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Abstract 

 

 

Paracetamol (PA) and Tramadol (TD) are very important drugs for the treatment of 

common diseases such as cold, fever, headache etc. They are co-exist in some tablets. Uric 

acid (UA) is the primary end product of purine metabolism. UA also exists in biological 

fluids such as blood and urine. A modified electrode has been developed using 

diethylamine (DEA) as a trifunctional electrochemical sensor for simultaneous detection of 

UA, PA and TD. Cyclic voltammetry (CV), differential pulse voltammetry (DPV) and UV-

Vis. spectroscopy were used as detection techniques.  

 

In this work, glassy carbon (GC), gold (Au) and platinum (Pt) electrodes were used as the 

working electrode. The electrodes were modified with DEA by applying continuous 

potential cycle for 15 scans at a range of -0.5 to 1.5 V. Then the electrodes were activated 

in phosphate buffer solution (PBS) (pH 7) by applying continuous potential cycle for 10 

scans at a range of -0.5 V to 1.5 V. A ternary solution of UA, PA and TD was prepared and 

the CV and DPV were taken at the modified (GC, Au and Pt) electrodes. It is seen that the 

performance of modified GC electrode is better than the modified Au and Pt electrodes.  

 

The influence of pH has been studied by varying pH from 3 to 9. The detection is mostly 

favorable at pH 7. The effect of different scan rates has been discussed and the variation of 

peak current plotted against square root of scan rate. The peak currents increase 

proportionally with increasing square root of scan rates indicates the electrochemical 

processes are controlled by diffusion process. 

  

The effects of bare and modified GC electrode on single, binary and ternary solution of 

UA, PA and TD have been studied. CVs of the single solution of UA, PA and TD at bare 

GC electrode shows the oxidation peaks at 0.34V, 0.46V and 0.94V respectively. But at 

modified GC electrode it shows the oxidation peaks at 0.27V, 0.38V and 0.81V. At bare 

GC electrode, the ternary mixture of UA, PA and TD shows two oxidation peaks at 0.41V 

and 0.93V. But DEA modified GC electrode shows three separated and well defined 

oxidation peaks at 0.27V, 0.38V and 0.81V. The peak intensity of DEA modified 
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electrodes are higher compared with the bare GC electrode. Similar behavior have been 

observed in the DPV technique.  

 

Quantitative analysis of UA, PA and TD have been carried out by DPV using DEA 

modified GC electrode in a single, binary and ternary solution. In every case, the peak 

currents of UA, PA and TD increase linearly with increasing their concentrations over the 

range of 0.5-2.5 mM. The DEA modified GC electrode shows good selectivity and strong 

anti-interference activity for the determination of UA, PA and TD in binary and ternary 

mixture with excellent results. The limit of detection (LoD) has been calculated by signal-

to-noise (S/N=3) ratio. In simultaneous detection, the LoD for UA, PA and TD are 1.95 

μmol L-1, 1.45 μmol L-1 and 1.26 μmol L-1 respectively at DEA modified GC electrode. The 

sensitivity of UA, PA and TD are 52.08 µA/mM/cm2, 62.25 µA/mM/cm2 and 33.67 

µA/mM/cm2 respectively at DEA modified GC electrode.  

 

DEA modified GC electrode has been successfully used for the quantitative determination 

of UA, PA and TD in some commercial tablets of different pharmaceutical companies of 

Bangladesh and biological fluids. The results have been valided by UV-Vis spectroscopic 

method and pathological report. The amount of PA and TD in some well-established 

pharmaceutical (Beximco, ACI, Square, Incepta, ACME etc) tablet samples have been 

found approximately same with compared to the labeled value. But the amount of PA, TD 

have been found less with compared to the labeled value in the tablets of some 

pharmaceutical companies (Opsonin, Renata, General, etc). Simultaneous detection of UA, 

PA and TD is not possible by UV-Vis spectroscopic method due to their very close 

absorbance maxima. The single determination of PA, TD and UA in tablet and blood 

samples by DEA modified GC electrode is very consistent with the determination of PA, 

TD and UA by UV-Vis spectroscopic method and pathological method in the same 

samples. Thus it is suggested that the DEA modified sensor may be used in the 

pharmaceutical industry and pathology for the determination of PA, TD and UA. 
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CHAPTER I 

 

 

Introduction 

 

 

1.1 General 

 

Electroanalytical chemistry, also known as electroanalysis, lies at the interface between 

analytical science and electrochemistry. It is concerned with the development, 

characterization and application of chemical analysis methods employing electrochemical 

phenomena. It has major significance in modern analytical science, enabling measurements 

of the smallest chemical species, right up to the macromolecules of importance in modern 

biology. The history of electrochemical sensors starts basically with the development of the 

glass electrode [1]. It is preferable to consider electroanalytical chemistry as that area of 

analytical chemistry and electrochemistry in which the electrode is used as a probe, to 

measure something that directly or indirectly involves the electrode [2].  

 

Electroanalytical techniques are concerned with the interplay between electricity & 

chemistry, namely the measurement of electrical quantities such as current, potential or 

charge and their relationship to chemical parameters such as concentration [3-5]. These 

methods are a class of techniques in analytical chemistry which study an analyte by 

measuring the potential (volts) and/or current (amperes) in an electrochemical cell 

containing the analyte. These methods can be broken down into several categories 

depending on which aspects of the cell are controlled and which are measured. The three 

main categories are potentiometry (the difference in electrode potentials is measured), 

coulometry (the cell's current is measured over time), and voltammetry (the cell's current is 

measured while actively altering the cell's potential). 

 

The use of electrical measurements for analytical purposes has found large range of 

applications including environmental monitoring, industrial quality control & biomedical 

analysis. In particular, electrochemical sensors and detectors are very attractive in the fields 
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of environmental conservation and industrial analysis. A typical chemical sensor is a 

device that transforms chemical information in a selective and reversible way, ranging 

from the concentration of a specific sample component to total composition analysis, into 

an analytically useful signal. The interest in electrochemical sensors continues unabated 

today, stimulated by the wide range of potential applications. Their impact is most clearly 

illustrated in the widespread use of electrochemical sensors seen in daily life, where they 

continue to meet the expanding need for rapid, simple and economic methods of 

determination of numerous analytes [6-8]. Electrochemical sensors have attractive 

qualities, which can boast the following advantages: 

1) low detection and determination limits, 

2) high sensitivity, 

3) relative simplicity and rapidity, 

4) wide spectrum of the analyte (especially drug compounds), 

5) insignificant effect of the matrix (from endogenous substances in biological media 

or from excipients in pharmaceutical dosage forms),  

6) low cost of equipment. 

 

Recent advances in electrochemical sensor technology will certainly expand the scope of 

these devices towards a wide range of organic and inorganic contaminants and will 

facilitate their role in field analysis. These advances include the introduction of modified or 

ultra-microelectrodes, the design of highly selective chemical or biological recognition 

layers, of molecular devices or sensor arrays, and developments in the areas of micro 

fabrication, computerized instrumentation and flow detectors [9-11]. 

 

1.2 Chemically modified electrodes 

Chemically modified electrodes (CMEs) comprise a relatively modem approach to 

electrode systems a wide spectrum of basic electrochemical investigations, including the 

relationship of heterogeneous electron transfer and chemical reactivity to electrode surface 

chemistry, electrostatic phenomena at electrode surfaces, and electron and ionic transport 

phenomena in polymers, and the design of electrochemical devices and systems for 

applications in chemical sensing, energy conversion and storage, molecular electronics, 

electrochromic displays, corrosion protection, and electro-organic syntheses. Compared 
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with other electrode concepts in electrochemistry, the distinguishing feature of a CME is 

that a generally quite thin film (from a molecular monolayer to perhaps a few micrometers-

thick multilayer) of a selected chemical is bonded to or coated on the electrode surface to 

endow the electrode with the chemical, electrochemical, optical, electrical, transport, and 

other desirable properties of the film in a rational, chemically designed manner [12].  

The range of electrode surface properties includes, but is more diverse than, that of ion-

selective electrodes (ISEs) which also involve, in their highest forms, rational design of the 

phase-boundary, partition and transport properties of membranes on or between electrodes. 

While CMEs can operate both voltammetrically and potentiometrically, they are generally 

used voltammetrically, a redox (electron transfer) reaction being the basis of experimental 

measurement or study, whereas ISEs are generally used in potentiometric formats where a 

phase-boundary potential (interfacial potential difference) is the measured quantity [13]. 

Gas-sensing electrodes (e.g., for CO2, NH3, NOx) are also potentiometrically based [14] 

although the oxygen electrode, which functions amperometrically, is an exception [15]. 

Chemically sensitive field effect transistors (CHEMFETs) are basically non-faradaic 

electrode systems in which electric field variations in the semiconductor gate region 

control the magnitude of the source drain current [16].  

1.3 General methods of modification of electrodes 

 

The concept of chemically modified electrodes (CMEs) is one of the exciting 

developments in the field of electroanalytical chemistry. Many different strategies have 

been employed for the modification of the electrode surface. The motivations behind the 

modifications of the electrode surface are: (i) improved electrocatalysis, (ii) freedom from 

surface fouling and (iii) prevention of undesirable reactions competing kinetically with the 

desired electrode process [17]. The increasing demand for it has led to the development of 

a rapid, simple and non-separation method for the simultaneous determination of 

compounds where the CMEs have emerged as an efficient and versatile approach, and have 

attracted considerable attention over the past decades due to its advantages in terms of 

reduced costs, automatic and fast analysis, high sensitivity and selectivity [18-20]. There 

are numerous techniques that may be used to modify electrode surfaces. Among various 

CMEs, polymer-modified electrodes (PMEs) are promising approach to determination. 

Some modification processes are- 
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Covalent Bonding: This method employs a linking agent (e.g. an organosilane) to 

covalently attach one of several monomolecular layers of the chemical modifier to the 

electrode surface [21]. 

 

Drop-Dry Coating (or solvent evaporation): A few drops of the polymer, modifier or 

catalyst solution are dropped onto the electrode surface and left to stand to allow the 

solvent to dry out [22]. 

 

Dry-Dip Coating: The electrode is immersed in a solution of the polymer, modifier or 

catalyst for a period sufficient for spontaneous film formation to occur by adsorption. The 

electrode is then removed from solution and the solvent is allowed to dry out [23]. 

 

Composite: The chemical modifier is simply mixed with an electrode matrix material, as 

in the case of an electron-transfer mediator (electrocatalyst) combined with the carbon 

particles (plus binder) of a carbon paste electrode. Alternatively, intercalation matrices 

such as certain Langmuir-Blodgett films, zeolites, clays and molecular sieves can be used 

to contain the modifier [24]. 

 

Spin-Coating (or Spin-Casting): it is also called spin casting; a droplet of a dilute 

solution of the polymer is applied to the surface of a rotating electrode. Excess solution is 

spun off the surface and the remaining thin polymer film is allowed to dry. Multiple layers 

are applied in the same way until the desired thickness is obtained. This procedure 

typically produces pinhole-free thin films for example; oxide xerogel film electrodes 

prepared by spin-coating a viscous gel on an indium oxide substrate [25]. 

 

Electrodeposition: In this technique the electrode is immersed in a concentrated solution 

(~10-3 molL-1) of the polymer, modifier or catalyst followed by repetitive voltammetry 

scans. The first and second scans are similar, subsequent scans decrease with the peak 

current. For example, electrochemical deposition of poly (o-toluidine) on activated carbon 

fiber [26]. 

 

Electropolymerization: A solution of monomer is oxidized or reduced to an activated 

form that polymerizes to form a polymer film directly on the electrode surface. This 
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procedure results in few pinholes since polymerization would be accentuated at exposed 

(pinhole) sites at the electrode surface. Unless the polymer film itself is redox active, 

electrode passivation occurs and further film growth is prevented. 

 

In this technique the electrode is immersed in a polymer, modifier or catalyst solution and 

layers of the electropolimerized material builds on the electrode surface. Generally, the 

peak current increases with each voltammetry scan such that there is a noticeable 

difference between the first and final scans indicating the presence of the polymerized 

material. For example, electropolymerization of aniline on platinum electrode 

perturbations. 

 

1.4 Sensor 

 

The development of chemical and biological sensors is currently one of the most active 

areas of analytical research. Sensors are small devices that incorporate a recognition 

element with a signal transducer. Such devices can be used for direct measurement of the 

analyte in the sample matrix [27]. Chemical sensors have been widely used in applications 

such as critical care, safety, industrial hygiene, process controls, product quality controls, 

human comfort controls, emissions monitoring, automotive, clinical diagnostics, home 

safety alarms, and, more recently, homeland security. In these applications, chemical 

sensors have resulted in both economic and social benefits. A useful definition for a 

chemical sensor is ‘‘a small device that as the result of a chemical interaction or process 

between the analyte and the sensor device, transforms chemical or biochemical information 

of a quantitative or qualitative type into an analytically useful signal” [28]. The biosensors 

can be defined in terms of sensing aspects, where these sensors can sense biochemical 

compounds such as biological proteins, nucleotides and even tissues.  

 

1.5 Types of chemical sensors 

 

Chemical sensors are categorized into the following groups according to the transducer 

type. 
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1.5.1 Optical sensor 

 

It relies on an optical transducer for signal measurement. In optical sensors there is a 

spectroscopic measurement associated with the chemical reaction. Normally it involve a 

two phase system in which the reagents are immobilized in or on a solid substrate such as a 

membrane which changes color in the presence of a solution of the analyte. Optical sensors 

are often referred to as ‘optodes’ and the use of optical fibres is a common feature. 

Absorbance, reflectance and luminescence measurements are used in the different types of 

optical sensors. 

 

1.5.2 Mass sensitive sensor 

 

These make use of the piezoelectric effect and include devices such as the surface acoustic 

wave (SAW) sensor and are particularly useful as gas sensors. They rely on a change in 

mass on the surface of an oscillating crystal which shifts the frequency of oscillation. The 

extent of the frequency shift is a measure of the amount of material adsorbed on the 

surface. 

 

1.5.3 Heat sensitive sensor 

 

Chemical reactions produce heat and the quantity of the heat produced depends on the 

amounts of the reactants. Thus, the measurement of heat of reaction can be related to the 

amount of a particular reactant. Measurements of the heats of reaction form the basis of the 

field of calorimetry and this has provided a class of chemical sensors which has gained 

considerable importance. Calorimetric sensors, like all other chemical sensors, have a 

region where a chemical reaction takes place and a transducer which responds to heat. 

 

There are three classes of calorimetric sensors which are of particular importance. The first 

uses a temperature probe such as a thermistor as the transducer to sense the heat involved 

in a reaction on its surface. The second class of calorimetric sensors is referred to as 

catalytic sensors and is used for sensing flammable gases. The third class is called thermal 

conductivity sensors and this sense a change in the thermal conductivity of the atmosphere 
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in the presence of a gas. This is the basis of the thermal conductivity detector which has 

been used for many years in gas chromatography [29]. 

 

1.5.4 Electrochemical sensor 

 

Electrochemical sensors, in which an electrode is used as the transducer element, represent 

an important subclass of chemical sensors. Electrochemical sensors are essentially an 

electrochemical cell which employs a two or three electrode arrangement. Electrochemical 

sensor measurement can be made at steady-state or transient. The applied current or 

potential for electrochemical sensors may vary according to the mode of operation, and the 

selection of the mode is often intended to enhance the sensitivity and selectivity of a 

particular sensor.  

 

Depending on the exact mode of signal transduction, electrochemical sensors can use a 

range of modes of detection such as potentiometric, voltammetric and conductimetric. 

Each principle requires a specific design of the electrochemical cell. Potentiometric sensors 

are very attractive for field operations because of their high selectivity, simplicity and low 

cost. They are, however, less sensitive and often slower than their voltammetric 

counterparts. Examples of transduction techniques include: 

 Potentiometric – The measurement of the potential at zero current. The potential is 

proportional to the logarithm of the concentration of the substance being 

determined. 

 

 Voltammetric – Increasing or decrease the potential that is applied to a cell until the 

oxidation or reduction of the analyte occurs. This generates a rise in current that is 

proportional to the concentration of the electroactive potential. Once the desired 

stable oxidation/reduction potential is known, stepping the potential directly to that 

value and observing the current is known as amperometry.  

 

 Conductiometric – Observing changes in electrical conductivity of the solution 

[30]. 
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The selection and development of an active material is a challenge. The active sensing 

materials may be of any kind as whichever acts as a catalyst for sensing a particular analyte 

or a set of analytes. The recent development in the modified electrode sensors has paved 

the way for large number of new materials and devices of desirable properties which have 

useful functions for numerous electrochemical sensor and biosensor applications [31]. 

 

1.6 Determination of compounds by modified electrode sensor   

 

The determination of analytes is an interesting subject in electroanalytical chemistry. The 

increasing demand for it has led to the development of a rapid, simple and non-separation 

method for the determination of analytes where the chemically modified electrodes 

(CMEs) have emerged as an efficient and versatile approach and have attracted 

considerable attention over the past decades due to its advantages in terms of reduced 

costs, automatic and fast analysis, high sensitivity and selectivity [32-33]. This type of 

chemically modified electrode sensors are well known for the measurement of multiple 

analytes in a mixture. 

 

In this work, a novel modified electrode sensor is developed using DEA (Diethylamine) as 

a trifunctional electrochemical sensor for the determination of Paracetamol (PA), Tramadol 

(TD) and Uric acid (UA).  These compounds (PA and UA) go through redox reaction on 

the electrode surface within the same potential range which causes an overlapping 

oxidation peak at bare electrode. The electro activeness of such compounds depends upon 

the pH of the medium, nature of the electrode and active moiety present in their structures.  

 

1.7 Prospect of Modified Electrode Sensor for the Determination of PA, TD and UA 

 

PA, TD and UA have a basic structures that might be electrochemically oxidized at a gold, 

platinum or carbon electrodes [34-36]. But so many difficulties were existed to 

simultaneously determine PA, TD and UA. The major difficulty is that the voltammetric 

peaks corresponding to oxidation/reduction of PA and UA are, in many cases, highly 

overlapped [37]. At bare Glassy Carbon and other available electrodes PA, TD and UA are 

detectable quantitatively if they are investigated individually. But when investigated 

simultaneously one in presence of other, in spite of giving corresponding peaks they give a 
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broad overlapped peak resulting from all the drugs. This is why modification of electrode 

is necessary to get corresponding, non-overlapped peaks. Recently, an enormous amount of 

research has been devoted to the development of new chemically modified electrodes for 

monitoring PA, TD and UA. Among various chemically modified electrodes, polymer-

modified electrodes (PMEs) are promising approach to detect PA, TD and UA. Polymer-

modified electrodes prepared by electropolymerization have received extensive interest in 

the detection of analytes because of their selectivity, sensitivity and homogeneity in 

electrochemical deposition, strong adherence to electrode surface and chemical stability of 

the films. Selectivity of PMEs as a sensor can be attained by different mechanisms such as 

size exclusion, ion exchange, hydrophobicity interaction and electrostatic interaction [38-

41]. 

