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Unique WO3 nanorods were synthesized successfully via a novel one-step hydrothermal method with the assistance of 

potassium sulfate (K2SO4). The WO3 nanorods had uniform size with diameters around 30 nm and length up to 100~250nm. 
Moreover, it was surprisingly noticed that the K2SO4 played a key factor on fabrications of WO3 nanorods. A possible growth 

mechanism of the WO3 nanorods was also proposed. We found that the WO3 nanorods showed excellent gas sensing 

performances towards ethanol. The facile preparation method and the improved properties derived from the one-dimensional 
structures of nanorods are significant in the synthesis and future applications of functional nanomaterials. 
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1.  Int roduction 

 

As an n-type metal oxide semiconductor, tungsten 

oxide (WO3) nanomaterials have attracted special attention 

due to its promising physical and chemical properties [1-2]. 

We all know that the morphological characteristics of the 

nanomaterials such as grain size and  structure play a 

crucial role in affecting their chemical and physical 

properties [3-8]. The one-dimensional (1D) WO3  

nanomaterials with a large surface area, show many  

outstanding properties, such as gas sensors, photocatalysts, 

field-emission devices, and solar-energy devices [9-12]. 

Therefore, many methods have been developed to 

synthesize 1D WO3 nanostructures, such as thermal 

evaporation, solid-state, sol-gel and solution-based 

colloidal method [13-16]. Thereinto, as a facile method, 

hydrothermal processes in the presence of some inorganic 

salt solution have also been applied for the preparation of 

1D WO3 nanostructures. Recently, a  great dea l of effort  

has been focused on the hydrothermal synthetic routes of 

1D W O3 nanostructures such as nanowires, nanorods, 

nanotubes [17-19], and so on. However, the most of 

researches still focuses on the synthesis of the 1D WO3 

nanostructures, and there is still no deep understanding of 

the growth and gas sensing mechanis m of 1D WO3  

nanostructures that can be widely accepted. 

In present work, controlled morphology and growth 

mechanis m of WO3 nanorods were carried out by a facile 

hydrothermal route with the assistance of 

potassium sulfate. Furthermore, the gas-sensing 

performances of the as-prepared WO3 nanorods were 

investigated towards ethanol. 

 

 

 

 

2.  Experimental  

 

Synthesis of sample: All the chemical reagents were 

of analytical grade and used directly  without further 

purification. Firstly, sodium tungstate (Na2WO4•2H2O) 

(0.005Mol), and potassium sulfate (K2SO4) (0.01Mol), 

0.12g citric acid were dissolved in 50ml deionized water 

under the continual stirring. Afterwards, pH value of the 

obtained solution was adjusted to 1.3~1.5 by adding  

2mol/L hydrochloric acid (HCl). The final solution was 

transferred into a 100 ml Teflon-lined stainless steel 

autoclave, and sealed, heated in oven at 130 °C for 12 h. 

Then the precursor was collected by centrifugation, and 

washed several times with distilled water and absolute 

ethanol. Finally, the as-prepared sample was dried in air at  

300 °C for 4 h. 

Characterization of sample: The crystal structure of 

the as-prepared samples was characterised by X-Ray  

Diffract ion (XRD), a Rigaku D/Max-1200X 

diffractometry equipped with Cu Kα rad iation. The 

morphologies and microstructures were analyzed by  

scanning electron microscopy (FE-SEM, Nova 400 Nano) 

and transmission electron microscope (TEM, ZEISS, 

LIBRA200). The gas sensing properties were measured 

with HW-30 A gas sensitivity instrument (Hanwei 

Electronics Co., Ltd.)  

Fabrication of the gas sensor: Firstly, the as-prepared 

WO3 power was dispersed in distilled water to form paste. 

