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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 

 

DETERMINATION OF Pb(II) AND Cr(VI) USING GOLD 

NANOPARTICLES AND IONOPHORE-MODIFIED SCREEN PRINTED 

ELECTRODE 

 

By 

SALAMATU ALIYU TUKUR 

November 2014 

 

Chair: Prof. Nor Azah Yusof, PhD 

Faculty: Science 

 

In this research, gold nanoparticles (AuNPs) was prepared and used as modifier for 

disposable screen printed electrodes (SPE). The AuNPs was characterized by 

different spectroscopic techniques; prior to application on surface of the electrode to 

increase the sensitivity of the electrode.  

 

The SPE was modified by casting AuNPs onto its surface. The modified electrode 

(AuNPs/SPE) was applied in Cr(VI) and Pb(II) detection. Linear sweep stripping 

voltammetry was performed with AuNPs/SPE and it showed better response than the 

bare SPE. 

 

Analysis of chromium with AuNPs/SPE gave two linear calibrations and a lowest 

detection limit of 1.6 × 10-6 µg L-1 reported to date was achieved by applying 

deposition potential of -1.1 V and deposition time of 180 s. The electrode also 

showed very good recovery indicating the accuracy of the method. While 

concentration study of lead with AuNPs/SPE gave a linear calibration with R2 = 

0.990, a  detection limit of 1.3 µg L-1 was achieved by applying deposition potential 

of -1.2 V and deposition time of 240 s. Validation of the method with Inductively 

coupled plasma-mass spectroscopy (ICP-MS) and Atomic absorption spectroscopy 

showed very good correlation. 

 

AuNPs together with an ionophore was also prepared and used as an electrode. The 

SPE was modified by casting the AuNPs/Ionophore solution. The 

AuNPs/ionophore/SPE was used for the analysis of Pb(II) and selective effect of the 

ionophore towards Pb(II).  The ionophore used was found to be selective to lead ion 

in presence of foreign metal ions. This AuNPs/ionophore/SPE gave a lower LOD of 

0.9 µg L-1 which is lower than LOD of 1.3 µg L-1 obtained with AuNPs/SPE. 

Selectivity study for a mixture of Hg(II) and Cd(II) ions with Pb(II), proves this 

sensor to be selective towards Pb(II). 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

Sebagai memenuhi keperluan untuk Ijazah Master Sains 

 

PENENTUAN Pb(II) DAN Cr(VI) MENGGUNAKAN SKRIN ELEKTROD 

TERUBAHSUAI DENGAN PARTIKEL NANO DAN EMAS DAN IONOFOR 

 

Oleh 

SALAMATU ALIYU TUKUR 

November 2014 

 

Pengerusi: Prof. Nor Azah Yusof, PhD 

Fakulti: Sains 

 

Di dalam kajian ini, partikel nano emas (AuNPs) dihasilkan supaya menjadi 

pengubahsuai untuk skrin elektrod (SPE) pakai buang. AuNPs dicirikan 

menggunakan pelbagai teknik spektroskopi menerusi aplikasi AuNPs di atas 

permukaan elektrod untuk meningkatkan kepekaan elektrod. 

SPE diubahsuai dengan melekatkan AuNPs ke atas permukaannya. Kemudian 

AuNPs/SPE telah digunakan di dalam pengesanan Cr(VI) dan Pb(II). Voltametri 

perlacatan linear telah dijalankan keatas AuNPs/SPE dan telah memberi hasil tindak 

balas yang baik berbanding analisis dengan elektrod tidak termodifikasi. 

Analisis untuk kromium dengan AuNPs/SPE telah memberi dua penentukuran linear 

dan  pengesanan terendah adalah  1.6 × 10-6 µg L-1 telah dicapai dengan 

menggunakan potensi pengenapan -1.1V and masa enapan selama 180 saat. Elektrod 

menunjukkan pemulihan yang baik menunjukkan ketepatan kaedah ini. Manakala 

kajian kepekatan plumbum dengan AuNPs/SPE memberikan penentukuran linear 

dengan R2 = 0.990, had pengesanan 1.3 µg L-1 telah dicapai dengan menggunakan 

potensi pengenapan -1.2 V dan masa pengenapan 240 s. Pengesahan secara kaedah 

spektroskopi plasma induktif (ICP-MS) dan spektroskopi penyerapan atom 

menunjukkan korelasi yang sangat baik. 

