Table of contents:

A B S T R A T . [
ABSTRAK .o I
ACKNOWLEDGEMENTS ... e, ii
TABLE OF CONTENT S L \Y%
LIST OF FIGURES ... e vii
LIST OF TABLES .. e X
LIST OF SCHEMES ... e X
NOMENCLATURE .. e Xi
LIST OF APPENDICES ... . e, Xii

KEKAKEEAKAAEAAAIAAAAARAIAAAAAAAAAAAAIAAAIAAAIAAAIAAAAAAIAAAAAAAAAAAhArhhrhhrhhihihiiiix

CHAPTER 1: INTRODUCTION ...t e 1
1.1 BaCKQroUNd .......oniiniiiii e e e 1
1.2 Problem Statement .............ooiiii 3
1.2.1 Isopropanol and water MIXtUIE ...........euiuiieininieeneineeneeneeneeneenenn 3
1.2.2 Alcohol-water separation methods ................coooiiiiiiiiiiiiii, 4
1.3 Scope and Research ODJECHIVES .......ouiiritii it e 5
1.4 OUthing OF TNESIS «.oueniie e 6
CHAPTER 2: LITERATURE REVIEW ..., 8
2.1 Introduction of ionic liquid .........c.oiiiii i 8
2.1.1 History of ionic liquid ..o 8
2.1.2 Overview of ionic liquid ... 9
2.1.3 Proticionic Hguid ..........coieiiii e 11
2.1.4 Synthesis of protic ionic liquids .............c.coiiiiiiii e, 14
2.3 Hydrogen BONAIng .........cooiniiniini i e 15
2.4 Separation STUIES ........oouitit it 16



2.4.1 lonic liquids in separation StUdIes ............oviiveiniiiiiiiiieiieeenene, 17

2.4.2 Upper and lower critical solution temperature separation ..................... 18
2.5 SUMIMIATY ..o e e e 20
CHAPTER 3: METHODOLOGY ...ttt 21
00 R 1313 ¢ o1 L1 (o131} R 21
3.2 MAtErIAlS .o 21
3.2.1  Synthesizing 10NIC liquids .......c.oiiriiiiii e 21
3.3 SOlULIONS Preparation ..........c.ieiniirii e, 23
3.3.1 Phase type changes observation ...............cc.oiviiiiiiiiiiiiiiieen, 23
3.3.2  Proton Nuclear Magnetic Resonance ("HNMR) ............oeveivvueeeeennnnn, 24
3.3.3  ComPOSItION StUAIES . ..vineiet ettt 25
CHAPTER 4: RESULTS AND DISCUSSIONS ...t 28
4.1  Synthesis of new protic ionic HqQUIds ...........ooooviiiii e, 28
4.2  Physical properties of the protic ionic liquids ..............cooiiiiiiiiiiii 29
4.3  Purification characterization of the protic ionic liquids .......................oee 32
4.3.1 Proton Nuclear Magnetic Resonance ("HNMR) ..........ccceeeiiiiiieee..n. 32
4.3.2 Electrospray Mass Spectra (MS) .....ooviniiniiniiii i, 35
4.4  Observation on the thermo — responsive ternary mixtures .................c.o.eveeneen. 36
4.4.1 Bis-(2-ethylhexyl)ammonium tosylate/ water/ isopropanol systems .........37
4.4.2 Tris-(2-ethylhexyl)ammonium tosylate/ water/ isopropanol systems ........ 40
4.4.3 Comparison aspects based on the observation of both thermo-responsive
LBINAIY SY S M ..t e 40

45  Proton Nuclear Magnetic Resonance (*HNMR) of the thermo-responsive ternary



IEXEUTES ottt ettt 44

45.1 Bis-(2-ethylhexyl)ammonium tosylate/ water/ isopropanol systems .........45

4.5.2 Tris-(2-ethylhexyl)ammonium tosylate /water /isopropanol systems ........ 46
4.5.3 Comparison between two studied systems based on "HNMR data .......... 49
4.6  Composition analysis of thermo — responsive ternary mixtures ....................... 52
4.6.1 Bis-(2-ethylhexyl)ammonium tosylate/ water/ isopropanol systems ......... 53
4.6.2 Tris-(2-ethylhexyl)ammonium tosylate/ water/ isopropanol systems ........ 56

4.6.3 Comparison between two studied systems based on the composition data .59

4.7 (070} 1101 1113 1o 1 R 62
CHAPTER 5: CONCLUSION ...ttt e e, 64
5.1 CONCIUSTON . e e, 64
5.2 FULURE STUAIES oo e e i, 66
REF E R EN CES ..o e e e e 67
AP P EN DICES . 79

CONFERENCES AND PROCEEDINGS ..ottt e e e 104

vi



