
INTRODUCTION

In electrochemical biosensor, the stability of sensor surface
or transducer is very crucial for the immobilization of bio-
logical substances. This is highly contributed to the sensitivity
of the developed sensor. The transducer is responsible to
measure the current produced from the oxidation and reduction
reaction of the electroactive components. It is usually made
from conductive materials such as mercury, noble metals (gold
and platinum), carbon and polymeric conductors. The working
electrode should offer great signal-to-noise properties and
also a reproducible response [1]. Besides that, the electrical
conductivity, mechanical properties, potential window, surface
reproducibility, cost, availability and toxicity are also need to
be considered.

The transducer, screen-printed carbon electrode alone is
already able to provide a suitable and convenient working site
for the biochemical reactions. However, various attempts have
been done to improve the performance, as well as the sensitivity
of the sensors including integrating nanomaterials [2]. For
example, nanoparticles, nanowires as well as nanotubes offer
outstanding prospects for interfacing biological recognition
events with electric signal transduction [3]. The incorporation
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of these materials is believed to enhance the current produced
from the reaction. The work presented in this paper describes
the usage of multi-walled carbon nanotube and chitosan as
the modification materials for screen-printed carbon electrode.

Carbon nanotube is widely being used in biosensor applica-
tion compared to others. Carbon nanotube (CNT) can be referring
to a hexagonal network or sheet of carbon atoms rolled up into
a tube with a diameter of around tens of nanometers [2] or can
be simply known as a layer of graphite rolled-up into a cylinder.
Carbon nanotubes have advantages over their small size, high
strength, high electrical and thermal conductivity and high
specific surface area [4].

Furthermore, carbon nanotubes need to be functionalized
prior to application in biosensor because of the lack of solubility
in aqueous media. Therefore, solubilization and functionaliza-
tion have been modified the surface of nanotube by change it
from hydrophobic to hydrophilic which can be done by chemical,
electrochemical, thermal, plasma oxidation treatment, adsorp-
tion, electrostatic interaction or covalent bonding of different
molecules [5,6].

In this study, screen-printed carbon electrode was
modified using multi-walled carbon nanotube and chitosan
before proceed to development of a sensitive immunosensor
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to detect toxic compounds in foods. This modification is believed
to provide a convenience and suitable matrix for the immobi-
lization of biological elements, aiming at improving their state
of interactions with macromolecules and optimize the final
properties of the hybrid nanomaterials [7]. Immobilization
method of antibodies is very crucial prior to analysis to ensure
the biological activity of antibody and produce efficient binding
[8]. The physical adsorption of antibody immobilization on
solid phase is reliant on the non-specific interaction between
antibody and solid phase such as hydrogen bonding. Antibody
immobilization was greatly improved due to contact between
hydrophilic antibody and hydrophilic carbon nanotube and
nanodiamond, subsequently promoting the antigen binding [9].

EXPERIMENTAL

Multi-walled carbon nanotube (> 98 %) and medium
molecular weight chitosan were purchased from Sigma. All
chemicals and reagents were used without further purification
including sulphuric acid, nitric acid, hydrogen peroxide, sodium
chloride, potassium chloride, sodium phosphate dibasic
(Na2HPO4) and anhydrous potassium phosphate monobasic
(KH2PO4).

Buffer solutions: 10 mM phosphate buffered saline (PBS),
pH 7.4, was used as a supporting electrolyte with the addition
of 5 mM potassium ferricyanide. Piranha solution was prepared
by mixing H2SO4 and H2O2 at ratio of 3:2, respectively.

Electrochemical measurements were performed at room
temperature, using a computer-controlled system, Autolab
Electrochemical Analyzer (µ3Aut71052) with GPES software.
The screen-printed carbon electrode were purchased from
DropSense (Metrohm Malaysia Sdn. Bhd). Each screen-
printed carbon electrode consisted of three printed electrodes;
working (carbon, 4 mm diameter), counter electrode (carbon)
and reference electrode (silver). Fourier transform infrared
spectroscopy (FTIR) and field emission scanning electron
microscopy (FESEM) at Institute of Advanced Technology,
UPM were used for characterization of multi-walled carbon
nanotube.

