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ABSTRACT. WO3 nanosheets (NSs) were prepared and characterized by X-ray photoelectron spectrometer 
(XPS), X-ray diffractometer (XRD), scanning electron microscope (SEM) and transmission electron microscope 
(TEM). The obtained WO3 NSs exhibited peroxidase-like catalytic activity, which can catalyze H2O2 to oxidize       
3,3 ',5,5 '-tetramethylbenzidine (TMB) to generate oxidized TMB (oxTMB) with an absorption peak centered at 652 
nm. Based on this, a facile method for the spectrophotometric determination of H2O2 was established. Under the 
selected conditions, the increase in absorbance of oxTMB enabled the detection of H2O2 ranging from 2.0 to 180 
μM. Considering the fact that H2O2 is one of the products of urate oxidase (UAO)-catalyzed uric acid (UA) 
oxidation, a convenient method for the selective determination of UA was further developed with the help of UV–
Vis spectrophotometer. The increase of absorbance at 652 nm showed a linear response to UA concentration over 
the range of 2.0–180 μM. The limit of detection for UA was as low as 1.25 μM. More importantly, the proposed 
method was applied to the determination of UA in serum samples with satisfactory results. 
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INTRODUCTION 
 

Uric acid (UA), the end product of purine metabolism, is one of the main antioxidants in human 
body, which can be detected in serum and urine [1, 2]. When the serum UA content exceeds 0.46 
mM [2], it is considered to be high UA, which is identified as to be a risk signal for various 
diseases [3] including cardiovascular disease, kidney disease and metabolic syndrome [4-6]. On 
the contrary, a low level (below 0.12 mM) of UA in human blood indicates signs of Parkinson's 
disease or multiple sclerosis [4, 5]. Therefore, accurate determination of UA in serum is of great 
importance for disease diagnosis. So far, different analysis techniques have been used for the 
detection of UA in biological samples, including fluorescence [7, 8], high-performance liquid 
chromatography (HPLC) [9, 10], electrochemical [11] and so on. It is worth noting that 
fluorescence and HPLC require expensive instruments. Electrochemical method faces 
complicated electrode modification process. Compared with these methods, colorimetry 
possesses the advantages of simplicity, rapidity and practicality. It can be used to determine 
analytes with naked eyes or UV-Vis spectrometer [12-15]. Horseradish peroxidase (HRP) was 
used in the traditional colorimetry for the determination of H2O2 and its related substances such 
as glucose and UA [16, 17]. Although HRP has the advantages of high catalytic activity and strong 
specificity, its disadvantages of high cost and poor stability hinder its wide applications [14, 18]. 

In recent years, seeking substitutes for natural enzymes has attracted extensive attention. In 
2007, it was found for the first time that Fe3O4 nanoparticles (NPs) could catalyze H2O2 to oxidize 
3,3',5,5'-tetramethylbenzidine (TMB) [19]. That is, Fe3O4 NPs can be used as peroxidase mimetic. 
This innovative application inspired the research of using nanomaterials as mimic enzymes. Since 
then, lots of nanomaterials have been reported to exhibit peroxidase (or oxidase)-like activity, 
including noble metals (e.g. Au@Ag NPs [20], AgNPs@ZnMOF [21], and Ni-Pt NPs [22]), 
transition metal oxides or sulfides (e.g. MnO2 NSs [23], CuO NFs [24], CeO2 NPs [25], and MoS2 
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NSs [26]), carbon-based nanomaterials (e.g. CQDs [27] and GQDs [28]), etc. As a typical 
transition metal oxide, WO3 nanomaterials has advantages of high catalytic activity and good 
chemical stability. Huang’s group established a colorimetric sensing platform for H2O2, ascorbic 
acid and dopamine detection based on WO3 nanowires (NWs) with peroxidase-like activity [29]. 
As a peroxidase mimetic, WO3 quantum dots (QDs) have been applied to construct cholesterol 
colorimetric sensor [30]. Because of its excellent peroxidase activity, WO3 nanosheets (NSs) were 
also applied for the colorimetric determination of xanthine [31]. In the present study, WO3 NSs 
were prepared from Na2WO4·2H2O and HNO3 at room temperature. Based on the peroxidase-like 
activity of the WO3 NSs and urate oxidase (UAO)-catalyzed uric acid (UA) oxidation, a 
convenient and selective colorimetric method was developed for the sensitive detection of UA 
(Scheme 1). 

