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Appendix E: Chapter 6 Supplementary

E.1 Instrumentation

E.1.1 UV/Visible spectroscopy

UV-Visible absorbance spectra were recorded onim&tzu UV-3101PC
spectrophotometer. Small molecule complexes wererded in acetonitrile at TOM
and the polymeric analogues were recorded in cfdoroat 10° M.

E.1.2 Vibrational spectroscopy

All ground state vibrational measurements werertale@ng KBr disks on a Nicolet
5700 FT-IR spectrometer. Continuous wave excitatras used for all Raman
measurements. Modu-laser Stellar-Pro argon laser provided 6—-8 ofW88 and 514
nm excitation at the sample. Raman and Rayleigtiestay light was collected from

the cell using a 180° backscattering geometry. &gllscattering was rejected using
Raman edge filters from Iridian Technologies. Toattered photons were focused onto
the entrance slit (110 um) of an Acton Spectra P2680i, 0.500 m imaging single
stage monochromator/spectrograph and detectedaviRibper Scientific Spec-10:100B
CCD detector, controlled by WinSpec software. Tagdtor was liquid nitrogen cooled
to —110°C. Raman scattering was dispersed witt0@ §iZmm holographic diffraction

grating.

E.1.3 Electrochemistry

Cyclic voltammetry was obtained using a glassy @anvorking electrode, Pt counter
electrode and Ag/AgCl reference electrode, 0.1 V §' on a BAS 100B
Electrochemical Workstation (Bioanalytical System)l Complexes were recorded in
acetonitrile, 0.1 M TBAPgat 10° M.
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E.2 Computational

E.2.1 Accuracy of DFT models

Table E.2.1.1Mean difference in bond length between crystallpgradata and DFT
models.

Mean difference

Complex in bond length (A)
[Ru(LY)](PFe)2 0.073
[Ru(L)(Terpy)l(PR): 0.016
[Ru(LY)(PhTerpy)](PF)2 0.026
[Ru(L?)2](PFe)2 0.027
[Ru(L®)(Terpy)l(PF), 0.027
[Ru(L®)(PhTerpy)](PF): 0.039
[Ru(L")(bbp)](PR)2 0.027
[Ru(L")(bpp)](PR)2 0.040
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Table E.2.1.2MAD values for each DFT model.

Complex MAD values (cmi™)
[Ru(LY)](PFe): 6.17
[Ru(LY)(Terpy)l(PF)2 4.84
[Ru(LY)(PhTerpy)l(PF)2 5.81
[Ru(L%)](PFe)2 3.96
[Ru(L?)(Terpy)l(PF)2 4.19
[Ru(L?)(PhTerpy)](PE): 3.63
[Ru(L®)(Terpy)l(PF)2 5.62
[Ru(L®)(PhTerpy)](PF)2 3.57
[Ru(L")(bbp)](PR)2 3.08
[Ru(L?)(bbp)](PR)2 3.43
[Ru(L?)(Terpy)l(PF)2 6.96
[Ru(LY)(PhTerpy)](PE): 3.60
[Ru(L")(bpp)](PR)2 6.21
[Ru(L?)(bpp)](PR)2 4.12
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E.3 Assignment of the Electronic Spectra