Next, the formed turbid liquid was then spin coated onto 

an alumina ceramic tube, positioned with a pair of Au  

electrodes and four Pt wires at each end point. In order to 

control the operating temperature, the Ni–Cr wire was 

inserted into the alumina tube as a heater. The schematic 

of the gas sensor is shown in Fig.  1. Finally, the gas sensor 

was dried at 350 °C for 3 h to evaporate the existed 

organic binder. 
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Fig. 1. Schematic diagrams of the gas sensor 

 

 

3.  Results and discussion 

 

3.1. XRD analysis 

 

The XRD patterns of the precursor and as -prepared 

product are showed in Fig. 2. As shown in Fig. 2a, we can  

see that all the observed reflect ion peaks of the precursor 

can be indexed to the WO3·H2O, and agree well with the 

standard data file (JCPDS no. 44-0363). The high and 

sharp peaks show that WO3·H2O is with good crystallinity  

in the precursors. The XRD pattern of the as-prepared  

products is shown in Fig. 2(b). No other peaks can be 

observed from this pattern, which indicates a pure 

hexagonal WO3 (JCPDS no. 75-2187, a=b=0.7298 nm, 

c=0.3899 nm). In addit ion, the narrow and strong peaks 

illustrate the high crystallinity o f the obtained h-WO3  

products. 

 

 

 

Fig. 2. XRD patterns of the precursors (a)  

and as-prepared product (b) 

3.2. SEM observation 

 

The morphologies and structure of the obtained 

products were investigated by SEM and TEM. The SEM 

images for this product were shown in Fig. 3a-c, from 

which we could  see that there existed a mount of nanorods 

with d iameters around 30 nm and length up to 100~250 

nm. The detailed observation and characterization on the 

morphology and structure was carried out using TEM, 

HRTEM and SAED, as shown in Fig. 3d-f. TEM image  

(Fig. 3d) of an indiv idual nanorod showed that it was 

about 25 nm in d iameter and 100 nm in length. Its 

HRTEM image (Fig. 3e and f) displayed a regular spacing 

of the lattice fringes, which were found to be about 0.316 

nm and 0.389 nm, corresponding to the (200) planes and 

(001) planes of h-W O3, respectively. Moreover, we could  

see in Fig. 3e that the latt ice fringes of (200) plane along 

c-axis, were perpendicular to another fuzzy  lattice fringes 

of (001) plane. The result indicated that the single WO3 

nanorod grew along the [001] directions and with the 

exposure of planes (200). 

  

 

Fig. 3. SEM (a–c), TEM (d), (inset) SAED, (e-f) HRTEM 

 images of the h-WO3 nanorods 
 

 

Fig. 4. SEM images of the as-prepared WO3 products with 

different K2SO4 concentrations: (a) 0 Mol, (b) 0.005 Mol, (c) 

0.01Mol, (d) 0.015 Mol 
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To gain insight into the formation mechanism of the 

WO3 nanorods and how morphology evolves with 

processing conditions, we have performed a 

straightforward comparat ive investigation by adjusting the 

different K2SO4 concentrations under the same 

reaction condition, as shown in Fig. 4. We could see that 

there was only irregular aggregation obtained without 

K2SO4. Whereas, addition of 0.005 M K2SO4 leaded to 

mixed morphologies consisting of irregular particles and 

nanorods. The particles were with diameter of 200 nm, and  

the nanorods were with about 25 nm in diameter and 100 

nm in  length. The result indicated that K2SO4 could  

promote the formation of nanorods. When the K2SO4 

concentration was enhanced to 0.01 M, well-defined  

nanorods with diameter of 30 nm and length of 100~250 

nm (Fig. 4c) can be obtained. Along with the concentration 

of K2SO4 further increasing up to 0.015 M, the obtained 

nanorods started to form the aggregation of nanorods with 

the diameters around 30 nm and length up to 200~400 nm. 

So, we could  see that a suitable K2SO4 concentration can 

promote the crystal growing along its [001] crystal 

direction (c-axis) to form the nanorod, upon enhancing the 

K2SO4 concentrations from 0 to 0.015 M as shown in              

Fig. 4.   

 

 

3.3. Growth mechanism 

 

On the basis of the above experimental results, we 

proposed a possible growth mechanis m for the formation  

of the WO3 nanorods, as shown in Fig. 5. In our 

experiment, firstly Na2WO4 and HCl reacted with each  

other to form H2WO4. The WO3 crystal nucleus was 

obtained at the beginning of the hydrothermal reaction. 

