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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  

 

 

MODIFICATION OF SCREEN PRINTED CARBON ELECTRODE WITH 

SILICON NANOWIRES FOR ELECTROCHEMICAL DETECTION OF Hg(II) 

AND Cd(II) IN WATER 

 

By 

 

SITI NUR ZAWANI MOHAMAD ZAIN 

 

May 2015 

 

 

Chairman: Ruzniza Mohd Zawawi, PhD 

 

Faculty:  Science 

 

Water pollution resulting from heavy metal ions such as mercury and cadmium tends to 

have lethal effects on the environment and living organisms. This indicates the need for 

further research to develop on heavy metal sensors that are fast, potable and cost 

effective.  In this research, Silicon Nanowires (SiNW’s), a 1-dimensional nanowire was 

used as a modifier for disposable screen printed carbon electrodes (SPCE) for detection 

of metal ions. The SiNW’s was characterized by different spectroscopic techniques and 

the application of SiNW’s on the surface of the electrode was found to increase the 

sensitivity of the electrode.  

 

 

The screen printed carbon electrode was modified by casting SiNW’s with 3-

aminopropyl-triethoxysilane (APTES) onto the working electrode surface. The 

modified electrode (SiNW’s/APTES/SPCE) was then applied for Hg2+ and Cd2+ ion 

detection. Electrochemical studies using linear sweep stripping voltammetry performed 

with SiNW’s/APTES/SPCE were found to give a better response through the 

optimization of some analytical parameters. 

 

 

Concentration study of mercury with SiNW’s/SPCE gave linear calibrations and a 

detection limit value of 42.59 μg L−1  was achieved by applying deposition potential of 

-1.2V and deposition time of 160s. The electrode showed very good recovery 

indicating the accuracy of the method, while concentration study of cadmium with 

SiNW’s/SPCE gave a linear calibration with R2 = 0.994.  A detection limit of 251.7 

μg L−1 was also achieved by applying deposition potential of -1.2V and deposition time 

of 160s. Validation of the method with inductively coupled plasma-mass spectroscopy 

(ICP-MS) and atomic absorption spectroscopy showed very good correlation. This 

modified screen printed carbon electrodes with Silicon Nanowires 

(SiNW’s/APTES/SPCE) also found for simultaneously detection of Hg2+ and Cd2+ ions 

in the solution. 
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PENGUBAHSUAIAN ELEKTROD KARBON SKRIN TERCETAK DENGAN 

SILICON NANOWIRES(SiNW’S) UNTUK PENGESANAN ELEKTROKIMIA 

BAGI Hg(II) DAN Cd(II) DI DALAM AIR  

 

Oleh 

 

SITI NUR ZAWANI MOHAMAD ZAIN 

 

Mei 2015 

 

 

Pengerusi: Ruzniza Mohd Zawawi, PhD 

 

Fakulti:  Sains 

 

Pencemaran air dengan ion logam berat seperti merkuri dan kadmium memberi kesan 

kepada persekitaran dan organisma hidup. Ini menunjukkan penyelidikan mengenai 

penderia logam berat yang memberi keputusan yang pantas, ringkas dan kos efektif 

adalah diperlukan. Dalam kajian ini, Silicon Nanowires(SiNW’s) yang merupakan 1-

dimensi dawai nano telah digunakan sebagai bahan pengubah suai untuk elektrod 

karbon skrin tercetak terpakai buang untuk mengesan logam berat ion. SiNW’s telah di 

cirikan dengan menggunakan teknik spektroskopi, dan SiNW’s diaplikasikan ke atas 

permukaan elektrod untuk meningkatkan kepekaan electrod tersebut. 

 

 

Elektrod karbon skrin tercetak telah diubah suai dengan melekatkan SiNW’s dengan 

APTES diatas permukaan elektrod kerja. Elektrod yang diubah suai 

(SiNW’s/APTES/SPCE) telah diaplikasikan untuk mengesan Hg2+ dan Cd2+ ion. Kajian 

elektrokimia menggunakan voltametri sapuan linear pelucutan dilakukan menggunakan 

SiNW’s/APTES/SPCE memberi kesan yang lebih baik dengan mengoptimumkan 

sebahagian parameter analisis.   