Table E.3.1First 10 excitations of [Ruf),]**
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Table E.3.1 ContinuedFirst 10 excitations of [Ruf),]**
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Table E.3.1 ContinuedFirst 10 excitations of [Ruf),]**
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Table E.3.2First 10 excitations of [Rufl)(Terpy)F*
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Table E.3.2 ContinuedFirst 10 excitations of [Rufl)(Terpy)F*
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Table E.3.2 ContinuedFirst 10 excitations of [Ruf)(Terpy)]?*
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Table E.3.3First 10 excitations of [Ruf)(PhTerpy)f*
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Table E.3.3 ContinuedFirst 10 excitations of [Ruf(PhTerpy)f*
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Table E.3.3 ContinuedFirst 10 excitations of [Ruf(PhTerpy)f*
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Table E.3.4First 10 excitations of [Ru,]**
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Table E.3.4 ContinuedFirst 10 excitations of [Ru@),]**
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Table E.3.4 ContinuedFirst 10 excitations of [Ruf),]**
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Table E.3.5First 10 excitations of [Ru@)(Terpy)F*
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Table E.3.5 ContinuedFirst 10 excitations of [Ru@)(Terpy)F*
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Table E.3.6First 10 excitations of [Ru@)(PhTerpy)f*
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Table E.3.6 ContinuedFirst 10 excitations of [Ru@)(PhTerpy)f*
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Table E.3.7First 10 excitations of [Ruf)(Terpy)F*
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Table E.3.7 ContinuedFirst 10 excitations of [Ru@)(Terpy)F*

ny & my ¥1°0- 9Z+0OINNT & ONOH
auazeydsoyqd + ((7dqq0 « Ny z1o ZT+OINNT € OINOH
LOTN  ouszeydsoyd + (; 14990 ¢« my Ze0- 1Z+OINNT € OWOH #2000 pF'e  6S¢€
suazeydsoyd + ((Pdqqo & ny IS0 0Z+OINNT € ONOH
ydo € g 01'0 81+0NNT€ ONOH
LOTIN suazeydsoyd ¢ my 690 FHOWN'T €« ONOH  0€000 82Z'¢ LLE
Adp1 & g 97'0- 9+0NN'T ¢ ONOH
Add] & Yy Z1o $+ONNT ¢ ONOH
Adwp] &y 520 £+0INNT € ONOH
LOTN Ad] & ny S1'0 [+ONNT € ONOH 62200 TI1'€ L6
Adipy & Y 670 Z+ONNT € 1-ONOH
Ad] € my Z1o [+ONNT € 1-ONOH
((Dd9q0 ¢ Y EE0 ONNT ¢ Z-ONOH
LOTN AdnaL & my 89'0 £+OINNT € TOWNOH 01000 T6'T  ¥TF
LOTN Adp] & g L90 £+ONNT € 1-OINOH £5¥00 68T 8T
JUAUSISS Y s1opnqLiuo)) Jolepy SIIANIJJA0)  (S)uonisur.a) [vlqIQ yi Ad/F wupy

347



Table E.3.8First 10 excitations of [Ruf)(Terpy)[
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Table E.3.8 ContinuedFirst 10 excitations of [Ruf)(Terpy)['
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Table E.3.8 ContinuedFirst 10 excitations of [Ru@)(Terpy)['
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Table E.3.8 ContinuedFirst 10 excitations of [Ruf)(Terpy)['
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Table E.3.9First 10 excitations of [Ruf)(Terpy)f’
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Table E.3.9 ContinuedFirst 10 excitations of [Ru)(Terpy)f’
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Table E.3.10First 10 excitations of [Ru@(PhTerpy)f*
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Table E.3.10 ContinuedFirst 10 excitations of [Ru@(PhTerpy)f*
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Table E.3.10 ContinuedFirst 10 excitations of [Ru@(PhTerpy)f*
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Table E.3.11First 10 excitations of [Ru@(PhTerpy)f
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Table E.3.11 ContinuedFirst 10 excitations of [Ru@(PhTerpy)]
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Table E.3.11 ContinuedFirst 10 excitations of [Ru@(PhTerpy)f
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Table E.3.11 ContinuedFirst 10 excitations of [Ru@(PhTerpy)]
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Table E.3.12First 10 excitations of [Ru@(PhTerpy){
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Table E.3.12 ContinuedFirst 10 excitations of [Ru@(PhTerpy)f
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Table E.3.13First 10 excitations of [Ruf)(bbp)F*
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Table E.3.13 ContinuedFirst 10 excitations of [Ru)(bbp)F*
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Table E.3.14First 10 excitations of [Ru@)(bbp)]*
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Table E.3.14 ContinuedFirst 10 excitations of [Ruf)(bbp)[
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Table E.3.14 ContinuedFirst 10 excitations of [Ruf)(bbp)]'
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Table E.3.15First 10 excitations of [Ruf)(bbp)P
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Table E.3.15 ContinuedFirst 10 excitations of [Rufi)(bbp)’
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Table E.3.16First 10 excitations of [Ru@)(bbp)F*
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Table E.3.16 ContinuedFirst 10 excitations of [Ru@)(bbp)F*
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Table E.3.17First 10 excitations of [Ru@)(bbp)[*
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Table E.3.17 ContinuedFirst 10 excitations of [Ru@(bbp)]'
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Table E.3.17 ContinuedFirst 10 excitations of [Ru@)(bbp)[
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Table E.3.18First 10 excitations of [Ru@)(bbp)f
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Table E.3.18 ContinuedFirst 10 excitations of [Ru@)(bbp)f’
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Table E.3.19First 10 excitations of [Ru()(Terpy)F"
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Table E.3.19 ContinuedFirst 10 excitations of [Ru)(Terpy)F"
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Table E.3.20First 10 excitations of [Ruf(PhTerpy)f*
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Table E.3.20 ContinuedFirst 10 excitations of [Ruf(PhTerpy)f*
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Table E.3.21First 10 excitations of [Ruf(bpp)F*

