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Appendix E: Chapter 6 Supplementary 

  

E.1 Instrumentation 

E.1.1 UV/Visible spectroscopy 

UV-Visible absorbance spectra were recorded on a Shimadzu UV-3101PC 

spectrophotometer. Small molecule complexes were recorded in acetonitrile at 10-5 M 

and the polymeric analogues were recorded in chloroform at 10-5 M. 

 

E.1.2 Vibrational spectroscopy 

All ground state vibrational measurements were taken using KBr disks on a Nicolet 

5700 FT-IR spectrometer. Continuous wave excitation was used for all Raman 

measurements. A Modu-laser Stellar-Pro argon laser provided 6–8 mW of 488 and 514 

nm excitation at the sample. Raman and Rayleigh scattering light was collected from 

the cell using a 180° backscattering geometry. Rayleigh scattering was rejected using 

Raman edge filters from Iridian Technologies. The scattered photons were focused onto 

the entrance slit (110 µm) of an Acton Spectra Pro® 2550i, 0.500 m imaging single 

stage monochromator/spectrograph and detected with a Roper Scientific Spec-10:100B 

CCD detector, controlled by WinSpec software. The detector was liquid nitrogen cooled 

to –110°C. Raman scattering was dispersed with a 1200 g/mm holographic diffraction 

grating.  

 

E.1.3 Electrochemistry 

Cyclic voltammetry was obtained using a glassy carbon working electrode, Pt counter 

electrode and Ag/AgCl reference electrode, ν = 0.1 V s-1 on a BAS 100B 

Electrochemical Workstation (Bioanalytical System Inc). Complexes were recorded in 

acetonitrile, 0.1 M TBAPF6 at 10-3 M. 
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E.2 Computational  

E.2.1 Accuracy of DFT models 

Table E.2.1.1 Mean difference in bond length between crystallographic data and DFT 

models. 

Complex 
Mean difference 

in bond length (Å) 

[Ru(L1)2](PF6)2 0.073 

[Ru(L1)(Terpy)](PF6)2 0.016 

[Ru(L1)(PhTerpy)](PF6)2 0.026 

[Ru(L2)2](PF6)2 0.027 

[Ru(L3)(Terpy)](PF6)2 0.027 

[Ru(L3)(PhTerpy)](PF6)2 0.039 

[Ru(L1)(bbp)](PF6)2 0.027 

[Ru(L1)(bpp)](PF6)2 0.040 
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Table E.2.1.2 MAD values for each DFT model. 

Complex MAD values (cm-1) 

[Ru(L1)2](PF6)2 6.17 

[Ru(L1)(Terpy)](PF6)2 4.84 

[Ru(L1)(PhTerpy)](PF6)2 5.81 

[Ru(L2)2](PF6)2 3.96 

[Ru(L2)(Terpy)](PF6)2 4.19 

[Ru(L2)(PhTerpy)](PF6)2 3.63 

[Ru(L3)(Terpy)](PF6)2 5.62 

[Ru(L3)(PhTerpy)](PF6)2 3.57 

[Ru(L1)(bbp)](PF6)2 3.08 

[Ru(L2)(bbp)](PF6)2 3.43 

[Ru(L4)(Terpy)](PF6)2 6.96 

[Ru(L4)(PhTerpy)](PF6)2 3.60 

[Ru(L1)(bpp)](PF6)2 6.21 

[Ru(L2)(bpp)](PF6)2 4.12 
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E.3 Assignment of the Electronic Spectra 

 

