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Abstract- An alternative green and new method was proposed for preparing Nb2O5 

nanoparticles (NPs). The nano-sized particles were characterized using FT-IR, XRD, EDX, 

SEM and VSM techniques. The best sample in terms of dimensions was 50-70 nm in size. In 

order to investigate its electrochemical application, it was used to detect uric acid and CV, DPV 

and EIS techniques were applied for this purpose. Detection limit 3 μM was achieved using 

this method for of uric acid. 
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1. INTRODUCTION  

The fabrication of nanosized structures with various size, mono dispersity, and chemical 

compositions are of great importance in nanotechnology-base fields [1-9]. This stems from the 

fact that such area could be considered as an alarmingly increasing field which is able to 

produce materials with very specific features [10-23]. Recently niobium-based components 

have received much attention. This stems from the fact that such materials, particularly Nb2O5, 

have been employed for their optical, electrical, thermal, electrical, and catalytic (due to having 

wide band gap value ranging from 1 to 4 eV) features [24,25]. Besides, niobium (V) oxide 

belongs to those n-type metal transition oxides which are nontoxic, and have great specific 

surface area and chemical stability. More importantly, they can be considered as a good 

candidate to be used in high technology industries, where they are being used in 

microcapasitors, electro-electronic capacitors, and energy storage devices with high energy 

density [26-30].   

Uric acid is one of the most important nitrogen compounds in the urine and is the cause of 

many clinical disorders. Gout is originated from accumulation of uric acid in the tissues of the 

body. Moreover, uric acid is also considered as one of the causes of cardiovascular disease. 

Therefore, determination and measurement of uric acid is important. In this work, the 

composition of a carbon paste used for preparing an was improved using the Nb2O5 

nanoparticles. The resulting modified carbon paste electrode (CPE) was used for detection of 

uric acid using various electrochemical techniques. 

 

2. EXPERIMENTAL 

2.1. Synthesis of Nb2O5 nanoparticles  

Nowadays, researchers have synthesis various nanomaterial by novel and simple methods 

[31-47]. Analytical grade reagents were used for preparing Nb2O5 nanostructures, without any 

prior treatments. These nanoparticles were prepared through sequential method. At first, 1 

mmol of niobium (V) chloride was dissolved in deionized water (30 mL) to obtain solution A. 

In parallel a solution of 3 mL of the capping agent in 40 mL of deionized water (Solution B) 

was prepared and then solution A was added to solution B under stirring. The solid product 

was isolated through centrifugation, and repeatedly washed with ethyl alcohol and water, and 

eventually dried at 70 °C in air atmosphere and then sintered at 700 ◦C for 30 min.  

 

2.2. Reagents and apparatus 

A Philips powder X-ray diffractometer (X’PertPro, Cu Kα1 (λ=1.54 A), at 40 kV and 30 

mA was used to record the X-ray diffraction (XRD) patterns of the samples in the window of 

10°≤2θ≤70° at a 0.02° step. Field emission scanning electron microscopy (FESEM) studies 
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were performed using a Tescan Mira3 instrument. (FESEM). Transmission electron 

microscopy (TEM) studies were conducted using a JEM-2100 instrument at an acceleration 

voltage of 200 kV). A Shimadzu UV–Vis scanning UV–Vis diffuse reflectance spectrometer, 

was used for UV–Vis spectroscopy analyses A Philips XL30 microscope was used for the 

energy dispersive spectrometry (EDS). and the the vibrating sample magnetometery (VSM) 

analyses were performed on a Meghnatis Daghigh Kavir Co instrument in a magnetic field 

window of of ±10,000 Oe, at ambient temperature.  Fourier transform infrared (FT-IR) spectra 

were obtained using a Magna-IR 550 Nicolet spectrometer with a 0.125 cm-1 resolution. The 

tests were performed using KBr pellets (400-4000 cm-1).  

 

2.3. Preparation of the electrode 

0.13 g graphite is mixed with 0.01 g of Nb2O5 NPs as a modifier (Nb2O5NPs/CPE) and then 

several drops (0.06 g) of paraffin and 1 mL acetone was added to this mixture. After mixing 

for several minutes, the mixture is then moved to an oven at 50 °C and for removing acetone. 

Then, the composite mixture was used to fill a part of a polyethylene tube (3.0 mm). For the 

electrical connection of the carbon paste to an electrochemical device, a copper wire connected 

to the paste located in the inner cavity of the plastic syringe was used. The bare CPE was also 

obtained by combining 0.14 g graphite and 0.06 g oil. 

 

3. RESULT  

The XRD pattern of the Nb2O5 nanoparticles prepared using 20 as the capping agent at 

temperature 700 °C (Fig. 1) shows that the Nb2O5 nanoparticles have a pure phase with high 

crystallinity was formed. The XRD signals are all located at 22.53° ((112) line), 28.22° ((002) 

line), and 36.24° ((200) line), which correspond to the Orthorhombic Nb2O5 with space group 

Pbam (JCPDS card file no. 27-1003) and a=6.1680 Å b=29.3120 Å and c=3.9360 Å as the cell 

parameters. The mean crystallite size of the Nb2O5 nanoparticles estimated by the Scherrer 

formula is 20 nm.  

