DEVELOPMENT OF FLOW INJECTION ANALYSIS AND RELATED
TECHNIQUES FOR THE DETERMINATION OF
Fe(II) Fe(III) AND PHOSPHATE

YUTHAPONG UDNAN

DOCTOR OF PHILOSOPHY
IN CHEMISTRY

GRADUATE SCHOOL
CHIANG MAI UNIVERSITY
JULY 2003



DEVELOPMENT OF FLOW INJECTION ANALYSIS AND RELATED
TECHNIQUES FOR THE DETERMINATION OF
Fe(II) Fe(IlII) AND PHOSPHATE

YUTHAPONG UDNAN

A THESIS SUBMITTED TO THE GRADUATE SCHOOL IN
PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY
IN CHEMISTRY

GRADUATE SCHOOL
CHIANG MAI UNIVERSITY
JULY 2003



11

DEVELOPMENT OF FLOW INJECTION ANALYSIS AND RELATED
TECHNIQUES FOR THE DETERMINATION OF
Fe(II) Fe(IlII) AND PHOSPHATE

YUTHAPONG UDNAN

THIS THESIS HAS BEEN APPROVED
TO BE A PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF DOCTOR OF PHILOSOPHY

IN CHEMISTRY
EXAMINING COMMITTEE
........................................................................ CHAIRPERSON
Assoc. Prof. Dr. Kate Grudpan
........................................................................ MEMBER
Dr. Jaroon Jakmunee
........................................................................ MEMBER
Assoc. Prof. Dr. lan D. McKelvie
........................................................................ MEMBER
Assoc. Prof. Dr. Udom Sriyotha
........................................................................ MEMBER
Dr. Sunanta Wangkarn
......................................................................... MEMBER

Dr. Michael R. Grace

4 July 2003
© Copyright by Chiang Mai University



1

ACKNOWLEDGEMENTS

The author expresses his profound gratitude and is greatly indebted to his
supervisor, Assoc. Prof. Dr. Kate Grudpan for his invaluable guidance, kind
suggestions and encouragement throughout this work. The author is sincerely grateful
to his co-supervisors, Dr. Jaroon Jakmunee (Department of Chemistry, Faculty of
Science, Chiang Mai University), Dr. Ponlayuth Sooksamitti (Office of Minerals and
Resources Region III (Chiang Mai)), Prof. Dr. Robert E. Synovec and Prof. Dr. Gary
D. Christian (Department of Chemistry, University of Washington, Seattle, USA), and
Assoc. Prof. Dr. Ian D. McKelvie and Dr. Michael R. Grace (Water Studies Centre,
Monash University) for their valuable comments, guidance, and discussions.

The author gratefully acknowledges the Ministry University Affairs and
Naresuan University for granting his scholarship throughout the study. Thanks are due
to the Thailand Research Fund (TRF) and the Postgraduate Education and Research
Program in Chemistry (PERCH) for support. The author thanks the Department of
Chemistry, Faculty of Science, Chiang Mai University, the Department of Chemistry,
University of Washington, Seattle, and the Water Studies Centre, Monash University,
including the staff affiliated for their supports.

Finally, the author would like to thank his family for their hearty
encouragement and generous concerns. The sincere thanks extend to all his friends for

their suggestions and assistance.

Yuthapong Udnan



