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Abstract
A new zinc-layered hydroxide-L-phenylalanate (ZLH-LP)-modified multiwalled carbon nanotube (MWCNT) was prepared as a
new material of paste electrode for the detection of paracetamol (PCM) in 1.0 × 10−1 M phosphate buffer solution and at pH 7.5.
The electrochemical characterization of the MWCNTs/ZLH-LP paste electrode was characterized by square wave voltammetry,
electrochemical impedance spectroscopy, and cyclic voltammetry while the morphology properties of the MWCNTs, ZLH-LP,
and MWCNTs/ZLH-LP were investigated using transmission electron microscopy and scanning electron microscopy. Under
optimized conditions, the MWCNTs/ZLH-LP paste electrode demonstrated an excellent electrocatalytic activity towards oxida-
tion of PCM in the linear responses’ ranges from 7.0 × 10−7 M to 1.0 × 10−4 M (correlation coefficient, 0.996) with the limit of
detection obtained at 8.3 × 10−8 M. As a conclusion, the MWCNTs/ZLH-LP paste electrode revealed good repeatability, repro-
ducibility, and stability, and was found to be applicable for use in pharmaceutical tablet samples.

Keywords Paracetamol . Multiwalled carbon nanotubes . Square wave voltammetry . Chronocoulometry . Zinc layered
hydroxide-L-phenylalanate

Introduction

Paracetamol (PCM, Fig. 1) was first introduced into medicine
in 1893 by Von Mering. It is one of the most widely used
antipyretics by sedating the center of hypothalamic heat-
regulating and an analgesic by inhibiting the preparation of
prostaglandin in the central nervous system [1, 2]. It can be

used as an alternative for the people who are sensitive to as-
pirin or acetylsalicylic acid [3]. At therapeutic level, PCM is
generally considered effective and safe for normal drug users
[4]. However, non-prescribed high-dose consumption of PCM
leads to the toxic metabolites’ accumulation, which causes
severe and sometimes fatal nephrotoxicity and hepatoxicity
[5, 6]. In the United States of America (USA), most acute liver
failure cases annually are caused by PCM or idiosyncratic
drug reactions [7]. Thus, development of an analytical method
for simple and accurate analysis of PCM is important.

One of the significant parts in analytical chemistry is anal-
ysis of the drug, which plays an important role in quality
control of the drug in pharmaceutical, medicinal, and clinical
chemistry. Variety methods have been established for deter-
mining PCM in biological fluids and pharmaceutical tablets
such as titrimetry [8], capillary electrophoresis [9], colorime-
try [10], chromatography [11, 12], flow-injection analysis
[13], Fourier transform infrared spectroscopy [14], spectro-
photometry [15, 16], and chemiluminescence [17].
Unfortunately, these listed methods are high costs, consume
a long time for the analysis, and sometimes need complicated
sample pre-treatments and to be handled by experienced
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operators that make it not suitable for routine analysis. Since
PCM is one species that can be oxidized electrochemically to
produce N-acetyl-p-quinoneimine (NAPQI) involving two
electrons, electrochemical techniques can be considered as
an interesting alternative to the above methods due to their
advantageous and unique properties such as good sensitivity,
simplicity, excellent catalytic activity, and easy fabrication
[18, 19]. There are many researcheswith several combinations
of electrode surfaces, modifiers, techniques, and methods that
have been done to improve the selectivity and sensitivity for
electroanalytical studies of PCM. For instances, Vidyadharan
and co-workers used sensor based on Ni-doped Co ferrite
modified with the carbon electrode for the sensitive detection
of PCM [20]. In 2010, Pournaghi-Azar and his group mem-
bers have studied the simultaneous voltammetry of PCM, co-
deine, and ascorbic acid using Al electrode surface modified
with the thin layer of Pd [21]. Besides that, Tyszczuk-Rotko
and his group introduced a novel sensor of a boron-doped
diamond electrode modified with lead film and Nafion for
determination of ascorbic acid and PCM simultaneously
[22]. In 2012, Yang and co-workers tested different organic
molecules as a modifier on glassy carbon electrodes for deter-
mination of PCM in acidic solution [23] while Raoof and his
group members reported the using of ordered mesoporous
carbon and hexagonal arrays of tubes for simultaneous deter-
mination of epinephrine and PCM [24].

