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ABSTRACT 

Three thiosemicarbazone derivatives named 2-acetylpyrazine thiosemicarbazone (P1), 

N(1)-(2-acetylpyrazine)-N(4)-(2-hydroxyphenyl)-thiosemicarbazone (P2) and the 

novel N(1)-(4-acetylpyidine)-N(4)-(2-hydroxyphenyl)-thiosemicarbazone (P3) were 

synthesized through the proposed methods. The characterization through melting point 

analysis, Fourier transform infrared (FTIR) spectroscopy, CHNS elemental analysis 

and nuclear magnetic resonance (NMR) spectroscopy showed high purity of the 

products. The synthesized thiosemicarbazones were optimized as selective and 

sensitive chemosensors for cobalt (Co
2+

) and mercury (Hg
2+

) ions through 

spectroscopic study using ultraviolet-visible (UV-Vis) spectroscopy. Colorimetric 

response was observed where P1, P2 and P3 changed their color from colorless to 

orange, orange and yellow respectively after being added with their respective metal 

ions. Response surface methodology (RSM) was used to study the effects of 

interactive variables and identify the most optimum condition for each chemosensor. 

The absorbance values of P1-Co
2+

, P2-Co
2+

 and P3-Hg
2+

 at 450, 423 and 414 nm 

respectively were collected as responses. Results showed that metal ion concentration, 

pH and time were significant to the model. The optimum condition for 100 μM P1 

was found with 70 μM Co
2+

 in 8:2 v/v DMSO/Tris-HCl at pH 5.3 after 15 minutes 

reaction, P2 at 100 μM was optimum with 80 μM Co
2+

 in 8:2 v/v DMSO/Tris-HCl at 

pH 7.5 after 10 minutes reaction whereas P3 at 20 μM was ideal with 60 μM Hg
2+

 in 

8:2 v/v DMSO/citrate-phosphate at pH 7.8 after 18 minutes reaction. These 

chemosensors were highly sensitive as the limit of detection (LOD) of P1, P2 and P3 

towards selected metal ions was found to be low at 1.64, 1.52 and 3.56 μM 

respectively. The binding stoichiometry of P1-Co
2+

, P2-Co
2+

 and P3-Hg
2+

 were 2:1, 

2:1 and 1:1 molar ratio respectively. The interference analysis showed that the 

presence of 1 molar equivalent of other metal ions did not interfere the interactions of 

P1-Co
2+

, P2-Co
2+

 and P3-Hg
2+

. Computational study through COSMO-RS showed the 

compatibility of chemosensors to selected solvent DMSO. Calculation of molecular 

electron potential (MEP) and Fukui function in density functional theory (DFT) 

suggested that nitrogen, sulphur and oxygen atoms of the chemosensors involved in 

the interaction with metal ions. Calculation of highest occupied molecular orbital-

lowest unoccupied molecular orbital (HOMO-LUMO) energy gap and formation 

energy showed that the formation of P1-Co
2+

, P2-Co
2+

 and P3-Hg
2+

 were preferred 

over non-interacted chemosensors in the presence of the metal ions. The evaluation on 

several water samples showed that they were efficient to be used for environmental 

water samples. The optimized P1, P2 and P3 in this study promised three new 

selective and sensitive chemosensors from thiosemicarbazone derivatives for Co
2+

 and 

Hg
2+

 detection.  
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 خلاصة البحث
ABSTRACT IN ARABIC 

أسٛزٛم -2 فٙ ْزِ انجذش رى اسزخذاو الإجشاءاد انًمزشدخ نعًم صلاس يشزمبد صٕٛسًٛٛكبسثبصٌٔ:

 -ْٛذسٔكسٙ فُٛٛم(-2)-(4ٌ)-أسٛزٛم ثٛشاصٍٚ(-2)-(1P(ٌ ،)1ثٛشاصٍٚ صٕٛسًٛٛكبسثبصٌٔ )

 -كسٙ فُٛٛم(ْٛذسٔ-2)-(4ٌ)-أسٛزٛم ثٛشٚذٍٚ(-4)-(P2(ٌ ٔ )1صٕٛسًٛٛكبسثبصٌٔ )

رى رذذٚذ َمبء انًُزجبد يٍ خلال رذهٛم َمطخ الاَصٓبس، ٔانزذهٛم . (P3) صٕٛسًٛٛكبسثبصٌٔ

