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Structure Control and Characterization of Tungsten Oxide Nanoparticles by Aqueous 

Solution Methods 

(水溶液法による酸化タングステンナノ粒子の構造制御とその特性評価に関する研究) 

Abstract of Thesis  

Tungsten oxide (WO3) is an interesting transition metal oxide with wide-ranging applications. Recently, 

structure control of WO3 nanoparticles has been a focused subject to explore structure-dependent properties. 

In particular, there are needs for economic and environmentally benign synthetic routes. The present thesis 

therefore concerned the structural control and characterization of WO3 nanoparticles by aqueous solution 

methods. The dissertation was organized as follows: 

    In Chapter 1, important crystal structures of WO3 were described, and then some properties of nanostructured 

WO3 that have been presented in the literature were summarized. Various methods for synthesis of WO 3 

nanoparticles, especially aqueous solution routes were reviewed and the challenges that faced these routes 

were pointed out. The purpose of this study was described together with the research plan.  

    In Chapter 2, a facile synthesis method to obtain monoclinic WO3 nanoplates was presented. The ion-exchanged 

precursor was used as impurity-free tungstic acid precursor, and no shape-directing additive was employed. 

It was demonstrated that the crystal growth of WO3·H2O with platelet morphology was promoted under a relatively 

low temperature (50 ℃). After the aging for 24h, the nanoplates consisted of a few or several stacked thin 

layers (thickness, 10 nm/layer), and their lateral dimension reached several hundreds of nanometers. The 

monoclinic WO3 nanoplates were obtained when firing the WO3·H2O nanoplates at temperatures higher than 300 

℃ in air. 

    In Chapter 3, a facile synthesis method to obtain hexagonal WO3 nanoneedles was presented. The additive-free 

ion-exchanged precursor was used. It was demonstrated that the crystal growth of WO3·0.33H2O with nanoneedle 

morphology was promoted under the hydrothermal treatment at 120 ℃. The hexagonal WO3 nanoneedles were then 

obtained when firing the WO3·0.33H2O nanoneedles at temperatures of 350 – 400 ℃ in air. In addition, the 

isoelectric point (IEP) of the WO3·0.33H2O nanoneedles was determined to be pH 1.5, and the nanoneedles showed 

a relatively good dispersibility in aqueous media when solution pH was controlled to be 4. The dispersibility 

was useful for their assembly on a substrate using various wet-coating techniques. 

   In Chapter 4, WO3 nanoparticle films were fabricated by aqueous sol-gel method using ion-exchanged precursor. 

The ion-exchanged precursor was spin-coated on ITO glass, and then annealed at 300℃. Stabilizing agents of 

hydrogen peroxide and oxalic acid have been added to the ion-exchanged precursor to prevent fast gelation 

of the precursor. The effect of the stabilizing agents and number of spin-coating on the microstructure and 

electrochromic performance of the obtained thin films was investigated. The highest coloration efficiency 

of 64.2 cm2/C was obtained for the open porous structure of the two-layer film prepared with W+ ion concentration 

of 0.1 M, 1% hydrogen peroxide and 4% oxalic acid. 

In Chapter 5, WO3 nanoparticle films were fabricated by galvanostatic electrodeposition. The effects of 

preparation parameters such as tungsten ion concentration, pH and current density on the electrochromic 

performance of WO3 thin films were investigated. Triclinic WO3 film was prepared at W
+ ion concentration of 

0.1 M and current density of 0.5 mA/cm2, while orthorhombic film was obtained at W+ ion concentration of 0.2 

M and current density of 1 mA/cm2, The highest coloration efficiency of 62.6 cm2/C was obtained for the film 

prepared at solution pH of 2, current density of 1 mA/cm2, and W+ ion concentration of 0.1 M. 

In Chapter 6, conclusion of the thesis, highlights, findings and results were summarized. 

 

 