Recently, various materials incorporated to carbon nano-
tubes (CNT) have received considerable interest in an electro-
analysis field since their first discovery in 1991 [25]. CNT has
specific and unique properties such as a higher electrical con-
ductivity, its mechanical strength, larger surface area, and
chemical stability [26–28]. Moreover, the subtle electronic
behavior of CNT revealed that it has the tendency to promote
the electron transfer reaction and has a high electrocatalytic
effect when used as electrode materials [29, 30]. Metal-
layered hydroxides with an empirical formula of M2+(OH)2
− x(A

m−)x/m·mH2O, where M
2+ is referring to the divalent me-

tallic cations such as Zn2+, Ni2+, Mg2+, and Mn2+ that form
layered materials consisting of positively charged, while Am−

is ions with the negative charge that inserted between these
layers as shown in Scheme 1, have been studied extensively
and are recognized for their anion exchangeable properties
[31]. The interlayer anions can be exchanged with organic or
inorganic’s charged compounds. Yin and his co-workers
established a voltammetric sensor based on the combination

of Au nanoparticles and an organophilic layered double hy-
droxide as a novel sensor for determination of PCM, dopa-
mine, and 4-aminophenol [32]. Isa and his group members
successfully fabricated Zn-layered hydroxide-3-(4-
methoxyphenyl) propionate modified with the glassy carbon
electrode as voltammetric sensor to detect the hydrazine in
water samples [33]. Su et al. reported better electrochemical
performance when MWCNT were mixed with the layered
double hydroxide [34].

To the best of our knowledge, there is no research and study
has been published reporting electrochemical detection of
PCM using the MWCNT modified with ZLH-LP as a modi-
fier as a voltammetric sensor. Thus, this study is intended to
apply the MWCNT/ZLH-LP paste electrode as an alternative
sensor for sensitive detection of PCM. Effective SWV param-
eters of the MWCNT/ZLH-LP paste electrode towards PCM
determination were investigated in details and the results
showed a good sensitivity, acceptable reproducibility and re-
peatability, low detection limit, wide linear dynamic range,
and was successfully tested for the determination of PCM in
pharmaceutical tablets with satisfactory results.

Experimental

Reagents and chemicals

All reagents and chemicals in this experiment were analytical
grade and used without further purification. MWCNTs were
ordered from Timesnano, China. PCM and KCl were obtained
from Sigma-Aldrich, the USA. Generic tablets of paracetamol
(0.5 g) were purchased from local pharmacy in Slim River,
Perak. Different pH of phosphate buffer solutions (PBS) were
prepared by mixing the stock solutions of 1.0 × 10−1 M
KH2PO4 and 1.0 × 10−1 M K2HPO4 (Merck, Germany).
Stock solutions of PCM (1.0 × 10−3 M) were freshly prepared
by dissolving the PCM in deionized water and stored at 4 °C
in the dark place until it to be used. The ZLH-LP was prepared
in the laboratory as reported previously [31].

Instrumentation

Electrochemical impedance spectroscopy (EIS) and square
wave voltammetry (SWV)/cyclic voltammetry (CV) were

Scheme 1 Illustration of layered hydroxide salts
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Fig. 1 Structure of PCM
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performed with a Potentiostat/Galvanostat Ref 3000 model
(USA) and Potentiostat Series-G750 (USA), respectively.
The measurements were carried out using the conventional
three-electrode cell consisting of a platinum wire as a counter
or auxiliary electrode, an Ag/AgCl electrode MF-2052 model
fromBioanalytical System, USA, as a reference electrode, and
the MWCNT/ZLH-LP paste electrode as a working electrode.
The surface morphological characterization of MWCNTs and
MWCNTs/ZLH-LP were performed on the FESEM SU8020
UHR model from Hitachi, Japan.

The fabrication of the MWCNTs/ZLH-LP

For the fabrication of the MWCNTs/ZLH-LP paste electrode,
0.09 g MWCNTs and 0.01 g ZLH-LP were mixed with a
suitable amount of paraffin oil in a mortar and pestle until
the homogenized paste was produced. Then, the uniform paste
was packed into the Teflon tube (3 cm long and 2-mm diam-
eter) and a copper wire was inserted into one of the end of the
carbon paste to establish the electrical contact. The surface of
the paste was polished with weighing paper just before used.
For electrochemical activity comparison, the unmodified
MWCNT paste electrode was fabricated through a similar
approach without the addition of ZLH-LP modifier.