AuNPs bersama-sama dengan ionofor juga telah disediakan dan digunakan sebagai 

pengubahsuai elektrod. Elektrod ini diubah dengan melekatkan  AuNPs / Ionofor ke 

atas elekrod. AuNPs/Ionofor digunakan untuk menganalisa Pb(II) dan kesan selektif 

ionofor terhadap Pb(II).   Ionofor yang digunakan didapati adalah selektif terhadap 

Pb(II) walaupun dalam kehadiran ion logam asing. Pengesan ini (AuNPs / ionophore 

/ SPE) memberikan had pengesanan (LOD) lebih rendah  0.9 µg L-1 berbanding 

dengan LOD 1.3 µg L-1 yang didapati dengan AuNPs/SPE. Kajian pemilihan bagi 

campuran Hg(II) dan Cd(II) bersama Pb(II) membuktikan pengesan ini adalah 

selektif terhadap pengesanan plumbum. 

  



© C
OPYRIG

HT U
PM

iii 
 

ACKNOWLEDGEMENTS 

 

Alhamdulillah, all praise is for Allah the Almighty for providing me a healthy life 

and ability to acquire this knowledge. I am invaluably grateful to my supervisor Prof. 

Dr. Nor Azah Yusof for her guidance and support. 

 

A special appreciation goes to Dr Reza Hajian for all the advice and guide he gave 

me during the course of this work, and to my co-supervisors Dr Ja’far Abdullah and 

Assoc Prof Dr. Mohd Nizar Hamidon. 

 

This work will not have been possible without the support and encouragement from 

my loving husband Engr. Aliyu M. Tukur, words cannot convey my appreciation. I 

am extremely grateful to my parents Alhaji Hussaini Hayat and Hajiya Maryam D 

Hayat for all the prayers, care and encouragement. A warm appreciation to my 

wonderful, supporting sisters and brothers; Fatima, Hafsat, Habiba, Suleiman, Habib 

and Mubarak to mention a few for their assistance, and to my partner Halima Lawal. 

To my lovely little kids, my love for you is immeasurable. 

 

I thank all my friend and colleagues Hauwa Sidi Aliyu, Safiya yakub, Ja’afar Yusuf, 

Siti Nur Zawani, Sabo Wada Dutse, Aliyu Mohammad, Nafiu Gidangona, Hannatu 

Abubakar to mention a few, for their help and for making my stay at UPM a 

memorable one. 

 

 

 

 

 
  



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

v 
 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Master of Science. The 

members of the Supervisory Committee were as follows: 

 

Nor Azah Yusof  

Professor 

Faculty of Science/Institute of Tropical Agriculture 

Universiti Putra Malaysia 

(Chairman) 

 

Jaafar Abdullahi 

Senior Lecturer 

Faculty of Science 

Universiti Putra Malaysia 

(Member) 

 

Moh’d Nizah Hamidon  

Senior Lecturer 

Institute of Tropical Agriculture 

University Putra Malaysia 

(Member) 

 

 

 

 

 

 

 

 

 

 

 

BUJANG BIN KIM HUAT, PhD 

Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

 

Date: 

 

 

 

 

 

 

 

  



© C
OPYRIG

HT U
PM

vi 
 

Declaration by graduate student 

 

I hereby confirm that: 

 this thesis is my original work; 

 quotations, illustrations and citations have been duly referenced; 

 this thesis has not been submitted previously or concurrently for any other 

degree at any other institutions; 

 intellectual property from the thesis and copyright of thesis are fully-owned 

by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 

(Research) Rules 2012; 

 written permission must be obtained from supervisor and the office of Deputy 

Vice-Chancellor (Research and Innovation) before thesis is published (in the 

form of written, printed or in electronic form) including books, journals, 

modules, proceedings, popular writings, seminar papers, manuscripts, posters, 

reports, lecture notes, learning modules or any other materials as stated in the 

Universiti Putra Malaysia (Research) Rules 2012; 

 there is no plagiarism or data falsification/fabrication in the thesis, and 

scholarly integrity is upheld as according to the Universiti Putra Malaysia 

(Graduate Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra 

Malaysia (Research) Rules 2012. The thesis has undergone plagiarism 

detection software. 

