Contents

Abstract (Thai)
Abstract (English)
Acknowledgments
Contents
List of Tables
List of Figures
Abbreviations and Symbols
Chapter
1 INTRODUCTION
1.1 Introduction
1.2 Literature reviews
1.3 Objectives
2 MATERIALS AND METHODS
2.1 Materials
2.1.1 Chemical substances
2.1.2 Solvents
2.2 Instruments
2.2.1 Melting Point Apparatus

2.2.2 Elemental Analysis

2.2.3 The Electrospary (ES)and the FAB Mass Spectrometry

2.2.4 Infrared Spectroscopy

Page
(3)
(4)
(5)
(6)
(9)

(12)

(17)

10
10
10

10

(6)



Contents (continued)

Page

2.2.5 UV-Visible Absorption Spectroscopy 11

2.2.6 Nuclear Magnetic Resonance Spectroscopy 11

2.2.7 Cyclic Voltammetry 11

2.2.8 X-ray Diffractometer 11

2.3 Synthesis of ligands 12
2.4 Synthesis of complexes 14
3 RESULTS 17
3.1 Preparation of ligands 17
3.2 Characterization of ligands 19
3.2.1 Electrospray mass spectrometry 20

3.2.2 Infrared spectroscopy 26

3.2.3 UV-Visible absorption spectroscopy 33

3.2.4 Nuclear magnetic resonance spectroscopy 41

3.2.5 Cyclic voltammetry 54

3.2.6 X-ray diffractometer 61

3.3 Preparation and characterization of the cis-[Ru(phen),Cl,] complex 68
3.4 Preparation of the [Ru(phen)zL]2+ complexes 71
3.5 Characterization of the [Ru(phcn)zL]z* complexes 72
3.5.1 Elemental analysis 73

3.5.2 The electrospray and the FAB mass spectrometry 73

3.5.3 Infrared spectroscopy 82

3.5.4 UV-Visible absorption spectroscopy 90

3.5.5 Nuclear magnetic resonance spectroscopy 98

(7)



Contents (continued)

Page

3.5.6 Cyclic voltammetry 123

4 DISCUSSION 132
4.1 Electrospray (ES) and the FAB mass spectrometry 133
4.2 Infrared spectroscopy _ 133
4.3 UV-Visible absorption spectroscopy 135
4.4 Nuclear magnetic resonance spectroscopy 137
4.5 Cyclic voltammetry 140
4.6 X-ray diffractomer 144

5 CONCLUSION 146
Bibliography 148
Appendix 153
Vitae 163

(8)



List of Tables

Table Page
1 The physical properties of ligands 19
2 Electrospary mass spectroscopic data of lignds 20
3 Infrared spectroscopic data of ligands 26
4 UV-Visible absorption spectroscopic data of ligands 33
5 'HNMR spectroscopic data of phen 41
6 'HNMR spectroscopic data of azpy 42
7 'HNMR spectroscopic data of dmazpy 44
8 'H NMR spectroscopic data of deazpy 45
9 'HNMR spectroscopic data of azpym 46

10 'HNMR spectroscopic data of deazpym 47

11 Cyclic voltammetric data of azpy, dmazpy, deazpy, azpym and deazpym 55

ligands in 0.1 M TBAH acetonitrile at scan rate 50 mV/s, (ferrocene as an
internal standard, AEP =65mV)

12 Crystal and experimental data of {[Protonated 2-(phenylazo)pyridine and 62
protonated 2-(4-hydroxyphenylazo)pyridine (3:1)]tetrafluoroborate

13 Final coordinates and equivalent temperature factors (A%) for non-H atoms 63

14 Non-hydrogen interatomic distances (A) 64
15 Non-hydrogen interatomic angle (O) 65
16 'HNMR spectroscopic data of cis-[Ru(phen),CL} 68
17 The physical properties of complexes 71
18 The solubility of complexes 72

9



List of Tables (continued)