Purification and Functionalization of multi-walled
carbon nanotube: In order to purify multi-walled carbon
nanotube, a non-oxidative treatment using HCl has been
applied to remove the impurities and amorphous carbon
presence in pristine multi-walled carbon nanotube. In this step,
1 g of multi-walled carbon nanotube was mixed with 200 mL
of concentrated HCl. The mixture was stirred using magnetic
stirrer for 2 h. Then, the suspension was diluted in water, filtered,
washed with deionized water to remove acid traces until the
pH was neutral and dried at 40 °C for overnight.

The purified multi-walled carbon nanotube was further
treated with two types of acid treatment to modify the surface
of nanotubes by adding –COOH and –OH functional groups.
The first treatment was chemical oxidation by piranha solution.
For this treatment, as described by Datsyuk et al. [10], 0.3 g
of the purified multi-walled carbon nanotubes was dispersed
in 25 mL of piranha solution and the solution was kept for 5 h
under stirring. Then, the suspension was diluted in water, filtered
and washed up to neutral pH. The treated multi-walled carbon
nanotubes were then dried at 40 °C, overnight.

The second treatment was done by using the mixture of
H2SO4 and HNO3 at ratio of 3:2, respectively. The purified
multi-walled carbon nanotube (0.5 g) was dispersed in the
solution and stirred at room temperature for 24 h. Then, the
suspension was diluted in water, filtered and washed up to neutral
pH. The treated multi-walled carbon nanotubes were then dried
at 40 °C overnight.

Characterization of functionalized multi-walled carbon
nanotube: Pristine and functionalized multi-walled carbon
nanotube samples were characterized by several techniques
to identify the presence of carboxylic functional groups (O=C-OH
and C-OH) on the surface of treated surface. Fourier transform
infrared spectroscopy was used to estimate the chemical compo-
sition and surface groups on the multi-walled carbon nanotube
before and after treatment. The struc-ture and morphology of
functionalized multi-walled carbon nanotube were studied by
field emission scanning electron microscopy (FESEM). Finally,
cyclic voltammetry analysis was used to determine the electro-
chemical behaviour and evaluate the active surface area after
modification process.

Optimization of casting conditions: The functionalized
multi-walled carbon nanotube was added in 0.5 % of chitosan
to form a MWCNT/CS solution. The solution was then homo-
genized in ultrasonic water bath for 1 h to form a well black
suspension. Drop casting was the crucial procedure in the
modification of screen-printed carbon electrode. The produced
MWCNT/CS suspension was then dropped manually using
micropipette onto the surface of working electrode, as the
site of modification. Three parameters were tested to optimize
the casting condition of the MWCNT/CS matrix including
MWCNT:CS ratio, volume of droplet and drying condition. In
addition, effect of pH of supporting electrolyte and scan rate
were also studied.

RESULTS AND DISCUSSION

FTIR analysis: FTIR is generally used as a qualitative
technique for estimation of functional group. Fig. 1 shows the
attenuated total reflection infrared spectra of pristine multi-
walled carbon nanotube (a), functionalized multi-walled carbon
nanotube treated with piranha solution (b) and H2SO4 + HNO3

(c). The resulted spectra were in a range of 4000-500 cm-1. It
has been shown that there is a broad peak at about 3445 cm-1

refers to the O-H stretching of the hydroxyl group from carboxyl
groups (O=C-OH and C-OH). The presence of carboxyl groups
on the surface of pristine multi-walled carbon nanotube may
be due to the partial oxidation during purification by the manu-
facturer [11].