Measurement procedure

The determination of PCM was performed by using SWV in
1.0 × 10−1 M PBS as supporting electrolyte and conditions
were as follows: potential range = 0.0 V to + 0.6 V, step incre-
ment = 3 mV, pulse height = 60 mV, and frequency = 120 Hz.
EIS study was carried out in 1.0 × 10−4 M PCM in the pres-
ence of 1.0 × 10−1 M PBS as supporting electrolyte. All the
electrochemical experiments were conducted at 25± 1 °C and
were measured against Ag/AgCl (reference electrode). For the
detection of the PCM tablet in real sample analysis, the tablet
was weighed and then ground, becoming a powder, followed
by dissolving and diluting into 50 mL volumetric flask.

Result and discussion

Characterization of the MWCNTs
and MWCNTs/ZLH-LP

The transmission electron microscopy (TEM) and scanning
electron microscopy (SEM) were used to characterize the
morphology of the fabricated paste electrode surface.
Figure 2a displays the typical SEM image of MWCNTs as a
porous network structure which is dense and highly entangled.
After modification with the ZLH-LP, Fig. 2b indicates that the
ZLH-LP was distributed on the MWCNTs with special three-
dimensional (3D) structure. It was proven by the TEM image
that shows ZLH-LP as a dark spot was covered by transparent
tubes ofMWCNTs (Fig. 2c). These results clearly revealed the
successfully modified MWCNTs along with ZLH-LP, which
increased the effective surface area of electrode and formed
the conducive condition for PCM determination.

Electrochemical behaviors at the surface of the MWCNT/
ZLH-LP and unmodified MWCNT paste electrodes were ini-
tially determined by CV in 1.0 × 10−3 M PCM in the presence
of 1.0 × 10−1 M PBS at a scan rate ( ) of 100 mV s−1 as shown
in Fig. 3. The unmodified MWCNT paste electrode showed a
couple of redox peaks with differences between cathodic peak
and anodic peak potentials or also known as the peak-to-peak
separation (ΔEp) of 0.33 V. The addition of the ZLH-LP in-
creased significantly the peak current intensities and also de-
creased the ΔEp to 0.14 V, suggesting that the addition of the
ZLH-LP has improved the charge transfer rate. For reversible
redox process, ΔEp should be 0. The relatively small ΔEp

might arise from the effects of uncompensated ohmic drops
and charge transfer [35].

The effects of the scan rates ( ) on the electrochemical be-
haviors of 1.0 × 10−3 M PCM in the presence of 1.0 × 10−1 M
PBS at theMWCNT/ZLH-LP paste electrode were investigat-
ed to study the kinetic of reactions. Figure 4a shows the peak
currents’ oxidation of PCM increased with increasing from
10 to 200 mV s−1. It can be seen clearly in Fig. 4b that plots of
the peak current (Ip) vs. scan rate ( ) showed the straight lines
with linear equations as, Ipa/μA= + 0.11 /mV s−1 + 1.92/μA

Fig. 2 The SEM image of a MWCNTs, b MWCNTs/ZLH-LP, and the TEM image of c MWCNTs/ZLH-LP
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(R2 = 0.994) and Ipc/μA = − 0.07 /mV s−1−0.26/μA (R2 =
0.992). These results suggested that the kinetic of the electrode
reaction was predominantly adsorption-controlled process.
Figure 4c shows the linear line for the plot of log Ipa as a
function of log with the equation as log Ipa/μA= +0.82 log
/mV s−1 + 0.53/μA (R2 = 0.992). The obtained slope of 0.82
(theoretical value 1.0) confirmed that the kinetic of the

electrode reaction was adsorption-controlled process [36].
The ΔEp increased with increasing scan rate could be caused
by uncompensated ohmic drops [37].