 

 

Kajian kepekatan merkuri dengan SiNW’s/APTES/SPCE telah memberikan 

penentukuran linear dan had pengesanan 42.59 μg L−1 dengan menggunakkan potensi 

pemendapan -1.2V dan masa pemendapan selama 160s. Elektrod ini menunjukkan 

pengambilan semula yang baik yang menunjukkan ketepatan kaedah ini. Sementara 

kajian kepekatan kadmium dengan SiNW’s/APTES/SPCE telah memberikan 

penentukuran linear dengan R2 = 0.994. Had pengesanan 251.7 μg L−1 telah dicapai 

dengan menggunakan potensi pemendapan -1.2V dan masa pemendapan selama 160s. 

Pengesahan kaedah ini dengan Spektrometriberat–induktif pasangan plasma (ICP-MS) 

dan spektroskopi serapan atom menunjukan korelasi yang sangat baik. Dengan elektrod 

karbon skrin tercetak dengan SiNW’s (SiNW’s/APTES/SPCE) ini juga didapati 

mampu untuk mengesan Hg2+ dan Cd2+ secara serentak.  
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Heavy Metals 

 

 

Heavy metals are mostly defined by their chemical properties such as  malleability, 

ductility with metallic luster and the ability to conduct heat and electricity as well as 

possessing the ability to lose its outer most electrons to form cations with basic oxides 

(John et al., 2002). They are group of  metals with a high density  which is greater than 

5 gcm-3. Heavy metals are known to form stable complexes or chelates with a variety of 

ligands and their average stability decreases with electronegativity of the metal in 

which they are attached to in the following  order Pd > Cu > Ni > Co > Zn > Cd > Mn 

(Mellor et al., 1947, Irving et al., 1948). And several factors such as pH, are found to 

influence this order.  

 

 

Heavy metal ions are regarded as the most toxic pollutants due to their acute toxicities, 

carcinogenicities and non-biodegradability. The main sources of heavy metal 

contamination are mostly contributed from metal related industries such as metal 

plating facilities, mining operations, fertilizer and electronic device manufactures, 

agricultural activities, vehicle emission, and domestic activities (Juang et al., 2002). 

The oxidation of the different metal species causes the solubility of the metal ions thus 

released into the surrounding environment through water drainages.  

 

 

Wastes discharged from industrial and agricultural activities containing heavy metal 

can accumulate into sludge and drain down to cultivated soil; hence, this could easily 

be transferred into the food chain (Zhao et al., 2014). In many developing countries 

around the world, an increasing concentration of heavy metals in the environment is a 

serious problem to both human and animal health as well as protection and production 

of food stuffs. 

 

 
Figure 1.1: Source of Heavy Metal Pollution to Aqueous System 

(http://www.sagasiki-kankyo.co.jp) 

http://www.sagasiki-kankyo.co.jp/
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Previous studies have proved that the use of spectroscopic techniques, such as 

inductively coupled plasma mass spectrometry (Hassan et al., 2004), surface-enhanced 

raman scattering (Enzhong et al., 2012) and cold vapour atomic fluorescence 

spectroscopy (Yu et al., 2005) in detecting the presence of this heavy metals can yield 

an accurate result. However, these techniques are highly costly because it requires 

expensive instruments, routine maintenance and specialized personnel in order to run 

the samples. These techniques also do not allow onsite analysis due to non-portability 

of the equipment. 

 

 

For these reasons electrochemical sensors were developed and extensively being used 

in studying environmental pollution with diverse industrial applications.  There is high 

demand of sensors in the world market that are easy to handle, compatible and can give 

a fast result. These sensors also offer advantages of low detection limits, a wide linear 

response range, good stability and reproducibility. Electrochemical sensor can be 

portable, simple to use,in-situ and miniature in size.These features are ideal for real 

time on field manaagement, thus the errors caused by the sample transportation and 

storage can largely be reduced (Cammann et al., 1996). The biochemical sensor usually 

consists of the analyte for example food sample, environmental sample or human 

sample and receptor that is specifically binded to the analyte, transducer element for 

example nanomaterial converted to an electronic signal by electrodes and amplified by 

a detector circuit using an appropriate reference and sent for processing to the computer 

software to be converted to a meaningful physical feature  for example light, signal, 

and data display (Belluzo et al., 2007). 

