as sensing materials in 

enantio-recognition using electrochemical and spectroscopic analysis 

consisting of CV, EIS, FTIR, Raman spectroscopy, FESEM and TEM. 

3. To construct electrochemical-based chiral biosensors by fabricating the 

RGO/Col composite onto GCE for enantio-recognition of Sal and 

Epine enantiomers using DPV and SWV techniques, respectively. 
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