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A new 15% Ni-doped α-Fe2O3 nanoplates modified glassy carbon electrode (GCE) was fabricated and 
used for the sensing of uric acid (UA). The Ni-doped α-Fe2O3 nanoplates were prepared by hydrolysis 
method. The structure and morphology of the sample was characterized by X-ray diffraction (XRD), 
Fourier transform infrared spectroscopy (FTIR), UV-Visible spectroscopy (UV-Vis) and field emission 
scanning electron microscopy (FE-SEM). The modified electrode was prepared by drop coating method. 
The electrochemical sensing behavior of the Ni-doped α-Fe2O3 modified GCE was investigated by cyclic 
voltammetry (CV). Ni-doped α-Fe2O3 modified electrode exhibits a 150 mV shift in the oxidation 
potential of UA in the cathodic direction with a remarkable enhancement of the current response than 
the bare GCE. It is much promising for the modified films to be used as an electrochemical sensor for the 
detection of UA. 
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1. Introduction 

The most stable α-Fe2O3 (hematite) is an important functional 
semiconductor (Eg = 2.1 eV) which is environmentally friendly and has 
low toxicity. It has been the widely investigated material due to its 
applications in the field of photocatalyst [1, 2], solar cells [3], 
electrochemical sensor [4], gas sensors [5], and batteries [6] etc. Since the 
morphology and crystallographic forms are generally believed to be 
responsible for their properties [7], the controlled synthesis of Fe2O3 has 
received much interest in material research. Hence, many methods have 
been reported for the synthesis of α-Fe2O3 including forced hydrolysis [8], 
hydrothermal synthesis [9], microwave irradiation method [10], and 
combustion method [11] method etc. Among them, hydrolysis of Fe3+ plays 
an important role in natural system. This method does not need the 
addition of any precipitator. Doping of different metal ions or metal oxides 
into Fe2O3 will find new application or improve the performance of 
existing applications. For instance, Niu et al [12] found that the material 
mixed with rare earth oxides through a sol-gel method in citric acid system 
presented high gas sensitivity to gasoline. Jing et al [13] reported that the 
Ni-doped γ-Fe2O3 exhibits higher gas sensitivity and better selectivity to 
ethanol than the pure γ-Fe2O3. Recently, we have reported that the Co 
doped α-Fe2O3 exhibits higher electrochemical sensing property than the 
pure α-Fe2O3. It is noted that until now most of the researchers focused 
mainly on doping of metal ion into γ-Fe2O3, while doping of metal ion in α-
Fe2O3 and their electrochemical sensing properties have rarely reported. 
In this regard, we prepared Ni-doped α-Fe2O3 nanoplates as a 
voltammetric sensor for UA. In general, selective and accurate 
determination of UA is essential in clinical analysis. Hence, enzyme-based 
UA sensors were developed, but the enzymes were expensive and difficult 
to handle. Also, enzymes based UA sensor did not have long-term stability 
due to their inherent instability. On the contrary, Ni-doped α-Fe2O3 

nanoplates could be an excellent substitute for enzymes. 
 
Here, we fabricated a new voltammetric sensor with Ni-doped α-Fe2O3 

nanoplates to test whether Ni-doped α-Fe2O3 nanoplates could efficiently 
detect UA. The sensor material was prepared by simple hydrolysis method 
and was characterized with XRD, FT-IR, UV–vis spectrum, and FE-SEM. 

2. Experimental Methods 

2.1 Materials 

Ferric chloride (FeCl3), nickel acetate and potassium chloride were 
purchased from Qualigens. Uric acid was purchased from Sigma. The 
above chemicals were used as received. Doubly distilled water was used 
as the solvent. 

 
2.2 Sample Preparation 

In order to prepare Ni-doped α-Fe2O3, Ni(CH3COO)2·6H2O  salt was 
added to the aqueous solution of FeCl3. The mole ratio of Ni and Fe was 
15:85. The solutions were refluxed in a water bath for 16 h. The obtained 
yellow powders (Ni-doped FeOOH) were calcined at 600 °C for 6 h to get 
reddish brown, 15% Ni-doped α-Fe2O3 nanostructures. 
 