 

 
 
Scheme 1. Schematic diagram of WO3 NSs preparation and uric acid determination. 
 

EXPERIMENTAL 
 

Reagents and apparatus 
 
Sodium tungstate (Na2WO4·2H2O), hydrogen peroxide (H2O2), 3,3',5,5'-tetramethylbenzidine 
(TMB), isopropanol (IPA) and methanol (MA) were provided by Tianjin Da Mao Chemical 
Reagent Factory (Tianjin, China). Uric acid (UA), urate oxidase (UAO), glucose (Glu), fructose 
(Fru), lysine (Lys), threonine (Thr), lactose (Lac) and glycine (Gly) were purchased from 
Shanghai Maclean Biochemical Co., Ltd, China. Other reagents used in the experiments were 
from Sinopharm Chemical Reagent Co., Ltd. 

The morphology characterizations of WO3 NSs were performed on a S-3400N scanning 
electron microscope (SEM) and a Tecnai G2 F20 S-TWIN transmission electron microscope 
(TEM), respectively. A Brucker D8 X-ray diffractometer (XRD) and an ESCALAB 250Xi X-ray 
photoelectron spectrometer (XPS) were used for recording XRD and XPS spectra, respectively. 
A Unico 4802 UV-Vis spectrophotometer was used to measure absorption spectra. 

 
Preparation of WO3 NSs 
 
WO3 NSs were prepared using a method from literature with some modification [32]. 0.4 g of 
Na2WO4·2H2O was dispersed in 300 mL of HNO3 (4.8 M) while stirring. After 10 min of sonicate, 
the mixture was subjected to magnetic stirring at room temperature for 72 h. The yellow product 
was then gathered after centrifugal separation (8000 rpm, 20 min) and followed by washing with 
ultrapure water. After drying in a 50 oC vacuum oven for 12 h, the obtained yellow solid was 
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stored in a desiccator. Before used, the WO3 NSs were ground into fine powder with an agate 
mortar. 50 mg of powder was taken and dispersed into 50 mL ultrapure water following by 
sonicate for 2 h. 
 
Detection of H2O2 and UA 
 
Aliquots of 200 μL TMB (10 mM) and 50 μL WO3 NSs (1 mg/mL) were mixed with 200 μL H2O2 

with different concentration. 1560 μL HAc-NaAc buffer (0.2 M, pH = 4.5) was then added into 
the above solution. After full mixing, it was incubated in a 30 oC water bath for 50 min. Finally, 
the absorption spectrum of the resultant solution was recorded. 

Both UA and UAO solutions were prepared in Tris buffer (0.1 M, pH = 8.0). The UA detection 
was carried out as follows: 100 μL UA with different concentration was incubated with 100 μL 
UAO (1 mg/mL) at 37 oC for 25 min to generate H2O2. Then, 200 μL TMB (10 mM), 50 μL WO3 
NSs (1 mg/mL) and 1560 μL HAc–NaAc buffer (0.2 M, pH = 4.5) were added successively. After 
fully mixing, it was incubated at 30 oC for another 50 min. Then, the absorption spectrum of the 
resultant solution was recorded.  

The absorbance at 652 nm was applied to establish the calibration curves for H2O2 and UA. 
All experiments were carried out in parallel three times. 

 
Pre-treatment of serum sample 
 
The serum samples from healthy adults were provided by volunteers of our research group and 
extracted by Guangxi University Affiliated Hospital (Nanning China). A certain amount of serum 
sample was fully mixed with trichloroacetic acid (10%), it was then centrifuged at 5000 rpm for 
20 min to remove serum protein. The collected supernatant was diluted with Tris buffer (0.1 M, 
pH = 8.0). For standard addition recovery measurement, a certain amount of UA was spiked into 
the pretreated sample. The determination of UA was performed according to the procedure 
described in Section 1.3.  
 