Table E.3.1 First 10 excitations of [Ru(L1)2]
2+ 
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Table E.3.1 Continued First 10 excitations of [Ru(L1)2]
2+ 
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Table E.3.1 Continued First 10 excitations of [Ru(L1)2]
2+
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Table E.3.2 First 10 excitations of [Ru(L1)(Terpy)]2+ 
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Table E.3.2 Continued First 10 excitations of [Ru(L1)(Terpy)]2+ 
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Table E.3.2 Continued First 10 excitations of [Ru(L1)(Terpy)] 2+ 
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Table E.3.3 First 10 excitations of [Ru(L1)(PhTerpy)]2+ 
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Table E.3.3 Continued First 10 excitations of [Ru(L1)(PhTerpy)]2+ 
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Table E.3.3 Continued First 10 excitations of [Ru(L1)(PhTerpy)]2+ 
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Table E.3.4 First 10 excitations of [Ru(L2)2]
2+ 
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Table E.3.4 Continued First 10 excitations of [Ru(L2)2]
2+ 
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Table E.3.4 Continued First 10 excitations of [Ru(L2)2]
2+ 
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Table E.3.5 First 10 excitations of [Ru(L2)(Terpy)]2+ 
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Table E.3.5 Continued First 10 excitations of [Ru(L2)(Terpy)]2+ 
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Table E.3.6 First 10 excitations of [Ru(L2)(PhTerpy)]2+ 
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Table E.3.6 Continued First 10 excitations of [Ru(L2)(PhTerpy)]2+ 
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Table E.3.7 First 10 excitations of [Ru(L3)(Terpy)]2+ 
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Table E.3.7 Continued First 10 excitations of [Ru(L3)(Terpy)]2+ 
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Table E.3.8 First 10 excitations of [Ru(L3)(Terpy)]+ 
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Table E.3.8 Continued First 10 excitations of [Ru(L3)(Terpy)]+ 
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Table E.3.8 Continued First 10 excitations of [Ru(L3)(Terpy)]+ 
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Table E.3.8 Continued First 10 excitations of [Ru(L3)(Terpy)]+ 
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Table E.3.9 First 10 excitations of [Ru(L3)(Terpy)]0 
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Table E.3.9 Continued First 10 excitations of [Ru(L3)(Terpy)]0 
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Table E.3.10 First 10 excitations of [Ru(L3)(PhTerpy)]2+ 
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Table E.3.10 Continued First 10 excitations of [Ru(L3)(PhTerpy)]2+ 
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Table E.3.10 Continued First 10 excitations of [Ru(L3)(PhTerpy)]2+ 
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Table E.3.11 First 10 excitations of [Ru(L3)(PhTerpy)]+ 
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Table E.3.11 Continued First 10 excitations of [Ru(L3)(PhTerpy)]+ 
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Table E.3.11 Continued First 10 excitations of [Ru(L3)(PhTerpy)]+ 
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Table E.3.11 Continued First 10 excitations of [Ru(L3)(PhTerpy)]+ 
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Table E.3.12 First 10 excitations of [Ru(L3)(PhTerpy)]0 
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Table E.3.12 Continued First 10 excitations of [Ru(L3)(PhTerpy)]0 
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Table E.3.13 First 10 excitations of [Ru(L1)(bbp)]2+ 
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Table E.3.13 Continued First 10 excitations of [Ru(L1)(bbp)]2+ 
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Table E.3.14 First 10 excitations of [Ru(L1)(bbp)]+ 
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Table E.3.14 Continued First 10 excitations of [Ru(L1)(bbp)]+ 
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Table E.3.14 Continued First 10 excitations of [Ru(L1)(bbp)]+ 
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Table E.3.15 First 10 excitations of [Ru(L1)(bbp)]0 
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Table E.3.15 Continued First 10 excitations of [Ru(L1)(bbp)]0 
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Table E.3.16 First 10 excitations of [Ru(L2)(bbp)]2+ 
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Table E.3.16 Continued First 10 excitations of [Ru(L2)(bbp)]2+ 
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Table E.3.17 First 10 excitations of [Ru(L2)(bbp)]+ 
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Table E.3.17 Continued First 10 excitations of [Ru(L2)(bbp)]+ 
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Table E.3.17 Continued First 10 excitations of [Ru(L2)(bbp)]+
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Table E.3.18 First 10 excitations of [Ru(L2)(bbp)]0 
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Table E.3.18 Continued First 10 excitations of [Ru(L2)(bbp)]0 
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Table E.3.19 First 10 excitations of [Ru(L4)(Terpy)]2+ 
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Table E.3.19 Continued First 10 excitations of [Ru(L4)(Terpy)]2+ 
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Table E.3.20 First 10 excitations of [Ru(L4)(PhTerpy)]2+ 
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Table E.3.20 Continued First 10 excitations of [Ru(L4)(PhTerpy)]2+ 
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Table E.3.21 First 10 excitations of [Ru(L1)(bpp)]2+ 
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Table E.3.21 Continued First 10 excitations of [Ru(L1)(bpp)]2+ 
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Table E.3.21 First 10 excitations of [Ru(L2)(bpp)]2+ 
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Table E.3.21 Continued First 10 excitations of [Ru(L2)(bpp)]2+ 
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E.4 Assignment of vibrational modes 

