CONTENTS

Pages
UNAALY (3)
ABSTRACT 4
ACKNOWLEDGEMENTS (5)
THE REVALENCE OF THE RESEARCH WORK (6)
CONTENTS M
LIST OF TABLES 9)
LIST OF FIGURES (10)
LIST OF ABBEVIATIONS (13)
1 INTRODUCTION 1
1.1 Introduction 1
1.2 Review of Literatures 2
1.3 Objectives 8
2 MATERIALS AND METHODS 9
2.1 Materials 9
2.1.1 Chemical substances 9
2.1.2  Solvents 9
2.2 Instruments 10
2.2.1 Melting Point Apparatus 10
2.2.2 Elemental Analysis 10
223 Fast-atom bombardment (FAB) mass Spectrometry 10
2.2.4 Infrared Spectroscopy 10
2.2.5 UV-Visible Absorption Spectroscopy 11
2.2.6 Nuclear Magnetic Resonance Spectroscopy 11

(7



CONTENTS (continued)

Pages

227 Cyclic Voltammetry 11

2.2.8 X-ray Diffractometer 11

2.3 Synthesis of ligand 11

2.4 Syntheses of complexes 12

3 RESULTS AND DISCUSSION 13
3.1 Syntheses of ligand and complexes 13

3.2 Characterization of ligand and complexes 14
3.2.1 Elemental Analysis 15

3.2.2 Fast-atom bombardment (FAB) mass spectrometry 16

3.2.3 Infrared Spectroscopy 20

3.2.4 UV-Visible Absorption Spectroscopy 28

3.2.5 Nuclear Magnetic Resonance spectroscopy (1D and 2D) 34

3.2.6 Cyclic Voltammetry 62

3.2.7 X-ray Crystallography 69

4 CONCLUSION 77
REFERENCE 79
APPENDIX 84
VITAE 111

(8)



LIST OF TABLES

Table , Pages
1 The physical properties of azine 13
2 The physical properties of the [Ru(azine),Cl,] complexes 14
3 Elemental analysis data of the azine ligand and the [Ru(azine),Cl,] complexes 15
4 FAB mass spectroscopic data of azine and [Ru(azine),Cl,] 16
5 Infrared spectroscopic data of the azine ligand 20
6 Infrared spectroscopic data of [Ru(azine),Cl,] 23
7 The N=N stretching frequencies of the ligand and the complexes 24

8 UV-Visible absorption spectroscopic data of the ligand and the complexes 28
9 'Hand ’C NMR spectroscopic data of the azine ligand 34
10 'H and °C NMR spectroscopic data of the ctc-[Ru(azine),Cl,] complex 41
11 'H and “C NMR spectroscopic data of the cce-[Ru(azine),Cl,] complex 48
12 'Hand °C NMR spectroscopic data of the fcc-[Ru(azine),Cl,] complex 55
13 Cyclic voltammetric data for the azine ligand and the three complexes in 62
0.1 M TBAH acetonitrile at scan rate 50 mV/s
14 Cyclic voltammetric data of the azine, azpy, azpym and its complexes in 64
acetonitrile.
15 Crystallographic data of the ctc-[Ru(azine),Cl,] complex 69
16 Selected bond lengths (A) and angles (°) for cze-[Ru(azine),Cl,] complex 70
17 Crystallographic data of the tcc-[Ru(azine),Cl,] complex 73
18 Selected bond lengths (A) and angles () for tcc-[Ru(azine),Cl,] complex 74
19 The solvents for UV-Visible spectrum and the minimum values 85
for measurement
20 The bond distances (A) and angles () of the ctc-[Ru(azine),Cl,] complex 86
21 The bond distances (A) and angles () of the rcc-[Ru(azine),Cl,] complex 94

9



LIST OF FIGURES

Figure
1 The structure of the 2-(phenylazo)pyridine or azpy
2 The structure of the 2-(phenylazo)pyrimidine or azpym
3 The structure of the 2-(phenylazo)pyrazine or azine
4 FAB mass spectrum of azine
5 FAB mass spectrum of ctc-{Ru(azine),Cl,]
6 FAB mass spectrum of tcc-[Ru(azine),Cl,]
7 IR spectrum of azine
8 IR spectrum of ctc-{Ru(azine),Cl,]
9 IR spectrum of cce-[Ru(azine),Cl,]
10 IR spectrum of tcc-[Ru(azine),Cl,)
11 UV-Visible absorption spectrum of azine in CH,CN
12 UV-Visible absorption spectrum of ctc-[Ru(azine),Cl,} in CH,CN
13 UV-Visible absorption spectrum of ccc-[Ru(azine),Cl,] in CH,CN
14 UV-Visible absorption spectrum of fec-[Ru(azine),Cl,] in CH,CN
15 'H NMR spectrum of azine in CDCI,
16 'H-'"H COSY NMR spectrum of azine in CDCI,
17 “C NMR spectrum of azine in CDCI,
18 DEPT NMR spectrum of azine in CDCI,
19 'H-"C NMR spectrum of azine in CDCl,
20 'H NMR spectrum of ctc-[Ru(azine),Cl,] in CDCI,
21 'H-'H COSY NMR spectrum of cre-[Ru(azine),Cl,} in CDCI,
22 "C NMR spectrum of ctc-[Ru(azine),CL,] in CDCI,

