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Abstract:

This chapter introduces the instrumental methods used throughout this thesis for the identification of the compounds synthesized. The methods of characterization were mass spectrometry, 1H-NMR and elemental analysis while UV-Visible absorption, emission, luminescence lifetime and electrochemistry were recorded to detail the properties of these compounds. The syntheses for starting materials used in further chapters are detailed. 
2.1 Instrumental Methods

2.1.1
Structural Characterization
Nuclear Magnetic Resonance (NMR) Spectroscopy

1H NMR (400 MHz) and 13C NMR (100 MHz) spectra were obtained on a Bruker Advance 400 NMR Spectrometer in deuteriated solvents with either TMS or residual solvent peaks as reference. Free induction decay (FID) profiles were processed using an XWIN-NMR software package. The 2-D correlated spectroscopy (COSY) experiments involved the accumulation of 128 FIDs of 16 scans. The solvent used for the complexes was mainly deuteriated acetonitrile or acetone. Deuteriated dimethyl sulphoxide and chloroform were used for the ligands.
Mass Spectrometry

Mass spectrometry carried out in Dublin City University was recorded with a Bruker-EsquireLC_00050 with the assistance of Mr. Damien McGuirk. This system is an electrospray ionization mass spectrometer which record spectra at positive polarity with cap-exit voltage of 167 V. Spectra were recorded in the scan range of 50-2200 m/z with an acquisition time of between 300 and 900 μs and a potential of between 30 and 70 V. Each spectrum was recorded by the summation of 20 scans. ESI is a soft ionization technique, resulting in protonated, sodiated species in positive ionisation mode. 

Mass spectrometry carried out in Groningen University, Holland, also used electrospray ionization mass spectrometry. This data was recorded on a Triple Quadrupole LC/MS/MS mass spectrometer (API 3000, Perkin-Elmer Sciex Instruments). A sample (2 íL) was taken from the reaction mixture at the indicated times (vide infra) and was diluted in CH3CN (1 mL) before injection in the mass spectrometer (via syringe pump). Mass spectra were measured in positive mode and in the range m/z 100-1500. 
Ion-spray voltage: 5200 V. Orifice: 15 V. Ring: 150 V. Q0: -10 V.

Elemental Analysis

Carbon, hydrogen and nitrogen (CHN) elemental analyses were carried out on an Exador Analytical CE440 by the Microanalytical Department, University College Dublin.

When calculating the %H for deuterium containing compounds, the mass of the whole compound, including deuterium is calculated. The mass of hydrogen and deuterium are then added together and divided by the overall mass of the compound. The %H in deuterium containing compounds will generally be greater then in their non-deuterium containing analogues. 
Ultra Violet/Visible Spectroscopy (UV/Vis)
UV−vis absorption spectra were recorded on a Shimadzu 3100 UV-vis/NIR instrument with 1 cm quartz cells interfaced with an Elonex-466 PC using UV-vis data manager software. Measurements were carried out in aerated spectroscopic grade CH3CN. Absorption maxima are ±2 nm with molar absorptivities ±10 %.
2.1.2 Photophysical and Electrochemical Characterizations
Emission spectra

Emission spectra at room temperatures were obtained in spectroscopic grade solvents on a Perkin-Elmer LS50B luminescence spectrometer equipped with a red sensitive Hamamatsu R928 detector: this was interfaced with an Elonex-466 PC using Windows based fluorescence software. Measurements at room temperature were carried out in 1 cm quartz cells. The error associated with the emission spectra is ±5 nm. 
Electrochemistry

Cyclic voltammetry was carried out in CH3CN with a 0.1M TBABF4 using a CH Instruments CHI Version 2.07 software controlled potentiostat (CH Instruments Memphis 660).  A conventional 3-electrode cell was used. A 2 mm Pt electrode was used as the working electrode, the counter electrode was a coiled Pt wire and a Ag/Ag+ was used as a reference electrode. The solutions were degassed with Ar and a blanket of argon was kept over the electrolyte during the experiment. All glassware was dried in a vacuum oven at 800C. The electrodes were polished on a soft polishing pad with aqueous slurry of 0.3 micron alumina and sonicated for 5 minutes in Mill-Q water to remove any remaining polishing material from the surface of the electrode. Redox potentials are ±10 mV. The reference electrode was calibrated externally by carrying out cyclic voltammetry in solutions of ferrocene of the same concentration as that of the complexes in the same electrolyte. The results obtained were compared with previous studies on similar complexes using different electrodes by using conversion values obtained from the literature. 2

Spectroelectrochemistry was carried out in University of Groningen using both UV-Vis and near IR analysis. These measurements were carried out on a model 760c 
Electrochemical Workstation (CH Instruments). Analyte concentrations 
were typically 0.5-1.0 mM in anhydrous acetonitrile containing 0.1 M 
tetrabutylammonium hexafluorophosphate [(TBA)PF6]. Unless stated 
otherwise, for spectroelectrochemical measurements a platinum gauze 
working electrode (aldrich), a Pt wire auxiliary electrode, and an SCE 
reference electrode were employed (calibrated externally using 0.1 mM 
solutions of ferrocene in 0.1 M (TBA)PF6/CH3CN).A custom made 2 mm 
pathlength 1.2 mL volume quartz cuvette was employed for all 
spectroelectrochemical measurements. UV-vis spectra were recorded on a JASCO 630 UV-Vis spectrophotometer or a JASCO 570 UV-Vis NIR spectrometry. Fluorescence spectra were recorded on a JASCO 7200 spectroflourimeter and are not corrected.