The purity and chemical composition of the Nb2O5 nanoparticles were passed through EDS, 

and it can be seen in the results (Fig. 2) that the Nb2O5 nanoparticles consisted of two different 

elements such as, Nb, and O. Moreover, no impurity peaks were seen. This suggests that as-

prepared Nb2O5 nanoparticles have high purity.  

We used the SEM technique to investigate the shape of Nb2O5 nanoparticles. Based on Fig. 

3, one can simply find out that synthesized Nb2O5 nanoparticles have sphere-like morphology 

which their particle size are approximately 50–70 nm.  
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Fig. 1. XRD pattern recorded for the Nb2O5 sample prepared using Tween (calcined at 700˚C) 

 

 

 

 

Fig. 2. EDS pattern of Nb2O5 nanoparticles in present Tween calcined at 700 ˚C 

 

 

 

Fig. 3. SEM recoded for Nb2O5 prepared using Tween (calcined at 700˚C) 
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Fig. 4 shows the infrared spectra of the as-fabricated powders in presence of tween and 

calcinations at 700 °C. According to FT-IR spectra, the weak absorption band positioned at 

3443 cm-1 can be related to stretching vibration of the O-H band of H2O molecules which was 

absorbed on the surface of the nanoparticles. There are some peaks that could be assigned with 

the presence of tween such as 1430 cm-1. The characterization peaks in the Nb2O5 nanoparticles 

spectrum are 539 cm-1 (vibration of atoms in tetrahedral oxygen environment; Nb–O) [45]. 

 

 

Fig. 4. FT-IR spectra of Nb2O5 nanoparticles in present Tween calcined at 700˚C 

 

3.1. Electrochemical behavior of electrodes  

Given the excellent performance of different nanomaterials in electrochemistry, many 

electrochemical scientists have focused on this field [46-53]. Using a 5 mM solution of 

K3Fe(CN)6/K4Fe(CN)6 in 0.1 M KCl solution, the electrochemical behaviors of unmodified 

CPE and Nb2O5 NPs/CPE were  monitored.   

 

 

 

Fig. 5. a) CVs obtained for a 5 mM solution of K3Fe(CN)6/K4Fe(CN)6 in 0.1 M KCl using an 

unmodified CPE and an Nb2O5NPs/CPE, b) The Nyquist diagram based on the EIS 

measurements performed under the same conditions  
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A comparison of the two electrodes is presented in Fig. 5a. As is evident, ΔE for K3Fe 

(CN)6/K4Fe(CN)6 at the CPE and Nb2O5NPs/CPE surfaces are 34 mV and 21 mV, respectively. 

Moreover, Nyquist plots of electrodes is presented in Fig. 5b which shows that the electron 

transfer resistance of Nb2O5NPs/CPE is less than the CPE indicating the catalytic activity of 

nanoparticles. 

 

3.2. Analysis of uric acid 

The results of the analyses of a uric acid sample using an unmodified CPE and 

Nb2O5NPs/CPE are illustrated in Fig. 6. As can be seen the a 50 μM solution of uric acid at the 

Nb2O5NPs/CPE surface has a higher oxidation current relative to CPE surface (at potential of 

0.27 V and in a phosphate buffer (PBS) (pH=7; scan rate=100 mV/s.) Tit is seen that the 

modified electrode response for uric acid is appropriate and this electrode can be used to detect 

trace concentrations of uric acid.  

 

 

 

Fig. 6. CVs of the CPE and Nb2O5NPs/CPE in PBS (pH=7) at 100 mV/s for 50µM uric acid 

 

 

To evaluate the role of changing the scan rate on the electro-oxidation of the analyte at 

Nb2O5NPs/CPE, cyclic voltammetry analyses were performed at different scan rates in the 

window of 10 to 400 mV s1  (Fig. 7). Moreover, the plot of current versus squared scan rate 

indicates that the electro oxidation of uric acid in PBS, using the modified electrode is 

diffusion-controlled. 
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Fig. 7. a) CVs of 50 μM uric acid in 0.1 M PBS, pH=7.0 at various scan rates. b) Ip vs. υ1/2 

 

3.3. Effect of analyte concentration  

The effect of different concentrations on the peak current was investigated using DPV 

technique.  Fig. 8a shows corresponding voltammograms of various concentrations of uric acid 

in PBS (pH=7). The calibration curve is also shown in Fig. 8b for the concentration range of 3 

to 100 μM, the detection limit obtained for uric acid from the LOD= S/M ratio is 1.1 μM. 

 

 

 

Fig. 8. a) DPVs of 3-100 μM uric acid in 0.1 M PBS (pH=7.0) using Nb2O5NPs/CPE; b) The 

peak current/uric acid concentration profle. 

 

4. CONCLUSIONS 

An eco-friendly procedure was used for preparing Nb2O5 nanoparticles, using Tween as a 

capping agent. The main advantage of this approach is the ease of its use for producing Nb2O5 

nanoparticles. Synthesized Nb2O5NPs were used to modify the carbon paste electrode and uric 

acid was detected using this modified electrode in aqueous samples at pH=7. The increase in 

the current of modified electrode compared to the unmodified electrode and lower charge 
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transfer resistance relative to the modified electrode indicating the good electrochemical 

activity of this electrode. 
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