 

 

Signature:    Date: 

 

Name and Matric No: 

 

Salamatu Aliyu Tukur GS36395 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



© C
OPYRIG

HT U
PM

vii 
 

Declaration by Members of Supervisory Committee 

 

This is to confirm that: 

 the research conducted and the writing of this thesis was under our 

supervision; 

 supervision responsibilities as stated in the Universiti Putra Malaysia 

(Graduate Studies) Rules 2003 (Revision 2012-2013) are adhered to. 

 

 

 

 

 

Signature:  

Name of 

Chairman of 

Supervisory 

Committee: 

 

 

 

Nor Azah Yusof 

 

 

Signature: 

Name of 

Member of 

Supervisory 

Committee: 

 

 

 

Jaafar Abdullahi 

 

 

Signature: 

Name of 

Member of 

Supervisory 

Committee: 

 

 

 

 

 

Moh’d Nizar Hamidon 

 

 

Signature: 

Name of 

Member of 

Supervisory 

Committee: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



© C
OPYRIG

HT U
PM

viii 
 

TABLE OF CONTENTS 

 

  Page 

ABSTRACT 

ABSTRAK 

ACKNOWLEDGEMENT 

APPROVAL 

DECLARATION 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF ABBREVIATIONS 

 

i 

ii 

iii 

iv 

vi 

xi 

xii 

xiv 

CHAPTER 

 

  

1 INTRODUCTION  

 1.1 Heavy Metals 1 

 1.2 Problem Statement 1 

 1.3 Objectives 

 

2 

2 LITERATURE REVIEW  

 2.1 Toxicity of Lead 4 

 2.2 Toxicity of Hexavalent Chromium 4 

 2.3 Electrochemical Sensors 5 

 2.3.1 Screen Printed Electrode for Heavy Metals 

Detection 

5 

 2.4 Voltammetry 6 

 2.4.1 Linear Sweep Voltammetry 7 

 2.5 Electrochemical Sensor Applied for Pb(II) Detection 8 

 2.6 Electrochemical Sensor Applied for Cr (VI)Detection 9 

 2.7 Metallic Nanoparticle 10 

 2.8 Electrode Modification With Gold Nanoparticles 11 

 2.9 Ionophore 12 

 2.10 Tert-Butylcalix[4]arene-tetrakis (N,N-

dimethylthioacetamide), Ionophore for Pb(II) 

 

12 

3 EXPERIMENTAL 14 

 3.1 Materials and Reagent 14 

 3.2 Instrumentation 14 

 3.2.1 Spectrophotometric Study of AuNPs 14 

 3.2.2 Nanoparticle Size Analysis 15 

 3.2.3 Field Emission Scanning Electron Microscope 

(FESEM) 

15 

 3.2.4 Energy Dispersive X-ray Spectrometry (EDX) 15 

 3.2.5 Transmission Electron Microscope (TEM) 15 

 3.2.6 Inductively Coupled Plasma-Mass Spectroscopy 

(ICP-MS) 

15 

 3.2.7 Atomic Absorption Spectroscopy 16 

 3.3 Preparation of Nanoparticle and Ionophore 17 

 3.3.1 Preparation of Gold Nanoparticle (AuNPs) 17 

 3.3.2 Preparation of AuNPs/Ionophore 17 



© C
OPYRIG

HT U
PM

ix 
 

 3.4 Preparation of Modified Electrodes 17 

 3.4.1 Preparation of AuNPs Electrode 17 

 3.4.2 Preparation of AuNPs/Ionophore Electrode 17 

 3.5 Preparation of Pb(II) Solution 17 

 3.6 Preparation of Cr(VI) Solution 17 

 3.7 Characterization of Modified Electrodes 17 

 3.7.1 Effects of Supporting Electrolyte 18 

 3.7.2 Effect of Varying pH of Supporting Electrolyte 18 

 3.7.3 Effect of HClO4 Concentration 18 

 3.7.4 Effect of Deposition Potential and Deposition 

Time  

18 

 3.7.5 Effect of Varying Scan Rate 18 

 3.7.6 Effect of Varying Concentration of Pb (II) and 

Cr(VI) 

19 

 3.7.7 Repeatability, Reproducibility and Stability Study 19 

 3.7.8 Effect of Foreign Ions 19 

 3.7.9 Determination of Pb(II) and Cr(VI) in real 

Samples and Validation 

 

20 

4 RESULT AND DISCUSSION  

 4.1 Characterization of AuNPs 21 

 4.1.1 Spectrophotometric Study of Synthesized AuNPs  21 

 4.1.2 Nanoparticle Size 21 

 4.1.3 Field Emission Scanning Electron Microscope 

(FESEM) 
 

