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Polydiphenylamine (or PDPA) possesses excellent properties: e.g., 
robustness, relatively inexpensive for a monomer, thermal stability, environmental 
stability, and stability in a larger pH range. Due to these properties, PDPA is a 
candidate for unique sensory material. The sensitivity of chemical gas sensors is 
strongly affected by the specific surface area of the sensing materials. A higher 
specific surface area o f a sensing material leads to a higher sensor sensitivity. This 
work aims to investigate the electrical sensitivity of PDPA pellets and PDPA fibers 
when they are exposed to methanol vapor. The Dedoped-PDPA (De-PDPA) pellets 
were doped with HC1 acid at various doping ratios: 1:1, 10:1, 100:1, and 200:1. 
PDPA in its blends with PEO at various ratios was also fabricated into fibers by 
electrospinning. The De-PDPA pellets that had been doped at the ratio of 100 
showed the highest electrical sensitivity toward methanol vapor. The electrical 
sensitivity of the PDPA fibers is relatively low with increasing the amount of PEO 
when exposed to methanol vapor.



IV

บทค ัดย ่อ

ธราภรณ์เพ่ิมทูล ะ การศึกษาความตอบสนองทางไฟฟ้าของเสันใยของพอลิไคฟนิลเอ 
มีน-พอลิแอทธิลีนออกไซด์เพ่ือใช้ในการตรวจวัดไอของเมทานอล (Electrospun 
Polydiphenylamine-Polyethylene Oxide as Methanol Sensor) อ. ทีปรึกษา ะ รศ. ดร.
อนุวัฒน์ ศิริวัฒน์ และ ศ. ดร. พิชญ์ ศุภผล 83 หน้า

พอลิไดฟ้นิลเอมีนเป็นพอลิเมอร์น้า.ไฟฟ้าท่ีมีหลายคุณสมบัติเด่น เช่น มีความแข็งแรง 
ทนทาน มอนอเมอร์มีราคาถูก สามารถทนต่ออุณหภูมิ สภาพแวดล้อม และ ความเป็นกรด-เบสได้ 
ดี จากคุณสมบัติท่ีกล่าวมาทำให้พอลิไดฟนิลเอมีนเป็นพอลิเมอร์ท่ีสามารถใช้เป็นวัสดุในการ
ตรวจจับสารเคมีท่ีมีความเป็นพิษต่าง  ๆ ซ่ึงพ้ืนท่ีผิวของวัสดุมีผลกระทบอย่างมากต่อความไวใน
การตรวจวัดระดับของสารเคมี วัสดุท่ีมีพ้ืนท่ีผิวมากส่งผลให้วัสดุมีความไวต่อสารเคมีมากข้ึน
จุดประสงค์ของงานวิจัยน้ี คือ ศึกษาคุณสมบัติการตอบสนองทางไฟฟ้าของแผ่นและเล้นใยพอลิ 
ไดฟ้นิลเอมีนเม่ือสัมผัสกับไอของเมทานอลแผ่นพอลิไดฟ้นิลเอมีนถูกกระตุ้นค่าการนำไฟฟ้าโดย 
ใส่กรดไฮโดรคลอริกลงไปในหลายอัตราส่วน คือ ไฮโดรคลอริก 1, 10, 100 และ 200 เท่าของพอลิ 
ไดฟนิลเอมีน พอลิไดฟ้นิณอมีนถูกทำให้เป็นเสันใยด้วยกระบวนการป่นเสันใยด้วยไฟฟ้าสถิตโดย 
ต้องผสมพอลิเอทธีลีนออกไซด์ลงไปเพ่ือเพ่ิมความหนืดให้เหมาะสม แผ่นพอลิไคฟ้นิลเอมีนท่ีถูก 
กระตุ้นด้วยกรดไฮโดรคลอริก 100 เท่า แสดงค่าการตอบสนองทางไฟฟ้าสูงสุดเม่ือสัมผัสกับไอ 
ของเมทานอล ส่วนค่าการตอบสนองทางไฟฟ้าของเสันใยพอลิไดฟ้นิลเอมีนมีค่าค่อนข้างต่ําเม่ือ 
เพ่ิมปริมาณของพอลิเอทธีลีนออกไซด์



V

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

The author is grateful for the partial scholarship and partial funding of the 
thesis work provided by the National Excellence Center for Petroleum, 
Petrochemicals, and Advanced Materials, Thailand.

