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Abstract A multi-wall carbon nanotubes (MWNTs)-

Nafion film-coated glassy carbon electrode (GCE) was

fabricated and the electrochemical behavior of ofloxacin

on the MWNTs-Nafion film-coated GCE were investi-

gated by cyclic voltammetry (CV), linear sweep voltam-

metry (LSV) and electrochemical impedance spectroscopy

(EIS). The oxidation peak current of ofloxacin increased

significantly on the MWNTs-Nafion film modified GCE

compared with that using a bare GCE. This nano-struc-

tured film electrode exhibited excellent enhancement

effects on the electrochemical oxidation of ofloxacin. A

well-defined oxidation peak attributed to ofloxacin was

observed at 0.97 V and was applied to the determination

of ofloxacin. The oxidation peak current was propor-

tional to ofloxacin concentration in the ranges

1.06 1028 to 1.06 1026 mol/L and 1.06 1026 to

2.06 1025 mol/L. A detection limit of 8.06 1029 mol/L

was obtained for 400 s accumulation at open circuit (S/

N5 3). This method for the detection of ofloxacin in

human urine was satisfactory.

Keywords multi-wall carbon nanotubes (MWNTs)-

Nafion film, ofloxacin, chemically modified electrodes

(CMEs), Voltammetry

1 Introduction

Ofloxacin, (¡)-(S)-9-fluoro-2.3-dihydro-3-methyl-10-

(4-ethyl-1-piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]-1,4-

benzoxazine-6-carboxilic acid hemihydrate, is an orally

administered broad-spectrum quinolone antibacterial

drug active against most gram-negative and gram-pos-

itive bacteria. Clinical efficacy has been confirmed in a

variety of systemic infections as well as in acute and

chronic urinary tract infections. Ofloxacin undergoes

limited metabolism in humans and most of an adminis-

tered dose is recovered as unchanged drug in urine

within 48 h. Thus, it is necessary to find a method with

high sensitivity and excellent selectivity to determine

ofloxacin in human urine. To date, many methods are

used for the determination of ofloxacin. These include

as polarography [1], high-performance liquid chromato-

graphy (HPLC) [2,3], fluorimetry [4,5] and chemilumin-

escence [6]. The voltammetric methods were also

reported for the determination of ofloxacin [7–9].

However, to the best of our knowledge, electrochemical

determination of ofloxacin using nano-materials modi-

fied GCE has not been reported.

The subtle electronic behavior of carbon nanotubes

reveals that they have the ability to mediate electron trans-

fer reactions of electroactive species in solution when used

as a material to modify electrodes. The larger specific area

could produce higher sensitivity because of its great

adsorption capability for organic molecules [10]. In the

present work, a MWNTs film-coated GCE was developed

and tested to take advantage of the convenience of elec-

trochemical methods and characteristics of CNTs. The

electrochemical behavior of ofloxacin was been investi-

gated using this modified electrode. The results showed

that the sensitivity for the determination of ofloxacin

using the MWNTs film-coated GCE increased markedly.

Some experiment conditions were optimized and a vol-

tammetric method for determination of ofloxacin in

human urine was proposed. This method was convenient

and useful because of its high sensitivity, low detection

limit and low cost.
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2 Experimental

2.1 Apparatus and reagents

Cyclic voltammetry (CV) and the linear sweep voltam-

metry (LSV) were performed using a CHI 660B electro-

chemical analyzer (Shanghai Chenhua Co., China) in a

three electrode system. A platinum wire served as the

auxiliary electrode, a saturated calomel electrode as ref-

erence and the MWNTs-Nafion coated GCE as working

electrode. Electrochemical impedance spectroscopy (EIS)

was carried out using the EG&G Model 283 electro-

chemical workstation and EG&G Model 5210 locked-

in amplifier (PrincetonApplied Research, PAR, USA)

powered by the Powersuit software. Scanning electron

microscopy (SEM) was performed with a Hitachi X-

650 microscope.

A 0.1% (W/V) Nafion solution was prepared by dissol-

ving 5%(W/V) Nafion (Sigma, USA) in ethanol. MWNTs

were provided by Timesnano Co. Chengdu, China and

purified to higher than 90% [11]. Ofloxacin was purchased

from Kunshan Pharmaceutical Co., Shanghai, China. All

chemicals were analytical grade and used as received.

