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Abstract Poly-ortho-aminophenol (PoAP) and multi-

walled carbon nanotubes (MWCNTs) were deposited on

the platinum electrode using cyclic voltammetry technique

to form the Pt/PoAP/MWCNTs nanosensor for the elec-

trochemical determination of oxytetracycline as analyte.

This electrochemical nanosensor with good uniformity and

high surface area was prepared in the presence of an ionic

surfactant (sodium dodecyl sulfate) as electrolyte to sus-

pend carbon nanotubes within the PoAP and improve the

stability and electroactivity of the composite film. The

surface morphology of the prepared nanosensor was char-

acterized by scanning electron microscopy and showed a

three-dimensional network structure. The influence of

several parameters such as number of potential cycles, scan

rate and pH of the solution on the electrochemical response

of the resultant electrode was investigated. The prepared

electrode functioned as a selective recognition element for

oxytetracycline determination. It showed excellent elec-

trochemical response to oxytetracycline at low oxidative

potential in buffer solution of pH 2.0, with good stability

and sensitivity. Under the optimal experimental conditions,

the electrochemical response of the sensor was linear with

respect to the concentration of oxytetracycline in a

dynamic range of 0.2 lM–0.25 mM. The detection limit of

the fabricated nanosensor was calculated as 0.10 lM

(signal/noise = 3). This sensor was used successfully for

the oxytetracycline determination in real samples with

recoveries of 96.9–103.5 %.

Keywords Electrochemical sensor � Multi-walled carbon

nanotube � Ortho-aminophenol � Oxytetracycline

Introduction

Conductive polymers, such as polypyrrole [1], poly-ortho-

aminophenol (PoAP) [2, 3], polyaniline and their copoly-

mers [4–6] have been extensively studied because of their

various applications including corrosion inhibitors, batter-

ies, organic electronics, electrochromic devices, sensors,

etc. [7]. Multi-walled carbon nanotubes (MWCNTs),

owing to their high surface area, electrical conductivity,

chemical stability and mechanical strength have been used

in electrochemical sensors [8, 9]. The high surface area and

conductivity of MWCNTs may improve the redox prop-

erties of conductive polymers and facilitate the electron

transfers [10–12]. Therefore, composites of conductive

polymers and MWCNTs have been proposed for fabrica-

tion of a higher recognition capacity and sensitivity of the

electrochemical sensor.

Oxytetracycline (OTC) as a drug (Scheme 1), is widely

used for prevention and therapy of human and animal

infection diseases and has a great activity against bacteria

due to its broad-spectrum activity, good oral absorption,

relatively low toxicity and low cost [13–15]. So, this drug

is licensed for using in a variety of food-producing animals

including cattle, sheep, pig and fish [16]. It is used as

animal feed additive and in veterinary medicine as antibi-

otic. It is accumulated in diary food products, such as meat

[17], honey [18], egg [19] and milk [20] which can be

directly toxic or cause allergic reactions in some
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hypersensitive individuals. This massive use causes con-

cerns for consumer’s health. The main concerns are: (a) the

possible allergic sensibility of exposed individuals, (b) the

selective pressure that antimicrobial drug residues may

exert over human gut microflora and (c) the possibility of

selecting antibiotic-resistant bacteria [21]. They have been

of great interest to researchers to safeguard human health

for tetracyclines detection. So, there have been many

detection methods such as HPLC [22, 23], capillary elec-

trophoresis [24], chemiluminescence [25], colorimetric

sensors [26, 27] and bioluminescent biosensors [28] that

are expensive, time-consuming and not useful for field

analysis. But, electrochemical sensors play an important

role in analytical determination of some toxic compounds

due to their simple design and fast response to analyte.