The auther would like to acknowledge the financial supports from the 
Conductive and Electroactive Polymers Research Unit of Chulalongkom University, 
the Thailand Research Fund (TRF-BRG), the Center of Petroleum, Petrochemicals 
and Advanced Materials, and the Thai Royal Government (Budget of Fiscal Year 
2552).

The author would like to thank all faculties who have offered valuable 
knowledge, especially, Assoc. Prof. Anuvat Sirivat and Prof. Pitt Supaphol who is 
her advisor with offering several enlightening suggestions, discussions and problem 
solving direction entirely the course of his work. She would like to express thanks 
Assoc. Prof. Rattana Rujiravanit and Dr. Ladawan Wannathong for kindly being on 
her thesis committee.

Special thanks for all EACP group members for their various helpful 
discussions and suggestions on this work.

Finally, she really would like to thank with sincerest appreciation for her 
parents and family for the love, understanding, and encouragement, for friends of 
hers for suggestions, helping and cheering.



TABLE OF CONTENTS

Title Page i
Abstract (in English) iii
Abstract (in Thai) iv
Acknowledgements V

Table of Contents vi
List of Tables viii
List of Figures X

C H A P T E R

I I N T R O D U C T IO N  1

II L I T E R A T U R E  R E V I E W  7

III E X P E R I M E N T A L  13

3.1 Materials and Instruments 13
3.1.1 Materials 13
3.1.2 Instruments 13

3.2 Experimental 13
3.2.1 Synthesis of Polydiphenylamine (PDPA) 13
3.2.2 Neutralization of PDPA 14
3.2.3 Doping of PDPA 14
3.2.4 Preparation of Electrospun Nanofibers PDPA 14

3.3 Characterization and Testing 15
3.3.1 Characterizations 15

3.3.1.1 Fourier Transform Infrared Spectrometer 15
3.3.1.2 Thermogravimetric Analyzer 15
3.3.1.3 Particle Size Analyzer 15
3.3.1.4 X-ray Diffractometer (XRD) 15
3.3.1.5 Scanning Electron Microscope (SEM) 15

PAGE



vil

3.3.2 Electrical Conductivity and Sensitivity Measurement 15

IV  M A N U S C R I P T  19

V  C O N C L U S I O N S  41

R E F E R E N C E S  42

A P P E N D I C E S  45

Appendix A  Identification of FT-IR Spectrum 45
Appendix B  The Thermogravimetry Analysis 49
Appendix c  Determination of Particle Sizes of De-doped

Polydiphenylamine (De-PDPA) 52
Appendix D  XRD Patterns of De-doped and Doped

Polydiphenylamine (De-PDPA, D-PDPA) 54
Appendix E  Correction Factor (K) Measurement 57
Appendix F  Conductivity Measurement 59
Appendix G  Sensitivity Measurements when Exposed

to Methanol 66
Appendix H  Scanning Electron Microscope (SEM) 76
Appendix I FTIR Investigations of Reactions of Adsorbed

MetOH 80

CHAPTER PAGE

C U R R I C U L U M  V I T A E 83



Vlll

L IS T  O F  T A B L E S

1 The electrical conductivity sensitivity and temporal response 
when MetOH are adsorbed on De-PDPA, D-PDPA samples, 
and PDPA electrospun fiber. 38

A1 The FT-IR absorption spectrum of D-PDPA and De-PDPA 46
Cl Particle diameters of De-PDPA 52
C2 The raw data from particle size analysis of De-PDPA 52
El Voltage-current data of the probe number 1 calibration with 

Si-wafer whose sheet resistivity of 107.373 Q/sq, 25°c, 60- 
65 %RH 58

FI The specific conductivity (S/cm) o f De-PDPA, D-PDPA 59
with various doping levels