Table

19 Elemental analysis data of [Ru(phen)zL]2+ (L = phen, azpy,dmazpy,
deazpy, azpym and deazpym)

20 Electrosprsy mass spectroscopic data of [Ru(phen)zL]2+ (L = azpy, dmazpy
and deazpy)

21 FAB mass spectroscopic data of of [Ru(phen)zL]2+ (L = phen, azpym and
deazpym)

22 Infrared spectroscopic data of the [Ru(phen)zL]2+ complexes, where
L = phen, azpy, dmazpy, deazpy, azpym and deazpym ligands

23 UV-Visible absorption spectroscopic data of complexes

24 '"HNMR spectroscopic data of [Ru{phen),](BF ),

25 'H NMR spectroscopic data of [Ru(phen),azpy]}(BF,),

26 'HNMR spectroscopic data of [Ru(phen),dmazpy](PF ),

27 'HNMR spectroscopic data of [Ru(phen),deazpyl(PF,),

28 'HNMR spectroscopic data of [Ru(phen),azpym](PF),

29 'HNMR spectroscopic data of {Ru(phen),deazpym](PF ),

30 Cyclic voltammetric data of [Ru(phen)zL]2+ complexes, where L = phen,
azpy, dmazpy, deazpy, azpym and deazpym in 0.1 M TBAH acetonitrile
solution at scan rate 50 mV/s (ferrocene as an internal standard,

AE, =70 mv)

31 The N=N (azo) stretching vibrational frequencies of ligands and complexes

Page
73

74

74

82

950

99

100
102
104
106
108
123

134

(10)



List of Tables (continued)

Table Page

32 The lowest energies of MLCT absorption band of complexes in 136
acetonitrile solvent

33 Summary of reduction potential of complexes compared with free ligands 142

34 Summary of couple V and redox potential of complexes 143

(n



List of Figures

Figure

1 The structures of azpy, dmazpy, deazpy,azpym and deazpym ligands.

2 Structure of Protonated azpy, X = H(75%) and OH(25%).
3 Electrospray mass spectrum of dmazpy.
4 Electrospray mass spectrum of deazpy.
5 Electrospray mass spectrum of azpym.
6 Electrospray mass spectrum of deazpym.
7 IR spectrum of azpy.
8 IR spectrum of dmazpy.
9 IR spectrum of deazpy.
10 IR spectrum of azpym.
11 IR spectrum of deazpym.
12 UV-Visible absorption spectrum of phen in CH,CN.
13 UV-Visible absorption spectrum of azpy in CH,CN.
14 UV-Visible absorption spectrum of dmazpy in CH,CN.
15 UV-Visible absorption spectrum of deazpy in CH,CN.
16 UV-Visible absorption spectrum of azpym in CH,CN.
17 UV-Visible absorption spectrum of deazpym in CH,CN.
18 'HNMR spectrum of phen in acetone-d,.
19 'HNMR spectrum of azpy in acetone-d,.
20 'H NMR spectrum of dmazpy in acetone-d,.
21 'HNMR spectrum of deazpy in acetone-d,,.

22 '"HNMR spectrum of azpym in acetone-d,.

Page

22
23
24
25
28
29
30
31
32
35
36
37
38
39
40
48
49
50
51
52

(12)



List of Figures (continued)