، ٔانشٍَٛ انًغُبطٛسٙ انُٕٔ٘ CHNS(، ٔرذهٛم عُبصش FTIRانطٛفٙ نلأشعخ رذذ انذًشاء )

(NMR)  يٍ خلال انزذهٛم انطٛفٙ ثبسزخذاو انزذهٛم انطٛفٙ نلأشعخ فٕق انجُفسجٛخ انًشئٛخ

(UV-Vis رى رذسٍٛ صٕٛسًٛٛكبسثبصَٔبد انًُزجخ كًسزشعشاد كًٛٛبئٛخ اَزمبئٛخ ٔدسبسخ ،)

Coلإَٔٚبد انكٕثبنذ )
2+

Hg( ٔانضئجك )
2+

(. ثعذ خهطٓب ثإَٔٚبد انًعبدٌ انخبصخ ثٓب، رغٛش نٌٕ 

P1  ٔP2  ٔP3  يٍ عذٚى انهٌٕ إنٗ انجشرمبنٙ ٔانجشرمبنٙ ٔالأصفش عهٗ انزٕانٙ. رًذ دساسخ

( نزذذٚذ انذبنخ الأكضش RSMد انًزغٛشاد انًزفبعهخ ثبسزخذاو يُٓجٛخ سطخ الاسزجبثخ )رأصٛشا

P1-Coيضبنٛخ نكم جٓبص اسزشعبس كًٛٛبئٙ. رى انذصٕل عهٗ لشاءاد ايزصبص 
2+

 ٔP2-Co
2+ 

ٔ P3-Hg
2+ 

َبَٕيزش عهٗ انزٕانٙ كبسزجبثبد. رى انعضٕس عهٗ رشكٛض  414ٔ  423ٔ  450عُذ 

 انذًٕضخ، ٔانٕلذ نزكٌٕ يًٓخ نهًُٕرط. رى انعضٕس عهٗ أفضم انظشٔف  إٌٔٚ انًعذٌ، ٔدسجخ

  v/v 8:2يبٚكشٔيزش يٍ صبَٙ أكسٛذ انكشثٌٕ فٙ  70نزكٌٕ  P1يبٚكشٔيزش يٍ  100نـ 

Tris-HCl/DMSO  ُٙٛدلٛمخ،  15ثعذ رفبعم  5.3عُذ انشلى انٓٛذسٔجP2  عُذ 

  8:2بَٙ أكسٛذ انكشثٌٕ فٙ يبٚكشٔيزش يٍ ص  80نزكٌٕ يبٚكشٔيزش كبٌ الأيضم 100

v/v Tris-HCl/DMSO  ُٙٛدلبئك يٍ انزفبعم  ٔ ثًُٛب كبٌ  10ثعذ  7.5عُذ انشلى انٓٛذسٔج

P3  يبٚكشٔيزش  60يبٚكشٔيزش يضبنٛبً يع  20عُذHg
2+

فٕسفبد -/سزشادv/v DMSO 8:2فٙ  

  P1( نـ LODدلٛمخ. رى انعضٕس عهٗ دذ انكشف ) 18ثعذ رفبعم  7.8عُذ انشلى انٓٛذسٔجُٛٙ 

 ٔP2  ٔP3  يبٚكشٔيزش عهٗ  3.56ٔ  1.52ٔ  1.64رجبِ إَٔٚبد انًعبدٌ انًخزبسح يُخفضًب عُذ

انزٕانٙ، يًب ٚشٛش إنٗ أٌ ْزِ انًسزشعشاد انكًٛٛبئٛخ كبَذ شذٚذح انذسبسٛخ. كبَذ يمبٚٛس 

P1-Co انعُبصش انكًٛٛبئٛخ انًهضيخ
2+

 ٔ P2-Co
2+

  ٔP3-Hg
2+

 2: 1ٔ 1:2ْٙ انُست انًٕنٛخ  

عهٗ انزٕانٙ. نى ٚزذاخم ٔجٕد يكبفئ يٕلاس٘ ٔادذ يٍ إَٔٚبد انًعبدٌ الأخشٖ يع  1:1ٔ 

P1-Co رفبعلاد
2+

 ٔ P2-Co
2+

 ٔP3-Hg
2+

ٔفمبً نزذهٛم انزذاخم. كشفذ دساسخ دسبثٛخ   

. DMSOأٌ انًسزشعشاد انكًٛٛبئٛخ كبَذ يزٕافمخ يع انًزٚت انًذذد  COSMO-RSثبسزخذاو 

فٙ َظشٚخ انكضبفخ انٕظٛفٛخ  Fukui( ٔٔظٛفخ MEPبد الإنكزشٌٔ انجضٚئٙ )الزشح دسبة إيكبَ

