v sy v ay a
“Nﬂiﬂ“\&‘)ﬂu iwm unmmﬂumneuudww

T

NTY Y
TR

N
R AR AL




» -
Wy RN Iy dnlnawassnaninisiSunsnng

i

T

CHARACTERIZATION OF TUNGSTEN OXIDE NANOSTRUCTURE

SYNTHESIZED BY HYDROTHERMAL METHOD

ORANUCH YAYAPAO

A THESIS SUBMITTED TO THE GRADUATE SCHOOL IN
PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
MASTER OF SCIENCE

IN CHEMISTRY

THE GRADUATE SCHOOL
CHIANG MAI UNIVERSITY

MARCH 2011



CHARACTERIZATION OF TUNGSTEN OXIDE NANOSTRUCTURE
SYNTHESIZED BY HYDROTHERMAL METHOD

ORANUCH YAYAPAO

THIS THESIS HAS BEEN APPROVED
TO BE A PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF MASTER OF SCIENCE
IN CHEMISTRY

EXAMINING COMMITTEE THESIS ADVISOR

.......... q/\//vﬁ/ CHAIRPERSON ... ilip 7/"”‘“

Dr. Ponlayuth Sooksamiti Assoc. Prof. Titipun Thongtem

....... H ”ﬂ’”’/‘“ MEMBER

Assoc. Prof. Tltlpun Thongtem

p—

-
..... e BN Sy SRR ' | )% | | 1]
Prof. Dr. Somchai Thongtem

6 March 2011
© Copyright by Chiang Mai University



iii

ACKNOWLEDGEMENTS

[ would like to express my sincere thanks and appreciation to Assoc. Prof.
Titipun Thongtem, for my great opportunities of her supervision, valuable guidance,
and encouragement throughout my study. Special thank to Prof. Dr. Somchai
Thongtem and Dr. Ponlayuth Sooksamiti for their strong constructive valuable
comments and serve in the examination committee, as well as Dr. Anukorn

Phuruangrat for all assistance.

[ gratefully acknowledge the Department of Chemistry, Faculty of Science,
Chiang Mai University, Thailand for serving all the facilities, knowledge and valuable
experience, including the Center of Excellence for Innovation in Chemistry (PERCH-
CIC), Graduate School of Chiang Mai University (CMU), and Nanoscience and
Nanotechnology Center - CMU, for financial support throughout my study, including
Electron Microscopy Research and Service Center - CMU for the electron microscopy

analysis.

Finally, I like to give thank Mr. Akarapong Yayapao and Mrs. Nuchanat
Yayapao - my parents, and Mr. Nattapong Yayapao - my brother for their love,

kindness, support and encourage to me all the time.

Oranuch Yayapao



Thesis Title Characterization of Tungsten Oxide Nanostructure

Synthesized by Hydrothermal Method

Author Miss Oranuch Yayapao

Degree Master of Science (Chemistry)

Thesis Advisor Assoc. Prof. Titipun Thongtem
Abstract

E 11069

Nano- and micro-structured WO; was successfully synthesized by
hydrothermal reactions. Effect of acidity, reaction temperature and time on phase and
morphologies of these products were discussed. The as-synthesized products were
characterized by X-ray powder diffraction (XRD), Fourier transform infrared (FTIR)
and Raman spectroscopy, and scanning and transmission electron microscopy (SEM,
TEM), including UV-visible and photoluminescent (PL) spectroscopy. In this
research, the products were pure orthorhombic and hexagonal WO3 phases. Different
morphologies such as microseeds, microflowers, nanoparticles, nanorods and

nanowires were detected, controlled by acidity, reaction temperature and time.
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