 

1.7.1 Paracetamol 

Paracetamol (PA) known as acetaminophen or N-acetyl-p-amino or N-(4-hydroxyphenyl) 

phenol is a mild analgesic, antipyretic agent and also a non-steroidal anti-inflammatory 

drug [42]. Paracetamol is part of the class of drugs known as "aniline analgesics"; it is the 

only such drug still in use today [43]. It is not considered as nonsteroidal anti-inflammatory 

drugs (NSAIDs) because it does not exhibit significant anti-inflammatory activity (it is a 

weak Cyclooxygenase (COX) inhibitor) [44-45]. This is despite the evidence that 

paracetamol and NSAIDs have some similar pharmacological activity [46].  

 

OHN

OH  

 

                             Figure 1.3: Paracetamol 
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1.7.2 Uses of Paracetamol 

 

Paracetamol is a medicine used to treat pain and fever. It is typically used for mild to 

moderate pain. There is poor evidence for fever relief in children. It is often sold in 

combination with other ingredients such as in many cold medications [47-48]. In 

combination with opioid pain medication, paracetamol is used for more severe pain such 

as cancer pain and after surgery.  It is typically used either by mouth or rectally but is also 

available intravenously [49].  

  

1.7.3 Uric Acid (UA) 

 

Uric acid is a heterocyclic compound of carbon, nitrogen, oxygen, and hydrogen with the 

formula C5H4N4O3. It forms ions and salts known as urates and acid urates, such as 

ammonium acid urate. UA is a diprotic acid with pKa1 = 5.4 and pKa2 = 10.3. It is a product 

of the metabolic breakdown of purine nucleotides. The water solubility of UA and its alkali 

metal and alkaline earth salts is low. In humans and higher primates, uric acid is the final 

oxidation (breakdown) product of purine metabolism and is excreted in urine. In humans, 

about 70% of daily uric acid disposal occurs via the kidneys, and in 5–25% of humans, 

impaired renal (kidney) excretion leads to hyperuricemia.  

 

Extreme abnormalities of UA levels indicate symptoms of several diseases, such as gout, 

hyperuricemia, leukemia, pneumonia, and Lesch-Nyhan [50-51]. 
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1.7.4 Uses of Uric Acid 

Uric acid may be a marker of oxidative stress, and may have a potential therapeutic role as 

an antioxidant. On the other hand, like other strong reducing substances such as ascorbate, 

uric acid can also act as a pro oxidant. Thus, it is unclear whether elevated levels of uric 

Figure 1.3: Uric Acid 
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acid in diseases associated with oxidative stress such as stroke and atherosclerosis are a 

protective response or a primary cause. For example, some researchers propose 

hyperuricemia-induced oxidative stress is a cause of metabolic syndrome. On the other 

hand, plasma uric acid levels correlate with longevity in primates and other mammals. This 

is presumably a function of urate’s antioxidant properties [52- 53]. 

1.7.5 Tramadol (TD) 

 

Tramadol, (1R,2R)-2-[(dimethylamino)methyl]-1-(3-methoxyphenyl)cyclohexanol, is a 

synthetic monoamine uptake inhibitor and centrally acting analgesic, used for treating 

moderate to severe pain and it appears to have actions at the µ-opioid receptor as well as 

the noradrenergic and serotonergic systems[54]. 

 

Tramadol (TD) is a centrally acting analgesic that was first introduced in Germany in 1977. 

Today it has become the most prescribed opioid worldwide [55]. It is generally said to be 

devoid of many of the serious adverse effects of traditional opioid receptor agonists such as 

the risk for respiratory depression [56] and drug dependence [57]. Based on this, in 

contrast to other opioids, the abuse potential of tramadol is considered to be either low or 

absent [58]. Hence, tramadol is the only clinically available non-scheduled opioid [59] 

however recently reported results of post-marketing surveillance and case reports [60] have 

shown that tramadol abuse and tramadol related fatalities have been noted. Its overall 

analgesic efficacy is comparable to that achieved using equianalgesic doses of morphine or 

alfentanil. 
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Figure 1.4: Tramadol 
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1.7.6 Uses Tramadol 

 

Tramadol a medicine used for treating moderate to severe pain and it appears to have 

actions at the µ-opioid receptor as well as the noradrenergic and serotonergic systems [61]. 

Considering complementary mechanisms of action of two anal- gesics, combining these 

drugs as a fixed tablet, tramadol 37.5 mg, enhance the analgesic effectiveness, reduce the 

side effects and also increase the drug compliance and provide effective analgesia in 

patients with moderate to severe acute pain and those with chronic painful conditions 

characterized by intermittent exacerbations of pain [62-64]. 

 

1.7.7 Diethylamine (DEA) 

 

Diethylamine is an organic compound with the formula (CH3CH2)2NH. It is a secondary 

amine. It is a flammable, weakly alkaline liquid that is miscible with most solvents. It is a 

colorless liquid, but commercial samples often appear brown due to impurities. It has a 

strong ammonia-like odor. 

 

 

 

                                            Figure 1.4: Diethylamine 

 

Diethylamine is manufactured by the alumina-catalyzed reaction of ethanol and ammonia. 

It is obtained together with ethylamine and triethylamine. It is used in the production of 

corrosion inhibitor N, N-diethylaminoethanol, by reaction with ethylene oxide. It is also a 

precursor to a wide variety of other commercial products. Diethylamine can be used in the 

production of LSD and therefore it is strictly monitored in the U.S. Diethylamine has low 

toxicity, but the vapor causes transient impairment of vision [65]. 
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1.7.8 Uses Diethylamine 

 

The applications of Diethylamine are varied. Diethylamine is used in the production of 

pesticides. It is used in a mixture for the production of DEET which goes into the 

repellents that are found readily in supermarkets for general use. It is also mixed with other 

chemicals to form Diethylaminoethanole, which is used mainly as a corrosion inhibitor in 

water treatment facilities as well as production of dyes, rubber, resins, and 

pharmaceuticals. Apart from the aforementioned, Diethylamine is also used in manufacture 

of basic chemicals and pharmaceuticals [66]. 

 

1.8 Electrochemistry as an analytical tool 

 

Electrochemistry has become a powerful tool to study widely for solving the different 

problem in the arena of organic chemistry, biochemistry, material science, environmental 

science etc. Many natural and biochemical processes have redox nature. Their redox 

mechanisms can be easily established based on the experiment in voltammetry. For 

example, cyclic voltammetry is the most widely used modern electro-analytical method 

available for the mechanistic probing study of redox system.  

 

1.9 Electrical double layer 

 

Electroanalytical studies are centered on electrode, which is considered as a probe in the 

electrolyte. An electrode can only donate or accept electrons from a species that is present 

in a layer of solution that is immediately adjacent to the electrode. Thus, this layer may 

have a composition that differs significantly from that of the bulk of the solution. Let us 

consider the structure of the solution immediately adjacent to that electrode. Immediately 

after impressing the potential, there will be a momentary surge of current, which rapidly 

decays to zero if no reactive species is present at the surface of the electrode. This current 

is a charging current that creates an excess of negative charge at the surface of the two 

electrodes. As a consequence of ionic mobility, however, the layers of solution 

immediately adjacent to the electrodes acquire an opposing charge. This effect is illustrated 

in Figure 1.5. The surface of the metal electrode is shown as having an excess of positive 

charge as a consequence of an applied positive potential. The charged solution layer 
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consists of two parts: (1) a compact inner layer (d0 to d1), in which the potential decreases 

linearly with distance from the electrode surface and (2) a diffuse layer (d1 to d2), in which 

the decrease is exponential. This assemblage of charge at the electrode surface and in the 

solution adjacent to the surface is termed as electrical double layer. 

 

 

 

Figure 1.5: Electrical double layer formed at electrode surface as a result of an 

applied potential 

 

 

1.10 Faradaic and nonfaradaic currents 

 

Two types of processes can conduct currents across an electrode/solution interface. One 

involves a direct transfer of electrons via an oxidation reaction at one electrode and a 

reduction reaction at the other. Processes of this type are called faradaic processes because 

they are governed by Faraday’s law, which states that the amount of chemical reaction at 

an electrode is proportional to the current; the resulting currents are called faradaic 

currents. Under some conditions a cell will exhibit a range of potentials where faradaic 

processes are precluded at one or both of the electrodes for thermodynamic or kinetic 

reasons. Here, conduction of continuous alternating currents can still take place. With such 

currents, reversal of the charge relationship occurs with each half cycle, as first negative 

and then positive ions are attracted alternately to the electrode surface. Electrical energy is 

consumed and converted to heat by friction associated with this ionic movement. Thus, 

each electrode surface behaves as one plate of a capacitor, the capacitance of which may be 
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large. The capacitive current increases with frequency and with electrode area; by 

controlling these variables, it is possible to arrange conditions such that essentially all the 

alternating current in a cell is carried across the electrode interface by this nonfaradaic 

process [67]. 

 

Current in voltammetric experiment is a measure of the rate of the electrode process. When 

an electrode is placed in an electrolyte solution, different processes may occur. Steps 

involved in an electrode reaction are (Figure 1.6).  

1) Mass transfer of species between bulk solution and the electrode surface. 

2) Heterogeneous electron transfer at the electrode/solution interface.  

3) Chemical reactions, either preceding or following electron transfer.  

4) Surface reactions such as adsorption, desorption and electrodeposition-dissolution 

[68]. 

 

Figure 1.6: Typical steps involved in an electrode reaction 

 

1.11 Mass transfer process in voltammetry 

 

The movement of the electro-active substance through solution is referred as mass transfer 

at the electrode surface. In electrochemical systems, there are different types of mass 

transfer system by which a substance may be transferred to the electrode surface from bulk 

solution. Depended on the experimental conditions, any of these or more than one might be 

operating in a given experiment system. 
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A reacting species may be brought to an electrode surface by three types of mass transfer 

processes: 

 Migration 

 Diffusion 

 Convection 

 

1.11.1 Migration 

 

Migration refers to movement of a charge particle in a potential field. It occurs by the 

movement of ions through a solution as a result of electrostatic attraction between the ions 

and the electrodes. In general, most electrochemical experiment it is unwanted but can be 

eliminated by the addition of a large excess of supporting electrolytes. In the electrolysis 

solution, ions will move towards the charged electrode that means cations to the cathode 

and anions to the anode. This motion of charged particle through solution, induced by the 

charges on the electrodes is called migration [69]. This charge movement constitutes a 

current. This current is called migration current. The fraction of the current carried by a 

given cation and anion is known as its transport number. The larger the number of different 

kinds of ions in a given solution, the smaller is the fraction of the total charge that is 

carried by a particular species. Electrolysis is carried out with a large excess of inert 

electrolyte in the solution so the current of electrons through the external circuit can be 

balanced by the passage of ions through the solution between the electrodes, and a minimal 

amount of the electroactive species will be transported by migration. Migration is the 

movement of charged species due to a potential gradient. In voltammetric experiments, 

migration is undesirable but can be eliminated by the addition of a large excess of 

supporting electrolytes in the electrolysis solution. The effect of migration is applied zero 

by a factor of fifty to hundred ions excess of an inert supporting electrolyte. 

 

1.11.2 Diffusion 

 

The movement of a substance through solution by random thermal motion is known as 

diffusion. Whereas a concentration gradient exists in a solution, that is the concentration of 

a substance, is not uniform throughout the solution. There is a driving force for diffusion of 

the substance from regions of high concentration to regions of lower concentration. In any 
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experiment in which the electrode potential is such that the electron transfer rate is very 

high, the region adjacent to the electrode surface will become depleted of the electro-active 

species, setting up a concentration in which this species will constantly be arriving at the 

electrode surface by the diffusion from points further away [70]. The one kind of mode of 

mass transfer is diffusion to an electrode surface in an electrochemical cell. The rate of 

diffusion is directly proportional to the concentration difference. When the potential is 

applied, the cations are reduced at the electrode surface and the concentration is decreased 

at the surface film. Hence a concentration gradient is produced. Finally, the result is that 

the rates of diffusion current become larger. 

 

1.11.3 Convection 

 

By mechanical way reactants can also be transferred to or from an electrode. Thus forced 

convection is the movement of a substance through solution by stirring or agitation. This 

will tend to decrease the thickness of the diffuse layer at an electrode surface and thus 

decrease concentration polarization. Natural convection resulting from temperature or 

density differences also contributes to the transport of species to and from the electrode 

[71]. At the same time a type of current is produced. This current is called convection 

current. Removing the stirring and heating can eliminate this current. Convection is a far 

more efficient means of mass transport than diffusion. These three kinds of mass transfer 

processes are shown in Figure 1.7. 

In this research work, various electrochemical techniques such as cyclic voltammetry 

(CV), differential pulse voltammetry (DPV) along with UV-visible Spectrophotometry 

were used for the qualitative and quantitative determination of PA, TD and UA. 
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Figure 1.7: Modes of mass transfer 

 

 

1.12 Objectives of the research work (Within 150 words):  

 

The purposes of this research work are to develop electrochemically modified electrode for 

the detection of PA, TD and UA qualitatively and quantitatively. The specific objectives of 

this research work are-  

 

i) To develop Diethylamine (DEA) modified GC, Au and Pt electrodes, 

ii) To compare the behavior of PA, TD and UA at bare and DEA modified 

electrodes, 

iii) To recognize the most favorable condition (such as pH and scan rate) for the 

separation of PA, TD and UA,  

iv) To determine the quantity of PA and TD individually and simultaneously in 

tablet samples of some Bangladeshi industry and UA in known sample such as 

human urine and blood serum. 
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CHAPTER II 

 

 

Literature Review 

 

 

Many analytical techniques have been described for the simultaneous determination of PA, 

TD and PA, UA such as spectrophotometry, high-performance liquid chromatography and 

electrochemical methods. Among them, electrochemical method based on modified 

electrode sensor has attracted more attention for their high sensitivity, simplicity, 

reproducibility, on site monitoring and low cost. 

  

Wang et al., 2008, constructed a glassy carbon electrode modified with hexacyanoferrate 

lanthanum (LaHCF) and was characterized by cyclic voltammetry (CV) and 

electrochemical impedance spectrum (EIS). The LaHCF modified glassy carbon electrode 

showed good catalytic character on uric acid (UA) and was used to detect uric acid and 

ascorbic acid (AA) simultaneously. The DPV peak currents increased linearly on the UA in 

the range of 2.0×10−7 to 1.0×10−4 mol/L with the detection limit (signal-to-noise ratio was 

3) for UA 1.0×10−7 mol/L. The proposed method showed excellent selectivity and stability, 

and the determination of UA and AA simultaneously in urine was satisfactory [72]. 

 

Yang et al., 2009, synthesized a Polypyrrole (PPy) nanotubes by chemical oxidative 

polymerization of pyrrole within the pores of polycarbonate membrane using the 

technology of diffusion of solutes. An amperometric uric acid sensor based on PPy NEEs 

has been developed and used for determination of uric acid in human serum samples. The 

electrode can direct response to uric acid at potential of 0.60V vs. SCE with wide linear 

range of 1.52×10-6 to 1.54×10-3 M. The detection limit was 3.02×10-7 M. This sensor was 

used to determine uric acid in real serum samples. PPy NEEs is thought of as a good 

application in the foreground [73]. 
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Sadikoglu et al., 2012, prepared a stable modified glassy carbon electrode based on poly 

(p-aminobenzene sulfonic acid) (p-ABSA) film by electrochemical polymerization 

technique in phosphate buffer solution (PBS) (pH 7.0) and its electrochemical behavior 

were studied by cyclic voltammetry (CV). The polymer film-modified electrode was used 

for the dermination of uric acid (UA). The modified glassy carbon electrode had an 

excellent response and specificity for the electrocatalytic oxidation of UA in PBS (pH 7.0). 

A linear calibration curve for DPV analysis was constructed in the uric acid concentration 

range 1×10-5 M to 1×10-4 M. Limit of detection (LOD) and limit of quantification (LOQ) at 

p-ABSA modified electrode were obtained as 1.125×10-6 M and 3.750×10-6 M, 

respectively. This electrode was used for UA determinations in human urine samples 

satisfactorily [74]. 

 

Babaei et al., 2011, constructed a modified electrode based on a multi-walled carbon 

nanotube-modified glassy carbon electrode (MWCNTs/GCE) for the sensitive 

simultaneous determination of paracetamol and tramadol in pharmaceutical preparations 

and biological fluids. The measurements were carried out by the application of differential 

pulse voltammetry (DPV), cyclic voltammetry (CV) and chronoamperometry (CA) 

methods. Application of the DPV method demonstrated that in phosphate buffer (pH 7.5) 

there was a linear relationship between the oxidation peak current and the concentration of 

PA over the range 0.5 µmol L-1 to 210 µmol L-1. A similar linear correlation between 

oxidation peak current and concentration was observed for TD over the range of 2 µmol L-1 

to 300 µmol L-1. The analytical performance of this sensor has been evaluated for detection 

of PA and TD in human serum, human urine and some pharmaceutical preparations with 

satisfactory results [75]. 

 

Garrett et al., 2010, constructed a modified electrode based on Multiwalled Carbon 

Nanotube/Chitosan Composite for the determination of Paracetamol (PA) and Uric acid 

(UA). The measurements were carried out using differential pulse voltammetry (DPV), 

cyclic voltammetry (CV) and chronoamperometry (CA). DPV measurements showed a 

linear relationship between oxidation peak current and concentration of PA and UA in 

phosphate buffer (pH 7) over the concentration range 2 mM to 250 mM, and 10 mM to 400 

mM, respectively. The analytical performance of this sensor has been evaluated for 

detection of PA and UA in human serum and human urine with satisfactory results [76]. 
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Shahrokhian et al., 2011, for the determination of paracetamol in the presence of Codeine 

and Ascorbic acid using MWCNT/Hydroquinone Sulfonic Acid-overoxidized poly pyrole 

modified Glassy carbon electrode was prepared. In comparison to the bare glassy carbon 

electrode, a considerable shift in the peak potential together with an increase in the peak 

current was observed for AC on the surface of oppy/MWCNT/GCE, which can be related 

to the enlarged microscopic surface area of the electrode. The effect of the experimental 

conditions on the electrode response, such as types of counter ion, pyrole and counter ion 

concentration, potential and number of cycles in the polymerization procedure, amount of 

MWCNT, and the pH, were investigated. Under the optimized conditions, the calibration 

curve was obtained over two concentration ranges of 2 × 10−7–6 × 10−6 M and 4 × 10−5         

– 1×10−4M of AC with a linear correlation coefficient (R2) of 0.9959 and 0.9947 

respectively. The estimated detection limit (3σ) for AC was obtained as 5×10−8 M. The 

developed method was successfully applied to analyze the pharmaceutical preparations of 

AC, and a recovery of 95% with a relative standard deviation of 0.98% was obtained for 

AC [77]. 

 

Yuehua et al., 2016, constructed a glassy carbon electrode modified with Poly (L-lysine)/ 

graphen oxide (GO) and was characterized by differential pulse voltammetry (DPV). The 

PLL/GO modified glassy carbon electrode showed good catalytic character on uric acid 

(UA) and was used to detect uric acid and dopamine (DA) simultaneously. The DPV peak 

currents increased linearly on the UA in the range of 2.0×10−7 to 1.0×10−4 mol/L with the 

detection limit (signal-to-noise ratio was 3) for UA 1.0×10−7 mol/L. The proposed method 

showed excellent selectivity and stability, and the determination of UA and DA 

simultaneously in urine was satisfactory [78]. 