Phosphate buffer solutions (PBS) with various pH were

prepared by mixing stock standard solutions of Na2HPO4

and KH2PO4 and adjusting the pH with 0.1 M HCl or

NaOH. Double-distilled water was used in preparing all

the solutions.

2.2 Preparation of the MWNTs-Nafion composite films

coated GCE

2.0 mg of MWNTs was added to 2.0 mL 0.1% Nafion

solution and sonicated until a homogeneous suspension

was attained. Before coating, the GCE was polished with

a 0.05 mm alumina slurry (CH Instruments), rinsed thor-

oughly with redistilled water and sonicated for 2 min in

ethanol and then in redistilled water. Finally, the GCE

was coated with 10 mL of the MWNTs-Nafion suspen-

sion. The solvent was evaporated at room temperature in

air. AB-Nafion and Nafion Composite Films were fabri-

cated in a similar fashion.

2.3 Analytical procedure

The MWNTs-Nafion film coated electrode was activated

in pH 6.0 phosphate buffer solution (0.1 M) by successive

cyclic sweeps between 0.0 and 1.30 V until the cyclic vol-

tammograms were stable. A measured-volume of ofloxa-

cin standard solution was then added into the cell and the

solution was stirred for 400 s. The cell is kept undisturbed

for 30 s at 0.00 V before the linear sweep voltammograms

were recorded while the potential sweeps from 0.0 to

1.3 V. The electrochemical oxidation peak current was

measured at 0.97 V. After measurement, MWNTs-

Nafion/GCE was renewed by placing in 0.1 M PB

(pH 6.0) and sweeping for 20 cycles in the range 0.0–

1.3 V.

2.4 Analysis of human urine samples

The analytical method was applied to the determination

of ofloxacin in human urine samples from a healthy

thirty-five year old man who received an oral dose of

100 mg of ofloxacin for urinary infections. Urine samples

were collected pre-dose and at 0–12 and 12–36 h periods

postdose.

3 Results and discussion

3.1 TEM and SEM images of MWNTs-Nafion

suspension

The TEM image of MWNTs-Nafion suspension is

shown in Fig. 1. The tubular morphology of MWNTs

with an average diameter of about 30 nm was confirmed

from the TEM images. The adjacent tubes are strongly

bundled to each other. Meanwhile, the morphology of

the MWNTs is uniform and the length is about 1 to

3 mm.

Scanning electron microscopy (SEM) images of the

MWNTs film on the GCE surface are shown in Fig. 2

(b) and it is very clear that the GCE surface is covered

by nanocarbon tubes. MWNTs–Nafion forms compact

and uniform films with plenty of nanosized micropores,

They are stable and exhibit long lifetimes because of

their cation-exchange ability [12]. This MWNT-Nafion

modified GCE exhibit obvious advantages in terms of

easy preparation, good reproducibility, remarkable

electrocatalytic properties and very low detection limits

[13].

Fig. 1 TEM image of MWNTs dispersed in Nafion
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3.2 Characterization of theMWNTs-Nafion /GCE by EIS

Figure 3 shows the Nyquist plots (2Z0 versus Z9) for the
electrochemical impedance spectroscopy (EIS) of ofloxacin

at MWNTs-Nafion/GCE, Nafion/GCE and bare GCE.

Similar Nyquist plots are obtained for the Nafion/GCE

and bare GCE. Both of them are semicircles with a large

diameter at full frequency range. It is concluded that the

electron transfer between Nafion/GCE or bare GCE and

ofloxacin molecules is not easily achieved. On the contrary,

the Nyquist plot of an analogous line at the MWNTs-

Nafion/GCE shows that the MWNTs film could enhance

the electron transfer rate between electrode and ofloxacin

facilitating the electrochemical oxidation of ofloxacin.

3.3 Electrochemical behaviors of ofloxacin at MWSTs-

Nafion/GCE

The inset in Fig. 4 shows successive cyclic voltammo-
grams of 1.06 1025 mol/L ofloxacin at the MWNTs-

Nafion/GCE. A well-defined oxidation peak is observed

at 0.97 V at the first anodic sweep from 0.00 to 1.30 V.

The peak may be attributed to the irreversible oxidation

of the piperazine moiety of the ofloxacin molecule [7,15].