23 DEPT NMR spectrum of cte-[Ru(azine),Cl,] in CDCI,

Pages

17
18
19
22
25
26
27
30
31
32
33
36
37
38
39
40
43
44
45
46

(10)



LIST OF FIGURES (continued)

Figure

24 'H- "C HMQC NMR spectrum of cte-[Ru(azine),Cl,] in CDCI,

25 'H NMR spectrum of cce-[Ru(azine),Cl,] in CDC,

26 'H-'H COSY NMR spectrum of cee-[Ru(azine),CL,] in CDCI,
27 C NMR spectrum of cce-[Rufazine),Cl,] in CDCI,

28 DEPT NMR spectrum of cce-[Ru(azine),Cl,] in CDC,

29 'H- "C HMQC NMR spectrum of cce-[Ru(azine),Cl,] in CDCI,

30 'H NMR spectrum of tcc-{Ru(azine),CL,] in CDCI,

31 'H-'H COSY NMR spectrum of fce-[Ru(azine),Cl,] in CDCI,
32 °C NMR spectrum of tec-[Ru(azine},Cl,} in CDCI,

33 DEPT NMR spectrum of tcc-[Ru(azine),Cl,] in CDCI,

34 'H-"C HMQC NMR spectrum of tcc-[Ru(azine)2Clz] in CDCl,

35 Cyclic voltammogram of azine in 0.1 M TBAH CH,CN

at scan rate 50 mV/s

36 Cyclic voltammogram of ctc-[Ru(azine),Cl,} in 0.1 M TBAH CH,CN

at scan rate S0 mV/s

37 Cyclic voltammogram of ccc-[Ru(azine),Cl,] in 0.1 M TBAH CH,CN

at scan rate S0 mV/s

38 Cyclic voltammogram of tcc-[Ru(azine),Cl,] in 0.1 M TBAH CH,CN

at scan rate 50 mV/s
39 The structure of ctc-[Ru(azine),Cl,] (H-atom omitted)

40 The structure of fcc-{Ru(azine),Cl,] (H-atom omitted)

41 Cyclic voltammogram of azine with various scan rate 50-1000 mV/s

in the reduction range

Pages
47
50
51
52
53
54
57
58
59
60
61
65

72
76
101

- (D



LIST OF FIGURES (continued)

Figure

42 Cyclic voltammogram of ctc-[Ru(azine),Cl,]-couple I in the reduction
range with various scan rate 50-1000 mV/s

43 Cyclic voltammogram of ctc-[Ru(azine),Cl,]-couple II in the reduction
range with various scan rate 100-400 mV/s

44 Cyclic voltammogram of cze-[Ru(azine),Cl,] in the oxidation range
with various scan rate 50-1000 mV/s

45 Cyclic voltammogram of cce-[Ru(azine),Cl,]-couple I in the reduction
range with various scan rate 50-1000 mV/s

46 Cyclic voltammogram of ccc-[Ru(azine),Cl,]-couple II in the reduction
range with various scan rate 50-1000 mV/s

47 Cyclic voltammogram of cce-[Ru(azine),Cl,] in the oxidation range
with various scan rate 50-1000 mV/s

48 Cyclic voltammogram of tcc-[Ru(azine),Cl,]-couple I in the reduction
range with various scan rate 50-1000 mV/s

49 Cyclic voltammogram of tcc-[Ru(azine),Cl,]-couple II in the reduction
range with various scan rate 50-1000 mV/s

50 Cyclic voltammogram of zcc-[Ru(azine),CL,] in the oxidation range

with various scan rate 50-1000 mV/s

Pages
102

103

104

105

106

107

108

109

110

(12)



AR. grade
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azpym
CH,C],

cm

Ccv

DMF
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Hz
IR

mg/mL
mL
MLCT
mmol
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MW.

nm
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= Angstrom unit (1 A =10"° meter)
= Analytical reagent grade

= 2-(phenylazo)pyrazine

= 2-(phenylazo)pyridine

= 2-(phenylazo)pyrimidine

= dichloromethane

= wavenumber

= Cyclic voltammetry

= doublet

= N, N-dimethylformamide
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= gram
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= Infrared

= Kelvin

= milligram per milliliter

= milliliter
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= millimole
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