 4.1.4 Energy Dispersive X-Ray Spectroscopy (EDX) 22 

 4.1.5 Transmission Electron Microscope (TEM) 23 

 4.2 Electrochemical Characterization of AuNPs/SPE 24 

 4.2.1 Effect of Supporting  Electrolyte for Detection of 

Pb(II) and Cr(VI) 

24 

 4.2.2 Linear Sweep Study on Unmodified and Modified 

AuNPs/SPE 

27 

 4.2.3 Effect of Deposition Potential and Deposition 

Time 

27 

 4.2.4 Effect of Varying Scan Rate 29 

 4.2.5 Effect of Varying Concentration of Pb(II) and 

Chromium (VI) 

31 

 4.2.6 Effect of Foreign ions 33 

 4.2.7 Repeatability, Reproducibility and Stability Study 34 

 4.2.8 Determination of Pb  and Cr in Real Samples and 

Validation  

36 

 4.3 Characterization of Au/NPs/Ionophore Modified 

Electrode 

37 

 4.3.1 Field Emission Scanning Electron Microscopy 

(FESEM) 

37 

 4.4 Electrochemical Characterization of AuNPs/Ionophore/ 

SPE Modified Electrode 

38 

 4.4.1 Effect of Varying Concentration of Pb(II) 38 

 4.4.2 Effect of Foreign Ions (Selectivity Study) 

 

38 

 



© C
OPYRIG

HT U
PM

x 
 

 

5  CONCLUSION AND RECOMMENDATION  

 5.1 Conclusion 40 

 5.2 Recommendations for Future Research 

 

40 

REFERENCES 

BIODATA OF STUDENT 

LIST OF PUBLICATIONS 

41 

49 

50 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



© C
OPYRIG

HT U
PM

xi 
 

LIST OF TABLES 

 

Table  Page 

 

2.1 Electrochemical Sensors Applied in Pb(II) detection 9 

 

2.2 Electrochemical sensors applied in Cr(IV) detection 10 

 

3.1 Pb(II) and Cr(VI) concentration study on modified electrodes 19 

 

4.1 Interference study of Pb(II) in the presence of foreign ions 34 

 

4.2 Interference study of Cr(VI) in the presence of foreign ions 34 

 

4.3 Repeatability study for Pb(II) and Cr(VI) with AuNP/SPE 35 

 

4.4 Reproducibility study for Pb(II) and Cr(VI) with AuNP/SPE 35 

 

4.5 Determination of Pb(II) in real sample 36 

 

4.6 Determination of Cr(VI) in real sample 37 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  



© C
OPYRIG

HT U
PM

xii 
 

 

LIST OF FIGURES 

 

Figure  

 

Page 

2.1 Schematic diagram of an electrochemical sensor 

 

5 

2.2 Diagram of a screen printed electrode 

 

6 

2.3 Example of a Linear sweep voltammogram 

 

7 

2.4 Chemical structure of Tert-Butylcalix[4]arene-tetrakis (N,N-

dimethylthioacetamide) 

 

13 

3.1 Electrochemical setup  

 

14 

4.1 UV-Vis Absorbance spectrum of AuNPs 

 

21 

4.2 Mean particle size of AuNPs 

 

22 

4.3 FESEM image of  (A) Unmodified SPE  (B) AuNPs/SPE 

 

22 

4.4 EDX image spectral of AuNPs/SPE 

 

23 

4.5 TEM Image of AuNPs 

 

24 

4.6 Effect of supporting electrolyte in Cr(VI) and Pb(II) detection; 

Cr(VI) in (A) Tris-HCl (B) Acetate buffer (C) HNO3 (D) HClO4. 

And Pb(II) in (E) HNO3 (F) HClO4 (G) KCl (H) Tris-HCl  

 

25 

4.7 Tris-HCl pH effect on detection of Pb(II) 

 

26 

4.8 HClO4 concentration effect on detection of Cr(VI)  

 

27 

4.9 (A) Unmodified and modified AuNPs/SPE for Pb(II) detection in 

tris-HCl (B) unmodified and modified AuNPs/SPE with Cr(VI) 

detection  in HClO4 

 

27 

4.10 Deposition potential for 10 µg L-1 Pb(II) in 0.1M Tris-HCl using 

AuNPs/SPE 

 

28 

4.11 Deposition potential for 0.02 µg L-1 Cr(VI) in 0.06M HClO4 using 

AuNPs/SPE 

 