 

Nie et al., 2013, constructed an electrode modified with poly(3,4-ethylenedioxy- 

thiophene) (PEDOT) and β-cyclodextrin functionalized single-walled carbon nanotubes (β-

CD-SWCNT) composite for the simultaneous determination of folic acid (FA) and uric 

acid (UA) under coexistence of ascorbic acid (AA). The modified electrode combined the 

features of PEDOT and SWCNT, which hold excellent conductivity, low cost and high 

surface areas for working as an efficient electron-mediator for FA and UA in the presence 

of AA. The differential pulse voltammetry (DPV) data showed that the obtained anodic 

peak currents were linearly proportional to concentration in the range of 1-1000 µM with a 
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detection limit (S/N = 3) of 0.8 µM for FA and in the range of 0.1-500 µM and with a 

detection limit of 0.07 µM for UA. Moreover, the proposed sensor was successfully 

employed for the determination of FA and UA in spiked human urine samples with 

satisfactory results [79].   

 

Chitravathi et al., 2016, prepared a modified glassy carbon electrode based on poly         

(Nile blue) and its electrochemical behavior were studied by cyclic voltammetry (CV). The 

polymer film-modified electrode was used for the determination of Paracetamol (PA), 

Tramadol (TD) and Caffeine (CAF). The modified glassy carbon electrode had an 

excellent response and specificity for the electrocatalytic oxidation of PA, TD and CAF in 

PBS (pH 7.0). It showed good sensitivity and selectivity in a wide linear range from     

2.0× 10-7 to 1.62 ×10-5 M, 1.0 ×10-4 M and 8.0 ×10-7 to 2.0 ×10-5 M with detection limits of 

0.08, 0.5 and 0.1 µM for PA, TD and CAF [80]. 

 

Ghorbani et al., 2010, a sensitive and selective electrochemical sensor was fabricated via 

the drop-casting of carbon nanoparticles (CNPs) suspension onto a glassy carbon electrode 

(GCE). The application of this sensor was investigated in simultaneous determination of 

acetaminophen (ACE) and tramadol (TRA) drugs in pharmaceutical dosage form and ACE 

determination in human plasma. In order to study the electrochemical behaviors of the 

drugs, cyclic and differential pulse voltammetric studies of ACE and TRA were carried out 

at the surfaces of the modified GCE (MGCE) and the bare GCE. An optimum 

electrochemical response was obtained for the sensor in the buffered solution of pH 7.0 and 

using 2 μL CNPs suspension cast on the surface of GCE. Using differential pulse 

voltammetry, the prepared sensor showed good sensitivity and selectivity for the 

determination of ACE and TRA in wide linear ranges of 0.1–100 and 10–1000 μM, 

respectively. The resulted detection limits for ACE and TRA was 0.05 and 1 μM, 

respectively. The CNPs modified GCE was successfully applied for ACE and TRA 

determinations in pharmaceutical dosage forms and also for the determination of ACE in 

human plasma [81]. 

 

Jingkun et al., 2013, a sensitive and selective sensor based on poly(3,4-ethylenedioxy- 

thiophene) (PEDOT) and β-cyclodextrin functionalized single-walled carbon nanotubes (β-

CD-SWCNT) composite was fabricated for the determination of folic acid (FA) and uric 
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acid (UA) under coexistence of ascorbic acid (AA). Voltammetric techniques separated the 

anodic peaks of FA and UA with activation overpotential, and the interference from AA 

was effectively excluded from FA and UA determination. The differential pulse 

voltammetry (DPV) data showed that the obtained anodic peak currents were linearly 

proportional to concentration in the range of 1-1000 µM with a detection limit (S/N = 3) of 

0.8 µM for FA and in the range of 0.1-500 µM and with a detection limit of 0.07 µM for 

UA. It also presented superior reproducibility and long-term stability, as well as high 

selectivity. Moreover, the proposed sensor was successfully employed for the 

determination of FA and UA in spiked human urine samples with satisfactory results [82]. 

  

Hathoot et al., 2013, Modified platinum electrode based on the poly 8-(3-acetylimino-6-

methyl-2, 4-dioxopyran)-1aminonaphthalene (PAMDAN) film was prepared by 

electrochemical polymerization technique. The modified electrode showed electrocatalytic 

activity toward tramadol (TD) oxidation in acidic aqueous solution. It was demonstrated 

that Pt electrode modified by PAMDAN film (PAMDAN/Pt modified electrode) could be 

used for TD detection using cyclic voltammetry (CV) and square wave voltammetry 

(SWV) techniques. This modified electrode was quite effective not only for detecting TD, 

but also for simultaneous determination of TD and dopamine (DA) in a mixture with 

satisfactory results [83].  

 

Ensafi et al., 2011, N-(3,4-dihydroxyphenethyl)-3,5-dinitrobenzamide modified multiwall 

carbon nanotubes paste electrode was constructed and  used as a voltammetric sensor for 

oxidation of penicillamine (PA), uric acid (UA) and tryptophan (TP). In a mixture of PA, 

UA and TP, those voltammograms were well separated from each other with potential 

differences of 300, 610, and 310 mV, respectively. The peak currents were linearly 

dependent on PA, UA and TP concentrations in the range of 0.05–300, 5–420, and        

1.0–400 µmol L-1, with detection limits of 0.021, 2.0, and 0.82 µmol L-1, respectively. The 

modified electrode was used for the determination of those compounds in real                  

samples [84]. 

 

From the above literature review, it is seen that the determination of PA, TD and UA 

individually or in a binary mixture or in a ternary mixture using Diethylamine modified 

electrode sensor was not reported previously. Most of the work for the determination of 
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PA, TD and UA has been done individually or binary using carbon nanotube or carbon 

paste electrodes.  

 

In this work, Diethylamine modified electrode sensor has been developed for the 

determination of PA, TD and UA. Diethylamine has choosen as the sensing material 

because Diethylamine is a promising material regarding its low cost and availability, high 

sensitivity and selectivity. The modification process of glassy carbon electrode with 

Diethylamine is easy compared with the carbon paste electrodes. This modified electrode 

sensor can also be applicable for the determination of these compounds in tablet samples 

(PA and TD) and real samples (UA). 
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CHAPTER III 

 

 

Experimental 

 

 

The electrochemical behavior of Paracetamol (PA), Tramadol (TD) and Uric acid (UA) in 

buffer solution at various pH has been investigated using cyclic voltammetry (CV) and 

differential pulse voltammetry (DPV) at Glassy carbon (GC), Gold (Au) and Platinum (Pt) 

electrode. The sensitivity of electrode reactions has been improved by modifying the 

electrodes with Diethylamine. DPV has also been employed for the quantitative estimation 

of PA, TD and UA in known sample and real sample such as tablets, blood and urine 

sample. The instrumentation is given details in the following sections. The source of 

different chemicals, instruments and methods are briefly given below.    

 

3.1 Chemicals 

 

Analytical grade chemicals and solvents have been used in electrochemical synthesis and 

analytical work. The used chemicals were- 

 

Sl. 

No. 

Chemicals Molecular 

formula 

Molar 

mass 

Reported 

purity 

Producer 

1. Paracetamol C8H9NO2 151.163  99.5% Loba  

Chemie Pvt. 

Ltd., India 

2. Tramadol C16H25NO2 263.412 99% Loba  

Chemie Pvt. 

Ltd., India 

3. Uric Acid C5H4N4O3 168.11 99% Damstadt, 

Germany 

4. Diethylamine C4H11N 73.14 99.5% E-Merck, 

Germany 

5. Glacial Acetic Acid CH3COOH 60.05 99.5% Loba Chemie 

Pvt. Ltd., India 
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Sl. 

No. 

Chemicals Molecular 

formula 

Molar 

mass 

Reported 

purity 

Producer 

6. Sodium Acetate  CH3COONa.3H2O 136.08 99% Merk Specialities 

Pvt. Ltd., India 

7. Potassium Chloride  KCl 74.60 99% E-Merck, 

Germany 

8. Sodium Di-

hydrogen 

Orthophosphate 

NaH2PO4.2H2O 156.01 98% Loba Chemie 

Pvt. Ltd., India 

9. Di-sodium 

Hydrogen 

Orthophosphate 

Na2HPO4.2H2O 177.99 97% Loba Chemie 

Pvt. Ltd., India 

10. Sodium Hydroxide NaOH 40.0 97% E-Merck, 

Germany 

11. Sodium 

Bicarbonate 

NaHCO3 84.0 99% E-Merck, 

Germany 

 

3.2 Equipments 

 

During this research work the following instruments were used- 

 The electrochemical studies (CV, DPV) were performed with a computer controlled  

potentiostats/ galvanostats (µstat 400, Drop Sens, Spain) 

 A Pyrex glass micro cell with 26eflon cap 

 Glassy carbon (GC)/ Gold (Au)/ Platinum (Pt) as working electrode (BASi, USA) 

 Ag/AgCl as reference electrode (BASi, USA) 

 Liquid micro size (0.05µm) polishing alumina (BAS Inc. Japan) 

 Pt wire as counter electrode (Local market, Dhaka, Bangladesh) 

 A HR 200 electronic balance with an accuracy of  0.0001g was used for 

weighting and 

 A pH meter (pH Meter, Hanna Instruments, Italy) was employed for maintaining 

the pH of the solutions. 

 The UV-Vis spectroscopic analysis was performed by a computer controlled 

spectrophotometer (Thermo Scientific, USA). 

 

 

 



Experimental  Chapter III 

27 

 

3.3 Cyclic Voltammetry (CV) 

 

There are many well developed electro-analytical techniques are used for the study of 

electrochemical reactions. Among these we have selected the CV technique to study and 

analyze the redox reactions occurring at the polarizable electrode surface. This technique 

provides suitable information to understand the mechanism of electron transfer reaction of 

the compounds as well as the nature of adsorption of reactants or products on the electrode 

surface. CV is often the first experiment performed in an electrochemical study. CV 

consists of imposing an excitation potential nature on an electrode immersed in an 

unstirred solution and measuring the current and its potential ranges varies from a few 

millivolts to hundreds of millivolts per second in a cycle. This variation of anodic and 

cathodic current with imposed potential is termed as voltammogram [85]. 

 

Figure 3.1: The expected response of a reversible redox couple during a single 

potential cycle 

 

This technique is based on varying the applied potential at a working electrode in both 

forward and reverse directions while monitoring the current. Simply stated, in the forward 

scan, the reaction is O + e-→ R, R is electrochemically generated as indicated by the 

cathodic current. In the reverse scan, R → O + e-, R is oxidized back to O as indicated by 

the anodic current. The CV is capable of rapidly generating a new species during the 

forward scan and then probing its fate on the reverse scan. This is a very important aspect 

of the technique [86]. 

 

In CV the current function can be measured as a function of scan rate. The potential of the 

working electrode is controlled vs a reference electrode such as Ag/AgCl electrode.  
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The electrode potential is ramped linearly to a more negative potential and then ramped is 

reversed back to the starting voltage. The forward scan produces a current peak for any 

analyte that can be reduced through the range of potential scan. The current will increase as 

the current reaches to the reduction potential of the analyte [87]. 

 

The current at the working electrode is monitored as a triangular excitation potential is 

applied to the electrode. The resulting voltammogram can be analyzed for fundamental 

information regarding the redox reaction. The potential at the working electrode is 

controlled vs a reference electrode, Ag/AgCl (standard NaCl) electrode. The excitation 

signal varies linearly with time. First scan positively and then the potential is scanned in 

reverse, causing a negative scan back to the original potential to complete the cycle. Signal 

on multiple cycles can be used on the scan surface. A cyclic voltammogram is plot of 

response current at working electrode to the applied excitation potential. 

 

3.4 Important features of CV 

 

An electrochemical system containing species ‘O’ capable of being reversibly reduced to 

‘R’ at the electrode is given by, 

O + ne- = R …………………………3.1 

Nernst equation for the system is  

s

R

s

C

C

n
EE 00 log

059.0
 ……………………..3.2 

Where, 

E = Potential applied to the electrode 

E0 = Standard reduction potential of the couple versus reference electrode 

n = Number of electrons in Equation (3.1) 

sC0
= Surface concentration of species ‘O’ 

s

RC = Surface concentration of species ‘R’ 

A redox couple that changes electrons rapidly with the working electrode is termed as 

electrochemically reverse couple. The relation gives the peak current ipc 

ipc = 0.4463 nFA (D)1/2C………………….3.3 
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Where,  

ipc = peak current in amperes 

F= Faraday`s constant (approximately 96500) 

A = Area of the working electrode in cm2 

v= Scan rate in volt/ sec 

C= Concentration of the bulk species in mol/L 

D= Diffusion coefficient in cm2 /sec 

In terms of adjustable parameters, the peak current is given by the Randless- Sevcik 

equation,  

ipc=2.69105n3/2AD1/2Cv1/2 ………………………3.4 

The peak potential Ep for reversible process is related to the half wave potential E1/2, by the 

expression, 
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The relation relates the half wave potential to the standard electrode potential 
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Assuming that the activity coefficient fox and fred are equal for the oxidized and reduced 

species involved in the electrochemical reaction. 

From Equation (3.6), we have,  











nF

RT
EE pcpa 22.2 at 250C……………………..3.8 

                  Or, 









n
EE pcpa

059.0
      at 250C…………………….3.9 

This is a good criterion for the reversibility of electrode process. The value of ipa should be 

close for a simple reversible couple, 
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                                        ipa/ipc = 1………………………………….3.10 

 

And such a system E1/2 can be given by, 

2
2/1

pcpa EE
E


 …………………….3.11 

For irreversible processes (those with sluggish electron exchange), the individual peaks are 

reduced in size and widely separated, Totally irreversible systems are characterized by a 

shift of the peak potential with the scan rate [88]; 

Ep=E0-(RT/naF)[0.78-ln(k0/(D)1/2)+ln(naF/RT)1/2]……..3.12 

Where  is the transfer coefficient and na is the number of electrons involved in the charge 

transfer step. Thus Ep occurs at potentials higher than E0, with the over potential related to 

k0 (standard rate constant) and . Independent of the value k0, such peak displacement can 

be compensated by an appropriate change of the scan rate. The peak potential and the half-

peak potential (at 250 C) will differ by 48/ n mV. Hence, the voltammogram becomes 

more drawn-out as n decreases. 

The peak current, given by  

ip=(2.99105)n(na)
1/2ACD1/2v1/2…………... 3.13 

is still proportional to the bulk concentration , but  will be lower in height ( depending 

upon the value of ) . Assuming  = 0.5, the ratio of the reversible–to–irreversible current 

peaks is 1.27 (i.e. the peak current for the irreversible process is about 80% of the peak for 

a reversible one). For quasi-reversible systems (with 10-1>k0>10-5 cm/s) the current is 

controlled by both the charge transfer and mass transport. The shape of the cyclic 

voltammogram is a function of the ratio k0 (vnFD/RT)1/2. As the ratio increases, the 

process approaches the reversible case. For small values of it, the system exhibits an 

irreversible behavior. Overall, the voltammograms of a quasi-reversible system are more 

drawn out and exhibit a larger separation in peak potential compared to a reversible 

system. 

 

Unlike the reversible process in which the current is purely mass transport controlled, 

currents due to quasi-reversible process are controlled by a mixture of mass transport and 

charge transfer kinetics [89, 90]. The process occurs when the relative rate of electron 

transfer with respect to that of mass transport is insufficient to maintain Nernst equilibrium 

at the electrode surface. 
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3.5 Pulse methods 

 

The basis of all pulse techniques is the difference in the rate of decay of the charging and 

the faradaic currents following a potential step (or pulse). The charging current decays 

considerably faster than the faradaic current. A step in the applied potential or current 

represents an instantaneous alteration of the electrochemical system. Analysis of the 

evolution of the system after perturbation permits deductions about electrode reactions and 

their rates to be made. The potential step is the base of pulse voltammetry. After applying a 

pulse of potential, the capacitive current dies away faster than the faradic one and the 

current is measured at the end of the pulse. This type of sampling has the advantage of 

increased sensitivity and better characteristics for analytical applications. At solid 

electrodes there is an additional advantage of discrimination against blocking of the 

electrode reaction by adsorption [91]. Three of these pulse techniques are widely used. 

 Normal Pulse Voltammetry (NPV) 

 Differential Pulse Voltammetry (DPV) 

 Square Wave Voltammetry (SWV) 

 

In this research work differential pulse voltammetry was used for the quantitative 

determination of PA, TD and UA. 

 

3.6 Differential Pulse Voltammetry (DPV) 

 

Differential pulse voltammetry (DPV) is a technique in which potential is applied after 

certain period of time and measures the resulting faradic current as a function of applied 

potential either in oxidation or reduction. It is designed to minimize background charging 

currents. The waveform in DPV is a sequence of pulses, where a baseline potential is held 

for a specified period of time prior to the application of a potential pulse. Current is 

sampled just prior to the application of the potential pulse. The potential is then stepped by 

a small amount (typically < 100 mV) and current is sampled again at the end of the pulse. 

The potential of the working electrode is then stepped back by a lesser value than during 

the forward pulse such that baseline potential of each pulse is incremented throughout the 

sequence. 
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By contrast, in normal pulse voltammetry the current resulting from a series of ever larger 

potential pulse is compared with the current at a constant ‘baseline’ voltage. Another type 

of pulse voltammetry is square wave voltammetry, which can be considered a special type 

of differential pulse voltammetry in which equal time is spent at the potential of the 

ramped baseline and potential of the superimposed pulse. The potential wave form consists 

of small pulses (of constant amplitude) superimposed upon a staircase wave form [92]. 

Unlike NPV, the current is sampled twice in each pulse Period (once before the pulse, and 

at the end of the pulse), and the difference between these two current values is recorded 

and displayed. 

 

Figure 3.2: Scheme of application of potential 

 

3.7 Important features of DPV 

 

Differential pulse voltammetry has following important features in this work: 

i) Current is sampled just prior to the application of the potential pulse. 

ii) DPV help to improve the sensitivity of the detection and the resolution of the 

voltammogram. 

  

3.8 Computer Controlled Potentiostats (for CV and DPV experiment) 

 

Potentiostats/ Galvanostats (µStat 400, DropSens, Spain) is the main instrument for 

voltammetry, which has been applied to the desired potential to the electrochemical cell 

(i.e. between a working electrode and a reference electrode), and a current-to-voltage 

converter, which measures the resulting current, and the data acquisition system produces 

the resulting voltammogram. 
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3.9 Electrochemical Cell 

 

An electrochemical cell is a device capable of either generating electrical energy from 

chemical reactions or facilitating chemical reactions through the introduction of electrical 

energy [93]. A typical electrochemical cell consists of the sample dissolved in a solvent, an 

ionic electrolyte, and three (or sometimes two) electrodes (Figure 3.3). These are reference 

electrode (RE), working electrode (WE), and counter electrode (CE) (also called the 

secondary or auxiliary electrode). The applied potential is measured against the RE, while 

the CE closes the electrical circuit for the current to flow. The experiments are performed 

by a potentiostat that effectively controls the voltage between the RE and WE, while 

measuring the current through the CE (the WE is connected to the ground). Cells (sample 

holders) come in a variety of sizes, shapes, and materials. The type used depends on the 

amount and type of sample, the technique, and the analytical data to be obtained. The 

material of the cell (glass, Teflon, polyethylene) is selected to minimize reaction with the 

sample. In this investigation three electrodes electrochemical cell has been used. It has 

advantages over two electrodes cell because of using 3rd electrode. It reduces the solvent 

resistance and ensures that no electron transfer through the reference electrode.  