RESULTS AND DISCUSSION 
 

Composition and morphology of WO3 NSs 
 
The chemical composition and crystal structure of WO3 NSs were identified by XPS and XRD, 
respectively. As shown in Figure 1A, the existence of W, O, and C elements can be demonstrated 
in the XPS survey spectra of WO3 NSs. The C element was most likely to come from the 
absorption of CO2 during the measurement. As can be seen in Figure 1B, the binding energy values 
of W4f7/2 and W4f5/2 are observed at 35.23 and 37.15 eV, respectively, which is consistent with 
the XPS results of WO3 in the literature [33]. Suggesting the typical characteristic of W6+ oxidation 
state. The O1s peak (Figure 1C) at 530.4 eV indicates the existence of O2- in WO3. The other O1s 
peaks located at 532.7 eV reveals the presence of adsorbed water molecules on the surface of WO3 
[34]. Figure 1D shows the XRD pattern obtained from WO3 NSs powder. Four characteristic 
diffraction signals are observed at 16.3°, 24.4°, 25.9°, and 34.4°, which belong to the (001), (110), 
(011), and (002) crystal planes of WO3 (JCPDA No.54-0508), respectively. Implying that WO3 
existed in its crystalline form. An obvious lamellar structure can be observed in SEM (Figure 1E) 
and TEM (Figure 1F) images, indicating that the sample was nanosheets. All these demonstrated 
the formation of WO3 NSs. 
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Figure 1. Characterization of WO3 NSs: (A). The XPS pattern of WO3 NSs, (B). The XPS 
pattern of W 4f (B) and O 1s (C), (D) XRD pattern, (E). SEM image, (F). TEM 
image.  

 

Catalytic activity of WO3 NSs 
 

To investigate the catalytic activity of WO3 NSs, TMB and H2O2 were used as chromogenic agent 
and oxidant respectively, several control experiments were carried out, and the results are shown 
in Figure 2A. The solutions of WO3 NSs, WO3 NSs/TMB and WO3 NSs/H2O2 are all colorless 
(inset in Figure 2A) without characteristic absorption peak in the scanning range of 500 to 800 
nm (curve a to c). TMB solution involving H2O2 merely shows a pale bluish with a weak 
absorption peak (curve d), indicating that TMB was slowly oxidized by H2O2. While TMB 
solution involving H2O2 and WO3 NSs results in a deep blue color with a strong absorption peak 
at 652 nm (curve e). The observed phenomenon is consistent with the HRP-catalyzed oxidation 
of TMB in the presence of H2O2, demonstrating the peroxidase-like catalytic activity of WO3 NSs. 

 

 

Figure 2. (A) Absorption spectra of solutions with different components. Inset: digital 
photos of corresponding solutions. (B) Effect of radical scavenger on the 
absorbance of the TMB-H2O2-WO3 NSs mixture. 
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Nanomaterials-based peroxidase mimetic, such as MoS2 NSs [26], AuNPs-WS2QDs [35], N-
Fe CDs [36], and carbon quantum dots [37], can promote the decomposition of H2O2 to produce 
hydroxyl radical(•OH) intermediates, which further oxidizes TMB to blue oxidation product 
(oxTMB). To study the mechanism of WO3 NSs, three •OH scavengers, including isopropyl 
alcohol (IPA), methyl alcohol (MA) and L-histidine (His), were added to the TMB-H2O2-WO3 

NSs system to evaluate the effects of WO3 NSs on •OH generation. The absorption spectra of 
TMB containing H2O2 and WO3 NSs in the presence and absence of •OH scavengers were 
monitored. As shown in Figure 2B, the concentration and type of •OH scavenger have no 
significant effect on the absorbance at 652 nm. These results proved that the catalytic activity of 
WO3 NSs was not due to the generation of •OH. Similar to Co3O4-MMT NPs [38] and CoSe2 NFs 
[39], whose catalytic activity is achieved by accelerating electron transfer from TMB to H2O2, 
rather than by producing •OH. Therefore, the catalytic mechanism of WO3 NSs can be described 
as follows. TMB was adsorbed on WO3 NSs surface and provided lone-pair electrons to WO3 
NSs, leading to an increase in electrons density of WO3 NSs. Since H2O2 was also adsorbed on 
WO3 NSs surface, an increased electron density facilitated the transfer of electrons from TMB to 
H2O2. Thus, the oxidation rate of TMB by H2O2 was accelerated. 