Figure
23 "H NMR spectrum of deazpym in acetone-d;.
24 Cyclic voltammogram of azpy in 0.1 M TBAH CH,CN at scan rate
50 mV/s
25 Cyclic voltammogram of dmazpy in 0.1 M TBAH CH,CN at scan rate
50 mVis.
26 Cyclic voltammogram of deazpy in 0.1 M TBAH CH,CN at scan rate
50 mV/s.
27 Cyclic voltammogram of azpym in 0.1 M TBAH CH,CN at scan rate
50 mV/s.
28 Cyclic voltammogram of deazpym in 0.1 M TBAH CH,CN at scan rate
50 mV/s.
29 The structure of [Protonated 2-(phenylazo)pyridine and Protonated
2-(4-hydroxyphenylazo)pyridine (3:1)}tetrafluoroborate.
30 'H NMR spectrum of cis-{Ru(phen),Cl,} in acetone-d,.
31 FAB mass spectroscopic data of [Ru(phen),](BF,),.
32 Electrospray mass spectroscopic data of [Ru(phen),azpy](BF,),.
33 Electrospray mass spectroscopic data of [Ru(phen),dmazpy](PF),.
34 Electrospray mass spectroscopic data of [Ru(phen),deazpyl(PFy),.
35 FAB mass spectroscopic data of [Ru(phen),azpym](PF),.
36 FAB mass spectroscopic data of [Ru(phen),deazpym](PF,),.
37 IR spectrum of [Ru(phen),}(BF,),.
38 IR spectrum of [Ru(phen),azpyl(BF,),.
39 IR spectrum of [Ru{phen),dmazpy](PF ),.

Page
53
56

57

58

59

60

67

70
76
77
78
79
80
81
84
85
86

(13)



List of Figures (continued)

Figure

40 IR spectrum of [Ru(phen),deazpy](PF ),.

41 IR spectrum of [Ru(phen),azpym](PF,),.

42 IR spectrum of [Ru(phen),deazpym](PF,),.

43 UV-Visible absorption spectrum of [Ru(phen),]J(BF ), in CH,CN.

44 UV-Visible absorption spectrum of [Ru(phen),azpy](BF,), in CH,CN.

45 UV-Visible absorption spectrum of {Ru(phen}),dmazpy](PF,), in CH,CN.
46 UV-Visible absorption spectrum of [Ru(phen),deazpy](PF,), in CH,CN.
47 UV-Visible absorption spectrum of [Ru(phen),azpym]}(PF,}, in CH,CN.

48 UV-Visible absorption spectrum of [Ru{phen),deazpym](PF,), in CH,CN.

49 'HNMR spectrum of [Ru(phen),}(BF,), in acetone-d,.

50 'H NMR spectrum of [Ru(phen),azpy}(BF,), in acetone-d,.

51 '"HNMR spectrum of [Ru(phen),dmazpy](PF ), in acetone-d,.

52 '"H NMR spectrum of [Ru(phen),deazpy](PF,), in acetone-d,.

53 '"HNMR spectrum of [Ru(phen),azpym](PF ), in acetone-d.

54 '"HNMR spectrum of [Ru(phen),deazpym](PF,), in acetone-d,.

55 'H-'"H cOSY spectrum of {Ru(phen),}(BF ), in acetone-d,.

56 'H-'H COSY spectrum of [Ru(phen),azpy](BF ), in acetone-d,.

57 'H-'H COSY spectrum of [Ru(phen),dmazpy](PF ), in acetone-d,.
58 'H-'H COSY spectrum of [Ru(phen),deazpy)(PF ), in acetone-d,.
59 'H-'H COSY spectrum of [Ru(phen),azpym](PF,), in acetone-d,.
60 'H-'H COSY spectrum of [Ru(phen),deazpym](PF,), in acetone-d,.
61 Cyclic voltammogram of [Ru(phen),I(BF,), in 0.1 M TBAH CH,CN at

scan rate 50 mV/s.

Page
87
88
89
92
93

94
95
96
97
111
112
113
114
115
116
117
118
119
120
121
122

126

(14)



List of Figures (continued)

Figure Page

62 Cyclic voltammogram of [Ru(phen),azpy](BF,), in 0.1 M TBAH CH,CN at 127
scan rate 50 mV/s.

63 Cyclic voltammogram of [Ru(phen),dmazpy](PF), in 0.1 M TBAH CH,CN 128
at scan rate 30 mV/s.

64 Cyclic voltammogram of {Ru(phen),deazpy)(PF,), in 0.1 M TBAH CH,CN 129
at scan rate 50 mV/s.

65 Cyclic voltammogram of [Ru(phen),azpym](PF), in 0.1 M TBAH CH,CN 130

at scan rate 50 mV/s.