 

 

Figure 3.3: The three electrode system consisting of a working electrode, a reference 

electrode and a counter electrode. 
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3.10 Electrodes 

 

Three types of electrodes are used in this research: 

i) Working electrodes are Glassy carbon (GC) electrode with 3.0 mm diameter 

disc, Gold (Au) & Platinum (Pt) electrode with 1.6 mm diameter disc.  

ii) Ag/AgCl (standard NaCl) electrode used as reference electrode from BASi, 

USA 

iii) Counter electrode is a Pt wire 

 

The working electrode is an electrode on which the reaction of interest is occurring. The 

reference electrode is a half-cell having a known electrode potential and it keeps the 

potential between itself and the working electrode. The counter electrode is employed to 

allow for accurate measurements to be made between the working and reference 

electrodes. 

 

3.11 Supporting electrolyte  

 

The supporting electrolyte is an inert soluble ionic salt added to the solvent; generally in 

10-fold or 100-fold excess over the concentration of the species being studied. The 

inertness meant here is the ability to avoid oxidation or reduction at the indicating or 

reference electrode during the course of the electrochemical measurements.  

 

There are three functions of the supporting electrolyte. First, it carries most of the ionic 

current of the cell since its concentration is much larger than that of the other species in 

solution. Thus it serves to complete the circuit of the electrochemical cell and keep the cell 

resistance at a low value. Second, it maintains a constant ionic strength. This is necessary 

because the structure of the inter phase region should not change significantly if a reaction 

occurs there. A stable structure is created on the electrolyte side by adding a high 

concentration of an inert salt. Third, migration current observed is reduced by the presence 

of large excess of ions that are not electrochemically active at the potentials in use, because 

they can carry an ionic current without permitting its conversion into electronic, and hence 

net or measured, current at the electrodes. 
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3.12 Preparation of buffer solutions 

 

Preparation of different kinds of buffer solution is discussed below:   

 

Acetate Buffer Solution: To prepare acetate buffer (pH 3.0-5.0) solution definite amount 

of sodium acetate was dissolved in 0.5M acetic acid in a volumetric flask and the pH was 

measured. The pH of the buffer solution was adjusted by further addition of acetic acid and 

/ or sodium acetate. 

 

Phosphate Buffer Solution: Phosphate buffer solution (pH 6.0-8.0) was prepared by 

mixing a solution of 0.5M sodium dihydrogen ortho-phosphate (NaH2PO4.2H2O) with a 

solution of 0.5M disodium hydrogen ortho-phosphate (Na2HPO4.2H2O). The pH of the 

prepared solution was measured with pH meter.  

 

Bicarbonate Buffer Solution: To prepare hydroxide buffer (pH 9.0-11.0) solution definite 

amount of sodium hydroxide was dissolved in 0.5M sodium bicarbonate in a volumetric 

flask. The pH of the prepared solution was measured with pH meter. 

 

3.13 Electrode polishing 

 

Materials may be adsorbed to the surface of a working electrode after each experiment. 

Then the current response will degrade and the electrode surface needs to clean. In this 

case, the cleaning required is light polishing with 0.05µm alumina powder. A few drops of 

polish are placed on a polishing pad and the electrode is held vertically and the polish 

rubbed on in a figure-eight pattern for a period of 30 seconds to a few minutes depending 

upon the condition of the electrode surface. After polishing the electrode surface is rinsed 

thoroughly with deionized water. 

 

3.14 Preparation of modified electrodes 

 

In this study, Glassy carbon (GC), Gold (Au) and Platinum (Pt) electrodes purchase from 

the BASi, USA are used as working electrode. Electrode preparation includes polishing 

and conditioning of the electrode. The electrode was polished with 0.05µm alumina 
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powder on a wet polishing cloth. For doing so a part of the cloth was made wet with 

deionized water and alumina powder was sprinkled over it. Then the electrode was 

polished by softly pressing the electrode against the polishing surface at least 10 minutes 

before modify. The electrode surface would look like a shiny mirror after thoroughly 

washed with deionized water. Diethylamine was weighted and kept in phosphate buffer 

solution (pH 7). Then it was placed on a magnetic stirrer and stirred for 3 minutes at room 

temperature. The freshly cleaned bare electrode was modified with Diethylamine by using 

CV technique. The potential was cycled for 15 scans at a range of -0.5 V to 1.5 V. Then the 

modified electrode was activated in PBS (pH 7) by applying continuous potential cycled 

for 10 scans at a range of 1.0 V to 2.0 V. Then the modified electrode was dried by 

nitrogen gas for 10 minutes. Then a thin layer of Diethylamine was appeared on the surface 

of the electrode. 

 

  

Bare GC electrode Diethylamine modified GC electrode 

 

Figure 3.4: Bare and Diethylamine modified GC electrode 

 

3.15 Preparation of Solutions 

 

All standard solution of PA, TD and UA was prepared in 50ml 0.5M PBS (pH 7). Tablet 

samples are dissolved in 50ml 0.5M PBS (pH 7) with continues stirring by magnetic 

stirrer.  
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3.16 Removing Dissolved Oxygen from Solution 

 

Dissolved oxygen can interfere with observed current response so it is needed to remove it. 

Experimental solution was indolent by purging for at least 5-10 minutes with 99.99% pure 

and dry nitrogen gas (BOC, Bangladesh). By this way, traces of dissolved oxygen were 

removed from the solution. 

 

3.17 Experimental procedure 

 

The electrochemical cell filled with solution 50mL of the experimental solution and the 

Teflon cap was placed on the cell. The working electrode together with reference electrode 

and counter electrode was inserted through the holes. The electrodes were sufficiently 

immersed. The solution system is deoxygenated by purging the nitrogen gas for about 10 

minutes. The solution has been kept quiet for 10 seconds. After determination the potential 

window the voltammogram was taken at various scan rates, pH and concentrations from 

the Drop View Software. 

 

 

 

Figure 3.5: Experimental setup (Software controlled Potentiostats (µstat 400)) 
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3.18 UV-Visible Spectrophotometry 

 

In spectrometric analysis a source of radiation is used that extends into the ultraviolet 

region of the spectrum. The instrument employed for this purpose is a spectrophotometer. 

An optical spectrometer is an instrument possessing an optical system which can produce 

dispersion of incident electromagnetic radiation, and with which measurements can be 

made of the quantity of transmitted radiation at selected wavelength of the spectral range. 

A photometer is a device for measuring the intensity of transmitted radiation. When 

combined in the spectrophotometer the spectrometer and photometer are employed 

conjointly to produce a signal corresponding to the difference between the transmitted 

radiation of a reference material and that of a sample of selected wavelengths. 

The essential parts of spectrophotometer are: 

1. A source of radiant energy 

2. A monochromator 

3. Glass or silica cells for holding the solvent and for the solution under test 

4. A device to receive of measure the beam or beam of radiant energy passing through the 

solvent or solution. 

 

Lambert law states that when monochromatic light passes through a transparent medium, 

the rate of decrease in intensity with the thickness of the medium is proportional to the 

intensity of light [94]. This is equivalent to stating that the intensity of the emitted light 

decrease exponentially as the thickness of the absorbing medium increase arithmetically, or 

that any layer of given thickness of the medium absorbs the same fraction of the light 

incident upon it. 

 

Beer studied the effect of concentration of the colored constituent in solution upon the light 

transmission. He found the same relation between transmission and concentration as 

Lambert had discovered between transmission and thickness of the layer. By combining 

both of the theories the final expression can be written as, 

 

𝐴 = log
𝐼0

𝐼𝑡
= 𝑎𝑐𝑙 
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Here, Io=intensity of the incident light; It=intensity of the transmitted light; A=Absorbance 

of the medium and l are dimensions of the cell. 

 

 

Figure 3.6: UV-visible spectrophotometer 

 

A computer controlled spectrophotometer (Thermo Scientific, USA) was used for UV-Vis 

experiment in a pair of quartz cells. 

 

3.19 Standard deviation 

 

In probability and statistics, the standard deviation of a probability distribution, random 

variable, or population or multiset of values is a measure of the spread of its values. It is 

usually denoted with the letter σ (lower case sigma). It is defined as the square root of the 

variance. 

 

To understand standard deviation, keep in mind that variance is the average of the squared 

differences between data points and the mean. Variance is tabulated in units squared. 

Standard deviation, being the square root of that quantity, therefore measures the spread of 

data about the mean, measured in the same units as the data. 

 

Said more formally, the standard deviation is the root mean square (RMS) deviation of 

values from their arithmetic mean. For example, in the population {4, 8}, the mean is 6 and 

http://en.wikipedia.org/wiki/Probability
http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Probability_distribution
http://en.wikipedia.org/wiki/Random_variable
http://en.wikipedia.org/wiki/Random_variable
http://en.wikipedia.org/wiki/Statistical_population
http://en.wikipedia.org/wiki/Multiset
http://en.wikipedia.org/wiki/Sigma_%28letter%29
http://en.wikipedia.org/wiki/Square_root
http://en.wikipedia.org/wiki/Variance
http://en.wikipedia.org/wiki/Variance
http://en.wikipedia.org/wiki/Root_mean_square
http://en.wikipedia.org/wiki/Root_mean_square
http://en.wikipedia.org/wiki/Arithmetic_mean
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the deviations from mean are {-2, 2}. Those deviations squared are {4, 4} the average of 

which (the variance) is 4. Therefore, the standard deviation is 2. In this case 100% of the 

values in the population are at one standard deviation of the mean. 

 

The standard deviation is the most common measure of statistical dispersion, measuring 

how widely spread the values in a data set. If the data points are close to the mean, then the 

standard deviation is small. As well, if many data points are far from the mean, then the 

standard deviation is large. If all the data values are equal, then the standard deviation is 

zero. [95]. 

 

3.20 Recovery percentage 

 

Recovery percentage is an indication of a measurement that indicates the accuracy of a 

measurement or quantitative determination. The percentage of the recovered amount with 

response to amount taken is termed as recovery percentage as below- 

 

% 𝑜𝑓 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 =  
𝑎𝑚𝑜𝑢𝑛𝑡 𝑓𝑜𝑢𝑛𝑑

𝑡𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑡𝑎𝑘𝑒𝑛
× 100 

 

 

 

 

http://en.wikipedia.org/wiki/Statistical_dispersion
http://en.wikipedia.org/wiki/Data_set
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CHAPTER IV 

 

  

Results and Discussion 

 

Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) techniques have been 

used for investigating the electrochemical behavior of Paracetamol (PA), Tramadol (TD) 

and Uric Acid (UA) in presence of buffer solution by using bare and modified Glassy 

carbon (GC), Gold (Au) and Platinum (Pt) electrodes. In concordance with the experiment 

we have abstracted precious information considering electrochemical oxidations of PA, TD 

and UA which has been disputed elaborately in following section. DPV and UV-Vis 

spectroscopy have been used to quantitative estimation of PA and TD in this work. 

 

4.1 Electrochemical behavior of PA, TD and UA at bare electrodes 

 

4.1.1 Electrochemical behavior of PA, TD and UA at bare GC electrode 

 

Figure 4.1 shows the cyclic voltammogram (CV) of the ternary solution of PA, TD and UA 

at bare GC electrode in Phosphate buffer solution (PBS) (pH 7). It shows two anodic peaks 

at 0.49 V and 0.87 V where three electroactive compounds present in the solution. It 

indicates that the bare GC electrode is unable to separate the individual oxidation peaks of 

PA, TD and UA by using CV technique. 

 

Figure 4.2 shows the differential pulse voltammogram (DPV) of the ternary solution of PA, 

TD and UA at bare GC electrode in PBS (pH 7). It shows two peaks at 0.48 V and 0.97V 

where three electroactive compounds present in the solution. It also indicates that the bare 

GC electrode is unable to separate the individual oxidation peaks of PA, TD and UA by 

using DPV technique.  

 

4.1.2 Electrochemical behavior of PA, TD and UA at bare Au electrode 

 

Figure 4.3 shows the cyclic voltammogram (CV) of the ternary solution of PA, TD and UA 

at bare Au electrode in PBS (pH 7). It shows two oxidation peak at 0.59 V, 1.4V and two 
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reduction peak at 0.18 V, 0.43 V. It indicates that the bare Au electrode is unable to 

separate the individual oxidation peaks of PA, TD and UA by using CV technique.   

 

Figure 4.4 shows the differential pulse voltammogram (DPV) of the ternary solution of PA, 

TD and UA at bare Au electrode in PBS (pH 7). It shows two peaks at 0.53 V and 0.96 V 

where three electroactive compounds present in the solution. It also indicates that the bare 

Au electrode is unable to separate the individual oxidation peaks of PA, TD and UA by 

using DPV technique.  

 

4.1.3 Electrochemical behavior of PA, TD and UA at bare Pt electrode  

 

Figure 4.5 shows the cyclic voltammogram (CV) of the ternary solution of PA, TD and UA 

at bare Pt electrode in Phosphate buffer solution (PBS) (pH 7). It shows only one anodic 

peaks at 0.53 V where three electroactive compounds present in the solution. It indicates 

that the bare Pt electrode is unable to separate the individual oxidation peaks of PA, TD 

and UA by using CV technique. 

 

Figure 4.6 shows the differential pulse voltammogram (DPV) of the ternary solution of PA, 

TD and UA at bare Pt electrode in PBS (pH 7). It shows only one oxidation peaks at     

0.51 V where three electroactive compounds present in the solution. It also indicates that 

the bare Pt electrode is unable to separate the individual oxidation peaks of PA, TD and 

UA by using DPV technique.  

 

From the observations of the electrochemical behavior of PA, TD and UA in ternary 

solution it is clear that the bare electrodes (GC, Au and Pt) are unable to separate the 

individual oxidation peaks of PA, TD and UA. So, simultaneous determination of these 

three compounds in ternary mixture is not possible at bare electrodes by using the CV or 

DPV techniques.  

 

4.2 Modification of GC electrode with Diethylamine (DEA) in PBS (pH 7) 

In order to get response from UA, PA and TD in a mixture and to improve the selectivity 

of GC electrode, it was modified with DEA solution prepared in PBS (pH 7). 
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Figure 4.7 displays the continuous CVs of DEA thin film formation onto a bare GC in 

DEA solution over the potential range of –0.5 V to +1.5 V for 15 cycles at a scan rate of 

0.2 V/s. As can be seen, the anodic currents increased and cathodic currents also increased, 

indicating the formation and growth of an electroactive layer on the GC electrode surface. 

After the twelve cycles, the increase of these peaks current tended to be stable. It is 

assumed that a uniform and thin film was present on the surface of GC electrode. 

 

4.3 Electrochemical behavior of PA, TD and UA at DEA modified electrodes 

 

4.3.1 Electrochemical behavior of PA, TD and UA at DEA modified GC electrode 

 

Figure 4.8 shows the cyclic voltammogram (CV) of the ternary solution of PA, TD and UA 

at DEA modified GC electrode in PBS (pH 7). It shows three anodic peak at 0.37 V,     

0.48 V and 0.91 V. It indicates that the modified GC electrode is able to separate the 

individual oxidation peaks of PA, TD and UA by using CV technique. But the peak of UA 

is very weak.   

 

Figure 4.9 shows the differential pulse voltammogram (DPV) of the ternary solution of PA, 

TD and UA at DEA modified GC electrode in PBS (pH 7). It shows three peaks at 0.27 V, 

0.38 V and 0.86 V where three electroactive compounds present in the solution. It indicates 

that the modified GC electrode is able to separate the individual oxidation peaks of PA, TD 

and UA by using DPV technique.   

 

4.3.2 Electrochemical behavior of PA, TD and UA at DEA modified Au electrode 

 

Figure 4.10 shows the cyclic voltammogram (CV) of the ternary solution of PA, TD and 

UA at modified Au electrode in PBS (pH 7). It shows one sharp anodic peak at 0.98 V and 

two small anodic peak at 0.27V and 0.49 V. It also shows two cathodic peak at 0.19V and 

0.47V. It indicates that the modified Au electrode is able to separate the individual 

oxidation peaks of PA, TD and UA by using CV technique, but the current value is very 

low. 
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Figure 4.11 shows the differential pulse voltammogram (DPV) of the ternary solution of 

PA, TD and UA at modified Au electrode in PBS (pH 7). It shows four anodic peaks at 

0.38 V, 0.49 V, 0.79 V and 1.1 V where 0.38 V , 0.49, 0.79 V  indicate the oxidation peak 

of UA, PA, TD and 1.1 V indicates the overlapping peak of Au electrode with TD. It also 

indicates that the modified Au electrode is able to separate the individual oxidation peaks 

of PA, TD and UA by using DPV technique, but peak current is very low.  

 

4.3.3 Electrochemical behavior of PA, TD and UA at DEA modified Pt electrode 

 

Figure 4.12 shows the cyclic voltammogram (CV) of the ternary solution of PA, TD and 

UA at modified Pt electrode in PBS (pH 7). It shows only one anodic peak at 0.49 V. It 

indicates that the DEA modified Pt electrode is unable to separate the individual oxidation 

peaks of PA, TD and UA by using CV technique.   

 

Figure 4.13 shows the differential pulse voltammogram (DPV) of the ternary solution of 

PA, TD and UA at DEA modified Pt electrode in PBS (pH 7). It shows three oxidation 

peaks at 0.40 V, 0.48 V and 0.89 V where three electroactive compounds present in the 

solution. It also indicates that the DEA modified Pt electrode is able to separate the 

individual oxidation peaks of PA, TD and UA by using DPV technique, but peak current is 

very low. 

 

From the observations of the electrochemical behavior of PA, TD and UA in ternary 

solution it is clear that the bare electrodes (GC, Au, Pt and WBE.) are unable to separate 

the individual oxidation peaks of PA, TD and UA. So, simultaneous determination of these 

three compounds in ternary mixture is not possible at bare electrodes by using the CV or 

DPV techniques. DEA modified (GC and Au) electrodes are able to separate the individual 

peaks of PA, TD and UA using CV and DPV technique. But Au electrode give low peak 

current with respect to GCE. 

 

4.4 Electrode selection  

 

After analyzing CVs and DPVs for the electrochemical behavior of PA+TD+UA at DEA 

modified GC, Au and Pt electrodes (Figure 4.14 and Figure 4.15) it is clear that the 
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separation of the oxidation peaks as well as peak current of PA, TD and UA at DEA 

modified GC electrode is prominent than that of Au and Pt electrodes. For this concern, 

DEA modified GC electrode was selected to analysis the electrochemical behavior and 

quantitative determination of PA, TD and UA.  

