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Titania ultrathin films were fabricated via the admicellar polymerization of 
inorganic precursors. Thin films o f titania were synthesized by admicellar 
polymerization o f titanium alkoxides, i.e. titanium(IV)isopropoxide and 
titanium(IV)butoxide, in adsorbed aggregates (admicelles) o f Triton X-100 nonionic 
surfactant on a nonporous mica substrate. The effects o f reaction time, and type and 
concentration o f titanium alkoxide were studied. The titania thin films were 
characterized by tapping-mode atomic force microscopy (AFM). The results from 
energy dispersive X-ray spectrometer (EDS) analysis showed evidence o f titanium 
on the mica surface while the results from AFM showed that Triton X-100 appears to 
help the titania particles adhere to the mica as well as retard the rate o f hydrolysis of 
the precursors. Reaction time and titanium alkoxide precursor concentration were 
key factors for producing homogeneous and smooth titania films. At 10 minutes 
reaction time titania films had already begun to form. Heterogeneous titania films 
were formed when using high concentrations o f precursor. Evidence concerning the 
growth rate o f the titania particles indicated that they were formed on the substrate 
following adsolubilization o f the precursors, and not in the bulk.
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ฟิล์มไททาเนียแบบบางพิเศษสามารถสังเคราะห์ได้โดยใช้เทคนิคแอดไมเซลลาร์พอลิ 
เมอไรเซชั่นจากสารตั้งด้นอนินทรีย์ เทคนิคนี้เป ็นเทคนิคใหม่และท้าทายที่สามารถใช  ้
สังเคราะห์ฟิล์มไททาเนียแบบบางพิเศษโดยใช้สารไททาเนียมแอลคอกไซด์ เช่น ไททาเนียมเต 
ตระบิวทอกไซด์ และ ไททาเนียมเตตระไอโซโพรพอกไซด์ในแอดไมเซลของสารละลายไตร 
ตอนอีกซ์ 100 บนไมคาซึ่งเป็นแผ่นรองรับไร้รูพรุน ตัวแปรที่ศึกษาได้แก่ เวลาที่ใช้ในการ 
เคลือบผิว ชนิดและความเข้มข้นของไททาเนียมแอลคอกไซด์ ฟิล์มไททาเนียแบบบางพิเศษที่ 
ได้จะนำไปศึกษาโครงสร้างของพื้นผิวโดยใช้เครื่องอะตอมมิคฟอร์ซไมโครสโคปชนิดแ ท ๊ปปิง 
ผลการวิเคราะห์พ้ืนผิวโดยเครื่องอีดีเอสพบว่ามีไททาเนียมอยู่บนพืนผิว ในขณะท่ีผลจากเครื่อง 
อะตอมมิคฟอร์ซไมโครสโคปพบว่า ไตรตอนอ็กซ์ 100ช่วยทำให้อนุภาคไททาเนียเกาะติดอยู่ 
บนผิวไมคาได้ดีขึ้น ปีจจัยสำคัญที่ทำให้ได้ฟิล์มไททาเนียแบบบางพิเศษที่มีความเป็นเนื้อเดียว 
กันและเรียบได้แก่ เวลาที่ใช้เคลือบผิวและความเข้มข้นของสารตงด้นของไททาเนียม ฟิล์มไท 
ทาเนียสามารถสังเคราะห์ขึ้นตังแต่เวลาในการเคลือบผิว 10 นาที สารตังด้นท่ีมีความเข้มข้นสูง 
มากจะมีผลทำให้ได้ฟิล์มไททาเนียแบบบางพิเศษท่ีมีพืนผิวที่ไม่มีความเป็นเนือเดียวกัน จากผล 
การทดลองศึกษาอัตราการโตของอนุภาคของไททาเนียแสดงว่าฟิล์มไททาเนียแบบบางพิเศษที ่
สังเคราะห์ได้เป็นฟิล์มที่เกิดจากการที่สารตั้งด้นเกิดแอดโซลูบิไลเซชันเข้าไปในแอดไมเซล 
ของไตรตอนอ็กซ์ 100 แล้วจึงเกิดปฏิกิริยา



V

A C K N O W L E D G E M E N T S

Out o f a sense o f gratefulness, the author would like to express her deepest 
gratitude to Assoc. Prof. Chintana Saiwan for her kindness and for always giving her 
an attendance and assistance enthusiastically from the beginning to the end of this 
work.

The author also owes an equal gratitude to Assoc. Prof. John H.O’Haver, 
her advisor at the University o f Mississippi, for his kindness and for always giving 
his encouragement and providing her everything for her without any hesitation.

The author also would like to give very special thanks to Chun Hwa See, 
Ph.D. student at the University o f Mississippi who taught her to use atomic force 
microscope and also gave her valuable discussion and useful advise for her work. 
She also would like to thank Wee Chen Loo and Yongqiang Tan for their kindness 
and for being her good friends and fulfilling her precious experience at the 
University o f Mississippi.

The author is grateful for the partial scholarship and partial funding o f the 
thesis work provided by Postgraduate Education and Research Programs in 
Petroleum and Petrochemical Technology (PPT Consortium).