On the reverse scan, no corresponding reduction peak

appears. However, during successive cyclic sweeps the

oxidation peak current decreases significantly and finally

disappears. This is due to the fact that the electrode sur-

face is blocked by the adsorption of the oxidation pro-

ducts which reduces the effective reaction sites at the

modified electrode surface.

Figure 4 shows the linear sweep voltammograms of

1.06 1025 mol/L ofloxacin using different working elec-

trodes including bare GCE (curve d), Nafion/GCE (curve

c),AB-Nafion/GCE (curve b) and MWNTs-Nafion/GCE

(curve a). Curve (d) describes the background current of

MWNTs-Nafion/GCE in pH 6.0 phosphate buffer solu-

tion in the absence of ofloxacin. The significantly

increased oxidation currents of ofloxacin at the

MWNTs-Nafion /GCE confirms that MWNTs are highly

effective in enhancing ofloxacin adsorption. The large

Fig. 2 SEM images of the bare GCE surface (a) and the MWNTs-Nafion /GCE surface (b)

Fig. 3 The impedance responses of 1.06 1025 mol/L oflox-
acin at the MWNTs-Nafion/GCE (&), Nafion/GCE (#) and
bare GCE (m). Frequency range used, 100 kHz to 0.1 Hz with
signal amplitude of 5 mVrms at five steps per decade

Fig. 4 Linear sweep voltammograms of 1.06 1025 mol/L
ofloxacin at MWNTs-Nafion/GCE (a),AB-Nafion/GCE (b),
Nafion/GCE (c) and bare GCE (d) in PB (pH 6.0). Inset shows
successive cyclic voltammograms of 1.06 1025 mol/L ofloxa-
cin at MWNTs-Nafion/GCE. Scan rate,100 mV/s
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specific surface area and special electrical properties of

MWNTs allows easier adsorption of ofloxacin and pro-

vides enough effective reaction sites. Furthermore, por-

osity of the MWNTs-Nafion/GCE surface makes the

adsorption of ofloxacin to the electrode surface easy and
the concentration at the modified electrode surface

increases. Under the same experimental conditions, the

oxidation peak of ofloxacin using bare GCE and

Nafion/GCE is very low.

3.4 Optimizing of experiment conditions

3.4.1 The optimum of the supporting electrolyte

In this work, several kinds of buffer solution as support-

ing electrolytes were used to estimate the electrochemical

analysis of ofloxacin by LSV including 0.1 mol/L PB,

0.1 mol/L sodium acetate-acetic acid buffer solution,

0.1 mol/L sodium citrate-hydrochloric acid (HCl) buffer

solution, 0.1 mol/L sodium citrate-sodium hydroxide

(NaOH) buffer solution and 0.1 mol/L borax-hydro-
chloric acid buffer solution, 0.1 mol/L borax-sodium

hydroxide buffer solution. The results showed that higher

peak currents and the better peak shapes could be

obtained in 0.1 mol/L phosphate buffer solution.

Consequently, 0.1 mol/L phosphate buffer solution was

chosen as support electrolyte for quantitative analysis of

ofloxacin.

Varying the pH of the supporting electrolyte would
bring on different current responses of ofloxacin. The

effects of the medium pH on the oxidation peak current

of ofloxacin using MWNTs-Nafion/GCE were investi-

gated. It is found that the peak current increases gradually

from pH 4.0 up to 6.0 and then decreases when the pH

value changes from 6.0 to 10.0.The highest peak current is

observed at pH 6.0. The oxidation peak potential shifts

negatively by about 64 mV pH21 as the pH value
decreases and obeys the following equation: Ep5 1.372–

0.064 pH (R5 0.9982). The slope of 64 mV pH21 suggests

that the number of protons and electrons involved in the

oxidation of ofloxacin are equal. Similar results have been

reported in reference 7.