In this research, the combination of MWCNTs and

PoAP has been proposed for achieving an electrochemical

nanosensor for oxytetracycline (as analyte) that has the

capability of offering amplified sensitivity and real-time

response as a result of enhanced interaction among PoAP/

MWCNT composite and the analyte. It was fabricated by

electro-polymerization of ortho-aminophenol (oAP)

monomer and MWCNT nanoparticles in the presence of

sodium dodecyl sulfate (SDS) as surfactant on a platinum

electrode surface. The prepared nanosensor was charac-

terized by scanning electron microscopy (SEM) and cyclic

voltammetry (CV) techniques. The influence of several

parameters such as number of potential cycles, scan rate

and pH of the solution on the electrochemical response of

the nanosensor was studied. A linear relationship between

the concentration of oxytetracycline and electrochemical

response of the nanosensor was reported. Under the opti-

mized conditions, the nanosensor exhibited excellent rec-

ognition capacity for oxytetracycline.

Experimental

Chemicals

All chemicals used in this work [ortho-aminophenol, sodium

dodecyl sulfate, perchloric acid and oxytetracycline] were

purchased from Merck (Germany) and used without further

purification. Typical MWCNTs (Reinste Nano Ventures

Private, India) with outer diameter in the range of 5–20 nm

and length measured to several hundreds of nanometers were

used. Oxytetracycline hydrochloride tablets (Damloran

Razak Pharmaceutical Company, Iran) were used in this

study. All aqueous solutions were prepared with double-

distilled water.

Measurements

All electrochemical measurements were carried out in a

conventional three-electrode cell powered by a l-Autolab

potentiostat/galvanostat (Metrohm, model 12/30/302, The

Netherlands). PoAP/MWCNTs composites electrodepos-

ited on a platinum disk electrode of 0.0314 cm2 area

(Metrohm, The Netherlands) that was employed as work-

ing electrode. Ag/AgCl electrode (Metrohm, The Nether-

lands) and a platinum wire were used as reference and

counter electrodes, respectively. Since MWCNTs are

insoluble in most solvents, ultrasonication (Sigma-Aldrich-

Bandelin Sonopuls, Germany) is required during prepara-

tion to effectively disperse the nanotubes. The surface

morphology of the obtained films was characterized by

scanning electron microscopy (model KYKY-EM3200,

China). The pH values of the solutions were determined

using a pH meter (model 827, Metrohm, The Netherlands).

All the experiments were carried out at 22 ± 1 �C.

Preparation of Pt/MWCNTs electrode

The MWCNTs (1 % by w/w) were dispersed into a solu-

tion of 5 mM SDS by ultrasonic agitation for 40 min to

obtain a homogeneous MWCNTs suspension. SDS was

used as an additive to suspend MWCNT particles and

improve the stability and electroactivity of the resulting

films [29]. The modification of platinum electrode by

MWCNTs was performed via dropping method. The sus-

pension was coated on the surface of a platinum electrode

and the Pt/MWCNTs electrode was obtained after 5 h of

drying at room temperature.

Preparation of Pt/PoAP/MWCNTs modified electrode

Before each experiment, the bare platinum electrode was

polished with 0.05 lm a-Al2O3 on a piece of leather and

thoroughly washed with distilled water and then rinsed

ultrasonically in ethanol and water for 5 min. The Pt/PoAP

electrode was prepared by electro-polymerization of oAP

monomer (5 mM) on a bare platinum electrode between

-0.1 and ?0.8 V at 100 mV s-1 in a solution of 0.6 M

HClO4 containing 5 mM SDS for 50 cycles. The electrode

was washed by distilled water several times to remove the

Scheme 1 The chemical structure of oxytetracycline
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remaining oAP monomers adsorbed on the surface of the

electrode. The anodic peak current (IPa) of oxytetracycline

was dependent on the thickness of PoAP/MWCNTs com-

posite film which was easily adjusted by controlling the

number of cycles during the electro-polymerization and also

on monomer concentration. The maximum anodic peak

current of oxytetracycline was observed when 50 potential

cycles were used for the fabrication of modified electrode.

The voltammogram response of the Pt/PoAP/MWCNTs

electrode to oxytetracycline was found to increase with an

increase in monomer concentration up to 5 mM.

The Pt/PoAP/MWCNTs electrode was fabricated by the

same procedure as Pt/PoAP electrode, but with addition of

1 % MWCNTs. The stability of Pt/PoAP and Pt/PoAP/

MWCNTs electrodes was examined by means of a cycle life

test performed for 25 cycles at scan rate of 100 mV s-1.

