Contents

Abstract (Thai)
Abstract (English)
Acknowledgments
Contents
List of Tables
List of Figures
Abbreviations and Symbols
Chapter
1 INTRODUCTION
1.1. Introduction
1.2, Review of Literatures
1.3. Objectives
2 METHOD OF STUDY
2.1 Materials
2.2 Preparation of Ligands
2.3 Preparation of Complexes
2.4 Equipments
2.4.1 Melting Point Apparatus
2.4.2 Elemental Analysis
2.4.3 The electrospray and the FAB Mass Spectrometry
2.4.4 UV-Visible Absorption Spectroscopy
2.4.5 Infrared Spectroscopy
2.4.6 Nuclear Magnetic Resonance Spectroscopy

2.4.7 Cyclic Voltammetry

Page
(3)
(4)
(5)
(6)
(9)
(13)
(18)

11
12
16
16
16

16
17
17
17

(6)



Contents (continued)

Page
2.4.8 X-ray Diffractometer 18
3 RESULTS 19
3.1 Preparation and characterization of dmazpy 19
and deazpy ligands.
3.1.1  Preparation of dmazpy and deazpy ligands. 19

3.1.2  Characterization of dmazpy and deazpy ligands. 20

Elemental Analysis 20
The electrospray and the FAB mass 21
Spectrometry

UV-Visible absorption Spectroscopy 24
Infrared Spectroscopy 28

Nuclear Magnetic Resonance Spectroscopy 31

Cyclic Voltammetry 36
X-ray Diffractometer 4]
3.2 Preparation of [Ru(tpy)(dmazpy) X]" and 51

[Ru(tpy)(deazpy) X]™ (X = CI', NO,, CH,CN) complexes.

3.2.1 Preparation of complexes 51
3.2.2 Characterization of complexes 52
Elemental Analysis 52
The electrospray and the FAB Mass 53
Spectrometry
UV-Visible Absorption Spectroscopy 65
Infrared Spectroscopy 74

(7



Contents (continued)

Page

Nuclear Magnetic Resonance Spectroscopy 82

Cyclic Voltammetry 94
X-ray Diffractometer 102
4 DISCUSSION 121
4.1 Preparation of ligands and complexes 122
4.2 The electrospray and the FAB Mass Spectrometry 124
4.3 UV-Visible Absorption Spectroscopy 125
4.4 Infrared Spectroscopy 126
4.5 Nuclear Magnetic Resonance Spectroscopy 130
4.6 Cyclic Voltammetry 132
4.7 X-ray Diffractometer 140
5 CONCLUSION 147
Bibliography 149
Appendix 157
Appendix A Cyclic Voltammograms 158
Vitae 167

®



Table

L T O VS N )

o 00 - N

10
11
12
13
14
15
16
17

18

List of Tables

The physical properties of ligands.

Elemental analysis data of dmazpy and deazpy ligands.
Electrospray mass spectroscopic data of dmazpy ligand.
Electrospray mass spectroscopic data of deazpy ligand.
The UV-Visible absorption spectroscopic of dmazpy and
deazpy ligands.

Infrared spectroscopic data of dmazpy and deazpy ligands.
'H NMR spectroscopic data of dmazpy ligand.

'H NMR spectroscopic data of deazpy ligand.

Cyclic voltammetric data of azpy, dmazpy and deazpy ligands
in 0.1 M TBAH acetonitrile at scan rate 50 mV/s. (ferrocene
as an internal standard, AEp =68 mV).

The crystallographic data for dmazpy

Non-hydrogen interatomic distances of dmazpy.
Non-hydrogen interbond angles of dmazpy.

The crystallographic data for deazpy .

Non-hydrogen interatomic distances of deazpy.
Non-hydrogen interbond angles of deazpy.

The physical properties of complexes.

Elemental analysis data of [Ru(tpy)(dmazpy)X]PF sand
[Ru(tpyXdeazpy)X]PF, complexes, where X = CI’, NO,.

