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Abstract - In this research, NaX nanozeolite was 

synthesized via an organic template-free hydrothermal 

route and characterized by X-ray diffraction technique. 

The average particle size of synthesized NaX 

nanozeolite was estimated to be 52 nm using Debye–

Scherrer equation. Carbon paste electrode (CPE) was 

modified by synthesized NaX nanozeolite and then 

Ni2+ ions incorporated to this electrode to obtain Ni-

NaX/CPE. The current intensity of gentamicin 

oxidation increases impressively on the surface of Ni-

NaX/CPE. This fabricated electrode was used as an 

anode for the electrocatalytic oxidation of gentamicin 

in 0.1 M of NaOH solution. It has been shown that NaX 

nanozeolite at the surface of CPE can improve catalytic 

efficiency of the dispersed nickel ions toward 

oxidation of gentamicin. It was experimentally 

determined that higher anodic current of gentamicin 

oxidation is observed when 10% of NaX was used with 

respect to the graphite powder. 

 

1. Introduction 

Gentamicin as an antibiotic that is active against both 

gram-positive and gram-negative bacterias, is obtained 

from the fermentation of Micromonospor apurpurea. It 

is belonging to a group of aminoglycosides (one of the 

major categories of antibiotics). They are commonly 

used in the treatment of respiratory bacterial infections 

and chest expectorant, urinary tract and intestinal 

infections, abscesses [1]. It is also widely used in 

veterinary medicine for antibacterial purposes and in 

some cases to increase productivity. The existence of 

this substance in food of animal origin potentially can 

be dangerous to human health. This drug overdoses can 

cause ototoxicity, nephrotoxicity, atrium hearing 

problems, neurological problems and headaches [1].  

Determination of gentamicin concentrations is very 

important in clinical, biological and chemical samples 

as well as in food processing and fermentation. Until 

now, various techniques have been used to identify and 

measure gentamicin such as high-performance liquid 

chromatography (HPLC) [2,3], capillary 

electrophoresis (CE) [4] and fluorommetric [5]. The 

above methods, despite the numerous benefits, are 

expensive and also requires prior sample preparation. 

Therefore, there is always an attempt to introduce an 

easier and less expensive method that have similar 

selectivity and accuracy with previous approaches. In 
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this study at the first time, we suggested an 

electrochemical sensor for voltammetric determination 

of gentamicin. The synthesized NaX nanozeolite was 

used for modification of carbon paste electrode (CPE) 

and applied for electrocatalytic oxidation of 

gentamicin in the alkaline medium.  

 

2. Material  

2.1. Reagents and materials 

Sodium hydroxide, sodium aluminate (NaAlO2), 

tetraethylorthosilicat (TEOS), potassium chloride, 

potassium hexacyanoferrate (K4Fe(CN)6), nickel 

chloride hexahydrate (NiCl2.6H2O) and paraffin oil 

were purchased from Merck company that of analytical 

reagent grade and used without further purification. 

Gentamicin was prepared from Sigma-Aldrich 

Company. Graphite powder as the binding agent (from 

Daejung Company) were used for preparing the pastes. 

Also, all solution were prepared with deionized water. 

2.2. Synthesis of NaX nanozeolite 

NaX nanozeolite was synthesized by hydrothermal 

crystallization method using TEOS and NaAlO2 as a 

silica and aluminum sources, respectively [6]. In a 

typically synthetic process, aluminosilicate gel was 

prepared by mixing a freshly prepared aluminate 

solution with a silicate solution at a molar ratio of 

Al2O3: 4.0 SiO2: 5.5 Na2O:190 H2O. Appropriate 

amount of NaOH was dissolved in dionized water and 

sodium aluminate was added slowly to NaOH solution 

with stirring. Then, appropriate amount of TEOS as an 

organic silica source was slowly added dropwise with 

stirring. Stirring was continued at 0 °C for 6 h and at 

room temperature for another 24 h. hydrothermal 

crystallization was performed at 60°C for 2 days. The 

powdered products were recovered by centrifugation in 

10000 rpm for 5 minute, washed with deionized water 

several times until pH < 8, and then dried at room 

temperature for 24 h. 

2.3. Preparation of working electrode 

For preparation of NaX/CPE (10 wt%), 20 mg of NaX 

and 180 mg of graphite powder were thoroughly mixed 

with diethyl ether. After evaporation of solvent, 

paraffin oil was added and blended with a mortar by 

hand mixing for 30 min until a uniformly wetted paste 

was obtained. This paste was packed into the end of a 

glass tube with a copper wire as electrical contact. A 

new surface was obtained by pushing an excess of the 
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paste out of the tube and polishing with a weighing 

paper. For comparison, unmodified CPE was also 

prepared in the same mentioned method. 

2.4. Apparatus and Characterization 

X-ray powder diffraction pattern was recorded by X-

ray diffractometer (XRD, MPD 3000 Instrument) with 

Be Filtered Cu Kα radiation (1.5418 Å). The 

electrochemical experiments were performed using a 

potentiostat/galvanostat (SAMA500 electroanalyzer 

system, Isfahan, Iran) with a voltammetry cell in a 

three electrodes configuration. The Ag|AgCl|KCl (3 

M) and platinum wire (Azar Electrode Co., Iran) were 

used as reference and auxiliary electrodes, 

respectively. The fabricated CPE and NaX/CPE were 

used as the working electrode in the electrochemical 

experiments. 
 