Luminescent Lifetime Measurements

Lifetime measurements were performed on an Edinburgh Analytical Instruments single photon counter with a T setting, using a lamp (nF900, in a nitrogen setting), monochromators, with a single photon photomultiplier detection system (model S 300), an MCA card (Norland N5000) and PC interface (Cd900 serial). Data correlation and manipulation was carried out using the program F900, Version 5.13. The samples were excited using 337 nm as excitation wavelength and the lifetimes were collected in the maxima of the emission. The uncertainty associated with the luminescence lifetimes is ±10 %. 
2.2 General Synthetic Materials 

All palladium and nickel catalysts along with anhydrous solvents were purchased from Aldrich. Column chromatography was performed using neutral activated aluminum oxide (150 mesh) or silicon oxide (35–70 μm). 

All synthetic reagents were of commercial grade and no further purification was employed. The compounds 2,2’-bipyridine (bpy) and [RuCl3].xH2O were purchased from Aldrich and used without further purification The complex [Ru(tbutyl-bpy)2Cl2] was provided by Dr. Sven Rau from Jena University. This compound was synthesized via microwave activated reaction of [Ru(cod)Cl2]n with substituted 4,4’-di-tertbutyl-2,2’-bipyridine in DMF as solvent. 3 The starting materials [Ru(cod)Cl2]n 4 and 4,4’-di-tertbutyl-2,2’-bipyridine 5 were synthesized using previously reported methods.

2.2.1 General Synthesis of Starting Materials 
cis-[Ru(bpy)2Cl2].2H2O

This procedure has been modified slightly to that described by Meyer et al. 6
A suspension containing RuCl3.3H2O (3.90 g, 1.5x10-2 mol), 2, 2’ bipyridine (4.68g, 3x10-2 mol) and LiCl (4.30 g, 0.10 mol) was heated at reflux in dimethylformamide (25 cm3). After 8 hours the mixture was allowed to cool to room temperature and 125 cm3 of acetone was added. This was left at 00C for 24 hours. The resulting violet precipitate was filtered and the isolated solid washed with water until the filtrate was no longer coloured. The solid was washed with diethyl ether and dried to yield 4.35 g of a microcrystalline solid.

Yield: 4.35 g, 86.8%

1H NMR (d6-DMSO, 298K) (; 10.00 (2H, d, J = 4.8Hz), 8.65 (2H, d, J = 8Hz), 8.48 (2H, d, J = 8Hz), 8.05 (2H, t, J = 7.6Hz, J = 8Hz), 7.75 (2H, t, J 6Hz, J = 6Hz), 7.65 (2H, t, J = 7.6 Hz, J = 6.8Hz), 7.5 (2H, d, J = 5.2Hz), 7.1 (2H, d, J = 6Hz).

cis-[Ru(d8-bpy)2Cl2].2H2O

This procedure has been modified slightly to that described for the non-deuteriated analogue, by Meyer et al. 6
 A suspension containing RuCl3.3H2O (3.90 g, 1.5x10-2 mol), d8-2, 2’ bipyridine (4.68 g, 3x10-2 mol) and LiCl (4.30 g, 0.10 mol) were heated at reflux in dimethylformamide (25 cm3). After 8 hours the mixture was allowed to cool to room temperature and 125 cm3 of acetone was added. This was left at 00C for 24 hours. The resulting violet precipitate was filtered and the isolated solid washed with water until the filtrate was no longer coloured. The solid was washed with diethyl ether and dried to yield 2.49 g of a microcrystalline solid.

Yield: 5.79 g, 67.09 %

cis-[Os(bpy)2Cl2].2H2O 7

K2OsCl6 (300 mg, 0.6 mmol) and 2,2'-bipyridine (203 mg, 1.31 mmol) were heated to reflux in 3 cm3 ethylene glycol with constant stirring. The resulting solution was allowed to cool to room temperature and 5 cm3 of a saturated aqueous solution of sodium dithionite (Na2S2O4) was added. The solid, which formed, was isolated by filtration and washed with water until the filtrate was colorless. The solid was further washed with diethyl ether and placed in a desiccator overnight.

Yield: 283 mg, 79.5%

 1H NMR (d6-DMSO, 298K) (; 9.61 (2H, d, J = 5.2 Hz), 8.50 (2H, d, J = 4.8 Hz, J = 5.2 Hz), 8.35 (2H, d, J = 7.6 Hz, J = 8 Hz), 7.61 (2H, dd, J = 8 Hz, J = 8 Hz), 7.55 (2H, dd, J = 4 Hz, J = 8 Hz), 7.30 (4H, m, J = 4 Hz), 6.80 (2H, dd, J = 8 Hz, J = 4 Hz).

cis-[Os(d8-bpy)2Cl2].2H2O 

This procedure has been modified slightly to that described for the non-deuteriated analogue. 7
K2OsCl6 (500 mg, 1.04 mmol) and d8-2,2' bipyridine (340 mg, 2.18 mmol) were heat to  reflux in 3 cm3 ethylene glycol with constant stirring. The resulting solution was allowed to cool to room temperature and 5 cm3 of a saturated aqueous solution of sodium dithionite (Na2S2O4) was added. The solid, which formed, was isolated by filtration and washed with water until the filtrate was colourless. The solid was further washed with diethyl ether and placed in a dessicator overnight.

Yield: 326 mg, 53.44%
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