28 

4.12 Deposition time for 10 µg L-1 Pb(II) in 0.1M Tris-HCl using 

AuNPs/SPE 

 

29 

4.13 Deposition time for 0.02 µg L-1 Cr(VI) in 0.06M HClO4 using 

AuNPs/SPE 

 

29 



© C
OPYRIG

HT U
PM

xiii 
 

4.14 (A) Voltammograms for scan rate of AuNPs/SPE with Pb(II) in 

0.1M TrisHCl, and (B) Plot of log ip against log scan rate at 

deposition time 120s and deposition potential -1.2V 

 

 

30 

4.15 (A) Scan rate voltammograms for detection of Cr(VI) in 0.06M 

HClO4, deposition time 180s and deposition potential -1.1V (B) Plot 

of current against scan rate 

 

31 

4.16 (A) Voltammograms for different concentration of Pb(II) and (B) 

Calibration plot for detection of  Pb(II) in 0.1M Tris-HCl 

 

32 

4.17 (A) Voltammograms for different concentration of Cr(VI) and (B) 

Calibration plot for detection of Cr(VI) in 0.006M HClO4 

 

33 

4.18 Stability Study for 0.002 µg L-1 Cr(VI) with AuNPs/SPE 

 

36 

4.19 FESEM image of AuNPs/ionophore/SPE 

 

37 

4.20 (a) Voltammograms for different concentration of Pb(II) with 

AuNPs/Ionophore/SPE and (b) Calibration plot for detection of 

Pb(II) 

 

38 

4.21 Voltammograms for a mixture of 1 µg L-1 Pb(II) and 1 µg L-1 Hg(II) 

in 0.1M Tris-HCl using AuNPs/SPE and AuNPs/Ionophore/SPE 

 

39 

4.22 Voltammograms for a mixture of 1 µg L-1 Pb(II) and 1 µg L-1 Cd(II) 

in 0.1M Tris-HCl using AuNPs/SPE and AuNPs/Ionophore/SPE 

39 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  



© C
OPYRIG

HT U
PM

xiv 
 

LIST OF ABBREVIATIONS 

 

A  Absorbance 

AdSV  Adsorptive stripping voltammetry 

AgNPs  Silver nanoparticles 

AuNPs  Gold nanoparticles 

AuNs/CSPE Gold nanostructures carbon screen printed electrode 

BiNPs  Bismuth nanoparticles 

BDD  Boron doped diamond 

CCE  Carbon composite electrode 

CE  Counter electrode 

CNT  Carbon nanotubes 

CV  Cyclic voltammetry 

DPASV Differential pulse anodic stripping voltammetry 

DPV  Differential pulse voltammetry 

Es  Standard reduction potential 

GCE  Glassy carbon electrode 

LOD  Limit of detection 

LSV  Linear sweep voltammetry 

MCNT  Multi-walled carbon nanotubes 

NHAP  Nano sized hydroxyapatite 

NPs  Nanoparticles 

PH  Poly-L-Histidine 

RE  Reference electrode 

T  Transmittance 



© C
OPYRIG

HT U
PM

xv 
 

WE  Working electrode 

SPE  Screen printed electrode 

SWASV Square wave anodic stripping voltammetry 

SWV  Square wave voltammetry  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

1 
 

CHAPTER ONE 

 

INTRODUCTION 

 

 

 

1.1 Heavy Metals 

 

Metals like cobalt, copper, iron, manganese, chromium and zinc are essential for 

metabolic processes at the recommended threshold, but can be toxic to living 

organisms when they exceed the threshold amount. Unfortunately metals such as 

lead, cadmium, mercury, arsenic are toxic even in trace amount. Due to their non-

biodegradable nature, heavy metals are retained indefinitely in ecological system and 

in food chains. Additionally, their accumulation in body tissues causes serious 

damage to the human body parts (Aragay et al., 2012). 

 

The main sources of heavy metal contamination can be from industries (release as 

dust due to industrial processes or waste release into rivers), agricultural activities, 

vehicle emission, and domestic activities. Studies of these metals pollution in the 

environment attributed the source of this pollution from anthropogenic and natural 

weathering (Hu et al., 2013), industrial activities and mining (Castillo et al., 2013, 

Nagarajan et al., 2013), continuous urbanization and industrialization in developing 

countries (Du et al., 2013). Heavy metal waste from industries and agricultural 

activities can accumulate into sludge, which may be applied to cultivated soil, and 

thereby could possibly be transfer into the food chain (Zhao et al., 2014).  