3- Result and discussion 

3.1. Characterization of synthesized zeolite 

The XRD pattern of the synthesized sample is shown 

in Fig. 1. The crystallization products matched the 

characteristic peaks of NaX nanozeolite. It is apparent 

that the diffraction lines are significantly broadened, 

which may indicate a smaller crystallite size [6,7]. The 

crystalline size (D) of synthesized NaX zeolite was 

also calculated using Debye-Scherrer equation:  

D =  
0.9 λ

β Cos θ
                                 

where λ is the wavelength of the X-ray source used in 

XRD (0.15418 nm), β is the breadth of the observed 

diffraction line at its half-intensity maximum in radian 

and θ is the main Bragg peak angle. According to the 

obtained results from XRD pattern, β is 0.0024 radian 

at 2θ = 29.96o. The value of crystallite size was 

obtained to be about 60 nm.  

3.2. Electrochemistry of fabricated electrodes 

Cyclic voltammetry (CV) was applied for the 

investigation of electrochemical properties of the bare 

CPE and NaX/CPE in 10 mM potassium ferrocyanide 

(K4Fe(CN)6) solution in 0.1 M KCl (see Fig. 2). As can 

be seen in this Fig., the oxidation and reduction 

currents for the Fe(CN)6
3-/Fe(CN)6

4- redox couple in 

the surface of NaX/CPE is higher than that at the 

surface of bare CPE. 

3.3. Electrocatalytic oxidation of gentamicin in the 

surface of the Ni-NaX/CPE 

The NaX/CPE electrode were immersed in the 0.1 M 

NiCl2 solution with stirring for 20 min at 150 rpm and 

then washed completely with distilled water to remove 

the surface adsorbed species.  

Fig. 3 illustrates CVs of Ni-NaX/CPE in 0.1 M NaOH 

solution in the absence and presence of 7 mM 

gentamicin at scan rate of 20 mV s−1. It can be deduced 

that the electrochemical behavior of Ni-NaX/CPE in 

alkaline solution is similar to that of Ni anode [8,9]. 

 
Fig. 1. The XRD pattern of synthesized NaX nanozeolite. 

 

 
Fig. 2. The CVs of fabricated electrodes in the presence of 10 mM 

K4Fe(CN)6 and 0.1 M KCl at a scan rate of 20 mV s-1. 

 

These redox waves are ascribed to the oxidation of 

Ni(OH)2 at the NaX/electrolyte interface to NiOOH 

and reduction of NiOOH to Ni(OH)2 with a peak 
potential of 0.49 and 0.34 V vs. Ag|AgCl|KCl (3M), 

respectively. 

The electrocatalytic oxidation of 7 mM gentamicin was 

investigated at the surface of Ni-NaX/CPE in 0.1 M 

NaOH solution and at the scan rate of 20 mV s−1. In the 

presence of gentamicin (see Fig. 3), an increase in 

oxidation current and decrease in cathodic current was 

observed at the surface of Ni-NaX/CPE. Hence, this 

improvement in the current densities demonstrates that 

incorporation of NaX nanzeolite onto a CPE enhances 

the electrochemical signal of gentamicin oxidation 

[8,9].  

When gentamicin diffuses from the bulk solution to the 

electrode surface it is quickly oxidized to product by 

the NiOOH species on the electrode surface. 

Therefore, the amount of NiOOH species decreases 

due to its chemical reaction with gentamicin. This 

behavior is a typical observation expected from the 

mediated oxidation by electrochemical catalytic (EC′) 

mechanism, showed in the following equation [9, 10]: 

[(Ni(OH)2 − NaX/CPE)] + OH−

⇄ [(NiOOH − NaX/CPE)]  + H2O
+ e−      (E) 

 

       [(NiOOH − NaX/CPE)] + Gentamicin  →

 [(Ni(OH)2 − NaX/CPE)] +  Product   (Ć) 
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Fig. 3. The CVs of the Ni-NaX/CPE in the absence and presence of 

7 mM gentamicin (GEN) in 0.1 M NaOH at scan rate of 20 mV s−1. 

 

The electrocatalytic behavior of the modified 

electrodes with NaX ratio of  5, 10, 15 and 20 wt% with 

respect to the graphite powder were studied by CV 

technique in 7.0 mM gentamicin at 0.1 M of NaOH 

solution (data not shown). It was experimentally 

determined that higher anodic current of gentamicin 

oxidation is observed when 10% of NaX with respect 

to the graphite powder was used. It is suggested that at 

lower ratios of NAX in Ni-NaX/CPE, the amount of 

available pores for Ni2+ insertion decrease and 

available NiOOH active site is reduced for gentamicin 

oxidation and finally cause low current density. Also, 

by increasing the NaX nanorods over than 10% in the 

modified electrode, the resistance of electrode may 

increase due to low conductivity of NaX and a decrease 

in gentamicin  oxidation current is detected [8,9]. 

 

4. Conclusion 

In this study, a hydrothermal method was used for the 

synthesis of NaX nanozeolite. The role of NaX 

nanozeolite in the electrocatalytic oxidation of 

gentamicin was investigated with fabrication of 

NaX/CPE electrodes using cyclic voltammetry 

technique. The obtained results show that the modified 

electrode can enhance the oxidation of gentamicin by 

a catalytic process through a decrease in overpotential 

and overcome the low kinetic of reaction in alkaline 

solution. The porous structure of NaX nanorods 

provide a framework for Ni2+ uptake which convert to 

Ni(OH)2 and NiOOH during the anodic oxidation in 

alkaline solution and collaborate in electro-oxidation 

of gentamicin.  
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