
  

  
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 
 

SYNTHESIS OF 
POLYPYRROLE/TANNIN/CETYLTRIMETHYLAMMONIUM BROMIDE 

NANOCOMPOSITES FOR DOPAMINE DETECTION 
 
 
 
 
 
 
 
 

NOR FARHANA WAHEEDA MOHD AZLI 
 
 
 
 
 
 
 
 

FS 2019 15 
 



© C
OPYRIG

HT U
PM

SYNTHESIS OF POLYPYRROLE/TANNIN/CETYLTRIMETHYLAMMONIUM 
BROMIDE NANOCOMPOSITES FOR DOPAMINE DETECTION 

By

NUR FARHANA WAHEEDA MOHD AZLI 

Thesis Submitted to the School of Graduate Studies, Universiti Putra 
Malaysia, in Fulfilment of the Requirements for the Degree of Master of 

Science 

November 2018 



© C
OPYRIG

HT U
PM

 

All material contained within the thesis, including without limitation text, logos, icons, 
photographs and all other artwork, is copyright material of Universiti Putra Malaysia 
unless otherwise stated. Use may be made of any material contained within the thesis 
for non-commercial purposes from the copyright holder. Commercial use of material 
may only be made with the express, prior, written permission of Universiti Putra 
Malaysia.

Copyright © Universiti Putra Malaysia



© C
OPYRIG

HT U
PM

i 
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the requirement for the degree of Master of Science  

SYNTHESIS OF POLYPYRROLE/TANNIN/CETYLTRIMETHYLAMMONIUM 
BROMIDE NANOCOMPOSITES FOR DOPAMINE DETECTION 

By

NUR FARHANA WAHEEDA BINTI MOHD AZLI 

November 2018 

Chair  : Mahnaz M.Abdi, PhD  
Faculty  : Science 

Polypyrrole-Tannin (PPy/TA) nanocomposite was prepared in the presence of cationic 
surfactant, cetyltrimethylammonium bromide (CTAB) using the chemical 
polymerization method. The resulting PPy/TA/CTAB nanocomposite was used to 
modify screen printed carbon electrode (SPCE) for developing a dopamine (DA) 
biosensor.  The presence of TA was able to repel the interference molecules (AA and 
UA) in DA detection, while CTAB act as a soft-template in tailoring the nanostructure 
of PPy. The electrochemical properties of the modified electrode were studied via 
cyclic voltammetry (CV) and SPCE/PPy/TA/CTAB-modified electrode revealed a 
higher current response compared to modified electrode of SPCE/PPy and 
SPCE/PPy/TA. The results obtained from Electrochemical Impedance Spectroscopy 
(EIS) exhibited a lower value of charge transfer resistance (Rct) for the 
SPCE/PPy/TA/CTAB-modified electrode indicating an enhancement in the electron 
transfer rate.  

The Fourier-Transform Infrared (FTIR) spectra of nanocomposite displayed the typical 
characteristic peaks of TA and CTAB which are evidences of the incorporation of these 
components into PPy. Electron Microscopy (TEM) revealed a rod-like structure with a 
lumpy surface for PPy/TA/CTAB nanocomposite, justifying the highest current 
response for the modified electrode. Brunauer-Emmet-Teller (BET) measurement 
displayed a surface area of 23.5 m2/g for PPy/TA/CTAB nanocomposite.  

Response Surface Methodology (RSM) has been applied to optimize the selected 
parameters and conditions in order to maximize the biosensor’s performance and its 
sensitivity. Amperometry and Differential Pulse Voltammetry (DPV) analysis were 
employed for all electrochemical measurements and dopamine detection in two 
different ranges of 0.1–2 μM and 2–50 μM. The good adhesion of nanocomposite on 
the electrode surface, as well as the high surface area and porosity of the modified 
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electrode, enhanced the diffusion of DA molecules inside the matrix. Amperometry 
analysis of the SPCE/PPy/TA/CTAB modified electrode displayed a good sensitivity of 
0.039 μA (μM)−1 towards dopamine with the limit of detection (LOD) of 2.9×10−7 M. 
The modified biosensor also excludes the interfering species of ascorbic acid (AA) and 
uric acid (UA) which makes the sensor suitable for DA determination. This biosensor 
showed an acceptable reproducibility and repeatability with low relative standard 
deviations (RSD) of 4.8% and 4.4%, respectively. The current response remained about 
81.5% of the original value after 21 days indicating an accepted stability over time.   