ddq & myg L9'0 £+OINNT € T-ONOH
LOTA vRE00 bTE  T8E
ddq € ydo Ak ZT+ONNT € 8-OWOH
LOTIN ddq €« my 890 THOWNT € Z-OWNOH 91000 ZO'E  OIf
ddq & g LS'0 £+-0INNT ¢ OWOH
LOTA 61000 10E ILI¥
ddq & my 8€'0 T+ONNT € 1-ONOH
LOTN ((DAdIRLO € nY 89°0 [+OINNT € T-ONOH  SPE00  T6'T  €TF
({DAd10 € 1y 11°0- L~OINNT ¢ OWOH
(DAdLO « Ny LT0 [-OINNT ¢ OWOH
IOTN 8€ST0 16T  STW
ddq ¢ g §2'0 T+ONNT € 1-ONOH
((DAdILO & nY £5°0 ONNT ¢ Z-ONOH
ddq & myg L9'0 Z-ONNT ¢ OWOH
IOTA 6€10°0 OL'T 8SF
((DAd10 ¢ Ny 11°0 ONNT ¢ Z-ONOH
({DAIRLO & Ny 79'0 [-ONNT ¢ OWOH
LOTN 61000 09T SLP
((DAAIRLO ¢ Ny 0€'0- ONNT ¢ T-ONOH
LT (;DAdI3LO € nY 89°0 OWNNT€ OWNOH 62100 STT 0SS
JUWWUSISSY  SJ0InqLIu0) o[BIl SIUANII0D)  (S)uonisues) [BIGIQ ¥ A/ wuj

381



Table E.3.21 ContinuedFirst 10 excitations of [Ruf)(bpp)F*
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Table E.3.21First 10 excitations of [Ru@)(bpp)F*
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Table E.3.21 ContinuedFirst 10 excitations of [Ru@)(bpp)F*
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E.4 Assignment of vibrational modes

Table E.4.1Assignment of IR and IR for [Ruf)z](PFs)2
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Table E.4.1 ContinuedAssignment of rR and IR for [Rut)o](PFs)-
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Table E.4.2 ContinuedAssignment of rR and IR for [Rut)(Terpy)](PFK).
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Appendix F: Chapter 7 Supplementary

F.1 Instrumentation

F.1.1 Electrochemistry

Cyclic voltammetry was obtained using a glassy @anvorking electrode, Pt counter
electrode and Ag/AgCl reference electrode,0.1 V §'on a BAS 100B
Electrochemical Workstation (Bioanalytical System.), calibrated with ferrocene.
[Fe(LM),](PFs), and [Fe(),](PFs), were recorded in acetonitrile, 0.1 M
tetrabutylammonium hexfluorophosphate (TBAP& 10° M; [Fe(L")2](ClO,).,
[Fe(L?),](ClO.,), [Fe(L3),](ClO.), and [Fe(L%),](ClO.), were recorded in acetonitrile,
0.1 M tetrabutylammonium perchlorate (TBAG)Q@t 10° M; [Fe(L?),](BF4), was
recorded in acetonitrile, 0.1 M tetrabutylammonitetafluoroborate (TBABP at 10°
M.