Two new noticeable peaks at 1715 cm-1 and 1056 cm-1

(Fig. 1c) appeared in multi-walled carbon nanotube oxidized
by the mixture of H2SO4 and HNO3. The occurrence of these
bands are contributed to the existence of C=O and C-O stretching
vibrations of the carboxylic groups (-COOH), respectively
[12]. This formation was caused by the oxidation of some carbon
atoms on the surface of the multi-walled carbon nanotube by
strong acids. Based on these spectra, a decreasing relative inten-
sity of the –OH band at 3445 and 1635 cm-1 can be observed
when compared with the pristine and functionalized multi-
walled carbon nanotubes, this is related to the associated water
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Fig. 1. FTIR spectra of pristine multi-walled carbon nanotube (a),
functionalized multi-walled carbon nanotube treated with piranha
(b) and functionalized multi-walled carbon nanotube treated with
H2SO4 + HNO3 (c)

[13] and stretching of the carbon nanotube backbone [14].
Based on Fig. 1(b), the peak at 3745 cm-1 is ascribed to the
free hydroxyl groups [15], meanwhile peak at 2919 cm-1 is
attributed to the C-H stretch modes of H-C=O in the carbonyl
group and indicate the presence of a long-chain alkyl molecule
[11].

This study was done to compare two types of treatment
in terms of their effect on introducing carboxylic groups on
the surface of carbon nanotubes, as well as improving the
properties of carbon nanotube. Based on the FTIR result, multi-
walled carbon nanotubes which were oxidized by the mixture
of H2SO4 and HNO3 successfully added carboxylic groups
(-COOH) to the wall of carbon nanotube. This is sup-ported
by the presence of a peak at 1715 cm-1 which represent C=O
and C-O stretching vibrations. Meanwhile, a noticeable peak
at 2919 cm-1 for the multi-walled carbon nanotube oxidized
by piranha solution is also attributed to the C-H stretch modes
in the carbonyl group.

Surface morphology: FESEM: The surface morphology
of multi-walled carbon nanotube after functionalization was
observed using FESEM. Fig. 2 shows images of pristine and
functionalized multi-walled carbon nanotube under 25000X
magnification. Based on this observation, the walls of those
tubes are not fully damaged although after treated with strong
acid. The characteristics of pristine multi-walled carbon
nanotube (Fig. 2a) are longer in length, smooth surfaces and
they were attached tightly together in a bundle. However, after
functionalization with strong acids, the nanotubes appeared
shorter, curled and tangled. Carbon nanotube was observed to
be equally dispersed and no longerin a bundle (Fig. 2b). Strong
acid solution is believed to attack the present destructions site
of multi-walled carbon nanotube and consumed the oxidized
vacancies to produce shorter nanotube, by means increasing
reaction will greatly produce shorter tubes [10]. Carbon nano-
tube is made up of carbon sheet called graphene that are rolled
at specific and discrete angle. They are held together by van
der Waals forces which are relatively weak. Therefore, by using
strong acid in functionalization, it will break some C=C double
bond and subsequently make the tube shorter.

Fig. 3 shows the diameter of carbon nanotube at magnifi-
cation of 200000X. The diameter of functionalized nanotubes
was observed to be increased compared to pristine nanotubes.
The diameter of pristine multi-walled carbon nanotubes are
distributed from 5 to 15 nm meanwhile, the diameter of func-
tionalized multi-walled carbon nanotube (Figs. 3b and 3c) are
in the range of 15 to 30 nm due to the additional layer of func-
tional groups attached at the carbon nanotube walls.