 

 
 
Figure 3. The steady-state kinetic and catalytic mechanism of WO3 nanosheets. The error 

bar represents the standard error obtained from three repeated measurements. (A) 
H2O2 concentration is 1.0 mM, TMB concentration is different. (B) TMB 
concentration is 1.0 mM, H2O2 concentration is different. (C, D) Double 
reciprocal diagram of the catalytic activity of WO3 nanosheets when the 
concentration of one substrate (TMB or H2O2) was fixed and the concentration 
of the other substrate was changed. 

 
The catalytic performance of WO3 NSs was further studied by steady-state kinetics. As 

displayed in Figure 3A and Figure 3B, the oxidation reaction catalyzed by WO3 NSs follows the 
typical Michealis-Menten model for both substrates TMB and H2O2. The Michaelis constant (Km), 
which is related to the affinity of the enzyme to the substrate, were obtained from the following 
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equation: 1/V = (Km/Vmax) x (1/[S]) + 1/Vmax, among them, V, Vmax and [S] represent the initial 
reaction velocity, the maximum initial velocity and the substrate concentration, respectively. 
According to Figure 3C and Figure 3D, the Km values of WO3 NSs to TMB and H2O2 were 
calculated to be 0.733 and 0.164 mM, respectively. It should be noted that a low Km value implies 
a high catalytic activity. The Km value of WO3 NSs toward TMB is greater than that of HRP [19] 
(0.43 mM), implying that WO3 NSs possesses a lower affinity for TMB than HRP. While the Km 
value of WO3 NSs toward H2O2 (3.70 mM) was lower than that of HRP, suggesting that the WO3 

NSs exhibits strong affinity for H2O2 [19]. Therefore, as a peroxidase-like enzyme, WO3 NSs can 
be applied to the sensitive detection of H2O2 and its related substances. 

 

Applications of WO3 NSs in H2O2 and UA Detection 
 

Similar to other peroxidase mimics, the catalytic activity of WO3 NSs was also affected by 
external factors. To achieve the best response, we studied the influences of experimental 
conditions including pH value, TMB concentration, and incubation time to optimize the H2O2-
mediated TMB chromogenic reaction in a 30 oC water bath. As shown in Figure 4, the favorable 
pH, TMB concentration, and incubation time for the WO3 NSs-catalyzed TMB oxidation are 4.5, 
1.0 mM, and 50 min, respectively. Under the above experimental conditions, a simple method for 
colorimetric detection of H2O2 was established. As displayed in Figure 5A, the absorbance 
increases with the increase of H2O2 concentration, and the obvious change of solution color can 
be observed by the naked eye (Figure 5A inset). Furthermore, the absorbance was linear to H2O2 
concentration in the range of 2.0-180 μM (Figure 5B), the regression equation could be defined 
as A = 0.0043C (μM) + 0.023 (R2 = 0.991). The limit of detection (LOD) at 3δ/k (where δ is the 
standard deviation of 11 blank solution measurements, and k is the slope of calibration curve) for 
H2O2 was 1.34 μM, suggesting high sensitivity for H2O2 detection.  
 

 
 

Figure 4. Effect of (A) pH value, (B) TMB concentration and (C) reaction time on the 
catalytic activity of the WO3 NSs. 