 

Table E.4.1 Assignment of rR and IR for [Ru(L1)2](PF6)2 
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Table E.4.1 Continued Assignment of rR and IR for [Ru(L1)2](PF6)2 
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Table E.4.2 Assignment of rR and IR for [Ru(L1)(Terpy)](PF6)2 
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Table E.4.2 Continued Assignment of rR and IR for [Ru(L1)(Terpy)](PF6)2 
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Table E.4.2 Continued Assignment of rR and IR for [Ru(L1)(Terpy)](PF6)2 
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Table E.4.3 Assignment of rR and IR for [Ru(L1)(PhTerpy)](PF6)2 
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Table E.4.3 Continued Assignment of rR and IR for [Ru(L1)(PhTerpy)](PF6)2 
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Table E.4.4 Assignment of rR and IR for [Ru(L2)2](PF6)2 
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Table E.4.4 Continued Assignment of rR and IR for [Ru(L2)2](PF6)2 
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Table E.4.5 Assignment of rR and IR for [Ru(L2)(Terpy)](PF6)2 
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Table E.4.5 Continued Assignment of rR and IR for [Ru(L2)(Terpy)](PF6)2 
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Table E.4.5 Continued Assignment of rR and IR for [Ru(L2)(Terpy)](PF6)2 
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Table E.4.6 Assignment of rR and IR for [Ru(L2)(PhTerpy)](PF6)2
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Table E.4.6 Continued Assignment of rR and IR for [Ru(L2)(PhTerpy)](PF6)2 
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Table E.4.6 Continued Assignment of rR and IR for [Ru(L2)(PhTerpy)](PF6)2 
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Table E.4.7 Assignment of rR and IR for [Ru(L3)(Terpy)](PF6)2 
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Table E.4.7 Continued Assignment of rR and IR for [Ru(L3)(Terpy)](PF6)2 
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Table E.4.8 Assignment of rR and IR for [Ru(L3)(PhTerpy)](PF6)2 
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Table E.4.8 Continued Assignment of rR and IR for [Ru(L3)(PhTerpy)](PF6)2 
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Table E.4.9 Assignment of rR and IR for [Ru(L1)(bbp)](PF6)2 
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Table E.4.9 Continued Assignment of rR and IR for [Ru(L1)(bbp)](PF6)2 
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Table E.4.10 Assignment of rR and IR for [Ru(L2)(bbp)](PF6)2 
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Table E.4.10 Continued Assignment of rR and IR for [Ru(L2)(bbp)](PF6)2 
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Table E.4.10 Continued Assignment of rR and IR for [Ru(L2)(bbp)](PF6)2 
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Table E.4.11 Assignment of rR and IR for [Ru(L4)(Terpy)](PF6)2 
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Table E.4.11 Continued Assignment of rR and IR for [Ru(L4)(Terpy)](PF6)2 
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Table E.4.12 Assignment of rR and IR for [Ru(L4)(PhTerpy)](PF6)2 

 



  Appendix E: Chapter 6 Supplementary  

 

412 

 

 