 

4.5 pH study 

 

Figure 4.16 shows the cyclic voltammograms of the ternary mixture of PA, TD and UA in 

different buffer solution (pH 3, 5, 7 and 9). Figure 4.17 shows the differential pulse 

voltammogram (DPV) of the ternary solution of PA, TD and UA at DEA modified GC 

electrode. For the best consideration pH 7 was selected for the detection of PA, TD and 

UA in a ternary mixture. Because DEA modified GC electrode can properly separate  

ternary mixture of PA, TD and UA in PBS (pH 7). 

 

4.6 Electrochemical Study  

 

4.6.1 Cyclic voltammetric behavior of Paracetamol (PA) at bare GC electrode 

 

Cyclic voltammogram of 2.5 mM PA in 0.5M PBS (pH 7) and only 0.5M PBS (pH 7) 

shows in Figure 4.18. The voltammogram of only 0.5M PBS (blue line) shows no 

oxidation peak at bare GC electrode. 2.5 mM PA (red line) shows one oxidation peak at 

0.48 V and peak current is 65 µA. CV of PA in PBS shows small cathodic peak at bare GC 

electrode. This indicates that the redox process of PA at bare GC electrode is a quasi-

reversible redox process.  

 

4.6.2 Cyclic voltammetric behavior of Uric acid (UA) at bare GC electrode 

 

Cyclic voltammogram of 2.5 mM UA in 0.5M PBS (pH 7) and only 0.5M PBS (pH 7) 

shows in figure 4.19. The voltammogram of only 0.5M PBS (blue line) shows no oxidation 

peak at bare GC electrode. 2.5 mM UA (red line) shows one oxidation peak at 0.38 V and 

peak current is 83 µA. CV of UA in PBS does not show any cathodic peak at bare GC 

electrode.  
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4.6.3 Cyclic voltammetric behavior of Tramadol (TD) at bare GC electrode 

 

Cyclic voltammogram of 2.5 mM TD in 0.5M PBS (pH 7) and only 0.5M PBS (pH 7) 

shows in figure 4.20. The voltammogram of only 0.5M PBS (blue line) shows no oxidation 

peak at bare GC electrode. 2.5 mM TD (red line) shows one oxidation peak at 0.98 V and 

peak current is 33 µA. CV of TD in PBS does not show any cathodic peak at bare GC 

electrode.  

 

4.6.4 Simultaneous detection of UA and PA at bare GC electrode using cyclic 

voltammetric technique 

CV of 2.5 mM UA and 2.5 mM PA was taken for the simultaneous detection at bare GC 

electrode. The peaks of 2.5mM UA and 2.5mM PA was overlapped in the simultaneous 

voltammogram (Figure 4.21). 

 

UA in PBS gives one anodic peak at +0.41 V. On the other hand PA gives anodic and 

cathodic peaks at +0.47 V and -0.1 V respectively. The binary mixture of UA and PA 

shows a single anodic peak was found at +0.49 V which is at high potential than the peaks 

for individual UA and PA. Small cathodic peak observed for the binary mixture of UA and 

PA at bare GC electrode. The anodic peaks in the binary mixture are the combined peak of 

both of the species which is due to the fouling effect. As both compounds are oxidized at a 

close potential their combined solution gives response as if a solution of double 

concentration. Bare GC electrode does not give separate peaks for simultaneous detection 

of UA and PA in their binary solution. 

 

4.6.5 Simultaneous detection of PA and TD at bare GC electrode using cyclic voltammetric 

technique 

CV of 2.5 mM PA and 2.5 mM TD was taken for the simultaneous detection at bare GC 

electrode (Figure 4.22). CV shows two anodic peaks at 0.51 V and 1.3 V. This indicates 

that the oxidation of PA and TD have a significant potential difference. From the 

individual CVs we can see that the oxidation peak at 0.49 V appeared for PA and 1.1 V is 

for TD.  
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4.6.6 Simultaneous detection of UA and TD at bare GC electrode using cyclic 

voltammetric technique 

CV of 2.5 mM UA and 2.5 mM TD was taken for the simultaneous detection at bare GC 

electrode. CV shows two anodic peaks at 0.39 V and 1.3 V. This indicates that the 

oxidation of UA and TD have a significant potential difference (Figure 4.23). The peak at 

0.39 V is for UA and at 1.3 V is for TD. Simultaneous determination of UA and TD at bare 

GC electrode possible but at DEA modified GC electrode they show a significant increase 

of current that is very important to determine the amount of UA an TD in a low 

concentration sample.  

 

4.6.7 Simultaneous determination of UA, PA and TD at bare GC electrode using cyclic 

voltammetric technique 

UA in PBS gives one anodic peak at +0.35 V, PA in PBS gives one anodic and one 

cathodic peaks at +0.46 V and -0.1 V respectively and TD in PBS gives one anodic peak at 

1.2 V. Ternary mixture of UA, PA and TD in PBS, two anodic peak was found at +0.5 V 

and 1.3 V which is at higher potential than the individually oxidation potential of UA, PA 

and TD. No cathodic peak observed for the ternary mixture of UA, PA and TD at bare GC 

electrode (Figure 4.24). The anodic peaks of UA and PA in the ternary mixture are the 

combined peak of both of the species which is due to the fouling effect where TD gives an 

individual peak for the difference of oxidation potential compared to UA and PA. UA and 

PA are oxidized at a close potential their combined solution gives response as if a solution 

of double concentration. Bare GC electrode does not give separate peaks for simultaneous 

detection of UA, PA and TD in their ternary solution.  

 

4.7 Cyclic voltammetric behavior of DEA solution at modified GC electrode 

 

Cyclic voltammogram of PBS solution at DEA modified GC electrode shows in figure 

4.25. DEA modified electrode in PBS solution shows no anodic or cathodic peak in the 

measurement potential of UA, PA and TD within -0.3 V to +1.4 V. It indicates that the 

deposited DEA film on GC electrode surface just enhance the signals of analytes without 

interfering with their oxidation potential and sensitivity. 
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4.8 Cyclic voltammetric behavior of UA at DEA modified GC electrode 

 

Cyclic voltammogram of 2.5 mM UA in PBS (pH 7) solution and only PBS at DEA 

modified GC electrode shown in figure 4.26. There is no peak for PBS but a sharp and well 

defined peak is observed for UA at 0.28 V.  

 

4.8.1 Comparison of the CV of UA at bare and DEA modified GC electrode 

 

Figure 4.27 shows the comparison between the behaviors of UA at bare and DEA modified 

GC electrode. At bare GC electrode UA gives an anodic peak at 0.37 V having peak 

current 61 µA. But, at DEA modified GC electrode UA gives an anodic peak at 0.28 V 

having peak current 82 µA. It is clear that the anodic peak of UA at DEA modified GC 

electrode is sharper and well defined than that of bare GC electrode. The position of the 

anodic peak of UA at DEA modified GC electrode is shifted significantly and the currents 

are prominent than that of bare GC electrode.  

 

4.8.2 Scan rate effect of UA at DEA modified GC electrode 

 

The CVs of 2.5 mM UA in PBS (pH 7) at DEA modified electrode at different scan rates 

shown in figure 4.28. The scane rate and peak currents are represented in table 4.1. 

From table 4.1 it is clear that the peak current of UA is gradually increased with the 

increased of scan rate. The peak current of UA increased with the increased of square root 

of scan rate (v1/2s-1/2) (Figure 4.29), the corresponding trend line is a straight line which 

does not passes through the origin indicates that the oxidation process of UA is an 

impurely diffusion controlled process.  

 

4.8.3 Cyclic voltammetric behavior of PA at DEA modified GC electrode 

 

Cyclic voltammogram of 2.5mM PA in PBS (pH 7) solution and only PBS at DEA 

modified GC electrode shown in figure 4.30. There is no peak for PBS but a sharp and well 

defined anodic and cathodic peak is observed for PA at 0.42 V and 0.17 V respectively.  
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4.8.4 Comparison of the CV of PA at bare and DEA modified GC electrode 

 

Figure 4.31 shows the comparison between the behaviors of PA at bare and DEA modified 

GC electrode. At bare GC electrode PA gives an anodic and a cathodic peak at 0.51 V and 

-0.1 V having peak current 51 µA and 20 µA. But, at DEA modified GC electrode PA 

gives an anodic peak at 0.43 V having peak current 67 µA and a cathodic peak at 0.17 V 

having peak current 43 µA. It is clear that the anodic and cathodic peak of PA at DEA 

modified GC electrode is sharper and well defined than that of bare GC electrode. The 

position of the anodic peak of PA at DEA modified GC electrode is shifted significantly 

and the currents are prominent than that of bare GC electrode.  

 

4.8.5 Scan rate effect of PA at DEA modified GC electrode 

 

The CVs of 2.5 mM PA in PBS (pH 7) at different scan rates shown in figure 4.32 at DEA 

modified GC electrode. The scane rate and peak currents are represented in table 4.2. 

From table 4.2 it is clear that the anodic and cathodic peak currents of PA is gradually 

increased with the increased of scan rate. The peak current of PA increased with the 

increased of square root of scan rate (v1/2s-1/2) (Figure 4.33), the corresponding trend lines 

are straight lines and they are not pass through the origin indicates that the redox process of 

PA is an impurely diffusion controlled process.  

 

4.8.6 Cyclic voltammetric behavior of TD at DEA modified GC electrode 

 

Cyclic voltammogram of 2.5mM TD in PBS (pH 7) solution and only PBS at DEA 

modified GC electrode shown in figure 4.34. There is no peak for PBS but a sharp and well 

defined peak is observed for TD at 1.3 V.  
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4.8.7 Comparison of the CV of TD at bare and DEA modified GC electrode 

 

Figure 4.35 shows the comparison between the behaviors of TD at bare and DEA modified 

GC electrode. At bare GC electrode TD gives an anodic peak at 1.3 V having peak current 

15 µA. But, at DEA modified GC electrode TD gives an anodic peak at 0.89 V having 

peak current 21 µA. It is clear that the anodic peak of TD at DEA modified GC electrode is 

sharper and well defined than that of bare GC electrode. The position of the anodic peak of 

TD at DEA modified GC electrode is shifted significantly and the currents are prominent 

than that of bare GC electrode.  

 

4.8.8 Scan rate effect of TD at DEA modified GC electrode 

 

The CVs of 2.5 mM TD in PBS (pH 7) at different scan rates shown in figure 4.36 at DEA 

modified GC electrode. The scane rate and peak currents are represented in table 4.3. 

From table 4.3 it is clear that the peak current of TD is gradually increased with the 

increased of scan rate. The peak current of TD increased with the increased of square root 

of scan rate (v1/2s-1/2) (Figure 4.37), the corresponding trend line is a straight line which is 

not passed through the origin indicates that the oxidation process of TD is an impurely 

diffusion controlled process.  

 

4.9 Simultaneous detection of UA, PA and TD at DEA modified GC electrode using 

CV 

4.9.1 Simultaneous detection of PA and TD at DEA modified GC electrode using CV 

 

CV of a binary mixture (2.5 mM) of PA and TD at bare GC and DEA modified GC 

electrode shows in figure 4.38. The CVs of PA, TD and the binary mixture (2.5 mM) of PA 

and TD in PBS at DEA modified GC electrode is shown in figure 4.39. For the mixture of 

PA and TD, there two peak were observed at +0.43 V and +1.3 V at bare GC electrode. 

But the peak of TD was not found as sharp as modified GC electrode performed. At DEA 

modified GC electrode, PA and TD gives two anodic peaks +0.41 V and +0.89 V 

respectively, and one cathodic peak at +0.17 V. From the positions of the anodic and 
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cathodic peaks it can be explained that the peaks of both PA and TD are separated at DEA 

modified GC electrode. The DEA modified GC electrode can separate the peaks of PA and 

TD when they are present in a mixture.  

 

4.9.2 Simultaneous detection of UA and TD at DEA modified GC electrode using CV 

 

CV of a binary mixture (2.5 mM) of UA and TD in PBS both at bare GC and DEA 

modified GC electrode shows in figure 4.40. The CVs of UA, TD and their binary mixture 

(2.5 mM) at DEA modified GC electrode shows in figure 4.41. At DEA modified GC 

electrode UA and TD shows two anodic peaks at +0.34 V and +1.2 V respectively. The 

peak currents of UA and TD are 83 µA and 35 µA. Binary mixture of UA and TD shows 

two peaks at +0.29 V and +0.89 V for their difference of oxidation potential. The peak 

currents of UA and TD were 60 µA and 24 µA at bare GC electrode. From the positions 

and currents of the peaks it can be explained that the peaks of both UA and TD are sharp 

and well defined at DEA modified GC electrode having peak current prominent than that 

of bare GC electrode. So DEA modified GC electrode can determine the amount of UA 

and TD accurately compared to bare GC electrode. 

 

4.9.3 Simultaneous detection of UA and PA at DEA modified GC electrode using CV 

 

CV of a binary mixture (2.5 mM) of UA and PA at bare GC and DEA modified GC 

electrode shows in figure 4.42. The CVs of UA, PA and their binary mixture (2.5 mM) at 

DEA modified GC electrode shows in figure 4.43. At DEA modified GC electrode the 

binary mixture of UA and PA shows one anodic peaks +0.42 V and a small peak at +0.34 

which indicate the position of UA. Binary of UA and PA shows two oxidation peaks at 

+0.34 V and + 0.42 V for their difference of oxidation potential. From the positions and 

currents of the peaks it can be explained that the peaks of both UA and PA are sharp and 

well defined at DEA modified GC electrode having peak current prominent than that of 

bare GC electrode. So DEA modified GC electrode can determine the amount of UA and 

PA accurately compared to bare GC electrode. 
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4.9.4 Simultaneous detection UA, PA and TD ternary solution at DEA modified GC 

electrode using CV 

 

CV of a ternary mixture (2.5 mM) of UA, PA and TD in PBS both at bare GC and DEA 

modified GC electrode shows in figure 4.44. The CVs of UA, PA and TD and their ternary 

mixture (2.5 mM) at DEA modified GC electrode shows in figure 4.45. At DEA modified 

GC electrode ternary mixture of UA, PA and TD shows three anodic peaks +0.34 V, +0.42 

and +0.89 V respectively. In figure 4.45, the positions and currents of the peaks indicates 

that the DEA modified GC electrode can separate the peaks with good sensitivity 

compared to the bare GC electrode. So, DEA modified GC electrode can be used to 

simultaneous detection of UA, PA and TD in a ternary mixture.  

 

4.10 Simultaneous detection of UA, PA and TD at DEA modified GC electrode using 

differential pulse voltammetric (DPV) technique 

 

4.10.1 Simultaneous detection of UA and PA at DEA modified GC electrode using DPV 

 

DPVs of a binary mixture (2.5 mM) of UA and PA at bare GC and DEA modified GC 

electrode shows in figure 4.46. The DPVs of UA, PA and their binary mixture (2.5 mM) at 

DEA modified GC electrode shows in figure 4.47. Binary mixture of UA and PA shows 

two anodic peaks at +0.27 V and +0.38 V respectively. For the mixture of UA and PA, 

there only one peak was observed at +0.49 V that was the overlapped peak of both UA and 

PA at bare GC electrode. In figure 4.47, the positions of the anodic peaks indicates that the 

peaks of both UA and PA are separated at DEA modified GC electrode. The DEA 

modified GC electrode can separate the peaks of UA and PA when they are present in a 

mixture using DPV technique.  

 

4.10.2 Simultaneous detection of PA and TD at DEA modified GC electrode using DPV 

 

DPVs of a binary mixture (2.5 mM) of PA and TD at bare GC and DEA modified GC 

electrode shows in figure 4.48. The DPVs of PA, TD and their binary mixture (2.5 mM) at 

DEA modified GC electrode shows in figure 4.49. At DEA modified GC electrode, binary 
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mixture of PA and TD shows two anodic peaks +0.38 V and +0.79 V respectively. The 

peak currents of PA and TD are 55 µA and 18 µA at DEA modified GC electrode. From 

the positions and currents of the peaks (Figure 4.49) it can be explained that the peaks of 

both PA and TD are sharp and well defined at DEA modified GC electrode having peak 

current prominent than that of bare GC electrode. So DEA modified GC electrode can 

determine the amount of PA and TD accurately compared to bare GC electrode using DPV 

technique.  

 

4.10.3 Simultaneous detection of UA and TD at DEA modified GC electrode using DPV 

 

DPV of a binary mixture (2.5 mM) of UA and TD at bare GC and DEA modified GC 

electrode shows in figure 4.50. The DPVs of UA, TD and their binary mixture (2.5mM) at 

DEA modified GC electrode shows in Figure 4.51. At DEA modified GC electrode binary 

mixture of UA and TD shows two anodic peaks +0.28 V and +0.81 V respectively. The 

peak currents of UA and TD are 70 µA and 16 µA. From the positions and currents of the 

peaks (Figure 4.51) it can be explained that the peaks of both UA and TD are sharp and 

well defined at DEA modified GC electrode having peak current prominent than that of 

bare GC electrode. So DEA modified GC electrode can determine the amount of UA and 

TD accurately compared to bare GC electrode using DPV technique.   

 

4.10.4 Simultaneous detection UA, PA and TD at DEA modified GC electrode using DPV 

 

DPV of a ternary mixture (2.5 mM) of UA, PA and TD in PBS both at bare GC and DEA 

modified GC electrode shows in figure 4.52. The DPVs of UA, PA and TD and their 

ternary mixture (2.5 mM) at DEA modified GC electrode shows in figure 4.53. At DEA 

modified GC electrode ternary mixture of UA, PA and TD shows three anodic peaks +0.27 

V, +0.38 V and +0.810 V respectively. The peak currents of UA, PA and UA are 27 µA, 

32 µA and 16 µA. For the mixture of UA, PA and TD, two peaks were observed at +0.50 

V and +1.1 V respectively at bare GC electrode. In figure 4.53, the positions and currents 

of the peaks indicates that the DEA modified GC electrode can separate the peaks with 

high sensitivity compared to the bare GC electrode. So, DEA modified GC electrode can 
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be used to simultaneous detection (qualitative & quantitative) of UA, PA and TD in a 

ternary mixture using DPV technique.  

 

4.11 Quantitative estimation of UA, PA and TD at DEA modified GC electrode in 

binary and ternary mixture 

 

For the calculation sensitivity and detection limits of the analytes we need the surface area 

of DEA modified GC electrode. The surface area experiments are given below, 

 

4.11.1 Electrode (modified with DEA) surface area calculation:  

 

Figure 4.54 shows the CVs of potassium ferrocyanide in KCl solution and table 4.4 shows 

the peak current of potassium ferrocyanide at different scan rate at DEA modified GC 

electrode.  

Electrode surface area was calculated Randles–Sevcik equation using ferrocyanide at 

different scan rate in 1M KCl solution.  

 

In general, the peak current of diffusion controlled reversible or quasi-reversible electro -

chemical reaction follows Randles–Sevcik equation 

 

Ip = 0.4463nF√
nFD

𝑅𝑇
 AC√𝑣 

 

Where Ip: the peak current, n: the number of electrons, F: Faraday constant, T: the 

temperature in Kelvin, R: the gas constant, A: the surface area of the working electrode, D: 

the diffusion coefficient of the electroactive species, C: the bulk concentration of the 

electroactive species and v: the scan rate of voltammograms.  