 

 

 

 

 

 

  



© C
OPYRIG

HT U
PM

iii 
 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Master Sains 

SINTESIS POLIPIROL/TANIN/SETILTRIMETILAMMONIUM BROMIDA 
KOMPOSIT NANO BAGI PENGESANAN DOPAMIN 

Oleh 

NUR FARHANA WAHEEDA BINTI MOHD AZLI 

November 2018 

Pengerusi : Mahnaz M. Abdi, PhD 
Fakulti  : Sains 

Komposit nano polimer konduktor Polipirol-Tanin (PPy/TA) telah disediakan dengan 
kehadiran surfaktan kationik, setiltrimetilammonium bromida (CTAB) dengan 
menggunakan kaedah pempolimeran kimia. PPy/TA/CTAB komposit nano yang 
dihasilkan telah digunakan untuk mengubah suai karbon elektrod skrin bercetak 
(SPCE) untuk membangunkan biosensor dopamin (DA). Kehadiran TA mampu 
menangkis molekul gangguan (AA dan UA) dalam pengesanan DA, sementara CTAB 
bertindak sebagai templat-lembut dalam melaraskan struktur nano PPy. Ciri-ciri 
elektrokimia elektrod yang diubahsuai telah dikaji melalui Voltammetri Berkitar (CV) 
dan elektrod yang diubahsuai oleh SPCE/PPy/TA/CTAB mendedahkan tindak balas 
arus yang lebih tinggi berbanding elektrod yang diubahsuai oleh SPCE/PPy dan 
SPCE/PPy/TA. Keputusan yang diperolehi daripada EIS mempamerkan nilai rintangan 
pindah cas (Rct) yang rendah bagi elektrod yang diubahsuai oleh 
SPCE/PPy/TA/CTAB, yang menunjukkan bahawa penggabungan CTAB ke dalam 
komposit dapat meningkatkan kadar pemindahan elektron.  

Spektrum Inframerah Transformasi Fourier (FTIR) komposit nano masing-masing 
memaparkan ciri tipikal puncak yang merupakan bukti penggabungan komponen-
komponen ini ke dalam PPy. Mikroskopi Elektron Transmisi (TEM) mededahkan 
struktur rod dengan permukaan yang berketul-ketul bagi komposit nano 
PPy/TA/CTAB, mewajarkan tindak balas arus tertinggi bagi elektrod yang diubahsuai. 
Keputusan yang diperolehi daripada analisis termal menunjukkan bahawa interaksi TA 
dengan PPy dapat meningkatkan kestabilan termal PPy sebanyak 307 °C. Pengukuran 
Brunauer-Emmet-Teller (BET) memaparkan luas permukaan sebanyak 23.5 m2/g bagi 
komposit nano PPy/TA/CTAB.  
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Kaedah Permukaan Penyelidikan (RSM) telah digunakan untuk mengoptimumkan 
parameter dan keadaan yang dipilih bagi memaksimumkan prestasi dan sensitiviti 
biosensor. Analisis Amperometri dan Voltammetri Denyut Pembeza (DPV) telah 
digunakan untuk semua pengukuran elektrokimia dan pengesanan dopamin dalam dua 
julat berbeza iaitu 0.1–2 μM dan 2–50 μM. Lekatan komposit nano yang baik pada 
permukaan elektrod, serta kawasan permukaan dan keliangan yang tinggi elektrod yang 
diubahsuai, mempertingkatkan resapan molekul DA di dalam matriks. Analisis 
Amperometri elektrod diubahsuai SPCE/PPy/TA/CTAB memapar sensitiviti yang baik
pada nilai 0.039 μA (μM)−1 terhadap dopamin dengan had pengesanan (LOD)  
2.9×10−7 M. Biosensor yang diubahsuai juga menyingkirkan spesis gangguan asid 
askorbik (AA) dan asid urik (UA) yang membuatkan sensor ini sesuai untuk penentuan 
DA. Biosensor ini menunjukkan kebolehpenghasilan semula dan kebolehulangan yang 
boleh diterima dengan sisihan standard relatif rendah (RSD) masing-masing 4.8% dan 
4.4%. Tindak balas arus kekal kira-kira 81.5% daripada nilai asal selepas 21 hari yang 
menunjukkan kestabilan di atas masa yang diterima. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background

Research in conducting polymers has been established for years with many applications 
in nanoscience and nanotechnology, such as electric energy storage systems, chemical-
to-electric or vice-versa energy conversion, sensors and biosensors, and corrosion 
protection system. To date, even though there is various literature on conducting 
polymers, studies to improve the physical and chemical properties of these materials 
are still ongoing (Naveen et al., 2017). There are a few developments involving 
composites of conducting polymer-based biomolecules, and surfactant using screen-
printed carbon electrodes (SPCEs) in the biosensor application. 