Table E.4.12 Continued Assignment of rR and IR for [Ru(L4)(PhTerpy)](PF6)2 
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Table E.4.13 Assignment of rR and IR for [Ru(L1)(bpp)](PF6)2 
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Table E.4.13 Continued Assignment of rR and IR for [Ru(L1)(bpp)](PF6)2 
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Table E.4.14 Assignment of rR and IR for [Ru(L2)(bpp)](PF6)2 
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Table E.4.14 Continued Assignment of rR and IR for [Ru(L2)(bpp)](PF6)2 
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Table E.4.14 Continued Assignment of rR and IR for [Ru(L2)(bpp)](PF6)2 
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Figure E.4.1 rR collected with λex = 514 nm. Titration of NEt3 with 

[Ru(L3)(Terpy)](PF6)2. 
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Appendix F: Chapter 7 Supplementary 

 

F.1 Instrumentation 

F.1.1 Electrochemistry 

Cyclic voltammetry was obtained using a glassy carbon working electrode, Pt counter 

electrode and Ag/AgCl reference electrode, ν = 0.1 V s-1 on a BAS 100B 

Electrochemical Workstation (Bioanalytical System Inc.), calibrated with ferrocene. 

[Fe(L1)2](PF6)2 and [Fe(L2)2](PF6)2 were recorded in acetonitrile, 0.1 M 

tetrabutylammonium hexfluorophosphate (TBAPF6) at 10-3 M; [Fe(L1)2](ClO4)2, 

[Fe(L2)2](ClO4)2, [Fe(L3)2](ClO4)2 and [Fe(L4)2](ClO4)2 were recorded in acetonitrile, 

0.1 M tetrabutylammonium perchlorate (TBAClO4) at 10-3 M; [Fe(L3)2](BF4)2 was 

recorded in acetonitrile, 0.1 M tetrabutylammonium tetrafluoroborate (TBABF4) at 10-3 

M. 

 

F.1.2 UV-Visible spectroscopy 

UV-Visible absorbance spectra were recorded on an Oceans Optics USB2000+UV-Vis 

spectrophotometer with a variable temperature cell holder ± 0.05°C with a Quantum 

Northwest controller. 

Small molecule complexes ([Fe(L1)2](ClO4)2, [Fe(L1)2](PF6)2, [Fe(L2)2](ClO4)2, 

[Fe(L2)2](PF6)2, [Fe(L3)2](ClO4)2, [Fe(L3)2](BF44)2 and [Fe(L4)2](ClO4)2) were in 

acetonitrile at 10-5 M for the room temperature measurements and benzonitrile at 10-5 M 

for the variable temperature measurements. The thermal expansion of the solutions was 

based on the density of the solvent as described in the literature.  

The polymeric complexes ([Fe(L1P)2](ClO4)2, [Fe(L2P)2](ClO4)2, [Fe(L3P)2](ClO4)2 and 

[Fe(L4P)2](ClO4)2) were recorded in chloroform at 10-5 M for all temperatures. The 

thermal expansion of the solutions was based on the density of the solvent as described 

in the literature.  
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F.1.3 Vibrational spectroscopy 

All ground state vibrational measurements were taken using KBr disks on a Nicolet 

5700 FT-IR spectrometer. Resonance Raman spectra were recorded by Raphael Horvath 

and Keith Gordon at Otago University. Resonance Raman measurements were carried 

out based on a modified version of a system described previously.1-3 Spectra were 

acquired of solid-state samples at 79 K, 298 K and 362 K with a number of excitation 

wavelengths. Temperature control was achieved by utilising a variable temperature cell 

(Specac, Woodstock, GA, USA) and a high stability temperature controller (Specac, 

Woodstock, GA, USA). Vacuum-purging of the cell was used to minimise condensation 

and frosting of the quartz window of the variable temperature cell. For excitation at 

350.7 and 568.1 nm, a continuous-wave Innova I-302 krypton-ion laser (Coherent, Inc.) 

was used. For excitation at 457.9 and 514.5 nm an Innova Sabre DBW argon-ion laser 

(Coherent, Inc.). The beam was passed through either a Pellin-Broca prism (for 350.7, 

457.9 and 514.5 nm) or a holographic laser bandpass filter (Kaiser Optical Systems, Inc.) 

and subsequently two irises in order to remove unwanted laser-lines. The beam-power 

was adjusted between 20 - 40 mW at the sample, depending on the wavelength used. 