 

From Equation (1) we get, 

Slope = 0.4463nF√
nFD

RT
 AC 

 

(1) 
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A =
Slope

0.4463nF√
nFD

RT
 C

 

 

From the curve (Figure 4.55) the value of slope is ~8.07×10−5 and the standard value of 

diffusion coefficient for ferricyanide in GCE is 1.52×10−6 cm2/s. where concentration C = 

2 × 10−6 mol/cm3 so we get, 

A= 
8.07×10−5

0.4463×1×96500√1×96500× 1.52×10−6

8.314× 298
 ×2×10−6

 

A =   0.12 cm2 

 

Bare GC electrode (diameter = 3mm) has the surface area 0.071 cm2. Surface area of DEA 

modified GC electrode is 0.12 cm2 indicates that the surface area of GC electrode increased 

after modify. 

 

4.11.2 Simultaneous quantitative estimation of UA and PA at DEA modified GC electrode 

 

DPVs of simultaneous change of UA and PA (0.5-2.5 mM) shown in figure 4.56. Peak 

currents of UA and PA were increased linearly with the increase of their concentrations. 

The linear regression equation for UA and PA is Ip (UA) =20.87UA+16.80 (R2= 0.990) 

and Ip (PA) =15.03PA+13.57 (R2= 0.991) (Figure 4.57).  The average current increase for 

UA and PA is 8.83 µA and 10.5 µA. The sensitivity was calculated for the binary mixture 

of UA and PA. The sensitivity of UA and PA are 73.5 µA/mM/cm2 and 87.5 µA/mM/cm2. 

Limit of detection (LoD) was calculated by signal to noise ratio (S/N=3). The LoD of UA 

and PA are 1.6 µmol L-1 and 1.14 µmol L-1. 

 

4.11.3 Simultaneous quantitative estimation of PA and TD at DEA modified GC electrode 

 

DPVs of simultaneous change of PA and TD (0.5-2.5 mM) shown in figure 4.58. Peak 

currents of PA and TD were increased linearly with the increase of their concentrations. 

The linear regression equation for PA and TD is Ip (PA) =11.89PA+33.44 (R2= 0.992) and 

Ip (TD) =3.562TD+4.121 (R2= 0.980) (Figure 4.59).  The average current increase for PA 
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and TD is 7.12 µA and 3.20 µA. The sensitivity was calculated for the binary mixture of 

PA and TD. The sensitivity of PA and TD are 59.33 µA/mM/cm2 and 26.67 µA/mM/cm2. 

Limit of detection (LoD) was calculated by signal to noise ratio (S/N=3). The LoD of PA 

and TD are 1.86 µmol L-1 and 2.05 µmol L-1.   

 

4.11.4 Simultaneous quantitative estimation of UA and TD at DEA modified GC electrode 

 

DPVs of simultaneous change of UA and TD (0.5-2.5 mM) shown in figure 4.60. Peak 

currents of UA and TD were increased linearly with the increase of their concentrations. 

The linear regression equation for UA and TD is Ip (UA) =18.65UA+24.39 (R2= 0.999) 

and Ip (TD) =3.216TD+3.97 (R2= 0.992) (Figure 4.61).  The average current increase for 

UA and TD is 9.25 µA and 2.77 µA. The sensitivity was calculated for the binary mixture 

of UA and TD. The sensitivity of UA and TD are 77.08 µA/mM/cm2 and 23.08 

µA/mM/cm2. Limit of detection (LoD) was calculated by signal to noise (S/N=3) ratio. The 

LoD of UA and TD are 1.05 µmolL-1 and 2.22 µmolL-1 respectively.  

  

4.12 Quantitative estimation of UA, PA and TD in ternary mixture at DEA modified 

GC electrode 

 

4.12.1 Quantitative estimation of UA at constant PA+TD concentration at DEA modified 

GC electrode 

 

DPV of the ternary mixture of UA, PA and TD at DEA modified GC electrode shown in 

figure 4.62 where concentration of PA and TD were kept constant and the concentration of 

UA was varied successively. Figure 4.63 shows the calibration curve for different 

concentrations of UA. This calibration curve can be used to determine UA in presence of 

PA and TD quantitatively in a ternary mixture. In case of UA the peak current increases 

with a linear regression equation Ip (UA) = 8.506UA+1.399 (R2= 0.988). 
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4.12.2 Quantitative estimation of PA at constant UA+TD concentration at DEA modified 

GC electrode 

 

DPV of the ternary mixture of UA, PA and TD at DEA modified GC electrode shown in 

figure 4.64 where concentration of UA and TD were kept constant and the concentration of 

PA was varied successively. Figure 4.65 shows the calibration curve for different 

concentrations of PA. This calibration curve can be used to determine PA in presence of 

UA and TD quantitatively in a ternary mixture. In case of PA the peak current increases 

with a linear regression equation Ip (PA) = 14.42PA-2.212 (R2= 0.991).  

 

4.12.3 Quantitative estimation of TD at constant UA+PA concentration at DEA modified 

GC electrode 

 

DPV of the ternary mixture of UA, PA and TD at DEA modified GC electrode shown in 

figure 4.66 where concentration of UA and PA were kept constant and the concentration of 

TD was varied successively. Figure 4.67 shows the calibration curve for different 

concentrations of TD. This calibration curve can be used to determine TD in presence of 

UA and PA quantitatively in a ternary mixture. In case of TD the peak current increases 

with a linear regression equation Ip (TD) = 3.568TD+1.214 (R2= 0.998).  

 

4.12.4 Quantitative estimation of UA+PA at constant TD concentration at DEA modified 

GC electrode 

 

DPV of the ternary mixture of UA, PA and TD in DEA modified GC electrode shown in 

figure 4.68 where concentration of TD was kept constant and the concentration of UA and 

PA was varied successively. Figure 4.69 shows the calibration curve for different 

concentrations of UA and PA. This calibration curve can be used to determine UA and PA 

in presence of TD quantitatively in a ternary mixture. In case of UA and PA the peak 

current increases with a linear regression equation Ip (UA) = 7.982UA+4.337 (R2= 0.990) 

and Ip (PA) = 10.02PA+4.941 (R2= 0.994). 
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4.12.5 Quantitative estimation of PA+TD at constant UA concentration at DEA modified 

GC electrode 

 

DPV of the ternary mixture of PA, TD and UA in PBS at DEA modified GC electrode 

shown in figure 4.70 where concentration of UA was kept constant and the concentration 

of PA and TD was varied successively. Figure 4.71 shows the calibration curve for 

different concentrations of PA and TD. This calibration curve can be used to determine PA 

and TD in presence of UA quantitatively in a ternary mixture. In case of PA and TD the 

peak current increases with a linear regression equation Ip (PA) = 13.99PA+0.531 (R2= 

0.997) and Ip (TD) = 3.344TD+1.956 (R2= 0.982) respectively. 

 

4.12.6 Quantitative estimation of UA+TD at constant PA concentration at DEA modified 

GC electrode 

 

DPV of the ternary mixture of PA, TD and UA in PBS at DEA modified GC electrode 

shown in figure 4.72 where concentration of PA was kept constant and the concentration of 

UA and TD was varied successively. Figure 4.73 shows the calibration curve for different 

concentrations of UA and TD. This calibration curve can be used to determine UA and TD 

in presence of PA quantitatively in a ternary mixture. In case of UA and TD the peak 

current increases with a linear regression equation Ip (UA) = 8.818UA+0.857 (R2= 0.989) 

and Ip (TD) = 2.764TD+1.942 (R2= 0.991).  

 

4.12.7 Simultaneous quantitative estimation of UA, PA and TD at DEA modified GC 

electrode in a ternary mixture 

 

DPV of the ternary mixture of the different concentrations of PA, TD and UA in PBS at 

DEA modified GC electrode shown in figure 4.74. The calibration curve for different 

concentrations of UA, PA and TD showed in figure 4.75. These calibration curve can be 

used to determine UA, PA and TD quantitatively in a ternary mixture. The anodic currents 

of UA, PA and TD increased linearly with increasing their concentrations over the range of 

0.5-2.5mM. The linear regression equation of UA, PA and TD are Ipa = 6.374CUA + 11.42 

(R² = 0.981), Ipa = 7.144CPA + 12.78 (R²=0.990) and Ipa = 3.172CTD+ 2.128 (R² = 0.991), 
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respectively. The sensitivity of UA, PA and TD are 52.08 µA/mM/cm2, 62.25 µA/mM/cm2 

and 33.67 µA/mM/cm2 and detection limits are 1.95 µmol L-1, 1.45 µmol L-1 and 1.26 µmol 

L-1 respectively.  

The linear regression equations of the calibration curves for single concentration change, 

binary concentration change and ternary concentration changes are nearly equal, indicating 

that they do not interfere in the determination of each other. So, this modified electrode can 

be used to determine the target analytes (UA, PA and TD) individually, in a binary mixture 

and simultaneously in a ternary mixture.  

 

 4.13 Interference study 

 

Figure 4.76 shows the DPV of the ternary solution of UA, PA and TD in the presence of 

aspirin, lysine, arginine, glycine, thiamine (vitamin B1), nicotinamide (vitamion B3), 

dopamine (DA) and glucose as interfering agents. From the voltammogram it is clear that 

the peak position of UA (0.27 V), PA (0.38 V) and TD (0.81 V) are not influenced by the 

interfering substances. The peak positions are remaining unchanged like they appeared 

when no interfering substances present (Figure 4.9). An oxidation peak appeared for 

dopamine at 0.18 V without interfering the peaks positions of UA, PA and TD. So, DEA 

modified GC electrode does not show any interference in the peak potential range of UA, 

PA and TD by the mentioned interfering substances.  

 

4.14 Quantitative Analysis of real and tablet samples 

 

Quantitative analysis in real (tablet and blood, human urine) samples were done by using 

this method. For each analyte recovery percentage (R %) and standard deviation (SD) was 

calculated to evaluate the consistency of the modified electrode sensor. The quantitative 

determination of each tablet samples was valided by UV-Vis method and the quantitative 

determination of UA in blood was valid by pathological report. 
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4.14.1 Quantitative analysis of paracetamol in standard and tablet samples 

 

4.14.1.1 Quantitative analysis of standard PA 

 

DPVs of different amount of standard PA in 50 mL PBS (pH 7) under optimum condition 

are shown in figure 4.77. Table 4.5 shows the current for different amount of PA. Figure 

4.78 shows the calibration curve of PA with response to different amount. The regression 

equation for the calibration curve of PA is Ip = 1.453x+57.53 (R2=0.988). This equation 

was used to determine the unknown amount in the real and tablet samples where, “Ip” is 

the current of the sample and “x” is the amount.  

 

Table 4.6 shows the recovery percentage data of standard PA calculated from the 

regression equation of the calibration curve. The recovery percentage is found 98-102% 

indicates that the modified electrode has the ability to determine the amount of PA with 

high accuracy.  

 

Table 4.7 shows the data of the determination of known 30 mg standard PA sample (5 

times) for standard deviation calculation. The standard deviation was found ±0.2 mg. It is 

clear that the sensor can determine the amount with high consistency. 

 

4.14.1.2 Determination of PA in tablet samples using DEA modified GC electrode  

 

For each determination 1/25 parts of the tablet was dissolved in 50 mL of PBS (pH 7). 

 

Calculation of the amount 

Figure 4.79 shows the DPVs of PA containing tablets sample in 50 mL PBS (pH 7) and 

table 4.8 shows the current of tablet samples. 

PA in ATP tablet  

The linear regression equation of PA (Figure 4.78) is Ip = 1.4538x+57.533 where, “Ip” is 

the current of the PA in ATP and “x” is the amount. 

For ATP the current found 86.25µA. 

So,  x= (86.25-57.533)/1.4538 
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   = 19.75 mg in 1/25 parts of the tablet. [For each determination 1/25 parts of the 

tablet was dissolved in 50 mL of PBS (pH 7)].  

So, total amount of PA in ATP tablet is 25×19.75= 493.87 mg.  

Same calculation for every tablet samples. Table 4.9 shows amount of PA in different 

tablet samples.  

 

4.14.1.3 Determination of PA in tablet samples using UV-Vis method 

 

For each determination 1/6 parts of the tablet was dissolved in 1000 mL of PBS (pH 7). 

 

Figure 4.80 shows the UV-Vis spectra of different concentrations of PA using PBS (pH 7) 

as solvent. Table 4.10 shows the absorbance for different concentrations of PA. Figure 4.81 

shows the calibration curve of PA with response to different concentration. The regression 

equation for the calibration curve of PA is A = 0.0075x+0.045 (R2=0.9912). This equation 

was used to determine the unknown amount in the real and tablet samples where, “A” is 

the absorbance of the sample and “x” is the amount. 

Table 4.11 shows the quantitative determination of PA in different commercial tablets of 

different pharmaceuticals using UV-Visible technique with standard deviations. Each 

replicates were repeated by 4 times. Table 4.12 also shows the comparison of the 

determination of PA using UV-Visible technique with the determination of PA using DEA 

modified GC electrode.  

The table 4.12 shows the amount of PA using DEA modified GC electrode in commercial 

samples are very close or nearly equal to the determination of PA using UV-Visible 

method. So, DEA modified GC electrode sensor can be used in pharmaceuticals to 

determine the actual quantity of PA in relevant tablets. 

 

4.14.2 Quantitative analysis of tramadol in standard and tablet samples 

4.14.2.1 Quantitative analysis of standard TD 

DPVs of different amount of standard TD in 50 mL PBS (pH 7) under optimum condition 

are shown in figure 4.82. Table 4.13 shows the current for different amount of TD.  
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Figure 4.83 shows the calibration curve of TD with response to different amount. The 

regression equation for the calibration curve of TD is Ip = 0.412x+1.819 (R2=0.991). This 

equation was used to determine the unknown amount in the real and tablet samples where, 

“Ip” is the current of the sample and “x” is the amount.  

Table 4.14 shows the recovery percentage data of standard TD using the regression 

equation of the calibration curve. The recovery percentage is found 98-102% indicates that 

the sensor has the ability to determine the amount of TD with high consistency.  

Table 4.15 shows the data of the determination of known 20 mg standard TD samples (5 

times) for standard deviation calculation. The standard deviation was found ±0.3 mg. It is 

clear that the sensor can determine the amount with high consistency.  

 

4.14.2.2 Determination of TD in tablet samples using DEA modified GC electrode  

 

For the determination of Anadol 1/5 parts and 2/5 parts for others of the tablets were 

dissolved in 50 mL of PBS (pH 7). 

 

Calculation of the amount 

Figure 4.84 shows the DPVs of TD containing tablets sample in 50 mL PBS (pH 7) and 

table 4.16 shows the current of tablet samples. 

TD in Anadol tablet  

The linear regression equation of TD (Figure 4.83) is Ip = 0.4125x+1.8193 where, “Ip” is 

the current of the TD in anadol and “x” is the amount.  

For Anadol the current found 9.97µA. 

So,  x= (9.97-1.8193)/0.4125 

  x= 19.76 mg in 1/5 parts of the tablet. [For the determination 1/5 parts of the tablet 

was dissolved in 50ml of PBS (pH 7)].  

So, total amount of TD in Anadol tablet is 5×19.76= 98.80 mg.  

Same calculation for every tablet sample. Table 4.17 shows the amount of TD in different 

commercial tablets of different pharmaceuticals. 
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4.14.2.3 Determination of TD in tablet samples using UV-Vis method 

 

For determination of Anadol 1/10 parts and 1/5 parts for others of the tablets were 

dissolved in 1000 mL of PBS (pH 7). 

 

Figure 4.85 shows the UV-Visible spectra of different concentrations of TD using PBS as 

solvent. Table 4.18 shows the absorbance for different concentrations of TD. Figure 4.86 

shows the calibration curve of TD. The regression equation for the calibration curve of TD 

is A = 0.0035x+0.2016 (R2=0.9902). This equation was used to determine the unknown 

amount in the real and tablet samples where, “A” is the absorbance of the sample and “x” 

is the amount.  

Table 4.19 shows the quantitative determination of TD in different commercial tablets of 

different pharmaceuticals using UV-Visible technique with standard deviations. Each 

replicates were repeated by 4 times. Table 4.19 also shows the comparison of the 

determination of TD using UV-Visible technique with the determination of TD using DEA 

modified GC electrode.  

The table 4.19 shows the amount of TD determined using DEA modified GC electrode in 

commercial samples are very close or nearly equal to the determination of TD using UV-

Visible method. So, DEA modified GC electrode sensor can be used in pharmaceuticals to 

determine the actual quantity of TD in relevant tablets. 

 

4.14.3 Simultaneous quantitative determination of Paracetamol and Tramadol in 

standard and combined tablet samples 

 

4.14.3.1 Quantitative analysis of standard PA+TD at DEA modified GC electrode 

 

DPVs of different amount of standard PA+TD in 50 mL PBS (pH 7) under optimum 

condition are shown in figure 4.87. Table 4.20 shows the peak current for different amount 

of PA and TD. Figure 4.88 shows the calibration curve of PA with response to different 

amount. The regression equation for the calibration curve of PA is IPA = 0.960x+36.90 

(R2=0.995). This equation was used to determine the unknown amount in the real and 

tablet samples where, “IPA” is the current of the sample and “x” is the amount of PA in 
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unknown PA+TD samples. Figure 4.89 shows the calibration curve of TD with response to 

different amount. The regression equation for the calibration curve of TD is ITD = 

0.647x+1.573 (R2=0.986). This equation was used to determine the unknown amount in the 

real and tablet samples where, “ITD” is the current of the sample and “x” is the amount of 

TD in unknown PA+TD samples.   

Table 4.21 shows the recovery percentage data of standard TD using the regression 

equation of the calibration curve (Figure 4.89). The recovery percentage is found 98-109% 

indicates that the sensor can determine the amount of TD in PA+TD solution with high 

accuracy.  

Table 4.22 shows the data of the determination of known 10 mg standard TD samples (5 

times) for standard deviation calculation. The standard deviation was found ±0.4 mg. it is 

clear that the sensor can determine the amount with high consistency.  

 

4.14.3.2 Simultaneous determination of PA+TD in tablet samples using DEA modified GC 

electrode  

 

Figure 4.90 shows the DPVs of PA, TD containing tablets sample in 50 mL PBS (pH 7) 

and table 4.23 shows the current of tablet samples. Table 4.23 shows the amount of PA and 

TD in different commercial PA+TD containing tablets of different pharmaceuticals. 

Simultaneous determination of PA and TD in tablet samples are not valid by UV-Visible 

method because of the λmax of PA (287.5 nm) and TD (280 nm) are very close and 

overlapped peak found for binary solution of PA and TD. So, simultaneous determination 

of PA and TD is not possible by UV-Visible method.  

 

4.14.4 Quantitative analysis of UA in standard and blood sample 

 

4.14.4.1 Quantitative analysis of standard UA 

 

DPV of different amount of standard UA in 50mL PBS (pH 7) under optimum condition 

are shown in figure 4.91. Table 4.24 shows the peak current for different amount of UA. 

Figure 4.92 shows the calibration curve of UA with response to different amount. The 

regression equation for the calibration curve of UA is Ip = 26.327x-6.9388 (R2=0.9936). 
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This equation is used to determine the unknown amount in the real samples where, “Ip” is 

the peak current of the sample and “x” is the amount of the sample. 