(DFT أٌ رساد انُٛزشٔجٍٛ ٔانكجشٚذ ٔالأكسجٍٛ فٙ انًسزشعشاد انكًٛٛبئٛخ كبَذ يزٕسطخ )

أدَٗ فجٕح طبلخ -فٙ انزفبعم يع إَٔٚبد انًعبدٌ. كشف دسبة أعهٗ يذاس٘ جضٚئٙ يشغٕل

( ٔطبلخ انزكٍٕٚ أَّ فٙ ٔجٕد إَٔٚبد يعذَٛخ، HOMO-LUMOيذاسٚخ جضٚئٛخ غٛش يشغٕنخ )

P1-Coكبٌ ركٍٕٚ
2+

 
 

ٔ P2-Co
2+

 ٔP3-Hg
2+

 
 

يفضلًا عهٗ انًسزشعشاد انكًٛٛبئٛخ غٛش 

انًزفبعهخ. أظٓش رمٛٛى انعذٚذ يٍ عُٛبد انًٛبِ أَٓب كبَذ يُبسجخ نلاسزخذاو يع عُٛبد انًٛبِ انجٛئٛخ. 

فٙ ْزِ انذساسخ لإَزبط صلاصخ يسزشعشاد  P1 ٔP2  ٔP3 رى رذسٍٛ يشزمبد صٕٛسًٛٛكبسثبصٌٔ 

Co كًٛٛبئٛخ اَزمبئٛخ ٔدسبسخ جذٚذح لاكزشبف 
2+

 ٔ.Hg
2+
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

Toxicity of metal ions has become a consideration for a very long time as various 

cases on this issue have been reported. Metals can be classified as essential and non-

essential metals, based on their importance to human body. Cobalt is an essential 

metal which produces cobalamin complex (Vitamin B12) by binding with a corrin ring 

(Nordberg et. al, 2007). In human body, this complex is important for the activity of 

some enzymes such as isomerases and methyltransferases. As an essential metal, 

cobalt is required in a moderate amount and can be consumed from diets such as 

vegetables, agricultural products, meat, dairy products and supplements. An excessive 

intake of cobalt may affect organs and tissues and lead to many health problems such 

as cardiovascular, nervous, endocrine and respiratory systems, as well as fatality. 

 Mercury, on the other hand, is a non-essential metal and among the most toxic 

material for human. The accumulation of mercury in human body mainly affects the 

central nervous system which leads to memory loss, Alzheimer and Autism in 

children. It also affects other organs and biological systems such as reproductive, 

motor and cardiovascular. The main concern of mercury toxicity is the possibility of 

this hazardous element to be transferred from one organism to another in food chain. 

The detection of mercury content in human body is also difficult due to its short half-

life. Severe and lethal cases on mercury toxicity have been reported including the 

famous Minamata disease that happened in 1960s which affected the health of more 

than two thousand people with death of more than a thousand people (Crichton et al., 

2017). 
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 The detection of harmful metal ions is important so that the toxicity especially 

to human can be avoided. The common techniques to detect the presence and 

concentration of metal ions are through laboratory analyses such as atomic absorption 

spectroscopy (AAS), atomic emission spectroscopy (AES), inductively-coupled 

plasma mass spectroscopy (ICP-MS), neutron activation analysis, X-ray fluorescence 

spectroscopy and voltammetry (Koduru & Lee, 2014). Although these techniques 

offer high sensitivity to metal ions, they are costly, time-consuming and require 

trained personnel to conduct the laboratory analyses. Therefore, chemosensors made 

from organic compounds have been studied extensively to replace the traditional 

methods. Chemosensors usually involve spectroscopic analyses such as ultraviolet-

visible (UV-Vis) and fluorescence. These techniques are lower in cost, have 

comparable sensitivity to the traditional methods while promising easier sample 

preparation. The presence of selected metal ions can easily be identified through 

colorimetric changes and spectral shifts. These offer quick detection which is very 

useful for on-site analysis.  