Electrospray mass spectroscopic data of [Ru(tpy)(dmazpy)CHC1

and [Ru(tpy)(dmazpy)X]PF, complexes , where X = CI, NO,

Page
19
20
21
21
24

28
31
32

43
44
45
47
48
49
52
53

9)



List of Tables (continued)

Table Page

19 FAB mass spectroscopic data of [Ru(tpy)(dmazpy)CH3CN](PF ¢y 55
complex.

20 Electrospray mass spectroscopic data of [Ru(tpyX(deazpy)CI]Cl 55
and [Ru(tpy)(deazpy)C1]PF ¢ complexes.

21 FAB mass spectroscopic data of [Ru(tpy)(deazpy)NO,]PF, 56
and [Ru(tpy)(deazpy)CH,CN](PF ¢), complexes.

22 UV-Visible absorption spectroscopic data of 66
[Ru(tpy)(dmazpy)X](PF,) complexes , where X = CI, NO,
and CH,CN in various solvents.

23 UV-Visible absorption spectroscopic data of 67
[Ru(tpy)(deazpy)X](PF,), complexes , where X = CI, NO,
and CH,CN in various solvents,

24 Infrared spectroscopic data of [Ru(tpy)(dmazpy)X](PFs)n, 74
where X = CI, NO, and CH,CN.

25 Infrared spectroscopic data of [Ru(tpy)(deazpy)X](PF s 75
where X = Cl, NO, and CH,CN.

26  'HNMR spectroscopic data of [Ru(tpy)(dmazpy)X](PF,) , 82
where X = Cl', NO, , H,0 and CH,CN.

27 'H NMR spectroscopic data of [Ru(tpy)(deazpy)X](PFs)n, 84
where X = CI, NO,, H,0 and CH,CN.

(10)



Table
28

29
30
31
32
33

34
35

36

37

38

39

List of Tables (continued)

Cyclic voltammetric data of [Ru(tpy)(dmazpy)X]PF,

and [Ru(tpy)(deazpy)X]PF,, where X =CI, NO, in 0.1 M
TBAH acetonitrile solution at scan rate 50 mV/s

(ferrocene as an internal standard, AEp =68 mV)

The crystallographic data for [Ru(tpy)(dmazpy)CIJPF o
Non-hydrogen interatomic distances of [Ru(tpy)(dmazpy)CI1]BF,
Non-hydrogen interbond angles of [Ru(tpy}dmazpy)C1]BF .
The crystallographic data for [Ru(tpy)(dmazpy)NO, ]BF,.
Non-hydrogen interatomic distances of
[Ru{tpy)(dmazpy)NO,]BF,,

Non-hydrogen interbond angles of [Ru(tpy)(dmazpy)NO,]BF,.
The N=N (azo) stretching vibrational frequencies of

ligands and complexes.

Summary of the chemical shift of HI for
[Ru(tpy}(dmazpy)X)(PF,)_and [Ru(tpy)(dmazpy)X)(PF.)_
complexes (X = CI, NO, and CH,CN) in d-DMSO.
Reduction potentials data of [Ru(tpy)(azpy)Cl]BR, and
[Ru(tpy)(L)CIJPF, (L = dmazpy and deazpy)

(ferrocene as an internal standard).

Summary of reduction potential data of complexes
(ferrocene as an internal standard).

Summary of Ru (II/II1) oxidation potential data of
[Ru(tpy)(N-N)CI]" complexes, where N-N = 2,2"-bipyridine

(bpy), 1,10-phenanthroline(phen) and 2-(phenylazo)pyridine(azpy).

Page
94

104
105
108
113
114

117
129

131

135

136

138

(11



Table
40

41
42

List of Tables (continued)

Summary of Ru (II/III) oxidation potential data of
[Ru(tpy)(dmazpy)XIPF and [Ru(tpy)(deazpy)X]PF,
where X =ClI, NO, .

Selected bond distances of complexes.

Selected bond distances of nitro complexes.