Cyclic voltammetry analysis: Cyclic voltammetry analysis
was used to characterize the surface of working electrode on
screen-printed carbon electrode in the presence 5 mM of pota-
ssium ferrocyanide in supporting electrolyte. Based on the
result of Fig. 4, higher peak separation between the anodic
and cathodic peak was observed for the modified electrode

Fig. 2. FESEM image of pristine multi-walled carbon nanotube (a) and functionalized multi-walled carbon nanotube (b) under 25000X
magnifications
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Fig. 4. Cyclic voltamogram of bare and modified screen-printed carbon
electrode in 0.1 M PBS with 5 mM of K3[Fe(CN)6] at a scan rate of
0.1 V/s. Scan was set to 3 cycles from -0.6 to 0.7 V (vs. Ag/AgCl)

compared to the bare screen-printed carbon electrode. The peak
separation can be used to determine the number of electrons
transferred, as a criterion for a Nernstian behaviour [1]. Cyclic
voltamogram shows the improvement of anodic and cathodic
currents for both multi-walled carbon nanotube treated with
H2SO4 + HNO3 and piranha solution. However, multi-walled
carbon nanotube treated by piranha produced a big capacitance
effect at the reverse and forward edges. The active surface area
of screen-printed carbon electrode was calculated based on
Randles-Sevcik equation:

ip = (2.69 × 105) n3/2 ACD1/2
 ν1/2 (1)

where n is the number of electrons, A is the electrode area
(cm2), C is the concentration (mol cm-3), D is the diffusion
coefficient (cm2 s-1) and ν is the scan rate (V s-1).

Based on eqn. 1, the real active surface area of the elec-
trode was calculated by substitute n = 1 [Fe(CN)6

3- system], A
= πr2 = (22/7) (0.2 cm)2 = 0.126 cm2, C = 5.0 × 10-3 mol L-1, D
= 7.6 × 10-6 cm2 s-1 and ν = 0.1 V s-1. The geometrical surface
area of the electrode is 0.126 cm2 and as expected, the real
electrochemical surface area is much larger. Active surface
area of bare screen-printed carbon electrode was calculated
as 0.295 cm2 while it was 1.879 and 2.063 cm2 after modifi-
cation with multi-walled carbon nanotube treated with (H2SO4

+ HNO3) and Piranha solution (Table-1), respectively.
Meanwhile, in this study, chitosan biopolymer was prepared

in 1 % acetic acid solution. The integration of multi-walled
carbon nanotube and chitosan was confirmed by coating a
screen-printed carbon electrode with multi-walled carbon
nanotube in 1 % acetic acid in the absent of chitosan. As shown
in Fig. 4, the peak currents of SPCE/MWCNT without chitosan
were lower and shifted to more oxidation/reduction potentials.
This proved that chitosan enhances the stability and conduc-
tivity of the developed sensor.

Mass transfer process of MWCNT-CS modified elec-
trode: Electroactive marker, potassium ferrocyanide can
evaluate the reproducibility of the modified sensors. Thus, the
electrochemical behaviour was tested at various scan rates in
the range of 10 to 500 mV s-1. During scan under different
scan rate, the higher peak separation between the anodic and
cathodic peak was observed as shown in Fig. 5.

TABLE-1 
ELECTROCHEMICAL PARAMETERS OBTAINED FROM VOLTAMMOGRAMS IN Fig. 4.  

Electrode Epc (V) ∆EP (V) ipa (µA) ipc (µA) A (cm2) 
Current density 

(µA/cm2) 
Bare -0.0104 0.324 75.5 -86.3 0.295 255.93 
MWCNT/CS (Piranha) -0.1129 0.518 481.0 -486.0 1.879 255.99 
MWCNT/CS (H2SO4 + HNO3) -0.1514 0.547 528.0 -566.0 2.063 255.94 
MWCNT (Piranha) -0.1129 0.394 246.1 -210.2 0.961 256.09 
MWCNT (H2SO4 + HNO3) -0.1813 0.340 179.7 -257.5 0.702 255.13 

 

Fig. 3. FESEM image of carbon nanotube under 200 000 X magnification; Pristine multi-walled carbon nanotube (a) Functionalized multi-
walled carbon nanotube by H2SO4 + HNO3 (b) and functionalized multi-walled carbon nanotube by Piranha solution (c)
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Optimization of screen-printed carbon electrode modified
with functionalized multi-walled carbon nanotubes

Study on the ratio of multi-walled carbon nanotube and
chitosan (MWCNT/CS): The functionalized carbon nano-
tube was mixed with chitosan as an electroactive biopolymer.
Chitosan has great advantages for biosensor development due
to its excellent film-forming ability, mechanical strength,
biocom-patibility, non-toxicity and cost-effectiveness [16].
Entrapment of multi-walled carbon nanotube in chitosan was
being optimized for its immobilization stability and active
surface area.