The author also would like to give thanks to the faculty, staff and all friends 
at the Petroleum and Petrochemical College for their encouragement.

Lastly, but not least, the author is deeply indebted to her father, mother, 
sister, and brothers, who always give their loves and stand beside her when she feels 
blue and never leave her alone.



TABLE OF CONTENTS

PAGE
Title Page i
Abstract (in English) iii
Abstract (in Thai) iv
Acknowledgements V
Table o f Contents vi
List o f Tables viii
List o f Figures ix

C H A PT E R
I IN T R O D U C T IO N  1

II L IT E R A T U R E  SU R V EY  2
2.1 Admicellar Polymerization 2

2.1.1 Surfactant Adsorption 2
2.1.2 Monomer Adsolubilization 5
2.1.3 Polymerization 5
2.1.4 Surfactant Removal 6

2.2 Atomic Force Microscopy (AFM) 7
2.2.1 AFM Theory 7
2.2.2 Contact Mode AFM 8

2.2.2.1 Advantages o f contact mode AFM 10
22.2 .2  Disadvantages o f contact mode AFM 10

2.2.3 Non-contact Mode AFM 11
2.2.3.1 Advantages o f non-contact mode AFM 11
2.2.3.2 Disadvantages o f non-contact mode AFM 11

2.2.4 Tapping Mode 11
2.2.4.1 Advantages o f tapping mode AFM 12
2.2.4.2 Disadvantages o f tapping mode AFM 12



vil

2.3 Energy Dispersive X-ray Spectrometer 12
2.4 Metal Alkoxide Modification 13
2.5 TiC>2 Ultrathin Films Formation 14

III E X PE R IM E N T A L  16
3.1 Materials 16
3.2 Equipment 16
3.3 Surface Modification Procedure 18

3.3.1 Atomic Force Microscope (AFM) 18
3.3.2 Energy Dispersive X-Ray Spectroscopy (EDS) 18 IV V

IV R E SU L T S AND D ISC U SSIO N
4.1 Modified Surface Composition Investigation by EDS 19
4.2 Triton X-100® in 10% Isopropanol Solution

in Water on Mica 19
4.3 Effect o f Surfactant on Film Topography 20
4.4 Effect o f Precursor Concentration on Film Topography 29
4.5 Effects o f Reaction Time on Films Topography 34

V  C O N C L U SIO N S A ND  R EC O M M E N D A T IO N S 40

R E FE R E N C E S 41

A PPE N D IX  45

C U R R IC U L U M  V ITA E 47

CHAPTER PAGE



V l l l

LIST OF TA BLES

TA B L E  PAGE

3.1 Concentration o f solutes in solution 17
4.1 Titania particle size distributions at various TBOT or

TIPP precursor concentrations and reaction times 29
A -l EDS results o f surface composition from TBOT

concentration 500 pM with surfactant 0.2 mM at reaction 
time 6 hours 45

A-2 EDS results o f surface composition from TBOT
concentration 500 pM with surfactant 0.2 mM at reaction 
time 24 hours 45

A-3 Titania particle size from TBOT concentration 0.01 pM
when reaction time increase 45

A-4 Titania particle size from TBOT concentration 10 pM
when reaction time increase 46

A-5 Titania particle size from TIPP concentration 0.01 pM
when reaction time increase 46

A-6 Titania particle size from TIPP concentration 10 pM 
when reaction time increase 46



IX

L IST  O F FIG URES

FIG U RE PAGE

2.1 Schematic o f the steps in the admicellar polymerization
process. 2

2.2 Typical adsorption isotherm o f surfactant on solid oxide. 3
2.3 AFM instrument. 8
2.4 Inter-atomic force vs. distance curve. 9
4.1 AFM topography (left) and amplitude (right) image o f  

Triton X-100® in 10 % isopropanol solution in water 
adsorbed on mica surface. (Scan size 2 pm with z range
5 nm and 2.5 nm respectively). 20

4.2 AFM amplitude images o f titania film from 0.01 pM TBOT 
at reaction time of 10 minutes in 0.2 mM Triton X-100®
(a) and in the absence o f surfactant (b). (Scan size 1 pm,
z height o f 5 nm). 21

4.3 AFM amplitude images o f titania film from 0.01 pM TBOT 
at reaction time of 6 hours in 0.2 mM Triton X-100® (a) 
and in the absence o f surfactant (b). (Scan size 1 pm,
z height o f 5 nm). 22

4.4 AFM amplitude images o f titania films from 0.01 pM TBOT 
at reaction time o f 24 hours in 0.2 mM mM Triton X-100® (a) 
and in the absence o f surfactant (b). (Scan size 1 pm,
z height o f 5 nm). 22

4.5 AFM amplitude images o f titania film from 10 pM TBOT at 
reaction time o f 10 minutes in 0.2 mM Triton X-100®
(left) and in the absence o f surfactant (right). (Scan size 1 pm, 
z height o f 5 nm). 23



X

4.6 AFM amplitude images o f titania film from 10 pM TBOT 
at reaction time o f 6 hours in 0.2 mM Triton X-100® (left) 
and in the absence o f surfactant (right). (Scan size 1 pm,
z height o f 5 nm).