 

 

 
Figure 1.2: Schematic diagram of a bio/chemical sensor 

 

 

The electroanalytical techniques that are usually employed in chemical sensor analysis 

includes; cyclic voltammetry(CV), differential pulse voltammetry (DPV), square wave 

voltammetry (SWV) and stripping voltammetry (SV). The stripping voltammetry is a 

sensitive electroanalytical technique used for the determination of trace amount of 

metals in a given solution. The technique consists of three steps.  In the first step, metal 

ions are deposited onto an electrode which is held at a suitable potential.  The solution 

is stirred during this step in order to maximize the amount of metal deposited.  For the 

second step, stirring is stopped so that the solution will settles and finally in the third 

step, the metal deposits are stripped from the electrode by scanning the potential.  The 

observed current during the stripping step can be used as an indirect measuremnt for 

the  amount of  metals in the solution. 
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The stripping step may consist of a positive or negative potential scan by creating either 

an anodic or cathodic current respectively.  Hence, they are named as anodic stripping 

voltammetry (ASV) and cathodic stripping voltammetry (CSV). Anodic stripping 

voltammetry (ASV) has been recognized as a powerful technique for electrochemical 

measurements of trace metal ions in various samples of environmental, clinical, and 

industrial origin (Injang et al., 2010 , Yi et al., 2012) in particular due to its capability 

of preconcentrating analytes on the surface of the working electrode. It also allows 

quantification of heavy metal ions down to part per million (ppm) or even to part per 

billion (ppb) (Gu et al.,2013). Cyclic voltammetry (CV) is also widely used to study 

the presence of heavy metal but is not sensitive enough for environmental analysis 

never the less it is useful in optimization of analytical conditions (Buffle et al., 2005). 

 

 

1.2 Screen Printed Electrode (SPEs) 

 

 

The advent of disposable screen printed electrodes (SPEs) as an alternative to the 

conventional electrodes in development of analytical methods that respond to perform 

rapid ‘in situ’ analyses has become necesary due to  many advantages it possess such as 

low cost, ease of handling and ease of preparation and moreover can be treated as 

disposable, thus avoiding the need for surface cleaning and the problem of memory 

effects. 

 
Figure 1.3: Screen printed carbon electrode consists of working electrode; counter 

electrode and reference electrode 

 

 The production of the SPEs comes with different ink on planar ceramic or 

plastic supports. SPEs can be modified by adding versatile substances of different 

nature such as nanomaterial, enzymes, self assembled monolayer (SAM), polymers and 

complexing agents (Honeychurch et al.,2012). 

 

 

1.3  Problem Statement 

 

 

Development of heavy metal ions detection and quantification in the environment is 

crucial to our present society. There is an increasing need for analytical systems that 

deliver fast and reliable data in the development of novel sensors. Sensitivity 

enhancement and lowering of the detection limit of heavy metal ions are the effort 

neede to be focused on.  
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Nanoparticles 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. Nanoparticles are used in heavy metals detection in order to avoid the 

previous used of mercury electrodes due to toxicity of mercury. 

 

 

In this study SiNW’s was used as the nanomaterial because it have excellent 

conducting capability and high surface-to-volume ratio to enhance the detection limit. 

Selectivity is another important issue in heavy metals detection. Macrocyclic molecules 

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

sites for interaction with metal ions. In this research, Hg2+ and Cd2+ were detected by 

electrochemical method using SiNW’s modified SPCE. The detection limit of Hg2+ also 

much lower when modified SPCE with SiNW’s/ionophore. 

 

 

1.4  Objective of the studies 

 

 

1.4.1 General Objective 

 

 

The obective of this research is to develop a sensor for selective and specific detection 

and quantification of toxic metal ions such as Hg2+ and Cd2+ ions in environmental 

samples by utilizing silicon nanowires (SiNW’s). 

 

 

1.4.2 Specific Objective 

 

 

1. To modify the screen printed carbon electrode (SPCE) for selective and specific 

detection of heavy metal ions Hg2+ and Cd2+ by utilizing silicon nanowires 

(SiNW’s).  

2. To optimize the deposition time, deposition potential, supporting electrolyte and 

characterize with SEM the modified SPCE. 

3. To test the fabricate sensor on sea water samples. 
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