EIS is an effective tool to investigate the characteristics of
the modified electrodes’ interface. It provides some informa-
tion including electron transfer resistance, impedance of elec-
trode, and double layer capacitance. In Nyquist diagram, the

Fig. 3 Cyclic voltammogram of the (a) unmodified MWCNT and (b)
MWCNT/ZLH-LP paste electrodes in 1.0 × 10−3 M PCM in the presence
of 1.0 × 10−1 M PBS at the = 100 mV s−1

Fig. 4 a Cyclic voltammogram of the MWCNT/ZLH-LP paste
electrode in 1.0 × 10−3 M PCM in the presence of 1.0 × 10−1 M PBS
at a scan rate of (a) 10 mV s−1, (b) 20 mV s−1, (c) 40 mV s−1, (d)

70 mV s−1, (e) 100 mV s−1, ( f ) 150 mV s−1, and (g) 200 mV s−1. b
The plot of Ip vs. . c The plot of log Ipa vs. log

Fig. 5 EIS of the (a) unmodified MWCNT and (b) MWCNT/ZLH-LP
paste electrodes in 1.0 × 10−4 M PCM in the presence of 1.0 × 10−1 M
PBS. Inset: Randle’s equivalent electrical circuit system
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diameter of the semicircle corresponded to the resistance of
electron transfer (Rct) which controls the kinetics of electron
transfer at the interface of electrode, where a bigger radius of
the semicircle is associated to a higher resistance value, while
the linear part is equal to the diffusion process. Figure 5 shows
the Nyquist plot for the MWCNT/ZLH-LP and unmodified
MWCNT paste electrodes when these electrodes immersed in
1.0 × 10−4 M PCM containing 1.0 × 10−1 M PBS as a
supporting electrode with frequencies ranging from 106 to
1 Hz. The results showed that the Rct (3050 Ω) of the unmod-
ified MWCNTs is larger than the Rct (1250 Ω) of ZLH-LP/
MWCNT paste electrodes which suggested that ZLH-LP/
MWCNT paste electrode has faster electron-conducting abil-
ity and higher conductivity at the surface. From the Rct data
obtained, the electron transfer apparent rate constant, kapp for

each electrode can be calculated in accordance with Eq. 1 to
measure the kinetic facility of the redox pairs:

kapp ¼ R T=F2 Rct A C ð1Þ

where R = gas constant (J K−1 mol−1), T = temperature (K),
F = Faraday’s constant (C mol−1), Rct = electron transfer resis-
tance (Ω), A = electrode surface area (cm2), and C = concen-
tration of analyte (mol cm−3). The kapp values obtained for the
MWCNT/ZLH-LP and unmodifiedMWCNT paste electrodes
were 3.4 × 10−5 cm s−1 and 6.2 × 10−5 cm s−1, respectively.
Thus, the greater value of kapp for theMWCNT/ZLH-LP paste
electrode indicates a faster transfer of the electron for this
paste electrode compared to the unmodified MWCNTs.

The effect of the composition of the ZLH-LP

The experiments were carried out to study the influence of the
composition of the ZLH-LP on the oxidation peak current of
PCM at pulse size (a) 60 mV, step size (ΔES) 5 mV, and
frequency ( f ) 120 Hz. Zero, 5, 10, and 15% of ZLH-LP were
modified with MWCNT, respectively. As can be seen in
Fig. 6, when the amount of ZLH-LP increased from 0 to
10%, peak current intensities also increased until reached
maximum capacity at 15%; it started to decrease the intensities
of peak current. It was probably because the surface of elec-
tron transfer on the electrode was hindered which reduced the
conductivity of the MWCNT/ZLH-LP paste electrode.
Therefore, 10% composition of ZLH-LP modifier was chosen
as the main electrode to carry out further research.

Chronocoulometry study

Chronocoulometry studies were carried out using 4.0 ×
10−3 M [Fe(CN)6]

3−/4− consisting 1.0 × 10−1 M KCl as a

Fig. 6 The effect of (a) 0%, (b) 5%, (c) 10%, and (d) 15% composition of
ZLH-LP on the peak current of 1.0 × 10−4 M PCM at a = 60 mV,
ΔES = 5 mV, and f = 120 Hz

Fig. 7 a Plot of Q vs. t (inset: plot of Q vs. t1/2) of the (a) unmodified
MWCNT and (b) MWCNT/ZLH-LP paste electrodes in 4.0 × 10−3 M
[Fe(CN)6]