Real sample preparation

To analyze the oxytetracycline hydrochloride tablets, the

average mass of five tablets was determined. The tablets

were finely powdered and homogenized in a mortar. An

accurately weighed amount of the homogenized powder

was transferred into a 100-mL calibrated flask containing

50 mL of buffer solution. The contents of flask were son-

icated for 10 min. The undissolved excipients were

removed by filtration and then diluted to volume with the

same buffer solution. The desired concentration was

obtained by accurate dilution with the buffer.

Results and discussion

Characterization of Pt/PoAP/MWCNTs modified

electrode

Cyclic voltammogram of the PoAP/MWCNTs composite

film (Fig. 1b) showed a pair of broad peak at around -0.1

to ?0.3 V related to the redox process of the phenoxazine

units [30–32]. The redox peak currents were stronger than

pure PoAP film (Fig. 1a), but the voltammetric behavior of

both films was similar.

Figure 2 shows the scanning electron micrographs of

pure PoAP, MWCNTs and PoAP/MWCNT films on the

platinum electrode. As it is obvious, the tangled MWCNTs

with diameter of 5–20 nm and length measured to several

hundreds of nanometers were distributed very well

(Fig. 2a). It was clearly observed that PoAP/MWCNTs

composite film showed a three-dimensional network

structure (Fig. 2c) with a larger surface area in comparison

Fig. 1 Cyclic voltammograms of a Pt/PoAP and b Pt/PoAP/

MWCNTs electrodes obtained in 0.6 M HClO4 solution at scan rate

of 100 mV s-1
Fig. 2 SEM photographs of a Pt/MWCNTs, b Pt/PoAP and c Pt/

PoAP/MWCNTs electrodes
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with Pt/MWCNTs and Pt/PoAP films (Fig. 2b). PoAP/

MWCNTs composite exhibited highly porous morphology

with distinct structures of uniform size and seemed to wrap

the MWCNTs.

The surface areas of bare and modified electrode were

acquired by CV method in 1 mM K3Fe(CN)6 as a probe at

different scan rates. The surface area for a reversible pro-

cess was calculated according to the slope of ip �
ffiffiffi

m
p

[33]:

ip ¼ 2:69� 105An
3
2D

1
2Cm

1
2 ð1Þ

where A is the electroactive surface area (cm-2), n is the

number of electrons participated in the redox reaction, D is

the diffusion coefficient (cm2 s-1), C is the bulk concen-

tration of the redox probe (mol cm-3) and m is the scan rate

(V s-1). For a solution containing K3Fe(CN)6, the surface

areas of the platinum, Pt/PoAP, Pt/MWCNTs and Pt/PoAP/

MWCNTs electrodes were calculated as 0.036, 0.061,

0.089 and 0.112 cm2, respectively.

Electrochemical behavior of oxytetracycline

with respect to Pt/PoAP/MWCNTs electrode

Figure 3 shows typical cyclic voltammograms for 0.2 lM

oxytetracycline solution in hydrochloric acid buffer solu-

tion of pH 2.0 at different electrodes. A pair of weak redox

peak was observed for bare platinum electrode (Fig. 3a) in

comparison with other modified electrodes. An obvious

redox peak was observed around -0.7 to 0 V for Pt/PoAP

electrode (Fig. 3b). It seemed that the presence of PoAP

film improved the electrochemical oxidation of oxytetra-

cycline compared to bare platinum electrode. The anodic

and cathodic peak currents of oxytetracycline were

increased for Pt/MWCNTs electrode (Fig. 3c) and the

oxidation potential was shifted to the positive values. This

was attributed to the electronic structure, the nanometer

dimension of MWCNT and the topological defects on its

surface [34].

The following mechanism could be proposed according

to the functional groups in oxytetracycline:

OTCþ Pt=PoAP=MWCNTs! Pt=PoAP=MWCNTs� OTCads

Pt=PoAP=MWCNTs � OTCads ! Pt=PoAP=MWCNTs

� Intermediatesads þ e

Pt=PoAP=MWCNTs � Intermediatesads ! Pt=PoAP=MWCNTs

þ products þ e

MWCNTs can improve the OTC adsorption on the surface.

