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General Experimental Information
Unless otherwise stated, all air sensitive manipulations were carried out in an N»-filled glove box
or on a Schlenk line under Ar. Anhydrous FeBr, and FeSO4-(NH4)2SO4-6(H20) were purchased
(Sigma Aldrich) and used as received. (4-bromo-2-methyl)phenanthridine,' PhenJH:Ph 2 Phen Me,Ph 3
Quinp H,Ph 3 and cis-(DMSO)4RuCl, * were synthesized following published procedures. Organic
solvents were dried over appropriate reagents and deoxygenated prior to use. NMR spectra were
recorded on a Bruker Avance 300 MHz or Bruker Avance-III 500 MHz spectrometer. Absorbance
spectra were collected on a Cary 5000 UV-Vis NIR spectrophotometer. Solutions were prepared
in 10 x 10 mm? quartz cuvettes at room temperature, at concentrations on the order of 1.0 x 10
mol L!. Elemental analyses were performed at the University of Manitoba using a Perkin Elmer
EA2400 CHN Analyzer. Solid-state magnetic moments were collected using a Johnson Matthey
M.S.B. instrument. High-resolution mass spectra were collected on a Bruker microOTOF-QIII
mass spectrometer.

For electrochemical analysis, 5-10 mg of each compound investigated was dissolved in 15
mL of 0.1 M [nBusN][PF¢] in CH2Cl> or CH3CN as noted and purged with Ar before analysis. All
electrochemical experiments were conducted under inert (Ar) atmosphere using a CHI 760c
bipotentiostat, a 3 mm diameter glassy carbon working electrode, a Ag/Ag+ quasi-non-aqueous
reference electrode separated by a Vycor tip, and a Pt wire counter electrode. Cyclic voltammetric
(CV) experiments were conducted using scan rates of 50-800 mV/s. Differential pulse
voltammetry (DPV) experiments were also conducted, using a 5 mV increment, 50 mV amplitude,
0.1 s pulse width, 0.0167 s sample width, and 0.5 s pulse period. Upon completion of all CV and
DPV analyses, ferrocene (FcH) was added to the solution as an internal standard, with all potentials

reported versus the FcH”" redox couple. Spectroelectrochemical measurements were conducted
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using a Jasco-720 spectrophotometer to collect UV—vis data from solutions in a custom-built cell
to which a potential was applied using a CH Instruments electrochemical analyzer and a three-

electrode scheme with platinum working, platinum auxiliary, and a Ag/AgCl reference electrode.

Ligand and Complex Synthesis
(4-di-iso-propyl-phosphino-2-methyl)phenanthridine (Phe"LMePry. A 50

mL Schlenk flask was charged with 4-bromo-2-methylphenanthridine (0.54

g, 2.0 mmol) and Et;O (3 mL) and stirred for 15 min at -78 °C. A solution of

4
13 P

sec-butyllithium (1.6 M; 1.60 mL, 2.0 mmol) in cyclohexane was then added E( Y

14

dropwise and the mixture stirred for 5 h at the same temperature. Next, a solution of
chlorodiisopropylphosphine (0.40 g, 2.0 mmol) in Et2O (4 mL) was added dropwise. The reaction
mixture was then warmed overnight to room temperature with stirring, at which point the solution
color had changed to yellow. The mixture was dried in vacuo to leave a gummy residue which was
redissolved in hexanes (15 mL) and filtered through a small plug (~ 1 cm) of silica. The filtrate
was filtered a second time through another short plug (~ 1 cm) of silica, which was subsequently
washed with hexanes (10 mL). The collected filtrate and washings were combined and dried in
vacuo to give a light yellow semi-solid. Yield = 0.38 g (63%). '"H NMR (CDCl3, 500 MHz, 25 °C):
89.29 (s, 1H; CsH), 8.60 (d, *Jun = 8.3 Hz, 1H; C10H), 8.37 (s, 1H; C1H), 8.02 (d, *Jun = 7.6 Hz,
1H; C7H), 7.81 (ddd, Jun = 8.3, 7.1, 1.3 Hz, 1H; CsH), 7.69-7.66 (overlapped m, 2H; Co3H), 2.65
(s, 3H, Ci1H), 2.38 (dh, 3Jun = 6.8 Hz, 2Jup = 1.4 Hz, 2H; C12H), 1.16 (dd, *Jup = 14.0 Hz, *Juu =
7.0 Hz, 6H; C13H), 0.98 ppm (dd, *Jup = 12.1 Hz, *Jun = 7.0 Hz, 6H; Ci4H). 3C{'H} NMR (CDCls,
126 MHz, 25 °C): & 151.5 (s; Ce=N), 146.3 (d, 2Jcp = 15 Hz; Caa), 137.2 (d, 'Jep = 21 Hz; Cy),

135.8 (d, Jop = 11 Hz, C)), 135.1 (C2), 132.7 (C3), 130.6 (C), 128.7 (Cy), 127.4 (Cs), 126.4 (Csa),
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123.9 (d, 3Jcp = 2 Hz, Ciop), 122.6 (C1), 122.1 (Co), 23.5 (d, 'Jep = 14 Hz; C12), 22.2 (s; C11), 20.4
(d, 2Jcp = 18 Hz; C13), 19.9 (d, 2Jcp = 12 Hz; Cia). 3'P{'H} NMR (CDCls, 121 MHz, 25 °C): & -

0.2 ppm (s, P(iPr2)).