The sample and collection lens were arranged in a 180˚ backscattering geometry where 

the collection lens also served to focus the excitation beam on the sample. The Raman 

photons were focussed on the entrance slit of an Acton Research SpectraPro500i 

spectrograph (Princeton Instruments, Inc.) with a 1200 grooves mm-1 grating. The slit 

width was set to 50 µm, giving a resolution of ca. 2 cm-1. Radiation from Raleigh and 

Mie-scattering was attenuated using a notch filter (Kaiser Optical Systems, Inc.) for 

568.1 nm and RazorEdge filters (Semrock, Inc.) for other wavelengths. The dispersed 

photons were detected using a Princeton Instruments liquid nitrogen cooled 1152-EUV 

charge-coupled detector controlled by a Princeton Instruments ST-130 controller.  

WinSpec/32 software (Roper Scientific, Inc.) was used to control the CCD, and spectra 

were analysed using GRAMS/32 (Galactic Industries Corp.) software. Wavelength 

calibration was achieved using a reference sample made from 1:1 Toluene:Acetonitrile 

and general alignment was done using a solid sample of carbamazepine. 
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F.1.4 Magnetic susceptibility 

Magnetic susceptibility data was recorded by Dr. Boujemaa Moubaraki at Monash 

University. Measurements were made using a Quantum Design MPMS 5 SQUID 

magnetometer operating with an applied field of 1T. The samples were loaded into a 

gelatine capsule held in the centre of a drinking straw fixed to the end of the sample rod. 

 

F.1.5 Mössbauer spectroscopy 

Under argon iron-57 (95% I.E.) powder was obtained from Isoflex. Fe-57(ClO4)2·6H2O 

was produced by dissolving iron power (200 mg, 3.5 mmol) in acetonitrile (4 mL) and 

perchloric acid (2.5 mL, 17.5 mmol) was added. The solution was filtered and diethyl 

ether was added. The solution was cooled for -4°C yielding pale green crystals. The 

crystals were filtered and washed with diethyl ether. 

57Fe Mössbauer spectra were recorded by Dr. Guy N. L. Jameson at the University of 

Otago. Approximately 20 mg of sample was placed in a nylon sample holder (12.8 mm 

diameter, 1.6 mm thickness) with Kapton windows. Mössbauer spectra were measured 

on a Mössbauer spectrometer from SEE Co. (Science Engineering & Education Co., 

MN) equipped with a closed cycle refrigerator system from Janis Research Co. and SHI 

(Sumitomo Heavy Industries Ltd.). Data were collected in constant acceleration mode in 

transmission geometry with an applied field of 47 mT perpendicular to the γ-rays. The 

zero velocity of the Mössbauer spectra refers to the centroid of the room temperature 

spectrum of a 25 µm metallic iron foil. Analysis of the spectra was conducted using the 

WMOSS program (SEE Co., formerly WEB Research Co., Edina, MN). 
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F.2 Computational 

F.2.1 Bond lengths 

Table F.2.1.1 Average bond length difference for the cationic DFT models. 

Level 
Average bond length difference (Å) 

[Fe(L1)2]
2+ [Fe(L2)2]

2+ [Fe(L3)2]
2+ 

B3LYP 0.021 0.021 0.021 

OLYP 0.005 0.006 0.003 

 

F.2.2 MAD values 

Table F.2.2.1 A comparison of MAD values for B3LYP and OLYP. 

Level 
MAD values 

[Fe(L1)2]
2+ [Fe(L2)2]

2+ [Fe(L3)2]
2+ 

B3LYP 4.52 4.08 7.70 

OLYP 4.27 4.17 5.36 
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F.3 Electronic spectra assignment 

On the basis that the OLYP/6-31G(d) provided the most accurate model of the cationic 

complex the electronic spectra were assigned by calculating each of the electronic 

transitions associated with the MLCT band. Shown in Tables F.3.1-4 are the first ten 

transitions with a non-zero oscillator strength. 