F.1.2 UV-Visible spectroscopy

UV-Visible absorbance spectra were recorded on@afs Optics USB2000+UV-Vis
spectrophotometer with a variable temperaturehmdter + 0.05°C with a Quantum

Northwest controller.

Small molecule complexes ([FEJL](CIO,)2, [Fe(L1)2](PFs)2, [Fe(L)2](ClO4),,
[Fe(L)2](PFes)2, [Fe(L)2l(ClO4)z, [Fe(L)2](BF44), and [Fe(L)2](ClO),) were in
acetonitrile at 18 M for the room temperature measurements and bérniat 10°> M
for the variable temperature measurements. Thenddezxpansion of the solutions was

based on the density of the solvent as describ#tkititerature.

The polymeric complexes ([Fel),](Cl04),, [Fe(L*H),](Cl04),, [Fe(L*H),](ClO4), and
[Fe(L*"),](Cl04),) were recorded in chloroform at ™30/ for all temperatures. The
thermal expansion of the solutions was based odehsity of the solvent as described

in the literature.
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F.1.3 Vibrational spectroscopy

All ground state vibrational measurements werenalsng KBr disks on a Nicolet
5700 FT-IR spectrometer. Resonance Raman specteara@rded by Raphael Horvath
and Keith Gordon at Otago University. Resonance &ameasurements were carried
out based on a modified version of a system destiveviously:® Spectra were
acquired of solid-state samples at 79 K, 298 K26®2iK with a number of excitation
wavelengths. Temperature control was achieved ibging a variable temperature cell
(Specac, Woodstock, GA, USA) and a high stabikmperature controller (Specac,
Woodstock, GA, USA). Vacuum-purging of the cell weed to minimise condensation
and frosting of the quartz window of the varialdenperature cell. For excitation at
350.7 and 568.1 nm, a continuous-wave Innova H39gton-ion laser (Coherent, Inc.)
was used. For excitation at 457.9 and 514.5 nnrmaovia Sabre DBW argon-ion laser
(Coherent, Inc.). The beam was passed throughreitRellin-Broca prism (for 350.7,
457.9 and 514.5 nm) or a holographic laser bandjdtess(Kaiser Optical Systems, Inc.)
and subsequently two irises in order to remove um&hlaser-lines. The beam-power
was adjusted between 20 - 40 mW at the samplendepgon the wavelength used.
The sample and collection lens were arranged 804 hackscattering geometry where
the collection lens also served to focus the ettoitdbeam on the sample. The Raman
photons were focussed on the entrance slit of danAResearch SpectraPro500i
spectrograph (Princeton Instruments, Inc.) witl2@Qlgrooves mihgrating. The slit
width was set to 50 pm, giving a resolutiorcaf 2 cni’. Radiation from Raleigh and
Mie-scattering was attenuated using a notch f{ikaiser Optical Systems, Inc.) for
568.1 nm and RazorEdge filters (Semrock, Inc.)ptber wavelengths. The dispersed
photons were detected using a Princeton Instrunfiguig nitrogen cooled 1152-EUV
charge-coupled detector controlled by a Princetstrdiments ST-130 controller.
WinSpec/32 software (Roper Scientific, Inc.) wasduto control the CCD, and spectra
were analysed using GRAMS/32 (Galactic IndustriegoQ software. Wavelength
calibration was achieved using a reference samplerfrom 1.1 Toluene:Acetonitrile

and general alignment was done using a solid saofglarbamazepine.
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F.1.4 Magnetic susceptibility

Magnetic susceptibility data was recorded by DrujBmaa Moubaraki at Monash
University. Measurements were made using a Quaitesign MPMS 5 SQUID
magnetometer operating with an applied field of Tiie samples were loaded into a
gelatine capsule held in the centre of a drinkingve fixed to the end of the sample rod.

