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The nonconductive form of polyanilin, enteraldine base, was
synthesized by the chemical oxidative polymerization of aniline using
ammonium peroxydisulfate as an oxidant. Emeraldine base was converted to
emeraldine salt (conductive form) by an acid doping process. Three different
types of acid dopant; hydrochloric acid (HCL), acetic acid (CH3COOH), and
hexanoic acid (CSH1ICOOH) were used to study the effect of acid dopants and
acid/polymer concentration ratio (NaNp) on the specific conductivity of
polyaniline flints. The specific conductivity gradually increased with acid
concentration.  For HCl-doped polyaniline film, after N./Np=9.8E+01
(C4Cp=10:1) the specific conductivity decreased due to over-doping. Whereas
the specific conductivities of the CEfCOOH and C5H|iICOOH-doped
polyaniline flints did not depend on acid concentration heyond the mole ratios
of NACHNp=5.9E+03 and Njiexunoic/Np=3.1E+03 (CdCp=1000:1). Polyaniline
flints were exposed to water and ethanol to study the effect of water and
ethanol on the specific conductivity. The change in specific conductivity when
the polyaniline flints were exposed to water was greater than that when
exposed to 100% ethanol. Mechanisms for the change in specific conductivity
to water and ethanol are proposed.



(Development of Polyaniline Sensor for Ethanol Detection) . : Prof. Johannes
Schwank Co 102 ISBN 974-334-176-5

! (Emeraldine base)

(Polyaniline)
(Ammonium peroxydisulfate) I (Emeraldine salt)
1
(Hydrochloric acid), (Acetic acid) (Hexanoic acid) (
|
!
9 ’ !

5900 ! 3100



ACKNOWLEDGEM ENTS

The author would like to gratefully acknowledge all professors who
have taught her at the Petroleum and Petrochemical College, Chulalongkom
University, especially those in the Polymer Science Program.

She greatly appreciates the efforts of her research advisors; Professor
Johannes Schwank, Department of chemical Engineering, University of
Michigan and Associate Professor Anuvat Sirivat of the Petroleum and
Petrochemical College, Chulalongkom University for their suggestions and
proof-reading of this thesis book. She would like to thanks Dr. Ratana
Rujiravanit for being a thesis committee.

She would like to give a specral thank to ¢.p.0. Poon Arjpru, the
elecrical technician, at the Petroleum and Petrochemical College who helped
In fabrication of the four-point probe meter.

She also thank all of her friends and all of the staffs at the Petroleum
and Petrochemical College who encouraged her in carrying out the experiment
and this thesis writing. Finally, She is indebted to her family for their love,
understanding and encouragement,



CHAPTER

TABLE OF CONTENTS

Title Page

Abstract (in English)
Abstract (in Thai)
Acknowledgements
Table of Contents
List of Tables

List of Figures

INTRODUCTION
11 Electrically Conductive Polymers
111 Basic Concepts
1.1.2 -~ Concept of Doping
113 Charge Carriers and an Electrical
Conductivity in Conductive Polymers
12 Polyaniline
121 Electronic Structure of Polyaniling
Emeraldine Base Form
122 Doping of Polyaniline

LITERATURE SURVEY

21 Polyaniline as Solution Biosensor

2.2 Applications of other Polymers for
Solution Biosensor

PAGE

Xl

16



CHAPTER

m

vil

PAGE

EXPERIMENTAL

31 Materials il
32 Methodology 2
321  Synthesis of Polyaniling il

32.2  Preparation of Doped Polyaniline

Emeraldine Salt (acid dopants) 23
33 Characterization and Sample Preparation 24
331 UV-Visible spectrometry 24
332 FT-IR spectroscopy 24
900 Scanning Electron Microscope 2
3.34  Thermal Gravimetric Analysis 25
335 X-Ray Diffractometry 26
34 Electrical Properties 26
341  Probe for Characterization of
Sheet Resistance (R9) 26
RESULTS AND DISCUSSION
41  Characterization 29
411 UV-Visible spectroscopy 29
412  FT-IR Spectroscopy ]
413  Thermal Gravimetric Analysis 3B
414  X-Ray Diffractometry 42
415  Scanning Election Microscope iy
42 Electrical Conductivity 50