Synthesis of ((*""LYP")FeBr),(u-Br)2: A solution of PRenLH-Ph (0091 g, 0.25 mmol) in CH,Cl»
(10 mL) was added dropwise to a suspension of FeBr> (0.054 g, 0.25 mmol) in THF (15 mL) in a
20 mL scintillation vial with constant stirring under nitrogen atmosphere. The reaction mixture
was stirred overnight, leading to a color change from yellow to deep orange. The mixture was then
filtered through a plug of Celite and the filtrate dried under reduced pressure to leave an orange
solid, which was further washed with Et;O (5 mL). Yield =0.093 g (65%). Single crystals suitable
for X-ray diffraction were grown via diffusion of hexane vapours into a CH>Cl, solution. "H NMR
(CDCls, 300 MHz, 25 °C): 6 = 23.2, 18.1 (br), 16.6 (br), 13.1, 12.9, 11.5, -3.8, -5.4 (v br), -7.2, -

7.9 ppm (br). Anal. Calc. for C2sHi9FeNPBr»: C, 51.77; H, 3.30. Found: C, 51.63; H, 3.54.

Synthesis of (PherLMePMFeBr,:  (PhenLMePMFeBr, was prepared analogously to
((PhenHPh)EeBr),(11-Br), but using PRrLMePh (0.093 g, 0.25 mmol) and FeBra (0.054 g, 0.25
mmol). Yellow crystals. Yield = 0.107 g (72%). 'H NMR (CDCls, 300 MHz, 25 °C): & = 22.6,
18.1 (br), 17.3 (v br), 13.2, 13.0, 2.2, 4.0, -5.9 (v br), -7.6, -8.2 ppm. Anal. Calc. for

Ca6H20FeNPBr: C, 52.65; H, 3.40. Found: C, 52.59; H, 3.64.

Synthesis of (P'"LM&P")FeBr;: (Ph"LMePr)FeBr, was been synthesized analogously to

((Phen P EeBr),(p1-Br), but using PPenLMe®r (0.074 g, 0.25 mmol) and FeBr, (0.054 g, 0.25

mmol). Yellow crystals. Yield = 0.830 g (65%). 'H NMR (CDCls, 300 MHz, 25 °C): § = 22.6,
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20.7 (br), 14.1, 13.7, 9.1 (br), 3.0, -4.9 (br), -9.8 ppm. Anal. Calc. for CooH24BroFeNP: C, 45.75;

H, 4.61. Found: C, 45.76; H, 4.74.

Synthesis of [(PerLMePh);Fe][PFg)2: PhenLMePh (0.071 g, 0.188 mmol) was dissolved in a mixture
of CH2Cl; (4 mL) and CH3CN (2 mL) and added to a solution of FeSO4-(NH4)2SO4-6(H20) (0.024
g, 0.063 mmol) in a mixture of degassed EtOH (3 mL) and H>O (1 mL) in a 50 mL Schlenk flask
under an atmosphere of Ar. The resulting mixture was stirred for 4 h at ambient temperature, after
which it was observed that the color had changed to orange. Next, a solution of NaPFs (0.021g,
0.126 mmol) in degassed H,O (5 mL) was added and stirring continued for 30 min, at which point
the color had changed to deep red. The reaction mixture was dried in vacuo, then redissolved in
CH>Cl; (15 mL) and passed through a short plug of Celite and dried again to give a brown solid.
The solid was crystallized from a mixture of CH>CL/Et;0 to give a deep orange-brown crystalline
product. Yield = 0.043 g (47%). 'H NMR (CD:Cl>, 500 MHz, 25 °C): & 8.55 (m, 3H; P*"Cy.H),
8.51 (s, 3H; Phe"Ca.H), 8.08 (s, 3H; P""C H), 8.01 (m, 3H; Pre"Ca,H), 7.59 (m, 3H; he"Ca:H), 7.51
(m, 3H; PenCyH), 7.39 (br overlapped, 6H; ""CacH), 7.33 (br, 3H; P"CaH), 7.18 (d, 3H; PhenCa.H),
7.03 (m overlapped, 6H; ""CaH), 6.68 (m, 3H; P'CacH), 6.21 (m overlapped, 6H; P"Ca:H), 6.01 (br
overlapped, 6H; P’CaH), 2.59 ppm (s, 9H, CH;). *C{'H} NMR (CD:Cl>, 126 MHz, 25 °C): §
162.9 (s, CaiH), 148.2 (br s, Car), 141.5 (s, CaH), 137.3 (s, CaH), 135.7 (s, CaH), 135.2 (br m,
CaH), 133.5 (m, Car), 132.6 (s, CarH), 132.4 (s, CasH), 131.6 (m, Car), 131.2 (br m, Ca/H), 130.3
(s, Ca:H), 129.9 (s, CarH), 129.8 (s, CaH), 129.7 (br, CaH), 128.2 (s, CaH), 128.0 (br m, CaH),
127.7 (s, CaH), 127.3 (br, Car), 122.6 (s, CaH), 21.9 ppm (CH3). *'P{'H} NMR (CD,Cl,, 121