A comparison between Pt/PoAP/MWCNTs electrode

and other modified electrodes showed that composite had

the largest oxidative and reductive current at -0.05 and

-0.75 V, respectively. Thus, it exhibited the most sensitive

electrochemical response and improved the electrochemi-

cal oxidation potential of oxytetracycline (Fig. 3d). This

was attributed to the special synergistic enhancement of

combined PoAP and MWCNTs and the catalytic activity of

MWCNTs within the PoAP film to the oxidation of

oxytetracycline.

The influence of the pH of buffer solution (pH 1.5–5.0)

on the electrochemical behavior of oxytetracycline with

respect to Pt/PoAP/MWCNTs electrode was investigated

for obtaining optimal electrochemical behavior of oxytet-

racycline (Fig. 4). The highest peak current occurred at pH

2.0. Then, the anodic peak current decreased with

increasing the pH of solution above 2.0. This was attributed

to the structural changes of polymer film and its lower

conductivity performance at higher pH [35]. Thus, the

buffer solution of pH 2.0 was chosen for the experiments.

Figure 5 shows the voltammograms of the Pt/PoAP/

MWCNTs electrode in buffer solution at different

Fig. 3 Cyclic voltammograms of 0.2 lM oxytetracycline for a bare

platinum, b Pt/PoAP, c Pt/MWCNTs and d Pt/PoAP/MWCNTs

electrode in a buffer solution of pH 2.0, scan rate of 70 mV s-1

Fig. 4 Anodic peak current–pH curve for Pt/PoAP/MWCNTs elec-

trode in buffer solution containing 0.2 lM oxytetracycline of

different pH values
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concentrations of oxytetracycline. As it can be seen, the Pt/

PoAP/MWCNTs electrode exhibits a well-defined catalytic

oxidation current increasing linearly as oxytetracycline

concentration increases. Calibration plot for analysis of

oxytetracycline (Fig. 5) showed a linear dependence of the

anodic peak current on oxytetracycline concentrations in

the range of 0.20 lM–0.25 mM and a correlation coeffi-

cient of 0.9974. A detection limit of 0.1 lM (signal/

noise = 3) was obtained. The anodic peak current gradu-

ally leveled off when oxytetracycline concentration was

greater than 0.25 mM.

Analytical characterization

To examine the practicality of this electrochemical sensor

for determination of real samples, detection of oxytetra-

cycline hydrochloride was tested in pharmaceutical for-

mulations. Five oxytetracycline hydrochloride tablets were

analyzed by this method (Table 1). The assigned content of

oxytetracycline in each tablet was 100 mg. The recovery of

oxytetracycline in five samples was determined to be

96.9–103.5 %. The results showed that this method was

very practical and effective in sample analysis.

The reproducibility of fabricated electrode was inves-

tigated using oxytetracycline concentration of 10.0 lM.

The peak current response of oxytetracycline was deter-

mined using four different electrodes, which were pre-

pared under the same conditions. The relative standard

deviation (RSD) of the peak current was 3.6 %. Thus, the

reproducibility of fabricated sensor was considered

excellent. The long-term stability of the composite elec-

trode was investigated by measuring the responses to

10.0 lM oxytetracycline from day to day during storage

in buffer solution (pH 2.0). Only a drop of 11.0 ± 0.5 %

was observed in the current signal of oxytetracycline after

the modified electrode was used for approximately

30 times during 15 days. This high stability was attributed

to the excellent stability of the composite electrode. It is

thus envisaged that, our designed method is very sensitive

for the detection of oxytetracycline.

Conclusion

In this research, PoAP/MWCNTs nanosensor was fabri-

cated through electro-polymerization of ortho-aminophe-

nol monomer in the presence of MWCNTs. The optimum

conditions were obtained for preparation of the modified

electrode. The fabricated nanosensor showed an excellent

recognition and sensitivity to oxytetracycline, with a low

detection limit of 0.1 lM (signal/noise = 3). A linear

relationship between the oxytetracycline concentration and

the anodic peak current was obtained in the range of

0.2 lM–0.25 mM. The prepared sensor showed good sta-

bility and reproducibility. It has been successfully applied

for detection of oxytetracycline hydrochloride in pharma-

ceutical formulations.
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