 

Under the catalysis of UAO, UA is oxidized to produce H2O2 quantitatively. Thus, a method 
for the determination of UA was further developed. As shown in Figure 5C, with the increase of 
UA concentration, the absorbance at 652 nm increases gradually, accompanied with obvious color 
change from colorless to light blue and dark blue (Figure 5C inset), indicating the possibility of 
visual detection of UA. As can be seen in Figure 5D, the absorbance exhibits a linear response to 
UA concentration over the range of 2.0 - 180 μM, the calibration curve can be depicted as A 
=0.0046C (μM) + 0.0198 (R2 = 0.996). On the basis of 3δ/k, the LOD for UA was 1.25 μM, which 
is much lower than the lowest concentration of UA in human serum (0.12 mM) [4, 5], implying a 
high sensitivity method for UA detection. The relative standard deviation (RSD) was 1.1% for 
determining 40.0 μM UA (n = 3), indicating a good precision of the method. As summarized in 
Table 1, the developed method is superior to most of the approaches for UA detection in 
sensitivity or linear range. 
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Figure 5. (A)Absorption spectra of TMB-WO3 NSs mixture with various concentrations 
of H2O2. Inset: digital photos of corresponding solutions. (B) The linear relation 
of absorbance with H2O2 concentration. (C) Absorption spectra of TMB-WO3 
NSs mixture with various concentrations of UA. Inset: digital photos of 
corresponding solutions. (D) The linear relation of absorbance with UA 
concentration. 

 
Table 1. Comparison with some reported methods for the detection of uric acid. 
 

Materials 
used 

Method 
Detection 
limit (μM) 

Linear 
range 
(μM) 

Real 
sample 

Recovery 
(%) 

Reference 

Fe3O4@fatty 
acid MNPs 

Colorimetric 2.8 5-250 Serum 94.7-103.4  [40]  

Pt@Ag NFs Colorimetric 0.3 0.5-150 Serum 96.8-103.3 [41]  
Ag2V4O11 

NBs 
Colorimetric 0.35 1-110 * * [42]  

Au NPs Colorimetric 0.04 0.1-30 Urine 96.1-103.1 [43]  
Fe@NCDs Colorimetric 0.64 2-150 Urine 92.0-103.4 [44]  
CoP NSs Colorimetric 1.0 1-200 Urine 99.6-106.5 [45]  
WO3 NSs Colorimetric 1.25 2-180 Serum 92.6-105.5 This word 

 
The potential interferences including Glu, Cys, Gly, His, Ser, Thr, Na+, K+, and Mg2+, which 

might coexist in serum and interfere with the determination of UA, were chosen to assess the 
selectivity of the method. The concentrations of UA and interferents were 0.1 and 1.0 mM, 
respectively. As displayed in Figure 6, the absorbance of the solution containing interference is 
far lower than that of UA because of the high selectivity of UAO to UA, indicating good 
selectivity for UA determination. 
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Figure 6. Selectivity evaluation for UA determination. The concentrations of UA and 
interferents were 0.1 and 1.0 mM respectively. (a. Glu; b. Cys; c. Gly; d. His; e. 
Ser; f. Thr; g. Na+; h. K+; i. K+; j. Mg2+; k. UA). 

 

To evaluate the feasibility of the method in practical application, the concentration of UA in 
human serum was determined, and a standard addition method was used to verify the accuracy of 
the method. The results are displayed in Table 2. Considering the sample dilution (37 times) 
caused by the determination process, the concentration of UA in the original serum samples are 
0.26 and 0.19 mM, respectively, which are within the normal range (0.12 to 0.46 mM). The 
recoveries of UA in serum samples ranged from 92.6% to 105.5%, and the RSD at each level was 
less than 3.3%, confirming an accurate and reliable method. 

 
Table 2. Determination results of UA in human serum samples (n = 3). 
 

Sample Added (μM) Found (μM) Recovery (%) RSD (%) 

1 
0 7.092 0 1.5 
20 27.65 102.8 1.0 
40 44.13 92.60 3.3 

2 
0 5.241 0 2.3 
40 47.46 105.5 2.7 
80 83.39 97.68 2.5 

 

CONCLUSIONS 

WO3 NSs was prepared at room temperature, which exhibited peroxidase-like activity and could 
catalyze H2O2 to oxidize colorless TMB into blue oxTMB. Taking the advantages of the catalytic 
activity of WO3 NSs and the specificity of UAO, a sensitive and selective spectrophotometric 
method for UA detection was developed. A good linear relationship between absorbance and UA 
concentration over the range of 2.0–180 μM was achieved with LOD of 1.25 μM. More 
importantly, the method has been used for determining UA in serum with good accuracy and 
precision, showing its promising potential applications. 
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