Page
139

143
145

(12)



List of Figures

Figure Page
1 The structures of dmazpy, deazpy and tpy ligands. 3

2 Electrospray mass spectrum of dmazpy ligand. 22

3 Electrospray mass spectrum of deazpy ligand. 23

4 UV-Visible absorption spectrum of dmazpy ligand in acetonitrile. 26

5 UV-Visible absorption spectrum of deazpy ligand in acetonitrile. 27

6 Infrared spectrum of dmazpy ligand. 29

7 Infrared spectrum of deazpy ligand. 30

8 'H NMR spectrum of dmazpy ligand. 34

9 'HNMR spectrum of deazpy ligand. 35

10 Cyclic voltammogram of dmazpy in acetonitrile 39
(scan rate 50 mV/s).

11 Cyclic voltammogram of deazpy in acetonitrile 40
(scan rate 50 mV/s).

12 The structure of dmazpy ligand. 42

13 The structure of deazpy ligand. 46

14 Electrospray mass spectrum of [Ru(tpy}dmazpy)CI]CI complex. 57
15 Electrospray mass spectrum of [Ru(tpy)(dmazpy)CIJPF, complex. 58

16  Electrospray mass spectrum of [Ru(tpyXdmazpy)NO,]PF, 59
complex.

17 FAB mass spectrum of [Ru(t'py)(dmazpy)CH3CN](PF6)2 60
complex.

18 Electrospray mass spectrum of [Ru(tpy)(deazpy)CIICl complex. 61
19 Electrospray mass spectrum of [Ru(tpy)(deazpy)CI]PF, complex. 62

(13)



List of Figures (continued)

Figure Page

20 FAB mass spectrum of [Ru(tpy)(deazpy)NO,]PF, 63
complex.

21 FAB mass spectrum of [Ru(tpy)(deazpy)CH,CN](PF), 64
complex.

22 UV-Visible absorption spectrum of [Ru(tpy){dmazpy)CI]PF, 68

complex in acetonitrile.

23 UV-Visible absorption spectrum of [Ru(tpy Xdmazpy)NO,]PF, 69
complex in acetonitrile.

24 UV-Visible absorption spectrum of 70
[Ru(tpyXdmazpy)CH,CN](PF,), complex in acetonitrile.

25 UV-Visible absorption spectrum of [Ru(tpy)deazpy)CI]PF 71
complex in acetonitrile.

26  UV-Visible absorption spectrum of [Ru(tpy)(deazpy)NO,]PF, 73
complex in acetonitrile.

27 UV-Visible absorption spectrum of 74
[Ru(tpy)(deazpy)CH,CN](PF,), complex in acetonitrile.

28  Infrared spectrum of [Ru(tpy)(dmazpy)CI1]PF, complex. 76

29  Infrared spectrum of [Ru(tpy)(dmazpy)NO,]PF, complex. 77

30 Infrared spectrum of [Ru(tpy)(dmazpy)CH,CNI(PF)), complex. 78

31 Infrared spectrum of [Ru(tpy)(deazpy)CI]PF, complex. 79

32 Infrared spectrum of {Ru(tpy)(deazpy)NO,]PF, complex. 80

33 Infrared spectrum of [Ru(tpy)(deazpy)CH,CN](PF,), complex. 81

34 'H NMR spectrum of [Ru(tpy)(dmazpy)CI]PF, complex. 86

(14)



Figure

35
36
37
38
39
40
41
42

43

44

45

46

47

48
49

List of Figures (continued)

'H NMR spectrum of [Ru(tpy)(dmazpy)NO,]PF, complex.

'H NMR spectrum of [Ru(tpy)(dmazpy)H,O1(PF,), complex.

'"H NMR spectrum of [Ru(tpy)(dmazpy)CH,CNJ(PF ), complex.
'H NMR spectrum of [Ru(tpy)(deazpy)Cl]PF, complex.

'H NMR spectrum of [Ru(tpy)(deazpy)NO,]PF, complex.