 

Table 4.25 shows the recovery percentage data of standard UA using the regression 

equation of the calibration curve. The recovery percentage is found 96-110% indicates that 

the modified electrode has the ability to determine the amount of UA with high accuracy.  

 

Table 4.26 shows the data of the determination of known 10 mg standard UA sample (5 

times) for the standard deviation calculation. The standard deviation was found ±0.5mg. It 

is clear that the sensor can determine the amount with high consistency.  

 

4.14.4.2 Determination of UA in blood and Urine sample using DEA modified GC 

electrode  

 

For the determination of UA in blood sample 7.5mL blood sample was dissolved in 22.5 

mL PBS (pH 7) and the solution was diluted for 4 times. Figure 4.93 shows the DPV of 

UA in the blood sample in PBS (pH 7) at scan rate 0.1V/s. Pathological report for the 

determination of UA in blood sample has been shown in figure 4.94. 

 

Calculation of the amount of UA in Blood sample 

The linear regression equation of UA (Figure 4.92) is Ip = 26.327x-6.9388 where, “Ip” is 

the peak current of the UA in blood sample and “x” is the amount. The peak current found 

for the blood sample was 5.51 μA. 

So,  X= (5.51+6.9388)/26.327 

  X= 0.473 [For the determination of UA 7.5mL blood was dissolved in 22.5mL 

PBS (pH 7)]. 

So, the amount of UA in 30 mL solution is 0.473×4= 1.89 and the total amount of UA in 

100 mL or 1dl solution is (1.89×100)/30= 6.3 mg.  

The amount of UA in the same blood sample was checked from a pathology. Table 4.27 

shows the comparison among the amounts of UA determined by using DEA modified GC 

electrode with the amount of UA given by the pathological report and previously 

determined in our laboratory. 
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Calculation of the amount of UA in Urine sample 

Urine was collected for 24 hours. Figure 4.95 shows the DPV of UA in urine sample in 

PBS (pH 7) at scan rate 0.1V/s. Normal level of uric acid excrete in urine (mg/24 hours) is 

250-750 [96-97]. Table 4.28 shows the Comparison of the amount of UA determined by 

DEA modified GC electrode with normal uric acid level in the urine. 

 

The linear regression equation of UA (Figure 4.92) is Ip = 26.327x-6.9388. The peak 

current found for the Urine sample was 31.64 μA. 

So,  X= (31.64+6.9388)/26.327 

   = 1.47 (For the determination of UA 20 mL Urine was dissolved in 30 mL        

PBS). 

So, the amount of UA in 50 mL solution is 1.47×2.5= 3.68 and the total amount of UA first 

eight hours is (3.68×1150)/50= 84.64 mg. In this way UA in urine was calculated with 

distance eight hours. The total amount of UA in urine by 24 hours was 

(84.64+81.85+92.61) = 259.10 mg. 
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Table 4.1: Peak current (Ip) of 2.5 mM UA in PBS at DEA modified GC electrode at different 

scan rates. 

 

Scan Rate 

(v/s) 

Sq. root of scan 

rate ( v1/2s-1/2) 

Peak Current Ip (µA) 

0.05 0.22 57.37 

0.10 0.32 81.62 

0.15 0.39 98.63 

0.20 0.45 120.18 

0.25 0.50 135.13 

 

Table 4.2: Peak current (Ipa and Ipc) of 2.5 mM PA in PBS at DEA modified GC electrode 

at different scan rates. 

 

Scan rate 

(v/s) 

Sq. root of scan rate 

( v1/2s-1/2) 

Ipa 

(µA) 

Ipc 

(µA) 

0.05 0.22 56.12 -18.93 

0.10 0.32 78.72 -34.19 

0.15 0.39 103.12 -48.18 

0.20 0.45 125.08 -60.63 

0.25 0.50 140.55 -69.64 

 

Table 4.3: Peak current (Ip) of 2.5 mM TD in PBS at DEA modified GC electrode at different 

scan rates. 

  

Scan Rate 

(v/s) 

Sq. root of scan 

rate ( v1/2s-1/2) 

Peak Current Ip (µA) 

0.05 0.22 41.56 

0.10 0.32 55.62 

0.15 0.39 66.44 

0.20 0.45 74.11 

0.25 0.50 81.72 

 

 

Table 4.4: Peak current (Ipa and Ipc) of 2 mM Ferrocyanide in KCL at DEA modified GC 

electrode at different scan rates. 

 

Scan rate (v/s) Sq. root of scan rate (v1/2/s1/2) Ipa (µA) Ipc (µA) 

0.05 0.22 19.42 -16.57 

0.10 0.32 27.20 -25.82 

0.15 0.39 32.43 -30.66 

0.20 0.45 37.54 -35.72 

0.25 0.50 42.24 -40.43 
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Table 4.5: Amount (mg) and peak current (Ip) of PA in PBS at DEA modified GC electrode. 

 

Amount (mg)/ 

50 mL 

Current 

 (µA) 

10.00 69.76 

15.00 80.01 

20.00 86.91 

25.00 96.77 

30.00 101.52 

35.00 108.29 

40.00 113.88 

 

Table 4.6: Recovery percentage of the determination of standard PA using DEA modified 

GC electrode. 

 

Amount 

(mg) 

Added 

(mg) 

Total (mg) 

 

Amount found   

(mg) 

Recovery (%) 

 

20 0 20 20.1 100.5 

20 5 25 25.2 100.8 

20 10 30 30.5 101.7 

20 15 35 35.4 101.1 

20 20 40 39.8 99.5 

 

Table 4.7: Standard deviation of the determination of standard PA using DEA modified GC 

electrode. 

 

   Standard  

   PA (mg) 

Current 

(µA) 

Amount found 

(mg) 

Average value          

(mg) 

Standard 

deviation (±mg) 

30 101.87 30.3 

30.0 0.2 

30 102.06 30.6 

30 101.84 30.1 

30 101.35 29.6 

30 101.32 29.5 

 

Table 4.8: Peak Current (Ip) of PA in different tablet samples.  

 

Tablet Current (µA) 

ATP 86.25 

Fast 86.47 

Pyralgin 86.21 

Depyrin 86.52 

Reset 86.56 
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Table 4.9: Amount found (mg) of PA in tablet samples of different pharmaceutical company 

using DEA modified GC electrode. 

 

Tablets 

 

Pharmaceutical 

name 

Amount      

found (mg) 

      Labeled value 

            (mg) 

ATP   General  493.9 500.0 

Fast   ACME 497.6 500.0 

Pyralgin   Renata Ltd. 493.1 500.0 

Depyrin   Delta Pharma 498.5 500.0 

Reset   Incepta  499.2 500.0 

 

Table 4.10: Concentration (ppm) and absorbance (A) of standard PA using UV-Vis method. 

 

Concentration    

(ppm) 

Absorbance 

(A) 

40 0.252 

50 0.339 

60 0.419 

70 0.512 

80 0.623 

 

Table 4.11: Determination of PA in different tablet samples using UV-Visible method.  

 

Tablets 

 

 

Pharmaceutical 

     name 

 

Observations 

No. 

 

Absorbance       

(A)   

          

Quantity    

(mg) 

 

Average 

value ± SD 

(mg) 

Labeled 

value 

 (mg) 

ATP 

 

General 

 
1 0.664 495.2 494.2 ±1.5 

 

500.0 

 2 0.664 495.2 

3 0.661 492.8 

4 0.662 493.6 

Fast 

 

ACME 

 
1 0.666 496.8 497.8 ±0.8 

 

500.0 

 2 0.667 497.6 

3 0.669 499.2 

4 0.667 497.6 

Pyralgin 

 

Renata 

 
1 0.659 492.9 493.5 ±1.4 

 

500.0 

 2 0.663 493.3 

3 0.665 494.7 

4 0.667 491.3 

Depyrin 

 

Delta Pharma 

 
1 0.674 502.6 500.9 ±0.5 

 

500.0 

 2 0.674 500.6 

3 0.672 500.2 

4 0.672 500.2 

Reset Incepta 1 0.676 503.1 502.4 ±0.8 500.0 

2 0.674 502.5 

3 0.659 501.7 

4 0.662 502.3 
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Table 4.12: Comparison of the amount of PA determined by DEA modified GC electrode 

sensor with UV-visible method 

 

Tablets 

 

 

 

Pharmaceutical 

name 

 

 

Amount found by 

DEA modified GC 

electrode  

(mg) 

Amount found by 

UV-Visible 

method 

(mg) 

Labeled 

value 

(mg) 

 

ATP General  493.9 ±0.2 494.2±1.5 500.0 

Fast ACME 497.6 ±0.2 497.8±0.8 500.0 

Pyralgin Renata Ltd. 493.1±0.2 493.5±1.4 500.0 

Depyrin Delta Pharma 498.5±0.2 500.9±0.5 500.0 

Reset Incepta  499.2±0.2 502.4±0.8 500.0 

 

Table 4.13: Amount (mg) and peak current (Ip) of TD in PBS at DEA modified GC electrode. 

 

Amount (mg)/50 mL Current (µA) 

5.0 3.38 

10.0 6.18 

15.0 8.35 

20.0 10.39 

25.0 12.03 

30.0 13.90 

 

Table 4.14: Recovery percentage of the determination of standard TD using DEA modified 

GC electrode. 

 

Amount 

(mg) 

Added 

(mg) 

Total (mg) 

 

Amount found   

(mg) 

Recovery (%) 

 

20.0 0.0 20.0 20.4 102.0 

20.0 5.0 25.0 24.8 99.2 

20.0 10.0 30.0 30.1 100.3 

20.0 15.0 35.0 35.6 101.7 

20.0 20.0 40.0 39.7 99.3 
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Table 4.15: Standard deviation of the determination of standard TD using DEA modified GC 

electrode. 

 

 

Table 4.16: Current (Ip) of TD in different tablet samples. 

 

Tablet Current (µA) 

    Anadol 9.97 

    Tranal 9.64 

    Dolonil 9.83 

    Syndol 9.91 

    Lucidol 9.66 

 

Table 4.17: Amount found (mg) of TD in tablet samples of different pharmaceutical 

companies using DEA modified GC electrode. 

 

Tablets 

 

Pharmaceutical 

name 

Amount  

found (mg) 

Labeled value 

(mg) 

Anadol Square 98.80 ±0.3         100.0  

Tranal Opsonin Pharma 47.40±0.3          50.0  

Dolonil ACME 48.55±0.3          50.0  

Syndol Health care 49.03±0.3          50.0  

Lucidol Beximco 47.52±0.3          50.0  

 

Table 4.18: Concentration (ppm) and absorbance (A) of standard TD using UV-Vis method. 

 

Concentration 

(ppm) 

Absorbance 

(A) 

80 0.301 

120 0.426 

160 0.513 

200 0.621 

240 0.773 

 

 

 

Standard  

TD 

 (mg) 

Current 

(µA) 

 

Amount found 

(mg) 

 

Average 

Value (mg) 

 

Standard 

deviation  

(±mg) 

20.0 10.44 20.2 

20.1 0.3 

20.0 10.42 20.1 

20.0 10.43 20.2 

20.0 10.39 19.9 

20.0 10.42 20.1 
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Table 4.19: Determination of TD in different tablet samples using UV-Visible method 

 

Tablets 

 
 

Pharmaceutical 

name    
 

Observations 

No. 
 

Absorbance 

(A) 

 

Quantity 

(mg) 

 

Average 

value ±SD 

(mg) 

Labeled 

value 

(mg) 

Anadol Square 

1 0.238 104.0 

99.75±1.5 100.0 
2 0.236 98.29 

3 0.237 101.14 

4 0.235 95.43 

Tranal Opsonin 

1 0.235 47.71 

47.00±0.8 50.0 
2 0.235 47.71 

3 0.234 46.28 

4 0.234 46.28 

Dolonil ACME 

1 0.238 52.0 

48.79±1.4 50.0 
2 0.236 49.15 

3 0.234 46.28 

4 0.235 47.71 

Syndol Health care 

1 0.237 50.57 

50.22±0.5 50.0 
2 0.238 52.0 

3 0.636 49.15 

4 0.636 49.15 

Lucidol Beximco 

1 0.236 49.15 

47.36±0.8 50.0 
2 0.234 46.28 

3 0.234 46.28 

4 0.235 47.71 

 

Table 4.20: Amount (mg) and peak current (Ip) of the binary solution of PA and TD in PBS 

at DEA modified GC electrode.  

 

Amount (mg) of 

PA+TD 

 

Current (µA) 

Paracetamol Tramadol 

5+1 41.84 2.07 

10+2 45.85 3.01 

15+3 51.81 3.62 

20+4 56.60 4.12 

25+5 60.48 4.75 

 

Table 4.21: Recovery percentage of the determination of standard TD in PA+TD binary 

solution using DEA modified GC electrode. 

 

Amount (mg) Added (mg) Total (mg) Amount found (mg) Recovery (%) 

5 0 5 4.9 98.0 

5 2 7 7.1 101.4 

5 4 9 9.1 101.1 

5 6 11 10.9 99.0 

5 8 13 13.2 101.5 
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Table 4.22: Standard deviation of the determination of standard TD in PA+TD binary 

solution using DEA modified GC electrode. 

 

   Standard  

TD 

 (mg) 

Current 

value 

(µA) 

Amount 

found (mg) 

 

Average 

value  

(mg) 

Standard 

deviation  

(±mg) 

10 21.73 9.9 

10.0 0.4 

10 21.96 10.0 

10 22.43 9.8 

10 23.50 10.2 

10 23.02 10.1 

 

Table 4.23: Amount found (mg) of PA and TD in PA+TD tablet samples of different 

pharmaceutical company using DEA modified GC electrode. 

 

Tablet 

 

 

 

 

Pharmaceutical 

name 

Current (µA) 

 

Amount  

of  

PA+TD 

 found (mg) 

 

PA+TD 

labeled 

value 

(mg) 

 

Paracetamol 

 

Tramadol 

 

Napadol Beximco 68.07 3.94 324.41+36.58 325+37.5 

Acetram Square 67.98 3.91 323.47+36.12 325+37.5 

Resadol Incepta 67.93 3.92 322.95+36.28 325+37.5 

 

Table 4.24: Amount (mg) and peak current (Ip) of UA in PBS at DEA modified GC electrode 

 

Amount  

(mg) 

Peak current 

(Ip/µA) 

0.5 7.11 

0.7 11.30 

0.9 16.09 

1.1 21.48 

1.3 26.70 

 

Table 4.25: Recovery percentage of the determination of standard UA using DEA modified 

GC electrode 

 

Amount (mg) 

 

 

Added (mg) 

 

 

Total (mg) 

 

 

Amount found (mg) 

 

 

Recovery  

(%) 

 

5.0 0.0 5.0 5.1 102.0 

5.0 2.5 7.5 7.3 97.3 

5.0 5.0 10.0 10.2 102.0 

5.0 7.5 12.5 12.7 101.6 

5.0 10.0 15.0 14.8 98.7 
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Table 4.26: Determination of the standard deviation of standard UA using DEA modified 

GC electrode 

 

Standard UA 

(mg) 

 

Peak current 

(Ip/µA) 

 

Amount found 

(mg) 

 

Average 

value 

(mg) 

Standard deviation 

(±mg) 

 

10 76.79 10.8 

10.1 0.5 

10 76.37 10.6 

10 74.77 9.2 

10 75.14 9.7 

10 74.86 10.2 

 

Table 4.27: Comparison of the amount of UA determined by DEA modified GC electrode 

sensor with Pathological report.  

 

Sample 

 

 

 

Amount found by DEA 

modified GC electrode  

(mg/dl) 

 

Pathological 

report 

(mg/dl) 

 

Blood  

 

 

6.3 

 

6.2 

 

 

Table 4.28: Determination the total amount of UA in urine (mg/24). 

 

Sample 

 

 

 

Amount found by DEA 

modified GC electrode  

(mg/24 hours) 

 

Normal uric acid 

level in the urine 

(mg/24 hours) 

 

Urine 

 

 

259.10 

 

250-750 

 

 



 

Results and Discussion  Chapter IV 

75 

 

 

Figure 4.1: Cyclic voltammogram (CV) of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM TD at bare 

GC electrode in phosphate buffer solution (PBS) (pH 7) and at scan rate 0.1V/s.  

 
 

Figure 4.2: Differential pulse voltammogram (DPV) of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM 

TD at bare GC electrode in phosphate buffer solution (PBS) (pH 7) and at scan rate 0.1V/s. 
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Figure 4.3: Cyclic voltammogram (CV) of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM TD at bare 

Au electrode in phosphate buffer solution (PBS) (pH 7) and at scan rate 0.1V/s.  

 

Figure 4.4: Differential pulse voltammogram (DPV) of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM 

TD at bare Au electrode in phosphate buffer solution (PBS) (pH 7) and at scan rate 0.1V/s. 
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Figure 4.5: Cyclic voltammogram (CV) of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM TD at bare 

Pt electrode in phosphate buffer solution (PBS) (pH 7) and at scan rate 0.1V/s.  

 

Figure 4.6: Differential pulse voltammogram (DPV) of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM 

TD at bare Pt electrode in phosphate buffer solution (PBS) (pH 7) and at scan rate 0.1V/s. 
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Figure 4.7: Cyclic voltammogram (CV) of Diethylamine (DEA) thin film growth on the 

surface of GC electrode at scan rate 0.2 V/s.  

 

Figure 4.8: Cyclic voltammogram (CV) of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM TD at DEA 

modified GC electrode in PBS (pH 7) and at scan rate 0.1V/s.  
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Figure 4.9: Differential pulse voltammogram (DPV) of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM 

TD at DEA modified GC electrode in PBS (pH 7) and at scan rate 0.1V/s. 

 

 

Figure 4.10: Cyclic voltammogram (CV) of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM TD at 

DEA modified Au electrode in PBS (pH 7) and at scan rate 0.1V/s.  
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Figure 4.11: Differential pulse voltammogram (DPV) of 2.5 mM UA+ 2.5 mM PA+ 2.5 

mM TD at DEA modified Au electrode in PBS (pH 7) and at scan rate 0.1V/s. 

 
 

        

Figure 4.12: Cyclic voltammogram (CV) of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM TD at 

DEA modified Pt electrode in PBS (pH 7) and at scan rate 0.1V/s.  
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Figure 4.13: Differential pulse voltammogram (DPV) of 2.5 mM UA+ 2.5 mM PA+ 2.5 

mM TD at DEA modified Pt electrode in PBS (pH 7) and at scan rate 0.1V/s. 

 
 

Figure 4.14: Cyclic voltammograms (CVs) of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM TD in 

PBS (pH 7) at DEA modified GCE (blue line), DEA modified AuE (red line) and DEA 

modified PtE (black line) electrode at scan rate 0.1V/s.  
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Figure 4.15: Differential pulse voltammograms (DPVs) of 2.5 mM UA+ 2.5 mM PA+ 2.5 

mM TD in PBS (pH 7) at DEA modified GCE (blue line), DEA modified AuE (red line) 

and DEA modified PtE (black line) electrode at scan rate 0.1V/s. 