Table F.3.1 Summary of the first ten transitions calculated for the cationic complex 

[Fe(L1)2]
2+. Only transitions with nonzero oscillator strengths are shown. 
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Table F.3.1 continued. Summary of the first ten transitions calculated for the cationic 

complex [Fe(L1)2]
2+. Only transitions with nonzero oscillator strengths are shown. 
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Table F.3.1 continued. Summary of the first ten transitions calculated for the cationic 

complex [Fe(L1)2]
2+. Only transitions with nonzero oscillator strengths are shown. 
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Table F.3.1 continued. Summary of the first ten transitions calculated for the cationic 

complex [Fe(L1)2]
2+. Only transitions with nonzero oscillator strengths are shown. 

 



  Appendix F: Chapter 7 Supplementary  

427 

 

 

Table F.3.2 Summary of the first ten transitions calculated for the cationic complex 

[Fe(L2)2]
2+. Only transitions with nonzero oscillator strengths are shown. 
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Table F.3.2 Continued Summary of the first ten transitions calculated for the cationic 

complex [Fe(L2)2]
2+. Only transitions with nonzero oscillator strengths are shown. 
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Table F.3.3 Summary of the first ten transitions calculated for the cationic complex 

[Fe(L3)2]
2+. Only transitions with nonzero oscillator strengths are shown. 
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Table F.3.3 Continued Summary of the first ten transitions calculated for the cationic 

complex [Fe(L3)2]
2+. Only transitions with nonzero oscillator strengths are shown. 
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Table F.3.4 Summary of the first ten transitions calculated for the cationic complex 

[Fe(L4)2]
2+. Only transitions with nonzero oscillator strengths are shown.  
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Table F.3.4 continued Summary of the first ten transitions calculated for the cationic 

complex [Fe(L4)2]
2+. Only transitions with nonzero oscillator strengths are shown. 
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Table F.3.4 continued Summary of the first ten transitions calculated for the cationic 

complex [Fe(L4)2]
2+. Only transitions with nonzero oscillator strengths are shown. 
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Table F.3.4 continued Summary of the first ten transitions calculated for the cationic 

complex [Fe(L4)2]
2+. Only transitions with nonzero oscillator strengths are shown. 
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F.4 Iron titration of L 3 

The equilibrium of Fe(BF4)2·6H2O and L3 was studied by following the peak 

absorbance of the MLCT band as Fe(BF4)2·6H2O was gradually added to an acetonitrile 

solution of L3 at 20 ± 0.05°C (see spectra in Figure F.4.1). Fe(BF4)2·6H2O was used for 

this investigation as it is less hydroscopic than Fe(ClO4)2·6H2O, allowing for an 

accurate calculation of concentration. 

 

Figure F.4.1 Left: The spectra of L3 as Fe(BF4)2·6H2O was added. Right: A plot of 

peak absorbance vs. ratio of iron:ligand.
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F.5 Assignment of vibrational modes 

On the basis that the OLYP/6-31G(d) provided the most accurate model of the cationic 

complex the assignments of the perchlorate complexes vibrational spectra were made 

based on the calculated spectra (Tables F.5.1-4). 

Table F.5.1 DFT assigned vibrational modes for [Fe(L1)2](ClO4).

 



  Appendix F: Chapter 7 Supplementary  

 

437 

 

 

Table F.5.1 Continued DFT assigned vibrational modes for [Fe(L1)2](ClO4). 
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Table F.5.2 DFT assigned vibrational modes for [Fe(L2)2](ClO4). 
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Table F.5.2 Continued DFT assigned vibrational modes for [Fe(L2)2](ClO4).
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Table F.5.3 DFT assigned vibrational modes for [Fe(L3)2](ClO4) at 80 K. 
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Table F.5.3 Continued  DFT assigned vibrational modes for [Fe(L3)2](ClO4) at 80 K. 
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Figure F.5.1 Solid-state rR collected for [Fe(L3)2](BF4)2. λex 514 nm. 
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