4.7 AFM amplitude images o f titania film from 10 pM TBOT 
at reaction time of 24 hours in 0.2 mM Triton X-100®  
(left) and in the absence o f surfactant (right). (Scan size
1 pm, z height o f 5 nm).

4.8 AFM amplitude images o f titania film from 0.01 pM TIPP 
at reaction time of 10 minutes in 0.2 mM Triton X-100®  
(left) and in the absence o f surfactant (right). (Scan size
1 pm, z height o f 5 nm).

4.9 AFM amplitude images o f titania film from 0.01 pM TIPP 
at reaction time o f 6 hours in 0.2 mM Triton X-100® (left) 
and in the absence o f surfactant (right). (Scan size 1 pm,
z height o f 5 nm).

4.10 AFM amplitude images o f titania film from 0.01 pM TIPP 
at reaction time of 24 hours in 0.2 mM Triton X-100®  
(left) and in the absence o f surfactant (right). (Scan size
1 pm, z height o f 5 nm).

4.11 AFM amplitude images o f titania film from 10 pM TIPP 
at reaction time o f 10 minutes in 0.2 mM Triton X-100®  
(left) and in the absence o f surfactant (right). (Scan size 
1 pm, z height o f 5 nm).

4.12 AFM amplitude images o f titania film from 10 pM TIPP 
at reaction time o f 6 hours in 0.2 mM Triton X-100®
(left) and in the absence o f surfactant (right). (Scan size 
1 pm, z height o f 5 nm).

FIGURE PAGE

23

24

26

26

27

27

28



X I

4.13 AFM amplitude images o f titania film from 10 pM TIPP 
at reaction time o f 24 hours in 0.2 mM Triton X-100® 
(left) and in the absence o f surfactant (right). (Scan size 
1 pm, z height o f 5 nm.

4.14 AFM topography (left) and amplitude (right) image of 
titania film at 6 hours reaction time and 0.01 pM TBOT 
in 0.2 mM Triton X-100®. (Scan size 1 pm X 1 pm,
z height 5 nm).

4.15 AFM topography (left) and amplitude (right) image of 
titania film at 6 hours reaction time and 10 pM TBOT 
in 0.2 mM Triton X-100®. (Scan size 1 pm X 1 pm,
z height 5 nm).

4.16 AFM topography (left) and amplitude (right) image o f 
titania film at 6 hours reaction time and 500 pM TBOT 
in 0.2 mM Triton X-100®. (Scan size 1 pm X 1 pm,
z height 5 nm).

4.17 AFM topography (left) and amplitude (right) image o f  
titania film at 24 hours reaction time and 0.01 pM TEPP 
in 0.2 mM Triton X-100®. (Scan size 1 pm X 1 pm,
z height 5 nm).

4.18 AFM topography (left) and amplitude (right) image o f  
titania film at 24 hours reaction time and 10 pM TIPP 
in 0.2 mM Triton X-100®. (Scan size 1 pm X 1 pm,
z height 5 nm).

4.19 AFM topography (left) and amplitude (right) image o f  
titania film at 24 hours reaction time and 500 pM TIPP 
in 0.2 mM Triton X-100®. (Scan size 1 pm X 1 pm,
z height 5 nm).

FIGURE PAGE

28

31

31

32

33

33

34



4.20 AFM topography (left) and amplitude (right) from 0.01 pM 
TBOT in 0.2 mM Triton X-100® and reaction times o f
10 minutes. (Scan size 1 pm X 1 pm, z height 5 nm).

4.21 AFM topography (left) and amplitude (right) from 0.01 pM 
TBOT in 0.2 mM Triton X-100® and reaction times o f
6 hours. (Scan size 1 pm X 1 pm, z height 5 nm).

4.22 AFM topography (left) and amplitude (right) from 0.01 pM 
TBOT in 0.2 mM Triton X-100® and reaction times o f
24 hours. (Scan size 1 pm X 1 pm, z height 5 nm).

4.23 The effect o f reaction time on titania particle size. Curve 1 
represents 10 pM TEPP precursor, Curve 2 0.01 pM TEPP 
precursor, Curve 3 10 pM TBOT precursor and curve 4 
0.01 pM TBOT precursor.

4.24 AFM topography (left) and amplitude (right) from 10 pM 
TIPP in 0.2 mM Triton X-100® and reaction times o f
10 minutes. (Scan size 1 pm X 1 pm, z  height 5 nm).

4.25 AFM topography (left) and amplitude (right) from 10 pM 
TIPP in 0.2 mM Triton X-100® and reaction times o f
6 hours. (Scan size 1 pm X 1 pm, z height 5 nm).

4.26 AFM topography (left) and amplitude (right) from 10 pM 
TIPP in 0.2 mM Triton X-100® and reaction times o f  
24 hours. (Scan size 1 pm X 1 pm, z height 5 nm).

FIGURE

xii

PAGE

35

36

36

37

38

38

39


	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