The reaction routes for the synthesis of WO3 nanorods 

could be expressed as follows:  

 

Na2WO4 + 2HCl → H2WO4 + 2NaCl       (1) 

 

H2WO4→ WO3 (crystal nucleus) + H2O      (2) 

 

WO3 (crystal nucleus) → WO3 nanorods     (3) 

 

The formation and evolution processes of the WO3 

nanorods seem to be div ided into three steps: in itial 

nucleation process (WO3 crystal nucleus), short rod-like 

nanostructures formation (o riented aggregation), and  

self-assembly process (Ostwald ripening). At  the in itial 

stage of hydrothermal treatment, because high 

concentration was suitable for the rap id formation of small 

crystallites, WO3 crystal nucleus formed, and numerous 

WO3 nanoparticles were produced due to the domination  

of kinetic factor. Due to the induction action of Na
+
 and K

+
, 

the primary WO3 nanoparticles grew along [001] direction, 

with the hydrothermal t ime prolonging. So, these primary  

particles would continuously grow into nanorods due to 

the different growth energy of the (001) and (100) faces. 

With the increase of the K2SO4 concentrations, the 

absorption action of SO4
2- 

ions would promote the 

constructing of the single nanorods into the nanorods 

bundles. 

 

 

 

Fig. 5. Schematic model of the formation mechanism of WO3 nanorods 

 

 

3.4. Gas-sensing properties 
 

Gas sensing properties of the four WO3 nanostructures 

fabricated sensors were measured to gain insight into the 

gas sensing properties of the WO3 nanorods, as shown in 

Fig. 6. Firstly, the sensors were tested at different heating 

temperature from 200℃ to 450℃. From Fig. 6A, we could  

see that the highest gas responses for the WO3 products 

(a–d) to the ethanol were estimated to be 33, 45, 61 and 47, 

respectively. So, the sensor based on WO3 nanorods (c) 

exhibited h igher response compared with the other sensors, 

which indicated the morphology of nanorods was critical 

to further enhance gas sensing properties of WO3.  

 

file:///C:/Users/Administrator/AppData/Local/Yodao/DeskDict/frame/20160104155111/javascript:void(0);
file:///C:/Users/Administrator/AppData/Local/Yodao/DeskDict/frame/20160104155111/javascript:void(0);
file:///C:/Users/Administrator/AppData/Local/Yodao/DeskDict/frame/20160104155111/javascript:void(0);


752                                             Shixiu Cao, Hui Chen 

 

 

 

Fig. 6. (A) Response of the as-prepared WO3 products with different K2SO4 concentrations (a: 0 Mol, b: 0.005 Mol, c: 0.01Mol, 

d: 0.015 Mol) vs heating temperature of the sample to 100 ppm ethanol. (B) Response of the as-prepared WO3 products at 

different concentration of ethanol at 350℃. (C)The consistent response and recovery characteristics of the as-prepared WO3 

sensors throughout the five cyclic tests to the ethanol gas of 50 ppm at 350℃ 

 

 

Furthermore, we measured the response of the four 

samples to ethanol under the different concentrations at 

350℃. As shown in Fig. 6B, the gas response of the four 

samples increased with the rise of gas concentration. 

Moreover, the WO3 nanorods (c) sensor exh ibited higher 

response than others, which fu rther implied that the WO3  

nanorods might play an important ro le in improving the 

gas sensing performances. 

Finally, the gas response and recovery behavior of all 

the samples to 50 ppm at 350℃ was measured. The results 

are shown in Fig. 6C. Five reversible cycles of the 

response and recovery curves indicated a stable and 

repeatable characteristic. Furthermore, the 

response/recovery time of the WO3 nanorods (c) was ∼31 

s/32 s. As for the samples (d), slightly prolonged 

response/recovery behavior was ∼36 s/36 s. The response 

and recovery times were estimated to be 37 s and 38 s, 

respectively, for the samples (b). The response/recovery 

time of the samples (a) was 42 s/42 s. The WO3 nanorods 

(c) sensor exh ibited higher gas response than the other 

samples (a, b, d).  

Therefore, based on the above experimental results 

and analysis, we could find that the WO3 nanorods had the 

significant effect on gas response improvement, and the 

WO3 nanorods sensor had excellent selectivity to ethanol 

and good stability. 

 

 

4. Conclusions 

 

We have successfully synthesized the WO3 nanorods 

via the simple yet facile hydrothermal method. We 

discussed in detail the possible growth mechanis m of the 

WO3 nanorods. Moreover, the WO3 nanorods showed the 

excellent gas sensing properties toward ethanol. The 

response of sensor to ethanol gas strongly depended on the 

structure and morphology of as-synthesized WO3 nanorods. 

The results demonstrate that this unique morphology holds 

substantial promise for the use of WO3 as a gas sensing 

material in future sensor applications. 
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