The experiment was carried out at six ratios of MWCNT:CS
including 1:5, 1:2, 1:1, 2:1, 5:1, 10:1 (mg:mL), respectively.
As it has shown in Fig. 6, the highest sensitivity was at ratio of
5:1. At optimum ratio of 5:1, the multi-walled carbon nanotube
was well entrapped homogenously without interrupting the
carbon nanotube structure and properties eitherchemically or
physically. Based on the result, as the ratio increased up to
10:1, the peak current decreased drastically. This may be due
to the high density of carbon nanotube and low porosity for
substrate to reach the active site of the electrode. Higher
concentration of multi-walled carbon nanotube affected the
system to be unstable and flaked away easier [17]. Therefore,
the formation of multi-walled carbon nanotube matrix in
chitosan onto the electrode was carried out at ratio of 5:1 for
next studies.

Drop coating volume of MWCNT/CS matrix: Another
key parameter foroptimization of working electrodeis the
casting volume. This is to maximize the response and at the
same time minimize the production cost. Based on result in
Fig. 7, the current response increased as the volume increased
up to 10 µL. Therefore, 10 µL of MWCNT/CS suspension
was chosen as the optimal casting volume. This could be due
to the adequate amount of MWCNT/CS at the electrode surface
which consequently increased the active surface area for the
electron transfer. Diameter of the working electrode is 4 mm,
therefore increasing volume more than 10 µL causes over
flowing on the surface of electrode.

Drying condition: Drying condition of the casted screen-
printed carbon electrode has also been analyzed by comparing
three different conditions which are at room temperature
for overnight, oven drying at 40 and 80 °C for 30 and 10 min,
respectively with the optimal MWCNT:CS ratio (5:1) and
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coating volume (10 µL). Based on the result in Fig. 8, there
was no significant difference between those three different
drying conditions. The current produced was almost the same
for each drying method which proved that the oven drying
does not effect the properties of multi-walled carbon nanotube
and chitosan. This result is supported by one of the carbon
nanotubes characteristic which is highly heat stable, up to
250 °C [4]. Since the preparation time is also a crucial parameter
to be considered for a simple yet sensitive biosensor, therefore,
oven drying at 80 °C for 10 min was an optimal condition to
dry up the coating matrix.
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Precision of electrochemical sensor: The reproducibility
of the modified electrode was studied by fabrication of five
modified electrodes to determine the oxidation peak current
of ferrocyanide under optimum conditions. The result yielded
a relative standard deviation (RSD %) of 3.36 % which shows
that the proposed fabricated sensor is reproducible. The repeat-
ability of the fabricated sensor was reported by preparing one
electrode and used for five measurements (n = 5) of K3[Fe(CN)6].

The result gives the RSD of 4.68 %, suggesting that the electrode
is good for five repeated measurements.

Conclusion

In this work, we have optimized a convenient method to
modify the screen-printed carbon electrode for further develop-
ment of immunosensor as well as enhancing the conductivity.
Multi-walled carbon nanotube functionalized with mixture
of sulphuric acid and nitric acid provides more hydrophilic
environment and carboxylic groups subsequently provides a
better baseline for the attachment of bioactive component in
further development of biosensor. The optimal condition for
deposition of MWCNT/CS matrix onto the screen-printed
carbon electrode was found at 5:1 ratio with 10 µL drop casting
volume onto the 4 mm diameter working electrode and dried
at 80 °C for 10 min. This optimized modification of screen-
printed carbon electrode with carbon nanotube and chitosan
improved its stability and active surface area.
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