2.3 Characterization 

The structure of the sample was analyzed by a Rich Siefert 3000 
diffractometer with Cu-Kα1 radiation (λ = 1.5406 Å). FTIR spectrum of the 
sample was recorded by using a Schimadzu FT-IR 8300 series instrument. 
The UV–Vis absorption spectrum was obtained on a CARY 5E UV–vis-NIR 
spectrophotometer.  The morphology and size was analyzed by FE-SEM 
using HITACHI SU6600 field emission-scanning electron microscopy. The 
BET surface area was measured using a Micromeritics (ASAP 2020) 
analyzer. The electrochemical experiments were performed on a CHI 600A 
electrochemical instrument using the as-modified electrodes and bare 
GCE as working electrode, a platinum wire was the counter electrode and 
saturated calomel electrode (SCE) was the reference electrode. 
 
2.4 UA Sensor Fabrication 

Ni-doped α-Fe2O3 dispersion (1 mg of sample in 5 mL of acetone) was 
prepared by using ultrasonication method. Highly polished GCE was 
coated with 5 μL of Ni-doped α-Fe2O3 dispersion. The modified electrode 
was activated in 0.1 M KCl solution by successive cyclic scans between -0.2 
and +0.6 V. Before and after each experiment, the modified electrode was 
washed with distilled water and reactivated by the method mentioned 
above. 
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3. Results and Discussion 

3.1 XRD analysis 

Fig. 1 represents the powder XRD pattern of α-Fe2O3 (15% Ni). The 
diffraction pattern of α-Fe2O3 (15% Ni) was similar to that of pure α-Fe2O3 
(not shown here) and closely matched with the standard α-Fe2O3 
reflections (JCPDS No. 882359). α-Fe2O3 (15% Ni) has an orthorhombic 
structure. Nickel dopant did not exist as nickel oxide in the doped sample. 
However, the diffraction peaks of the Ni-doped sample are different from 
that of pure α-Fe2O3 in relative intensity, which probably results from the 
incorporation of nickel atom into the Fe2O3 lattice, because of the ionic 
radius of the Ni2+ (0.78 Å) is similar to that of Fe3+ (0.69 Å). In addition, all 
the diffraction peaks of α-Fe2O3 (15% Ni) are slightly shifted to higher 2θ 
values than that of pure α-Fe2O3. These results suggest that the Ni2+ is well 
dissolved within the Fe2O3 lattice. Further, the diffraction peaks of the 
samples show broadening indicating the ultrafine nature of the particles. 
On the basis of Scherrer’s equation, the average crystallite size was 
estimated by applying peak broadening analysis to hematite (32.8˚) 
diffractions. The average crystallite size is calculated as 49 nm for α-Fe2O3 
and 34 nm for α-Fe2O3 (15% Ni). The results suggests that the crystallite 
size of α-Fe2O3 (15% Ni) turns smaller, which means that the addition of 
Ni2+ can effectively decreases the crystalline grain growth. This result is 
consistent with the reports in which the added Ni decreases the crystallite 
grain growth of γ-Fe2O3 [13]. 

 

 

Fig. 1 XRD pattern of α-Fe2O3 (15% Ni) 

 
3.2 FT-IR Analysis 

FT-IR spectrum of α-Fe2O3 (15% Ni) is similar to that of pure α-Fe2O3 
and is shown in Fig. 2. The characteristic bands at 3401, 1621, 556, and 
447 cm–1 were observed in Fig. 2. The band associated with the lattice 
water molecule is broad, and is observed in a region of 3401 cm–1 and 1621 
cm–1. The simultaneous presence of these two bands indicates that, the 
water of crystallization is present in the sample. Huo et al [15] claimed the 
bands of 556 cm–1 and 447 cm-1 are due to Fe-O vibrational mode of α-
Fe2O3. In Ni doped sample, the Fe-O stretching vibrational mode is 
observed in 555 cm–1 and 460 cm–1 which assures the hematite phase [16]. 
 

 

Fig. 2 FTIR spectrum of α-Fe2O3 (15% Ni) nanoplates 

3.3 UV-Visible Analysis 

The UV-visible absorption spectrum of α-Fe2O3 (15% Ni) nanoplates 
(Fig. 3) shows three absorption bands at around 350, 536 and 674 nm. The 
absorption band present in the region of 400-600 nm can be assigned to 