 

 
            

Figure 4.16: Cyclic voltammograms (CVs) of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM TD in 

different buffer solution (pH 3, 5, 7 and 9) at DEA modified GC electrode.             
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Figure 4.17: Differential pulse voltammograms (DPVs) of 2.5 mM UA+ 2.5 mM PA+ 2.5 

mM TD in different buffer solution (pH 3, 5, 7 and 9) at DEA modified GC electrode.             

 

 

Figure 4.18:  Cyclic voltammogrm (CV) of 2.5 mM PA in 0.5M PBS (pH 7) (red line) and 

only 0.5M PBS (pH 7) (blue line) at bare GC electrode at scan rate 0.1V/s. 
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Figure 4.19: Cyclic voltammogrm (CV) of 2.5 mM UA in 0.5M PBS (pH 7) (red line) and 

only 0.5M PBS (pH 7) (blue line) of bare GC electrode at scan rate 0.1V/s. 

 

Figure 4.20: Cyclic voltammogrm (CV) of 2.5 mM Tramadol (TD) in 0.5M PBS (pH 7) 

(red line) and only 0.5M PBS (pH 7) (blue line) of bare GC electrode at scan rate 0.1V/s. 

(b) 
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Figure 4.21: Cyclic voltammogram (CV) of 2.5 mM UA (black line), 2.5 mM PA (blue 

line) and 2.5 mM UA+ 2.5 mM PA (red line) of bare GC electrode in PBS (pH 7) at scan 

rate 0.1V/s. 

 

 

Figure 4.22: Cyclic voltammogram (CV) of 2.5 mM PA (blue line), 2.5 mM TD (black 

line) and 2.5 mM PA+ 2.5 mM TD (red line) of bare GC electrode in PBS (pH 7) at scan 

rate 0.1V/s. 
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Figure 4.23: Cyclic voltammogram (CV) of 2.5 mM UA (blue line), 2.5 mM TD (black 

line) and 2.5 mM UA+ 2.5 mM TD (red line) of bare GC electrode in PBS (pH 7) at scan 

rate 0.1V/s. 

 

Figure 4.24: Cyclic voltammogram (CV) of 2.5 mM UA (black line), 2.5 mM PA (blue 

line) and 2.5 mM TD (purple line) and 2.5 mM UA+ 2.5 mM PA+ 2.5 mM TD (red line) 

of bare GC electrode in PBS (pH 7) at scan rate 0.1V/s. 

(b) 
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Figure 4.25: Cyclic voltammogram (CV) of DEA in PBS (pH 7) at modified GC electrode 

at scan rate 0.1 V/s. 

        

Figure 4.26: Cyclic voltammogram (CV) of 2.5 mM UA in 0.5M PBS (pH 7) (red line) and 

only 0.5M PBS (pH 7) (blue line) at DEA modified GC electrode at scan rate 0.1V/s. 

 

(b) 
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Figure 4.27: Cyclic voltammogram (CV) of 2.5 mM UA in 0.5M PBS (pH 7) at bare (blue 

line) and DEA modified (red line) GC electrode at scan rate 0.1V/s. 

 

 
             

Figure 4.28: Cyclic Voltammogram (CV) of 2.5 mM UA at DEA modified GC electrode in 

PBS (pH 7) at different scan rate 0.05 v/s, 0.10 v/s, 0.15 v/s, 0.20 v/s and 0.25v/s. 
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Figure 4.29: Plots of peak current (Ip) vs square root of scan rate (v1/2) of 2.5 mM UA at 

DEA modified GC electrode in PBS (pH 7). 

 

 
 

Figure 4.30: Cyclic Voltammogram (CV) of 2.5 mM PA in 0.5M PBS (pH 7) (red line) and 

only 0.5M PBS (pH 7) (blue line) at DEA modified GC electrode at scan rate 0.1V/s. 
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Figure 4.31: Cyclic voltammogram (CV) of 2.5 mM PA in 0.5M PBS (pH 7) at bare (blue 

line) and DEA modified (red line) GC electrode at scan rate 0.1V/s. 

 

          

 

Figure 4.32: Cyclic Voltammogram (CV) of 2.5 mM PA at DEA modified GC electrode in 

PBS (pH 7) at different scan rate 0.05 v/s, 0.10 v/s, 0.15 v/s, 0.20 v/s and 0.25 v/s. 
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Figure 4.33: Plots of peak currents (Ipa and Ipc) vs square root of scan rate (v1/2) of 2.5 

mM PA at DEA modified GC electrode in PBS (pH 7). 

 
 

Figure 4.34: Cyclic Voltammogram (CV) of 2.5 mM TD in 0.5M PBS (pH 7) (red line) 

and only 0.5M PBS (pH 7) (blue line) at DEA modified GC electrode at scan rate 0.1V/s. 

A0 
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Figure 4.35: Cyclic voltammogram (CV) of 2.5 mM TD in 0.5M PBS (pH 7) at bare (blue 

line) and DEA modified (red line) GC electrode at scan rate 0.1V/s. 

 

Figure 4.36: Cyclic Voltammogram (CV) of 2.5 mM TD at DEA modified GC electrode in 

PBS (pH 7) at different scan rate 0.05 v/s, 0.10 v/s, 0.15 v/s, 0.20 v/s and 0.25 v/s. 
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Figure 4.37:  Plots of peak current (Ip) vs square root of scan rate (v1/2) of 2.5 mM TD at 

DEA modified GC electrode in PBS (pH 7). 

 

 

Figure 4.38: CV comparison of 2.5 mM PA+ 2.5 mM TD at bare (blue line) and DEA 

modified GC electrode (red line) at scan rate 0.1 V/s. 
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Figure 4.39: Cyclic voltammogram (CV) of 2.5 mM PA (blue line), 2.5 mM TD (black 

line) and simultaneous 2.5 mM PA+ 2.5 mM TD (red line) at DEA modified GC electrode 

at scan rate 0.1V/s. 

 

Figure 4.40: CV comparison of 2.5 mM UA+ 2.5 mM TD at bare (blue line) and DEA 

modified GC electrode (red line) in PBS (pH 7) at scan rate 0.1 V/s. 
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Figure 4.41: Cyclic voltammogram (CV) of 2.5 mM UA (blue line), 2.5 mM TD (black 

line) and 2.5 mM UA+ 2.5 mM TD (red line) at DEA modified GC electrode in PBS (pH 

7) at scan rate 0.1V/s. 

 

Figure 4.42: CV comparison of 2.5 mM UA+ 2.5 mM PA at bare (blue line) and DEA 

modified GC electrode (red line) in PBS (pH 7) at scan rate 0.1 V/s. 
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Figure 4.43: Cyclic voltammogram (CV) of 2.5 mM UA (blue line), 2.5 mM PA (black 

line) and 2.5 mM UA+ 2.5 mM PA (red line) at DEA modified GC electrode in PBS (pH 

7) at scan rate 0.1V/s. 

 

Figure 4.44: CV comparison of 2.5 mM UA+ 2.5 mM PA+ 2.5 mM TD at bare (blue line) 

and DEA modified GC electrode (red line) in PBS (pH 7) at scan rate 0.1 V/s. 
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Figure 4.45: Cyclic voltammogram (CV) of 2.5 mM UA (purple line), 2.5 mM PA (red 

line), 2.5 mM TD (black line) and 2.5 mM UA+ 2.5 mM PA+ 2.5 mM TD (blue line) at 

DEA modified GC electrode in PBS (pH 7) at scan rate 0.1V/s. 

 

Figure 4.46: Differential pulse voltammogram (DPV) comparison of only PBS (pH 7) at 

bare (black line) and DEA modified GC electrode (purple line) and 2.5 mM UA+ 2.5 mM 

PA at bare (red line) and DEA modified GC electrode (blue line) at scan rate 0.1 V/s. 
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Figure 4.47: DPVs of 2.5 mM UA (black line), 2.5 mM PA (blue line) and 2.5 mM UA+ 

2.5 mM PA (red line) in PBS (pH 7) at DEA modified GC electrode at scan rate 0.1 V/s. 

 

Figure 4.48: DPVs comparison of only PBS (pH 7) at bare (blue line) and DEA modified 

GC electrode (purple line) and 2.5 mM PA+ 2.5 mM TD at bare (red line) and DEA 

modified GC electrode (green line) at scan rate 0.1 V/s. 
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Figure 4.49: DPVs of 2.5 mM PA (blue line), 2.5 mM TD (red line) and 2.5 mM PA+2. 5 

mM TD (green line) in PBS (pH 7) at DEA modified GC electrode at scan rate 0.1 V/s. 

 

Figure 4.50: DPVs comparison of only PBS (pH 7) at bare (black line) and DEA modified 

GC electrode (purple line) and 2.5 mM UA+ 2.5 mM TD at bare (red line) and DEA 

modified GC electrode (blue line) at scan rate 0.1 V/s. 
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Figure 4.51: DPVs of 2.5 mM UA (blue line), 2.5 mM TD (red line) and 2.5 mM UA+ 2.5 

mM TD (black line) in PBS (pH 7) at DEA modified GC electrode at scan rate 0.1 V/s. 

 

 

Figure 4.52: DPVs comparison of only PBS (pH 7) at bare (black line) and DEA modified 

GC electrode (purple line) and 2.5 mM UA+ 2.5 mM PA+ 2.5 mM TD at bare (blue line) 

and DEA modified GC electrode (red line) at scan rate 0.1 V/s. 
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Figure 4.53: DPVs of 2.5 mM UA (purple line), 2.5 mM PA (blue line) and 2.5 mM TD 

(black line) and 2.5 mM UA+ 2.5 mM PA+2.5 mM TD (red line) in PBS (pH 7) at DEA 

modified GC electrode at scan rate 0.1 V/s. 

   

Figure 4.54: Cyclic voltammograms (CVs) of 2 mM potassium ferrocyanide on DEA 

modified GCE at different scan rate of 0.05 V/s, 0.10 V/s, 0.15 V/s, 0.20 V/s and 0.25 V/s 

in 1 M KCl as supporting electrolyte. 
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Figure 4.55: The anodic and the cathodic peak current of ferrocyanide vs square root of the 

scan rates.  

 

 

Figure 4.56: DPVs of simultaneous concentration change of UA+PA (0.5-2.5 mM) at DEA 

modified GC electrode in PBS (pH 7) at scan rate 0.1 V/s.  
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Figure 4.57: Calibration curve for simultaneous estimation of UA (blue markers) and PA 

(red markers) in a binary mixture at DEA modified GC electrode.  

 

 

Figure 4.58: DPVs of simultaneous concentration change of PA+TD (0.5-2.5 mM) at DEA 

modified GC electrode in PBS (pH 7) at scan rate 0.1 V/s. 
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Figure 4.59: Calibration curve for simultaneous estimation of PA (blue markers) and TD 

(red markers) in a binary mixture at DEA modified GC electrode. 

 

Figure 4.60: DPVs of simultaneous concentration change of UA+TD (0.5-2.5 mM) of DEA 

modified GC electrode in PBS (pH 7) at scan rate 0.1 V/s. 
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Figure 4.61: Calibration curve for simultaneous estimation of UA (blue markers) and TD 

(red markers) in a binary mixture at DEA modified GC electrode. 

 

 

Figure 4.62: DPVs of different concentration of UA (0.5-2.5 mM) in constant PA+TD 

concentration (2.5 mM) ternary mixture of UA+PA+TD in PBS (pH 7) at DEA modified 

GC electrode at scan rate 0.1V/s.  



 

Results and Discussion  Chapter IV 

106 

 

 

Figure 4.63: Plots of peak currents (Ip) of UA vs concentrations (0.5-2.5 mM) at constant 

concentration of PA+TD (2.5 mM) in a ternary mixture of UA+PA+TD at DEA modified 

GC electrode. 

 

Figure 4.64: DPVs of different concentration of PA (0.5-2.5 mM) in constant UA+TD 

concentration (2.5 mM) ternary mixture in PBS (pH 7) at DEA modified GC electrode at 

scan rate 0.1V/s. 

(b) 
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Figure 4.65: Plots of peak currents (Ip) of PA vs concentrations (0.5-2.5 mM) at constant 

concentration of UA+TD (2.5 mM) in a ternary mixture of UA+PA+TD at DEA modified 

GC electrode.  

 

 

Figure 4.66: DPVs of different concentration of TD (0.5-2.5 mM) in constant UA+PA 

concentration (2.5 mM) ternary mixture in PBS (pH 7) at DEA modified GC electrode at 

scan rate 0.1V/s. 

(b) 
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Figure 4.67: Plots of peak currents (Ip) of TD vs concentrations (0.5-2.5 mM) at constant 

concentration of UA+PA (2.5 mM) in a ternary mixture of UA+PA+TD at DEA modified 

GC electrode. 

 

Figure 4.68: DPVs of different concentration of UA+PA (0.5-2.5 mM) in constant TD 

concentration (2.5 mM) ternary mixture in PBS (pH 7) at DEA modified GC electrode at 

scan rate 0.1V/s.  
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Figure 4.69: Plots of peak currents (Ip) of UA and PA vs concentrations (0.5-2.5 mM) at 

constant concentration of TD (2.5 mM) in a ternary mixture of UA+PA+TD at DEA 

modified GC electrode. 

 

Figure 4.70: DPVs of different concentration of PA+TD (0.5-2.5 mM) in constant UA 

concentration (2.5 mM) ternary mixture in PBS (pH 7) at DEA modified GC electrode at 

scan rate 0.1V/s. 

(b) 
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Figure 4.71: Plots of peak currents (Ip) of PA and TD vs concentrations (0.5-2.5 mM) at 

constant concentration of UA (2.5 mM) in a ternary mixture of UA+PA+TD at DEA 

modified GC electrode. 

 

 

Figure 4.72: DPVs of different concentration of UA+TD (0.5-2.5 mM) in constant PA 

concentration (2.5 mM) ternary mixture in PBS (pH 7) at DEA modified GC electrode at 

scan rate 0.1V/s. 
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Figure 4.73: Plots of peak currents (Ip) of UA and TD vs concentrations (0.5-2.5 mM) at 

constant concentration of PA (2.5 mM) in a ternary mixture of UA+PA+TD at DEA 

modified GC electrode. 

          

 

Figure 4.74: DPVs of different concentrations of the ternary mixture of UA+PA+TD (0.5-

2.5 mM) in PBS (pH 7) at DEA modified GC electrode at scan rate 0.1V/s. 
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Figure 4.75: Plots of peak currents (Ip) of UA, PA and TD vs concentrations (0.5-2.5 mM) 

in a ternary mixture of UA+PA+TD at DEA modified GC electrode. 

 

 

Figure 4.76: DPV of the ternary solution of UA, PA and TD in presence of aspirin, lysine, 

arginine, glycine, thiamine (vitamin B1), nicotinamide (vitamion B3) and dopamine (DA) 

in PBS (pH 7) at DEA modified GC electrode.  
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Figure 4.77: DPVs of different amount (10-40 mg) of standard PA in 50 mL PBS (pH 7) 

solution at DEA modified GC electrode. 

 

 
         

Figure 4.78: Calibration curve of PA with response to different amount (10-40 mg) in 50 

mL PBS (pH 7).  
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Figure 4.79: DPVs of PA in Reset (red line), Fast (purple line), Depyrin (green line), ATP 

(blue line) and Pyralgin (black line) tablets in PBS (pH 7) at DEA modified GC electrode. 

 

Figure 4.80: UV-Visible spectra of the different concentration (40-80 ppm) of standard PA 

in PBS (pH 7).  
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Figure 4.81: Calibration curve of standard PA with response different concentrations (40-

80 ppm) in PBS (pH 7). 

   

Figure 4.82: DPVs of different amount (5-30 mg) of standard TD in 50 mL PBS (pH 7) 

solution at DEA modified GC electrode.   



 

Results and Discussion  Chapter IV 

116 

 

 

Figure 4.83: Calibration curve of TD with response to different amount (5-30 mg) in 50 

mL PBS (pH 7). 

 

Figure 4.84: DPVs of TD in Anadol (orange line), Dolonil (red line), Lucidol (green line), 

Syndol (purple line),) and Tranal (light blue line) tablets in PBS (pH 7) at DEA modified 

GC electrode. 
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Figure 4.85: UV-Visible spectra of the different concentration (80-240 ppm) of standard 

TD in PBS (pH 7). 

 

Figure 4.86: Calibration curve of standard TD with response to different concentrations 

(80-240 ppm) in PBS (pH 7). 
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Figure 4.87: DPVs of different amount of standard PA+TD in 50 mL PBS (pH 7) solution 

at DEA modified GC electrode.  

   

Figure 4.88: Calibration curve of PA with response to different amount (mg) of binary 

mixture of PA+TD in 50 mL PBS (pH 7). 
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Figure 4.89: Calibration curve of TD with response to different amount (mg) of binary 

mixture of PA+TD in 50 mL PBS (pH 7). 

 

Figure 4.90: DPVs of PA+TD in Napadol (blue line), Resadol (red line) and Acetram 

(black line) tablets in PBS (pH 7) at DEA modified GC electrode. 
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Figure 4.91: DPVs of different amount of standard UA in 50 mL PBS (pH 7) solution at 

DEA modified GC electrode. 

 

 

                           

Figure 4.92: Calibration curve of UA with response to different amount (mg) in 50 mL 

PBS (pH 7). 
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Figure 4.93: DPV of UA in blood sample (7.5 mL blood + 22.5 mL PBS) at DEA modified 

GC electrode. 

 

 

 

Figure 4.94: Pathological report for the determination of UA in human blood sample. 
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Figure 4.95: DPV of UA in urine sample (20 mL urine + 30 mL PBS) at DEA modified 

GC electrode. 
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CHAPTER V 

 

 

Conclusions 

 

A simple and sensitive modified electrode sensor based on Diethylamine (DEA) modified 

Glassy carbon (GC) electrode has been developed for the determination of Paracetamol 

(PA), Tramadol (TD) and Uric acid (UA). The DEA modified GC electrode has been 

found to have sensing capability for the simultaneous detection and quantitative 

determination of PA, TD and UA. 

 

The detection is mostly favorable at pH 7. The performance of modified GC electrode is 

better than modified Au and Pt electrodes. DEA modified GC electrode shows very good 

sensitivity than bare GC electrode with considerable detection limit. In simultaneous 

detection, the limit of detection (LoD) for PA, TD and UA are 1.45 μmol L-1, 1.26 μmol L-

1 and 1.95 μmol L-1 respectively at DEA modified GC electrode. The sensitivity for PA, 

TD and UA are 62.25 µA/mM/cm2, 33.67 µA/mM/cm2 and 52.08 µA/mM/cm2 

respectively. 

 

DEA modified GC electrode shows very good recovery value with minimum standard 

deviations. It has been successfully used to determine the amount of PA and TD in their 

relevant tablets of some different pharmaceutical companies of Bangladesh and UA in 

blood and urine sample. The modified electrode sensor values are consistent with 

spectroscopic measurement value. DEA modified electrode is simple and rapid to 

fabricate. The modified electrode shows a stable output response and good selectivity in 

the presence of interfering species. 

 

DEA modified GC electrode sensor is recommended to the pharmaceutical industries for 

the determination of PA and TD. This sensor can also be recommended for the 

determination of UA in blood sample. It may save testing time and testing reagents to 

reduce the testing cost of the tablets, blood and urine sample. 
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