3−/4− consisting 1.0 × 10−1 M KCl. b Plot of Q vs. t (inset:

plot of Q vs. t1/2) of the MWCNT/ZLH-LP paste electrode in 1.0 ×
10−4 M PCM in 1.0 × 10−1 M PBS (pH 7.5) after background subtraction

J Solid State Electrochem



model complex to calculate the effective surface area (A) of
the MWCNT/ZLH-LP and unmodified MWCNT paste elec-
trodes according to Eq. 2 given by Anson [38]:

Q tð Þ ¼ 2 n A C F D1=2 t1=2=π1=2 þ Qdl þ Qads ð2Þ

where A = effective surface area of electrode (cm2), Qads =
Faradic charge, Qdl = the double layer charge which is

eliminated by background subtraction, D = standard diffusion
coefficient of [Fe(CN)6]

3−/4− (7.6 × 10−6 cm2 s−1) [39] while n, t,
C, and F have their usual meanings. From the slope ofQ vs. t1/2

(Fig. 7a), the calculatedA of theMWCNT/ZLH-LP and unmod-
ified MWCNT paste electrodes were 0.151 and 0.065 cm2, re-
spectively, which indicated the A increased (about twofold of
unmodifiedMWCNTs) after the addition of ZLH-LP, leading to
enhance the current responses towards [Fe(CN)6]

3−/4− for the

Fig. 8 a Effects of the pH on peak currents (a = 40 mV, ΔES = 6 mV, f = 120 Hz). b The plot of Ip and E vs. pH

Fig. 9 Effect of the a pulse size (ΔES = 3 mV, f = 90 Hz), b step size (a = 3 mV, f = 90 Hz), and c frequency (ΔES = 3 mV, a = 60 mV) towards the peak
currents of 1.0 × 10−4 M PCM in 1.0 × 10−1 M PBS
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MWCNT/ZLH-LP paste electrode. Besides that, the Qads of
PCM at the MWCNT/ZLH-LP paste electrode was also deter-
mined by chronocoulometry using 1.0 × 10−4 PCM in the pres-
ence of 1.0 × 10−1 M PBS and at pH 7.5. TheQads value can be
estimated from the intercept of the plot of Q vs. t1/2 as shown in
Fig. 7b and found to be 9.3 × 10−7 C. Moreover, the adsorption
capacity Гwas obtained to be 3.2 × 10−11mol cm−2 according to
Eq. 3 indicating the MWCNT/ZLH-LP paste electrode
displayed a good adsorption capacity for PCM [40].

Qads ¼ Г n A F ð3Þ

Optimization of the experimental variables

The effects of pH

The electrochemical behaviors of PCM are usually depending
on the pH value. Therefore, the effects of pH on the peak cur-
rents of the MWCNT/ZLH-LP paste electrode towards 1.0 ×
10−4 M PCM in 1.0 × 10−1 M PBS were performed over the

range of pH 6.5 to 8.0 at pulse size (a) 40 mV, step size (ΔES)
6mV, and frequency ( f ) 120 Hz. Figure 8a, b (a) shows that the
oxidation peak currents of PCM increased with increasing value
of pH and reached its pH maximum at 7.5, and then, peak
current starts to decrease from pH 8.0 suggesting that the oxi-
dation reaction of PCM was kinetically more favorable at a
lower pH [41]. Hence, pH 7.5 has been chosen as the optimum
condition of experiments in order to get high sensitivity. In
Fig. 8b (b), it can be seen that the peak potential (E) of PCM
decreased with increasing the value of pH. The relationship
between the value of peak potential (E) as a function of pH
value at theMWCNT/ZLH-LP paste electrode can be expressed
as E/V = − 0.061 pH + 0.81/V (R2 = 0.998). The slope obtained
from the equation, 0.061, was close to the Nernst value
(0.059 mV pH−1) suggesting that the protons and electrons
involved in the electrochemical process are equal [42].

The effects of SVW parameters

Based onOsteryoung, characteristic of SW voltammograms is
depending on several parameters used. Therefore, the

Table 1 The efficiency comparison of the fabricated electrode in the electrocatalysis of PCM

Modifier/electrode Method Linear range (10−6 M) LOD
(10−6 M)

Ref.