3.4.2 Optimization for the amount of MWNTs-Nafion

and accumulation time

The thickness of the MWNTs-Nafion film is determined

by the amount of the MWNTs-Nafion solution, and gen-

erally, influences the current responses of ofloxacin. The

oxidation peak current of ofloxacin increases quickly with

the increase of the volumes of MWNTs-Nafion solution

cast on the GCE surface in the range 2.5–10 mL. When

10 mL of 0.5 mg/mL MWNTs-Nafion solution is cast on
the electrode surface, the oxidation peak current becomes

very high. However, when the volume ofMWNTs-Nafion

solution cast on the electrode surface is more than 10 mL,

the oxidation peak current decreases slightly. When the

amounts of MWNTs-Nafion suspension exceeds 10 mL,
the MWNTs-Nafion film becomes thicker and blocks the

mass transport and electron transfer and thus, due to

uncompensated resistive effects or to lower charge trans-

fer rates, the peak current decreases. Therefore, 10 mL of

0.5 mg/mL MWNTs-Nafion solution was used for the

fabrication of MWNTs-Nafion modified electrodes that

were further tested. In addition, the accumulation step in

this study was performed under open-circuit for 400 s.

3.4.3 Influence of scan rate

The effects of scan rate (n) on the oxidation of ofloxacin

were investigated. Voltammograms of ofloxacin using

MWNTs-Nafion /GCE with different scan rates are

shown in Fig. 5. It can be seen that the oxidation peak

current increases with increasing scan rate. In the range of

20–200 mV/s the plot of oxidation peak current vs scan

rate is linear (see inset of Fig. 6) and the regression equa-

tion is: Ip5 13.893 + 0.469 V, R5 0.9977. This indicates

that the oxidation process of ofloxacin is mainly con-

trolled by adsorption. In subsequent experiments, the scan

rate used is 100 mV/s.

3.5 Interferences

A major problem frequently encountered in the deter-

mination of ofloxacin in human urine is interference due

to uric acid (UA). In phosphate buffer (pH 6), uric acid

(UA) (pKa5 5.27) exists in anionic form while ofloxacin

is in cationic form (pKa15 6.0, pKa25 7.9). Thus, a

Nafion membrane strongly repulses anionic UA and

highly attracts cationic ofloxacin and this has been suc-

cessfully used to selectively determine ofloxacin in human

urine. Uric acid (UA) present in concentrations 500 times

Fig. 5 Influences of scan rate on the oxidation peak current
of 5.06 1026 mol/L ofloxacin at MWNTs-Nafion/GCE in
0.1 mol/L PB buffer solution (pH 6.0) : 20, 40, 60, 80, 100,
150, 200 mV/s
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greater than ofloxacin did not interfere with the electro-

chemical detection of ofloxacin.

The effect of some biomolecules on the electrochemical

oxidation of 5.06 1026 ofloxacin has been evaluated.

2.56 1023 mol/L glucose, 5.06 1024 mol/L dopamine,

tilidazole, metronidazole and some familiar metallic ions,

such as Na+, K+, Zn2+, Fe3+ , have almost no influences on

the responses of 5.06 1026 ofloxacin (signal change

below 5%) but the influences of 5.06 1026 ciprofloxacin

and norfloxacin are serious. The oxidation potentials of

ciprofloxacin and norfloxacin are close to that of oflox-

acin because they all contain a similar electroactive group.

3.6 Calibration graph

Under the optimized experimental conditions, the cal-

ibration curve for ofloxacin in pH 6.0 PB using MWNTs-

Nafion/GCE was characterized by LSV (Fig. 6). The linear

range was found to be from 1.06 1028 to 1.06 1026 mol/L

and from 1.061026 to 2.06 1025 mol/L in terms of the

relationship between the concentration of ofloxacin and the

oxidation peak current. The relationship can be described

as IP(mA)520.5422+ 4.312C (1027 mol/L) R5 0.9975

and IP(mA)5 37.761+ 7.505C (1026 mol/L) R5 0.9958. A

detection limit of 8.06 1029 mol/L ofloxacin was obtained

with 400 s accumulation time under open circuit. The rela-

tive standard deviation (RSD) was 3.48% for 10 parallel

detections of 5.061026 ofloxacin using the same electrode

and 4.54% for ten parallel detections of 5.06 1026 ofloxa-

cin using different electrodes. The results indicate good

reproducibility and repeatability of the method.

3.7 Determination of ofloxacin in urine samples

The proposed method was applied to the determination of

ofloxacin in urine samples (Fig. 7) and the results are

shown in Table 1. In our experiments, the concentration

of ofloxacin was calculated using standard additions

method. The recovery ranged from 98.23% to 101.6%
which indicates that the determination of ofloxacin using

MWNTs-Nafion/GCE is effective and sensitive.
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