421  Effect of Aging Time on the
Specific Conductivity 50



AURLIYU WUIUIAKNE



AURLIYU WUIUIAKNE



FIGURE

46

4.1

43

49

4.10

411

412

413

4.14

4.15

4.16

411

418
419

The FT-IR spectrum of polyaniline

Emeraldine hase films

FT-IR spectra of HCl-doped polyaniline films

at various acid/polymer concentration ratios

FT-IR spectra of H3P04-doped polyaniling films

at various acid/polymer concentration ratios

FT-IR spectra of CHICOOH-doped polyaniling films
at various acid/polymer concentration ratios

FT-IR spectra of C5HiJCOOFI-doped polyaniling
films dopoed with at various acid/polymer
concentration ratios

The TGA thermogram of polyaniline emeraldine
base films

The TGA thermogram of HCl-doped polyaniline

at various acid/polymer concentration ratios

The TGA thermogram of H304-doped polyaniline
at various acid/polymer concentration ratios

The TGA thermogram of CHICOOH-doped

Xiil

PAGE

3

36

37

37

38

40

40

polyaniline at various acid/polymer concentration ratios 41

The TGA thermogram of C5H] iCOOH-doped
polyaniline at various acid/polymer concentration
ratios

The XRD pattern of emeraldine base film

The XRD pattern of HCl-doped polyaniling films
The XRD pattern of H3P04-doped polyaniline films

41
42
43
45

The XRD pattern of CHsCOOH-doped polyaniling films 46



TABLE

41

4.2

43
44
45

4.6

Al
B. 1
C 1
C.2

LIST OF TABLES

The acid dissociation constant (pKu)

of various acid in water at 25°c

The assignment for UV-Visible ahsorption
peaks of polyaniline emeraldine base and
doped polyaniline

The assignment for 1R absorption bands for
polyaniline emeraldine base

The assignment for 1R absorption band for
doped polyaniline

The assignment of XRD pattern of HCl-doped
Polyaniline films at CaCp = 10:1

The absorption bands of FT-IR spectra of
HCl-doped polyaniline films at CaCp= 10 1
before and after exposure to waterand ethanol
The molecular weight of polyaniling emeraldine base
at 0.6% wt in NMP

Data of the geometric correction factor (K)
determination

PAGE

29

32

34

3

4

Effect of the applied current on the specific conductivity

of HCl-doped polyaniline film at £0°C

Effect of the applied current on the specific
conductivity of H}PO4-doped polyaniline film
at 25-T

85



TABLE

D. 1

D.2

D. 3

PAGE

Effect of the applied current on the specific

conductivity of CELCOOH-doped polyaniline film

at 25°C 86
Effect of the applied current on the specific

conductivity of CHnCOQH-doped polyaniline film

at 25°C 87
Effect of aging time on the specific conductivity of
HCI-doped polyaniline film with various CaCp 8
Effect of aging time on the specific conductivity of
ffPCL-doped polyaniling film with CaCp= L1 0

Effect of aging time on the specific conductivity of
CEfCOOQEI-doped polyaniline film with various CaCp 91
Effect of aging time on the specific conductivity of
C5HACOOH-doped polyaniline film with various CaCp 92
Effect of C4Cpon the specific conductivity of polyanline
films doped with HCI, CH3COOH and C5H1ICOOH

measure in air at 25°c a3
Effect of N/NpOn the specific conductivity of polyanline
films doped with HCI, CH3COOH and C5HICOOH

measured in air at 25°c %
The specific conductivity of HCI-doped polyaniline film
when exposed to water at 25°c %
The specific conductivity of H*PCE-doped polyaniline

film when exposed to water at 25°¢ %

The specific conductivity of CH*COOH-doped
polyaniline film when exposed to water at 25°¢ o7



TABLE

D. 10

D 1

D. 12

D. 13

D. U4

The specific conductivity of CjHnCOOH-doped
polyaniline film when exposed to water at 25°c
The specific conductivity of HCl-doped polyaniline
film when exposed to water and 100% ethanol

at 25°c

The specific conductivity of CH*COOH-doped
polyaniline film when exposed to water and

100% ethanol at 25°¢

The specific conductivity of HCl-doped polyaniline
films when exposed to ethanol solution

The specific conductivity of CH3COOH-doped
polyaniline films when exposed to ethanol solution

PAGE

%

9%

100

101

101



LIST OF FIGURES

Schematic view of the carbon backhone of
trans-polyacetylene chain

Repeat units of several electrically conductive
polymers

The polaron and bipolaron dedects in

poly (p-phenylene)