66 Cyclic voltammogram of [Ru(phen),deazpym](PF,), in 0.1 M TBAH 131
CH,CN at scan rate 50 mV/s.
67 The structures of [Ru(phen)zL]2+ (L = azpy, dmazpy and deazpyz). 138

68 The structures and chemical shift of the H3 in azpy, dmazpy and deazpy 139
ligands.

69 The structures and chemical shift of the H4 in azpym and deazpym ligands. 139

70 Cyclic voltammograms of azpy (A), dmazpy (B) and deazpy (C) with 154
various scan rates 50-1000 mV/s in reduction range.

71 Cyclic voltammograms of azpym (A) and deazpym (B) with various scan 155
rates 50-1000 mV/s in reduction range.

72 Cyclic voitammograms of azpy (A), dmazpy (B) and deazpy (C) — in the 156
range +0.45 - +0.8 V with various scan rates 50-1000 mV/s.

73 Cyclic voltammograms of azpy (A), dmazpy (B) and deazpy (C) — in the 157

range H).6 - +1.5 V with various scan rates 50-1000 mV/s.

(15)



List of Figures (continued)

Figure Page

74 Cyclic voltammogram of of [Ru(phen),azpy](BF,), - couple I (A) and II (B) 158
with various scan rates 50-1000 mV/s in reduction range.

75 Cyclic voltammogram of of [Ru(phen),azpy](BF,), - couple IIII (A) 159
and IV (B) with various scan rates 50-1000 mV/s in reduction range.

76 Cyclic voltammogram of of [Ru(phen),}(BF,), E, , (A) and E , (B) with 160
various scan rates 50-1000 mV/s in reduction range.

77 Cyclic voltammogram of of [Ru(phen),L)(PF,), — substituent couple, 161
where L = dmazpy (A), deazpy (B) and deazpym (C) ligands, with various
scan rates 50-1000 mV/s in oxidation range.

78 Cyclic voltammogram of of [Ru(phen),L](PF,), couple Ru(II/III), where 162
L = phen (A} and azpy (B) ligands, with various scan rates 50-1000 mV/s

in oxidation range.

(16)



CHCI,
CH,C],
CH,CN
cm

Cv

deazpy
deazpym

dmazpy
DMF

DMSO
ES-MS

HOMO

Abbreviations and symbols

= Angstrom unit (1 A = 10"° meter)

= Analytical reagent grade

= 2-(phenylazo)pyridine

= 2-(phenylazo)pyrimidine

= 2,2’-bipyridine

= chloroform

= dichloromethane

= acetonitrile

= wavenumber

= Cyclic voltammetry

= doublet

= 2-(4’-N,N-diethylaminophenylazo)pyridine
=2-(4’-N, N-diethylaminophenylazo)pyrimidine

= 2-(4’-N,N-dimethylaminophenylazo)pyridine

= N,N-dimethylformamide

= Dimethyl sulfoxide

= Electrospray Mass Spectrometry

= gram

= hour

= Highest Occupied Molecular Orbital

= hertz
= Infrared

= Kelvin

= Lowest Occupied Molecular Orbital

= milligram per milliliter
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Abbreviations and symbols (continued)

mL = milliliter

MLCT = metal-to-ligand charge transfer
mmol = millimole

mV/s = millivolt per second

MW, = molecular weight

m/z = a value of mass divided by charge
nm = nanometer

NMR = Nuclear Magnetic Resonance
phen = 1,10-phenanthroline

ppm = part per million

Rel. Abun.  =relative abundance

s = singlet

t = triplet

T™MS = tetramethylsilane

uv = Ultraviolet

° = degree

A = wavelength

€ = molar extinction coefficient
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