 Chemosensors are optimized in the laboratory to identify their best condition 

for metal ions detection. The common optimization technique involves study on the 

effect of one factor at a time while fixing the values of other factors. Factors affecting 

the sensitivity of chemosensors include solvent system, pH, time, chemosensor 

concentration, metal ion concentration and temperature. The optimization of one 

factor at a time does not represent the effects of overall factors on the sensitivity. 

Therefore, response surface methodology (RSM) was introduced for optimization of 

chemosensors as it allows the study on the effects of multiple variables to the 

responses. RSM involves mathematical and statistical calculation to identify the best 

condition for the chemosensors in detecting metal ions (Bezerra et al., 2008). 
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 Various organic compounds have been optimized as chemosensors for metal 

ions recognition including thiosemicarbazone derivatives. The presence of many 

electron donor atoms such as sulphur and nitrogen in thiosemicarbazone derivatives 

increases their potential to interact with metal ions thus, making it suitable to be used 

as chemosensors (Sarkar et al., 2015). The interaction of thiosemicarbazone 

derivatives with metal ions are through monodentate, bidentate or tridentate 

interactions, depending on the substituents on the thiosemicarbazide moiety. There are 

numerous studies that proved the high sensitivity and selectivity of thiosemicarbazone 

derivatives as metal ion chemosensors. 

 Therefore, in this study, three thiosemicarbazone derivatives named  

2-acetylpyrazine thiosemicarbazone (P1), N(1)-(2-acetylpyrazine)-N(4)- 

(2-hydroxyphenyl)-thiosemicarbazone (P2) and the novel N(1)-(4-acetylpyidine)-

N(4)-(2-hydroxyphenyl)-thiosemicarbazone (P3) were synthesized. The products were 

characterized by melting point analysis, CHNS elemental analysis, Fourier-transform 

infrared (FTIR) spectroscopy and nuclear magnetic resonance (NMR) spectroscopy to 

evaluate their purity. The thiosemicarbazone derivatives were optimized as sensitive 

and selective cobalt and mercury chemosensors through spectroscopic study using 

UV-Vis spectroscopy. Response surface methodology (RSM) was used to study the 

interactive effects of metal ion concentration, pH and time on their sensitivity as 

chemosensors. The chemical properties of the title compounds and their interactions 

with metal ions were clarified through computational study using conductor-like 

screening model for realistic solvents (COSMO-RS) and density function theory 

(DFT). The optimized chemosensors were tested on several environmental water 

samples to evaluate their practicality in real water samples. This research is aimed to 

produce highly sensitive and selective chemosensors for cobalt and mercury ions. 
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1.2 PROBLEM STATEMENT 

The exposure to hazardous metal ions such as cobalt and mercury can lead to various 

health problems. The early detection of the presence of metal ions in samples is 

important to avoid the toxicity effects. However, metal ions are not easily detected 

unless using common laboratory techniques which are expensive, time consuming and 

require specific training. Chemosensors which offer low-cost, user-friendly and fast 

detection of metal ions however, require a massive number of experiments for 

optimization procedure through spectroscopic study. The common optimization 

technique only studies the effect of one factor at a time thus, does not imply the 

complete effects of all factors to the chemosensor sensitivity. Most chemosensor 

studies concentrate only on experimental study which limits the knowledge on the 

chemosensor-metal ion interactions at molecular level. The practicality of these 

chemosensors in environmental water samples is also unclear as the test was not 

included in some of the previous studies. 

 

1.3 RESEARCH OBJECTIVES 

The study is aimed to achieve the following objectives: 

1. To synthesis three thiosemicarbazone derivatives including one novel 

compound and characterize them through melting point analysis, FTIR 

spectroscopy, CHNS elemental analysis and NMR spectroscopy. 

2. To optimize the synthesized thiosemicarbazone derivatives as 

chemosensors for cobalt and mercury ions through spectroscopic study 

using RSM. 

3. To identify the mechanism of interaction between chemosensor and metal 

ions through computational study involving COSMO-RS and DFT. 
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4. To evaluate the practicality of the optimized chemosensors for cobalt and 

mercury detection in environmental water samples. 

 

1.4 RESEARCH QUESTIONS 

1.  How do the target thiosemicarbazone derivatives can be synthesized and 

what are their physical and chemical properties? 

2. What are the optimum conditions for the title compounds to be highly 

sensitive and selective chemosensors for cobalt and mercury ions? 