6A1 → 4T2 (4G), d-d transition of Fe3+ as well as the pair excitations, 6A1 + 6A1 
→ 4T2 (4G) + 4T2 (4G) of two adjacent Fe3+ cations (6A1 and 4T2 (4G)), referred 
to as the ground state and first excited state configuration of high spin Fe3+, 
respectively. Also, the band at 350 nm is mainly results from the ligand to 
metal charge- transfer transitions and  partly from the contributions of the 
Fe3+ ligand-field transition 6A1 → 4T 2 (4D) [17]. Inset in Fig. 3 shows the 
plot of (αhν)2 versus hν for the α-Fe2O3 (15% Ni) nanoplates. The estimated 
band gap of the sample is found to be 2.02 eV for α-Fe2O3 (15% Ni) which 
is in good agreement with a band gap value of α-Fe2O3 [18]. The steep 
absorption edge in α-Fe2O3 (15% Ni) nanoplates is indicative of the 
uniform particle morphology and size with fairly good crystallinity [19]. 
 

 

Fig. 3 UV-Visible absorption spectrum of α-Fe2O3 (15% Ni) 

3.4 FE-SEM Analysis 

Fig. 4 shows the SEM (image a-b) and FE-SEM images (image c-d) of α-
Fe2O3 (15% Ni). From the Fig. 4, it can be seen that the α-Fe2O3 (15% Ni) 
particles has elongated plate-like shape with the widths of 69 nm and 
lengths up to 263 nm. It should be mentioned that the particle shape of the 
α-Fe2O3 (15% Ni) is altered in comparison with the morphology of pure α-
Fe2O3 which has sphere-like morphology. Therefore the addition of 
Ni(CH3COO)2·6H2O has vital role in the formation of nanoplates. 
 

 
 

Fig. 4 SEM images (a, b), FE-SEM images (c, d) and EDS of α-Fe2O3 (15% Ni) 
nanoplates 

 
3.5 BET Analysis 

BET analysis was performed to determine the surface area of α-Fe2O3 

(15% Ni) nanoplates. In order to get sample with surface area, we should 
use lower concentration of precursor salt and lower reaction temperature. 
The concentration we used here is 0.5 M with higher calcination 
temperature than the reported values [20]. The surface area of the α-Fe2O3 
is 4.95 m2g-1 whereas the surface area of the α-Fe2O3 (15% Ni) is 5.56 m2g-

1. These results showed that the addition of 15% Ni increased the surface 
area of the sample. 
 
3.6 Electrocatalytic Property 

UA sensing behaviour of α-Fe2O3 (15% Ni) nanoplates were examined 
by cyclic voltammetry. Fig. 5 shows the cyclic voltammogram of 4 mM UA 
in 0.1 M KCl at bare, α-Fe2O3, and α-Fe2O3 (15% Ni) nanoplates modified 
GCE along with bare GCE. Bare GCE (Inset in Fig. 5) shows a very broad 
peak at about +0.42 V for the oxidation of UA. Noticeably, voltammogram 
of UA at α-Fe2O3 (5-20% Ni) modified GCE showed higher oxidation peak 
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current with lower oxidation potential at +0.3 V and a small re-reduction 
peak at +0.18 V. The overpotential had thus decreased by +0.13 V. This 
result indicates the enhanced UA sensing ability of α-Fe2O3 (15% Ni) 
modified electrode. This UA oxidation potential is comparable or better 
than the previously reported values [21-23]. Generally, the oxidation of UA 
is irreversible at GCE [24]. However, α-Fe2O3 (15% Ni) modified GCE 
shows re-reduction peak of UA which has not been reported in most of the 
literature [23], showing the increased reaction reversibility at the α-Fe2O3 

(15% Ni) modified GCE. This electrocatalytic effect was attributed to the 
larger available surface area of α-Fe2O3 (15% Ni) nanoplates as evidenced 
from FE-SEM and BET analysis. 
 

 
 

Fig. 5 Cyclic voltammetric response of 4 mM UA at (a) pure α-Fe2O3/GCE and (b) α-
Fe2O3 (15% Ni)/GCE. Inset Figure: Cyclic voltammetric response of 4 mM UA at bare 
GCE. Scan rate: 50 mV/s 

 
4. Conclusion 

In summary, Ni-doped α-Fe2O3 nanoplates were successfully prepared 
by hydrolysis method. The XRD, FTIR and UV-visible studies confirms the 
formation of the sample. The FE-SEM of α-Fe2O3 (15% Ni) shows that the 
particles were nanoplates liked shape. The electrochemical sensing 
properties of these nanoparticles were investigated. α-Fe2O3 (15% Ni) 
modified GCE exhibited higher anodic current response for 4 mM UA than 
the bare GCE with shifts in potential.  
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