Chitosan-copper-complex/multiwalled carbon nanotubes/GCE DPV 1.0 × 10−7–2.0 × 10−4 2.4 × 10−8 [43]

Au nanoparticles/poly(caffeic acid)/GCE CV 2.0 × 10−7–2.0 × 10−5; 5.0 × 10−5–1.0 × 10−3 1.4 × 10−8 [44]

Nickel-copper oxide/grapheme/GCE SWV 4.0 × 10−6–4.0 × 10−4 1.3 × 10−6 [45]

Nickel oxide nanoparticles-graphene oxide: epichlorohydrin/GCE SWV 1.0 × 10−7–2.9 × 10−6 6.7 × 10−9 [46]

Poly(caffeic acid)/GCE SWV 2.0 × 10−7–1.0 × 10−5 2.6 × 10−8 [47]

Bismuth oxide/SFE DPV 5.0 × 10−7–9.7 × 10−5 3.0 × 10−8 [48]

1-(4-bromobenzyl)-4-ferrocenyl-1H-(1,2,3)-triazole/GPE SWV 1.0 × 10−5–1.0 × 10−3 8.1 × 10−6 [49]

Cetylpyridinium bromide/MWCNT/CPE DPV 5.0 × 10−6–9.26 × 10−5 5.7 × 10−7 [50]

Poly(thionine)/MWCNT/CFE DPV 2.5 × 10−5–2.5 × 10−4 6.0 × 10−6 [51]

Zinc-layered hydroxide-L-phenylalanate/MWCNTs/CPE SWV 7.0 × 10−7–1.0 × 10−4 8.3 × 10−8 This work

Fig. 10 a Square wave voltammogram of PCM using the MWCNT/
ZLH-LP paste electrode on several PCM concentrations/M: (a) 7.0 ×
10−7, (b) 1.0 × 10−6, (c) 4.0 × 10−6, (d) 7.0 × 10−6, (e) 1.0 × 10−5 ( f )

3.0 × 10−5, (g) 5.0 × 10−5, (h) 7.0 × 10−5, (i) 9.0 × 10−5, and (j) 1.0 ×
10−4. b The calibration plot of PCM a = 60 mV, ΔES = 3 mV, and f =
120 Hz
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influence of SWVparameters such as pulse size (a), frequency
( f ), and step size (ΔES) towards the peak current of 1.0 ×
10−4 M PCM in 1.0 × 10−1 M PBS (pH 7.5) was investigated
to get the best sensitivity of the electrode. From Fig. 9a, it can
be seen that the peak current intensities linearly increased with
a slight shift to the more negative potential value as pulse size
parameter increased from 10 to 60 mV with a step size and
frequency fixed at 3 mV and 90 Hz, respectively. Pulse size
above 60 mV started to give substantial broadening of the
peak. Hence, pulse size 60 mV has been selected for further
studies. Besides that, the effect of step size parameter was
studied between 1 and 6 mV with a fixed pulse size and fre-
quency at 60 mVand 60 Hz, respectively, as shown in Fig. 9b.
Step size 3 mV was selected as it sets the highest sensitivity
for PCM detection. Lastly, the peak currents were also found
to vary with respect to the frequency (30 to 150 Hz) with a
pulse size and step size fixed at 60 and 3 mV, respectively
(Fig. 9c). The resultant peak currents increased as the frequen-
cy increased from 30 to 120 Hz before it started to decrease
when the frequency is above 120 Hz. Thus, the 120 Hz of the

frequency was taken for further investigations. As a conclu-
sion, the values of pulse size, step size, and frequency were
60 mV, 3 mV, and 120 Hz, respectively, had been used as
optimum parameter for calibration curve development.