Polypyrrole is one of the most extensively used as a conducting polymer in the design 
of bioanalytical sensors as well as for other purposes. However, polypyrrole had 
drawbacks such as low solubility, dispensability, and response time, limit their 
application in sensors. Thus, many attempts have been made to overcome these 
shortcomings and develop new composites of conducting polymers with biopolymers, 
surfactants, and nanoparticles for biomolecule detection. Ghanbari and Hajheidari, 
2015, had modified the glassy carbon electrode with nanocomposite of hybrid 
nanostructured materials of zinc oxide nanosheets and copper oxide (ZnO-CuxO) 
coupled with conducting polymer of PPy (ZnO-CuxO-PPy) for simultaneous detection 
of dopamine, ascorbic acid, and uric acid.  Selvarajan et al., 2018, used the copper 
oxide (Cu2O) with silver-polypyrrole (Ag/PPy) to enhance the electrocatalytic activity 
of the biosensor, where the modified glassy carbon electrode was able to exhibit higher 
electrocatalytic activity and good sensitivity for the detection of serotonin (5HT).  

As a consequence, the aim of this study is to enhance the physical and chemical 
properties of polypyrrole by means of incorporation of tannin (biopolymer) and a 
cationic surfactant to form polypyrrole nanocomposite. The presence of TA enhances 
the physical and mechanical properties of polypyrrole. In addition, hydroxyl groups 
with negative charges in TA structure encourage accumulating positive charges of DA 
and repel AA and UA on the modified electrode via electrostatic interaction.  

Surfactants are one of the most widely used materials for modification CPs, leading to 
many applications in sensing devices. Surfactants act as a template for a formation of 
nano- and mesostructured particle during synthesis, which leads to the increase in the 
penetration rate of the target molecules in the sensing area of the biosensor and thus 
decreases its response time (Viana et al., 2012). Therefore, the ability of hard or soft 
templates of the surfactants to produce a high surface material for the sensing 
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applications, attract the researcher interest to utilize it through the synthesis of the 
conducting polymer nanostructure (Xia et al., 2010).

In the current research, a cationic surfactant of cetyltrimethylammonium bromide 
(CTAB) was utilized as a soft template to prepare a nanostructured compound in the 
developing of a highly porous substrate with a high rate of electron transfer. The 
composites of polypyrrole/tannin (PPy-TA) were prepared in the presence of different 
concentration of CTAB. The nanocomposite of PPy/TA/CTAB was made via chemical 
polymerization and then was used for the fabrication of a biosensor for biomolecule 
detection (such as dopamine and ascorbic acid).  

Among biomolecules, dopamine (DA) is a neurotransmitter that carries signals between 
brain cells and helps control the brain's reward and pleasure centers. The abnormal 
amount of DA in body systems may frequently cause varied neurological disorders, 
including Parkinson's disease and schizophrenia (Stopper et al., 2009). However, the 
electrochemical determination of dopamine is mainly affected by the oxidation of 
ascorbic acid (AA) and uric acid (UA), which often coexist with the DA in the 
biological samples and exhibit a similar oxidation potential (Naseri & Majidi, 2011).
Therefore, an electrode modification is necessary to detect DA in the presence of other 
biomolecules (Wang et al., 2014).

In order to optimize parameters and conditions for biosensor fabrication and to achieve 
the best performance, all experiments were designed using response surface 
methodology (RSM), which is one of the well-known design of experimental 
technique. 

 
1.2  Problem Statement

Conducting polymer sensors have received growing attention due to their favorable 
properties. Polypyrrole (PPy) is an example of an electronically conducting polymer 
that has widely been used in biosensors. It is identified to possess outstandingly high 
electrical conductivity, simply deposits from aqueous and non-aqueous media, highly 
adherent to many types of substrates, which sums up the advantages it offers 
(Singh et al., 2011). However, the problem arises due to the disadvantages of PPy such 
as having a lack of mechanical properties (Wang et al., 2001), a low level of dispersion 
ability, and is structurally bulky, which  limit its application in sensors, especially in 
the purposes of obtaining the high sensitivity in the detection of the target analyte.  

Thus, in this research, CTAB as a surfactant has been utilized in order to provide a 
nanostructure composite, and the main reason for using TA was to enhance the sensor 
performance for dopamine detection in the presence of other biomolecules, especially 
AA and UA, as TA molecules could help to repel those interferences. In addition, TA
also was used to enhance the physical and electrochemical properties of PPy.  
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1.3  Research Objectives

The main aim of this research is to prepare PPy/TA/CTAB nanocomposite and study its 
physical and electrochemical properties for sensor application. The objectives are as 
follows: 

1. To prepare and characterize the electrochemical and physical properties of the 
PPy/TA/CTAB nanocomposites.  

2. To evaluate the application of the modified electrode using PPy/TA/CTAB 
nanocomposites for biomolecules (dopamine and/or ascorbic acid and/or uric acid) 
detection using DPV and CV.  

3. To find the optimal conditions of the target analyte by using the fabricated 
biosensor with the aid of Research Surface Methodology (RSM) and evaluate the 
biosensor in terms of its performance in detection of the analyte. 
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