F.1.5 Mossbauer spectroscopy

Under argon iron-57 (95% |.E.) powder was obtaiftech Isoflex. Fe-57(CIG),- 6H,O
was produced by dissolving iron power (200 mg,rbol) in acetonitrile (4 mL) and
perchloric acid (2.5 mL, 17.5 mmol) was added. $hleition was filtered and diethyl
ether was added. The solution was cooled for -4&@ing pale green crystals. The
crystals were filtered and washed with diethyl ethe

>’Fe Mossbauer spectra were recorded by Dr. Guy Naimeson at the University of
Otago. Approximately 20 mg of sample was placed irylon sample holder (12.8 mm
diameter, 1.6 mm thickness) with Kapton windows sBtiauer spectra were measured
on a Mossbauer spectrometer from SEE Co. (Sciengsé&ering & Education Co.,

MN) equipped with a closed cycle refrigerator sgsfeom Janis Research Co. and SHI
(Sumitomo Heavy Industries Ltd.). Data were cobedn constant acceleration mode in
transmission geometry with an applied field of 4¥ perpendicular to therays. The
zero velocity of the MOssbauer spectra refers éoctintroid of the room temperature
spectrum of a 2am metallic iron foil. Analysis of the spectra wamducted using the
WMOSS program (SEE Co., formerly WEB Research Edina, MN).
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F.2 Computational

F.2.1 Bond lengths

Table F.2.1.1Average bond length difference for the cationic DRddels.

Average bond length difference (A)

[Fe(L)*" [Fe(L)*" [Fe(L)*
B3LYP 0.021 0.021 0.021
OLYP 0.005 0.006 0.003

F.2.2 MAD values

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

MAD values
[Fe(L)2*" [Fe(L)]* [Fe(L)]*
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 thestaccurate model of the cationic
complex the electronic spectra were assigned loylzding each of the electronic
transitions associated with the MLCT band. Showmables F.3.1-4 are the first ten

transitions with a non-zero oscillator strength.

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

[Fe(LY)2]?*. Only transitions with nonzero oscillator strersyéite shown.
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Table F.3.1 continued Summary of the first ten transitions calculatedtfa cationic

complex [Fe(t),]*". Only transitions with nonzero oscillator strergygre shown.
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Table F.3.1 continued Summary of the first ten transitions calculatedtfa cationic

complex [Fe(t),]**. Only transitions with nonzero oscillator strergygre shown.
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Table F.3.1 continued Summary of the first ten transitions calculatedtfa cationic

complex [Fe(t),]*". Only transitions with nonzero oscillator strergygre shown.
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Table F.3.2Summary of the first ten transitions calculatedtfe cationic complex

[Fe(L?),]**. Only transitions with nonzero oscillator strersyéite shown.
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Table F.3.2 ContinuedSummary of the first ten transitions calculatedtfa cationic

complex [Fe(£),]**. Only transitions with nonzero oscillator strergyéite shown.
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Table F.3.3Summary of the first ten transitions calculatedtfe cationic complex

[Fe(L®),]**. Only transitions with nonzero oscillator strersyéite shown.
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Table F.3.3 ContinuedSummary of the first ten transitions calculatedtfa cationic

complex [Fe(),]*". Only transitions with nonzero oscillator strerygre shown.
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Table F.3.4Summary of the first ten transitions calculatedtfe cationic complex
[Fe(L*,])**. Only transitions with nonzero oscillator strersyétre shown.
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Table F.3.4 continuedSummary of the first ten transitions calculatedtfa cationic

complex [Fe(t),]*". Only transitions with nonzero oscillator strerygre shown.
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Table F.3.4 continuedSummary of the first ten transitions calculatedtfa cationic

complex [Fe(t),]**. Only transitions with nonzero oscillator strergygre shown.
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Table F.3.4 continuedSummary of the first ten transitions calculatedtfa cationic

complex [Fe(t),]*". Only transitions with nonzero oscillator strerygre shown.
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F.4 Iron titration of L 3