F2 Voltage-current data in linear regime of De-PDPA at 25°c, 61
70 %RH

F3 Voltage-current data in linear regime of D-PDPA 1:1 at 25°c,
70 %RH . 62

F4 Voltage-current data in linear regime of D PDPA 10:1 at 25°c,
70 %RH 63

F5 Voltage-current data in linear regime of D-PDPA 100:1 at 25°c,
70 %RII 64

F6 Voltage-current data in linear regime of D-PDPA 200:1 at 25°c,
70 %RH 65

G1 The electrical conductivity (o), response (Aa), sensitivity (Aa/Oj), the 
induction time (tj) and the recovery time (tr) for 10%v/v of methanol 
absorbed on dedoped PDPA, doped PDPA pellet, doped PDPA film and 
PDPA electrospun fibers. Measurements were made under chamber 
temperature of 25±1 °c and at atmospheric pressure 67

G2 The conductivity response of De-PDPA exposed to MetOH 68

TABLE PAGE



TABLE PAGE

G3 The conductivity response of D-PDPA 1:1 exposed to MetOH 68
G4 The conductivity response of D-PDPA 10:1 exposed to MetOH 69
G5 The conductivity response of D-PDPA 100:1 exposed to MetOH 69
G6 The conductivity response of D-PDPA 200:1 exposed to MetOH 70
G7 The conductivity response of electrosun 30% wt PDPA:PEO (97:3)

+ DCM exposed to MetOH 70
G8 The conductivity response of electrosun 30% wt PDPA:PEO (98:2)

+ DCM exposed to MetOH 71
G9 The conductivity response of electrosun 50% wt PDPA:PEO (95:5)

+ DCM exposed to MetOH 71
G10 The conductivity response of electrosun 50% wt PDPA:PEO (97:3)

+ DCM exposed to MetOH 72
G11 The conductivity response of electrosun 50% wt PDPA:PEO (98:2)

+ DCM exposed to MetOH 72
G12 The conductivity response of electrosun 30% wt D-PDPA:PEO (97:3)

+ DCM exposed to MetOH 73
G13 The conductivity response of electrosun 50% wt D-PDPA:PEO (97:3)

+ DCM exposed to MetOH 73
G14 The conductivity response of 50% wt D-PDPA(100:1):PEO (97:3)

electrosun fiber exposed to MetOH 74
G15 The conductivity response of 30% wt D-PDPA(100:1):PEO (97:3) film

exposed to MetOH 74
G16 The conductivity response of 50% wt D-PDPA(100:1):PEO (97:3) film

exposed to MetOH 75
H 1 Scanning Electron Microscope (SEM) of Pure PDPA, electrospun

30% and 50% wt at various PDPA:PEO ratios 76
H2 The diameter of electrospun 30% and 50% at various PDPA:PEO ratios 78



X

L I S T  O F  F IG U R E S

1.1 The chemical structure o f conductive polymers. 3
1.2 a) Neutral structure of PDPA, b) Polaron structure of PDPA,

c) Bipolaron structure of PDPA. 5
2.1 Reduction by hydrazine and oxidation in air iri the presence

of an aqueous acidic solution. 8
2.2 FT-IR spectra of polydiphenylamine (PDPA). 10
3.1 Conductivity detectors with gas chamber. 16
4.1 FT-IR spectra of (a) D-PDPA and PDPA electrospun fiber.

(b) D-PDPA of various doping levels 1:1, 10:1, 100:1,
200:1. 30

4.2 Thermogravimetric analysis (TGA) of (a) De-PDPA, D- 
PDPA 200:1, 100:1, 10:1, 1:1. (b) PDPA electrospun fibers
at various PDPA:PEO contents. 31

FIGURE PAGE

4.3 The morphology of (a) De-PDPA pellet, (b) D-PDPA 1 ะ 1 pellet,
(c) D-PDPA_10:1 pellet, (d) D-PDPA_100:1, (e) D-PDPA_200:1,
(f) pure D-PDPA electrospun fiberat magnification 2000. 32