Calibration curve and limit of detection

Under the optimized condition of a = 60mV, ΔES = 3 mV, and
f = 120 Hz, the SWV experiments were performed using the
MWCNT/ZLH-LP paste electrode in various concentrations
of PCM containing 1.0 × 10−1 M PBS (pH 7.5). Figure 10a
displays the peak current increased with increasing the con-
centration of PCM. In addition, Fig. 10b shows clearly that the
electrocatalytic peak current of PCM oxidation was linearly
proportional to the concentrations of PCM in the range of
7.0 × 10−7 M to 1.0 × 10−4 M with the linear regression equa-
tion I/μA= (0.19 ± 0.01) [PCM]/μmol L−1 + (3.07 ± 0.13)/μA
and the correlation coefficient (R2) of 0.996. The limit of de-
tection (LOD) for this experiment was calculated to be 8.3 ×
10−8 M. These data obtained were compared with data report-
ed by other published papers for electrocatalytic oxidation of
PCM at the other mediators of the modified electrode as listed
in Table 1. Scheme 2 illustrates the reaction mechanism oc-
curred at the MWCNT/ZLH-LP paste electrode and PCM
solution. In a solution, PCM was oxidized electrochemically
to produce N-acetyl-p-quinoneimine (NAPQI) by releasing
two electrons and protons, while in an electrode surface,
Zn2+ from ZLH and anion in an interlayer of ZLH accepting
those electrons and protons, respectively, to produce Zn and L-
phenylalaninediol (LPOH).

Stability and reproducibility

In order to determine the reproducibility of the MWCNT/
ZLH-LP paste electrode, the electrochemical responses of
1.0 × 10−4 M PCM were investigated at three modified
MWCNT/ZLH-LP paste electrodes freshly fabricated inde-
pendently. The relative standard deviation (RSD) obtained
was 2.83%, suggesting good reproducibility of the proposed
paste electrode. Ten replicate measurements of PCMproduced
RSD of 3.79%. The data showed good consistency of the
paste electrode and proved that the proposed paste electrode
was not poisoned by PCM oxidation reaction and capable to

Scheme 2 Illustration of the proposed reaction mechanism at the
MWCNT/ZLH-LP paste electrode and PCM solution

Fig. 11 The effect of interference substances to 1.0 × 10−4 M PCM

Table 2 Detection of PCM in pharmaceutical tablet using the
MWCNT/ZLH-LP paste electrode

Sample Initial
(10−6 M)

PCM added
(10−6 M)

PCM detected
(10−6 M)

Recovery (%)

1. 66.2 0.0 65.4 98.8

2. 66.2 10.0 77.5 101.7

3. 66.2 20.0 88.1 102.2
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be used repeatedly. Lastly, the stability of the MWCNT/ZLH-
LP paste electrode was investigated by storing in the labora-
tory at room temperature for 3 weeks. The MWCNT/ZLH-LP
paste electrode retained about 96.7% (> 95%) from their initial
value indicating the excellent storage stability of the proposed
electrode [52].

Interference study

The influences of different potentially interfering compounds
on the detection of PCM were evaluated under optimal con-
ditions using 1.0 × 10−4 M PCM. The limit of tolerance was
taken as the highest concentration of the interfering species
which caused an error of not more than ± 10% from its initial
value in the determination of PCM. The data in Fig. 11 shows
that the 400-fold concentration of NO3

−, SO4
2−, Cl−, and

bisphenol A (BPA); the 200-fold of sucrose, fructose, glucose,
hydroquinone, and lysine; and the 100-fold of ascorbic acid
(AA) and uric acid (UA) did not display interference to the
peak currents of PCM.

Real sample analysis

The reliability of the MWCNT/ZLH-LP paste electrode was
investigated to determine PCM in pharmaceutical tablets and
verify its potential application under optimum conditions.
From Table 2, the result shows satisfactory recoveries of
PCM with the percentage in the range of 98.8–102.2% which
is closed to 100% indicates that the MWCNT/ZLH-LP paste
electrode can be applied efficiently for analysis of PCM
preparation.

Conclusions

As a conclusion, the MWCNT/ZLH-LP paste electrode was
successfully developed by the simple electrochemical ap-
proach for PCM determination. The current peaks of the
MWCNT/ZLH-LP paste electrode were significantly en-
hanced compared to the unmodified MWCNT paste electrode
due to a higher conductivity and a larger electrochemical ac-
tive surface area of the proposed paste electrode by adding
ZLH-LP modifier. With a wider linear range (7.0 × 10−7 M
to 1.0 × 10−4 M), a lower limit of detection (8.3 × 10−8 M),
reproducibility, and stability towards PCM determination, the
proposed electrode could be used as an alternative method for
analysis of PCM in the future.
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