The equilibrium of Fe(BB.:-6H:0 and I* was studied by following the peak
absorbance of the MLCT band as Fe(B6H,O was gradually added to an acetonitrile
solution of *at 20 + 0.05°C (see spectra in Figure F.4.1). Fe¢BsH,O was used for
this investigation as it is less hydroscopic thafQy),- 6HO, allowing for an

accurate calculation of concentration.
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Figure F.4.1Left: The spectra of Las Fe(BR),- 6H,O 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 thstnaccurate model of the cationic

complex the assignments of the perchlorate compledeational spectra were made

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

Table F.5.1DFT assigned vibrational modes for [F&((CIO.).
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Table F.5.1 ContinuedDFT assigned vibrational modes for [F&H(CIO.).
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Table F.5.2DFT assigned vibrational modes for [F&H|(CIO.).

yajens O-0 pue H ‘wuogap Juw sued-ur (DAL LYJO
yotans-H pue utogep aued-ut (yd)(, DA LYdO

yojens-H pue wuogep suerd-ut (, DAL LYJO

yojens wuwks N-o 7 pue unogep auerd-ur (, )Ad10YdO

uLiojap suerd-ur 1.0

uryyearq Suu (, DAdISLYJO

YOI

Sumyrea1q Suwr (, A LYJO

YOI

uonJoIsIp due[d-Jo-1no y4O pue 410 Suyoiens O-d
aueyd-jo-1no Sem-H (DA LYJO

PasI[ed0[ep 'A wiojap Suu auerd-ur ygo pue mmqv%&o I1Udo ‘dLD
uuogop Sutr suejd-yo-ino ( PAdIDLYJO

pasieso[ap ‘A urogep Sun suefd-jo-mno (, DAL IYLO pPue d1D
wiogep suerd-ut (; DAL LYJO

PasI[ed0[p 'A UI0Jp Suu auejd-Jo-no ANd\ﬁ&ohamO pue 410

§oTI
122208
6v11
[4]81
7801
14400

PI101

$88
r8
ILL
689
19
v2o
86¥

oIl

r601

L¥01
1201

r8

L89
€69

§9C1

8101

0911

8801

6¥6
188

OLL
689

¥Zo
86¥

MIIA SSNBL) WO} JUIWUSISSY

w) ; al-Ldp
LU /0N W /RIS A ) /UMPISY I 3/

438



Table F.5.2 ContinuedDFT assigned vibrational modes for [F&((CIO.).
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Table F.5.3DFT assigned vibrational modes for [F&|(ClO.) at 80 K.
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Table F.5.3 Continued DFT assigned vibrational modes for [F&¢|(CIO,) at 80 K.
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Figure F.5.1Solid-state rR collected for [Fe{Jz](BFa)2. Aex 514 nm.

F.6 References

1. Lundin, N. J.; Walsh, P. J.; Howell, S. L.; Mat@ey, J. J.; Blackman, A. G.; Gordon,
K. C. Inorganic Chemistry 2005 44, 3551-3560.

2. Howell, S. L.; Matthewson, B. J.; Polson, MJ L. Burrell, A. K.; Gordon, K. C.
Inorganic Chemistry 2004 43, 2876-2887.

3. Horvath, R.; Gordon, K. Coordination Chemistry Reviews 2011, 254, 2505-2518.

4. Alver, O.; Parlak, C.; Senyel, Mournal of Molecular Sructure 2009 923, 120-126.
5. Tantirungrotechai, Y.; Phanasant, K.; Rodde&haSurawatanawong, P.;
Sutthikhum, V.; Limtrakul, JJournal of Molecular Structure-Theochem 2006 760,
189-192.

442