3. How do the interactions between the chemosensors and metal ions occur? 

4. How efficient the optimized thiosemicarbazones as cobalt and mercury 

ions chemosensors in environmental water samples? 

 

1.5 RESEARCH HYPOTHESIS 

The title compounds would be successfully synthesized according to the proposed 

methods and confirmed through characterization procedure including melting point 

analysis, FTIR spectroscopy, CHNS elemental analysis and NMR spectroscopy. The 

optimization through RSM offers the study on the effects of independent factors and 

their interactions to the sensitivity of chemosensors. The mechanism of interactions 

between chemosensors and metal ions would be clarified through computational 

chemistry. This study would produce three chemosensors for cobalt and mercury ions 

from thiosemicarbazone derivatives which are efficient in environmental water 

samples.  
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1.6 RESEARCH SIGNIFICANCE 

This study will contribute to the society by producing three new chemosensors for 

cobalt and mercury detection. The toxicity can be avoided as these chemosensors are 

promising high sensitivity and selectivity to the metal ions. The optimization data 

through spectroscopic study using RSM is beneficial to engineers in producing 

mechanical probes using the same mechanism from this study. The computational 

study is beneficial to scientists in understanding the chemical behavior and interaction 

mechanism of chemosensor-metal ion interactions. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 TOXICITY OF METAL IONS 

Metals can be classified as essential or non-essential based on their importance and 

functionality to human. Essential metals are important elements to living organisms 

for maintaining biological structures, mechanisms and other body systems (Nordberg 

et al., 2007). Essential metals should be consumed properly because both insufficient 

and excessive intake can affect biological functions and consequently lead to various 

health problems. On the other hand, non-essential metals are elements that are not 

required by human body and can lead to many serious health problems even in a trace 

amount. Metals can be found from ecological water resources such as rivers, lakes and 

sea, natural food resources such as vegetables and other agricultural products, as well 

as various industries such as cosmetics, pharmaceuticals, and chemicals (Koduru & 

Lee, 2014). 

 

2.1.1 Cobalt 

Cobalt is one of ten essential metals for human, which is required in trace amount. It 

binds with a corrin ring to form cobalamin complex (Vitamin B12) which is an 

important cofactor for several B12-dependent enzymes such as isomerases and 

methyltransferases (Crichton et al., 2017; Nordberg et. al, 2007). In the industry, 

cobalt is used in production of steel and alloys, rechargeable batteries, carbon 

nanotubes, fertilizers and some medicines. Human exposure to cobalt is through 

dietary intakes from meat, dairy products and supplements, treatment of several 

diseases, environmental pollution and industrial activities (Leyssens et. al, 2017).  
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 The exposure towards cobalt is normally at considerate level, sufficient 

enough to regulate human biological system. However, at high consumption, cobalt 

toxicity was often recognized when the effect had become worse. The prolong 

exposure to Co
2+

 can affect various organs and tissues, and biological systems such as 

cardiovascular, nervous, endocrine and respiratory (Leyssens et. al, 2017; Mao et al., 

2011; Peters et. al, 2017). In 1960s, a severe and lethal cardiomyopathy occurred 

among heavy beer drinkers when Co
2+

 was used in the beer as foam stabilizer. Cobalt 

toxicity was also reported from anemia treatment, occupational exposure, dietary 

supplements, blood doping agent and orthopaedic joint replacements (Crichton et al., 

2017). 

 

2.1.2 Mercury 

Mercury is among the most toxic non-essential metals, which usually being exposed 

to human from environmental resources (Crichton et al., 2017). It can be found in 

various industries such as chemical catalysts, dental fillings, paints, batteries, lamps 

and fungicides. Mercury exists in three oxidation states as metallic or ionic mercury. 

Industrial releases usually contain inorganic mercury which easily converted to more 

toxic organic mercury by bioorganisms. It has become a major concern as mercury 

can be bioaccumulated and transferred from one organism to another through food 

chain. Even in a trace amount, mercury can affect nervous, renal, reproduction, 

immune and cardiovascular systems. It affects fertility and blood pressure regulation, 

can cause insomnia, memory loss, headaches and many other health problems (Gupta 

et al., 2017; Zahir et al., 2005). 

 The toxicity effect of mercury is often referred to Minamata disease that 

happened in 1956 (Crichton et al., 2017). In this case, toxic mercury was found in 