4.4 SEM micrographs of PDPA electrospun fibers from the solutions 
of 30 and 50 %wt PDPA with various PEO concentrations.
The TEO contents of the fibers are (a) 30 %wt PDPA, 5 %wt 
PEO , (b) 30 %wt PDPA, 3 %wt PEO, (c) 30 %wt PDPA,
2 %wt PEO, (d) 30 %wt D-PDPA, 3 %wt PEO, (e) 50 %wt PDPA,
5 %wt PEO, and (f) 50 %wt PDPA, 3 %wt PEO, (f) 50 %wt PDPA,
2 %wt PEO, (f) 50 %wt D-PDPA, 3 %wt PEO The scale bar is
10 pm. 33

4.5 Specific conductivity values of (a) D -P D P A l 00:15
(b) 30%wt D-PDPA:PEO (97:3) film, (c) 30%wt D-PDPA:PEO 
(97:3) electrospun fiber when exposed in Air, ฬ2,



XI

and MetOH at 25± l°c, 70%RH. 34
4.6 (a) The electrical conductivity and (b) The sensitivity 

of De-PDPA, D PDPA_100:1, 30% wt PDPA:PEO 
(97:3) film, 50% wt PDPArPEO (97:3) film, 30% wt 
PDPA:PEO (97:3) fiber, and 50% wt PDPA:PEO (97:3) fiber
when exposed to MetOH. 35

4.7 IR spectra of D-PDPA exposed to MetOH (MetOH=l 0% v/v,
pressure at 1 atm and at T=25°C). 36

4.8 Proposed mechanism of the MetOH-D-PDPA. 37
A1 The FT-IR spectrum of dedoped-Polydiphenylamine

(De-PDPA) and doped-polydiphenylamine (D-PDPA). 45
A2 FT-IR spectra of dedoped-Polydiphenylamine (De-PDPA)

and doped-polydiphenylamine (D-PDPA) at various doping levels 
1:1,10:1,100:1,200:1. 47

A3 FT-IR spectra of dedoped-Polydiphenylamine (De-PDPA)
and doped-Polydiphenylamine (D-PDPA) of various doping levels 
1:1,10:1,100:1,200:1. 47

A4 The FT-IR spectrum of dedoped-Polydiphenylamine (De-PDPA)
and electrospun PDPA 48

B1 TGA thermogram of De-PDPA. 49
B2 TGA thermograms of De-PDPA, D-PDPA 200:1, 100:1, 10:1, 1:1. 50
B3 Electrospun PDPA libers at various PDPA:PEO contents. 51
D1 XRD patterns of dedoped-polydiphenylamine (De-PDPA)

and doped- polydiphenylamine (D-PDPA). 54
D2 XRD patterns of de-doped-polydiphenylamine (De-PDPA)

and doped- polydiphenylamine (D-PDPA) of various doping levels 
1:1, 10:1, 100:1, 200:1. 55

D3 XRD patterns of de-doped-polydiphenylamine (De-PDPA) 
and doped- polydiphenylamine (D-PDPA) of various doping 
levels 1:1, 10:1, 100:1, 200:1.

FIGURE PAGE

55



Xll

FIGURE PAGE

D4 XRD patterns of electrospun PDPA as various PEO content. 56
El Voltage vs current data of the probe number 1 calibration

with Si-wafer whose sheet resistivity of 107.373 f2/sq, 25'C,
60-65 %RH. 58

FI Specific conductivity versus doping moles ratio (Nhci/Nmonomer)
of PDPA. 60

F2 The Ohmic regime of De-PDPA at thickness = 0.0177 cm, 25°c,
70 %RH. 61

F3 The Ohmic regime of D PDPA 1:1 at thickness = 0.0213 cm, 25°c,
70 %RH. 62

F4 The Ohmic regime of D-PDPA 10:1 at thickness = 0.0205 cm, 25°c,
70 %RH. 63

F5 The Ohmic regime of D-PDPA 100:1 at thickness = 0.0274 cm, 25°c,
70 %RH. 64

F6 The Ohmic regime of D-PDPA 200:1 at thickness = 0.0213 cm, 25°c,
70 %RH. 65

HI (a) PDPA:PEO fiber at magnification 5000, (b) PDPA:PEO fiber at
magnification 10000. 79

11 IR spectra of D-PDPA exposed to MetOH (MetOH=l 0% v/v,
pressure at 1 atm and at T=25°C). 81

12 Proposed mechanism of the MetOH-D-PDPA. 82


	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