'H NMR spectrum of [Ru(tpy)(deazpy)H,Ol(PF ), complex.

'"H NMR spectrum of [Ru(tpy)(deazpy)CH,CNJ(PF), complex.
Cyclic voltammogram of [Ru(tpy)(dmazpy)CI]PF in acetonitrile
(scan rate 50 mV/s).
Cyclic voltammogram of [Ru(tpy)(dmazpy)NO, |PF

in acetonitrile (scan rate 50 mV/s).
Cyclic voltammogram of [Ru(tpy)(deazpy)CI]PF in acetonitrile
(scan rate 50 mV/s).
Cyclic voltammogram of [Ru(tpy)(deazpy)NO,]PF, in acetonitrile
(scan rate 50 mV/s).
Cyclic voltammogram of quasi-reversible of Ru(II/TH) of
[Ru(tpyX(dmazpy)CI]PF, complex scanned with various

scan rates (50, 100, 1000 mV/s).
Cyclic voltammogram of anodic peak of Ru(I/III) of
[Ru(tpy)}(dmazpy)NO,]PF, complex scanned with various

scan rates (50, 100, 200, 500, 1000 mV/s).
The structure of [Ru(tpy)(dmazpy)CI]BF,. (H-atom omitted)
The structure of [Ru(tpy)Xdmazpy)C1]BF,. (H-atom omitted)

Page
87
88
89
90
91
92
93
96

97

98

100

101

103
112

(15)



List of Figures (continued)

Figure Page

50 Cyclic voltammogram of ligands couple I { dmazpy and deazpy) 158
scanned with various scan rates (50-1000 mV/s).

51 Cyclic voltammogram of ligands couple II ( dmazpy and deazpy) 159
scanned with various scan rates (50-1000 mV/s).

52 Cyclic voltammogram of N,N-dimethyi-4-nitrosoaniline and 160
N,N-diethyl-4-nitrosoaniline scanned with various scan rates
(50-1000 mV/s).

53 Cyclic voltammogram of couple III in oxidation range of 161
[Ru(tpy}(L)CI]PF, (L = dmazpy and deazpy) complexes by
varying scan rates (50-1000 mV/s).

54 Cyclic voltammogram of couple III in oxidation range of 162
[Ru(tpy(L)NO,JPF, (L = dmazpy and deazpy) complexes by
varying scan rates (50-1000 mV/s).

55 Cyclic voltammogram of couple I in reduction range of 163
[Ru(tpy)(L)YCIIPF, (L = dmazpy and deazpy) complexes by
varying scan rates (50-1000 mV/s).

56 Cyclic voltammogram of couple I in reduction range of 164
[Ru(tpyXL)NO,]PF, (L = dmazpy and deazpy) complexes by
varying scan rates (50-1000 mV/s).

57 Cyclic voltammogram of couple II in reduction range of 165
[Ru(tpyL)CHPF, (L = dmazpy and deazpy) complexes by

varying scan rates (50-1000 mV/s).

(16)



List of Figures (continued)

Figure Page
58 Cyclic voltammogram of couple II in reduction range of 166
[Ru(tpyXL)NO,]PF, (L = dmazpy and deazpy) complexes by

varying scan rates (50-1000 mV/s).

(17



A.R. grade

azpy

deazpy
DMF
DMSO

mV/s

phen
Rel. Abun.
tpy

Abbreviations and symbols

Angstrom unit (1 A = 10" meter)

Analytical reagent grade
2-(phenylazo)pyridine
2,2'-bipyridine

wavenumber

2-(4'-N, N-dimethylaminophenylazo)pyridine

2-(4'-N,N-diethylaminophenylazo)pyridine

N,N-Dimethylformamide
Dimethyl sulfoxide

gram

hour

hertz

Kelvin

metal-to-ligand charge transfer

milligram per milliliter
milliliter

millimole

millivolt per second
nanometer
1,10-phenanthroline
relative abundance
2,2".6',2"-terpyridine
degree

wavelength

molar extinction coefficient
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