The schematic repersentation of emeraldine
hydrochloride formation

The sketch of the geometric structures evolution
of emeraldine base as a function of protonation
Flow chart of synthesis of polyaniline
emraldine hase

The schematic of doping emeraldine base with
acid dopants

UV-VLS spectrum of undoped polyaniline
(emeraldine base)

UV-VIS spectra of HCI-doped polyaniline at
various acid/polymer concentration ratios
UV-VIS spectra of FGPQrdoped polyaniline at
various acid/polymer concentration ratios
UV-VIS spectra of CFGCOOH-doped polyaniline
at various acid/polymer concentration ratios
UV-VIS spectra of C5H| iICOOH-polyaniline at
various acid/polymer concentration ratios

Xii

GE

22

23

28

30

30

3l

3l



FIGURE

4.6

4.1

43

49

4.10

411

412

413

4.14

4.15

4.16

411

418
419

The FT-1R spectrum of polyaniling

Emeraldine base films

FT-1R spectra of HCI-doped polyaniline films

at various acid/polymer concentration  ratios
FT-IR spectra of FfiPCfi-doped polyaniline films

at various acid/polymer concentration  ratios
FT-IR spectra of CFfICOOFI-doped polyaniline films
at various acid/polymer concentration  ratios
FT-IR spectra of C5H] [COOH-doped polyaniline
films dopoed with at various acid/polymer
concentration ratios

The TGA thermogram of polyaniling emeraldine
base films

The TGA thermogram of FICI-doped polyaniline
at various acia/polymer concentration ratios

The TGA thermogram of FfiPCfi-doped polyaniline
at various acid/polymer concentration ratios

The TGA thermogram of CFfiCOOH-doped

Xiil

PAGE

3

36

37

37

38

40

40

polyaniline at various acid/polymer concentration ratios 41

The TGA thermogram of CjHnCOOH-doped
polyaniline at various acid/polymer concentration
ratios

The XRD pattern of emeraldine base film

The XRD pattern of HCI-doped polyaniling films
The XRD pattern of H"PCC-doped polyaniline films

41
42
43
45

The XRD pattern of CH*COOH-doped polyaniling films 46



FIGURE
4.20
421
4.22
4.23
4.24
4.25
4.26
4.21
4.28
4.29
4.30
43 1
4.32

433

4.34

The XRID pattern of Doped-polyaniline films

The SEM micrographs of HCl-doped polyaniline films

Xiv

PAGE

46
48

The SEM micrographs of H304-doped polyaniline films 48

The SEM micrographs of CHICOOH-doped

polyaniline film

The SEM micrographs of CSHLICOOH-polyaniline

films

The specific conductivity of HCI-doped polyaniline

films versus number of days stored

The specific conductivity of HP04-doped polyaniline

films versus number of days stored

The specific conductivity of CHCOOH-doped

polyaniline films versus number of days stored

The specific conductivity of C5H| ICOOH-doped

polyaniline films versus number of  days stored
Effect of CaCp on the specific conductivity of doped

polyaniline films with various acid ~ dopants

Effect of NaNp on the specific conductivity of doped

polyaniline films with various acid ~ dopants
The chemical structures of polyaniline doped

with an excess amount of HCL at CaCp > 10:1

The proposed model of polyaniline doped with

an excess amount of HCL concentration

The specific conductivity of HCI-doped polyaniline

films measured in air and water at various NaNp

The proposed mechanism of interchain H-transfer

when polymer films were exposed to water

49

49

ol

52

53

o4

56

ol

58

50

60

6l



TABLE

4,35

4.36

4.31

4.38

4.39

4.40

441

4.42

4.43

PAGE

The specific conductivity of H*PCf-doped polyaniling

films measured in air and water at various N/Np 62
The specific conductivity of CFFCOOH-doped

polyaniline films measured in air and water at

various NaNp 63
The specific conductivity of C5H|[COOH-doped

polyanine films measured in air and water at

various NaNp 64
The specific conductivity of HCI-doped polyaniline film
when exposed to water and 100% ethanol 66

The specific conductivity of CFFCOOH-doped
polyanililne film when exposed to water and

100% ethanol 67
The proposed mechanism of interchain H -transfer

when polymer film was exposed to 100% ethanol 68
The specific conductivity of HC-doped polyaniline films
when exposed to ethanol solution 10
The specific conductivity of CH*COOH-doped polyaniling
Films when exposed to ethanol solution il

The FT-IR spectra of HCI-doped polyaniling films
after exposure to water and ethanol 13



	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