 

Main exposure pathways of these metals can be through dermal absorption, ingestion 

and inhalation (Li et al., 2014), which may lead to occasional biological effects (Hu 

et al., 2013) especially in children (Du et al., 2013). And a well-known fact is that 

long term exposure to heavy metals causes’ cancer (Li et al., 2014; Zhao et al., 

2014). Heavy metal pollution is still threatening the environment and human health, 

because of their widespread in many areas; such as soil (Li et al., 2014), dust (Du et 

al., 2013) water and sediments (Hu et al., 2013; Castillo et al., 2013). Therefore, their 

control is paramount in respect of environmental and health improvement. 

 

1.2 Problem Statement  

 

Heavy metal impact on our environment and it’s threat to human health makes 

monitoring of these metals a crucial to our present society. Thus, there is need for a 

fast, accurate and highly sensitive device that can easily detect these metal ions.  

 

Heavy metal determination has been explored using a wide range of methods; 

Previously, methods like Laser-Induced Plasma Spectroscopy (Panne et al., 2001), 

Inductively Couple Plasma Mass/Optical Emission Spectroscopy (Pereira et al., 

2010); and Electro-thermal Atomization Atomic Absorption Spectroscopy 

(Chaguaramus et al., 2012) has been used for determination of these metals but these 

methods are expensive and do not allow on site analysis due to non-portability of the 

equipment.  
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The advent of screen printed electrodes (SPE) and electrochemical methods which 

are inexpensive, portable and implore simple techniques, has drawn much interest 

and is the focus of researchers. While electrochemical techniques have paved way to 

reliable new methods, the issue of sensitivity is still a challenge. Generally 

nanoparticles especially metallic nanoparticle is receiving particular attention in 

sensor and biosensor application, for it’s excellent conducting ability and capability 

in increasing sensitivity. Nanoparticles; have shown a great potential application in a 

wide range of existing and emerging technologies.  

 

Metallic nanoparticles are used in heavy metals detection in order to avoid the 

previous used of mercury electrodes due to toxicity of mercury. Gold nanoparticles 

(AuNPs) in particular exhibit electronic, thermal, and optical properties, high 

catalytic properties, good biocompatibility, excellent conducting capability and high 

surface-to-noise ratio. Synthesis of AuNPs involves a very simple step using a 

reducing salt, unlike the long process involve in the synthesis of other metallic 

nanoparticles. Few methods were able to detect Cr(VI) to the micro level using gold 

film modified electrode (Torabi & Compton 2013);  AuNPs modified SPE (Dom et 

al., 2008). Pb(II) was also detected to the micro level using functionalized 

mesoporous silica modified SPE (Sanchez et al., 2010); amino acid/AuNPs 

microelectrode (Costa et al., 2012); AuNS SPE (Wang et al., 2012). But in all the 

methods AuNPs was electrodeposited on the SPE, though electrodeposition method 

increases sensitivity, but involves memory loss; due to which the modification have 

to be repeated each time before taking the reading. Therefore drop-coating method 

can reduce the memory loss effect.  

 

Selectivity is another important issue in heavy metals detection. Macrocyclic 

molecules as ionophore can be the solution to this problem, because it provides 

binding sites for suitable metal ions. 

 

In this research, Pb(II) and Cr(VI) were detected down to nano level by 

electrochemical method using AuNPs modified SPE. The AuNPs has been 

synthesized by a simple method; where the chloroauric salt was reduced with sodium 

citrate under reflux at room temperature, and the AuNPs was drop-coated onto the 

SPE. Pb(II) was also detected down to nano level by electrochemical method using 

AuNPs/ionophore modified SPE. The ionophore for Pb(II) was prepared and mixed 

with AuNPs, then used to modify the SPE. 

 

1.3 Objectives 

 

The objective of this research is to develop a detection system for Pb(II) and Cr(VI) 

based on AuNPs modified SPE and AuNPs/Ionophore modified SPE. 

 

Specific objectives for this research are  

 

a) To prepare and characterize gold nanoparticles (AuNPs) 

 

b).To electrochemically characterized screen printed electrode modified with AuNPs 

and ionophore 
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c) To evaluate the sensing capability of the modified screen printed electrodes in 

Pb(II) and Cr(VI) detection. 
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