MHz, 25 °C): § 56.8 (s; PPhy), -144.6 ppm (h, 'Jpr = 709 Hz; PFs). '°F NMR (CDCl,, 470 MHz,
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22 °C): -73.2 ppm (d, Jpr = 709 Hz). Anal. Calc. for CssHeoF12FeN3Ps: C, 63.38; H, 4.09. Found:

C, 63.22; H, 4.19.

Synthesis of [(QU"LMePh);Fe]|[PFg]2: The complex was prepared following the same protocol as
for [(Phen MePh);Fe][PFs], but using QUNLMePh (0,061 g, 0.188 mmol), FeSO4:(NH4)2SO4-6(H,0)
(0.024 g, 0.063 mmol) and NaPF4(0.021g, 0.126 mmol). Yield=0.041 g (49%). '"H NMR (CD,Cl,
500 MHz, 25 °C): 6 8.02 (m, 3H; QirCa.H), 7.74 (s, 3H; QinCaH), 7.50 (m, 3H; QirCy,H), 7.40-
7.33 (overlapped m, 12H; i"Cx.H and P"Ca.H), 7.06-7.01 (overlapped m, 12H; P"Ca.H), 6.59-
6.56 (overlapped m, 6H; P"Ca:H), 5.99 (overlapped br, 6H; Q“"Ca.H) and 2.50 ppm (s, 9H; CHs).
BC{'H} NMR (CD:Cl, 126 MHz, 25 °C): § 157.9 (s; CarH), 153.2 (m; Car), 140.6 (s; Car), 140.2
(s; CaH), 139.9 (s; CarH), 135.2 (m; Car), 133.4 (s; CarH), 132.6 (s; CaH), 131.2 (br m; Car),
130.5 (s; Ca:H), 129.7 (m; Car), 128.5 (m; Car), 125.3 (s; CarH), 21.5 ppm (s; CH3). 3'P{'"H} NMR
(CD2Cly, 121 MHz, 25 °C): 8 55.5 (s; PPhy), -144.6 ppm (hep, 'Jor = 709 Hz; PFs). ’F NMR
(CD2Cl,, 470 MHz, 22 °C): -73.1 ppm (d, 'Jer = 709 Hz). Anal. Calc. for Ce¢HssFeNsPsFi2: C,

59.70; H, 4.10. Found: C, 59.63; H, 3.91.

Synthesis of [(QU"LMePh);Fe][BPhg]2: The complex has prepared following the procedure for the
preparation of the PFs" salt but using QUrLMePh (0,061 g, 0.188 mmol), FeSO4-(NH4)2SO4 (0.024
g, 0.063 mmol) and sodium tetraphenylborate (0.043 g, 0.125 mmol). Yield = 0.054 g (51%). 'H
NMR (CD:Cla, 500 MHz, 25 °C): & 7.74 (s, 2H, QinCa,H), 7.61 (m, 3H, QnCa,H), 7.47-7.41 (m,
OH, QuinCx.H), 7.32 (overlapped m, 23H, PCa , BPCacH), 7.17 (br, 2H, QinCa,H), 7.02-6.96
(overlapped m, 26H, P"Ca.H and BP™CaH), 6.82 (br, 9H, P"Ca:H), 6.56 (br, 7H, 'Ca.H), 5.97 (br,

SH, P"CarH), 2.49 ppm (s, 9H, CH3). *C{'H} NMR (CD,Cl,, 126 MHz, 25 °C): § 164.5 (quartet,
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BPhy) 157.6 (s, CaH), 153.2 (br, Car), 140.8 (s, Car), 140.5 (s, CaiH), 140.3 (s, CaH), 136.4 (br
m, Car), 135.0 (s, Car), 133.5 (s, CaH), 132.7 (s, CaH), 131.1 (br m, Car), 130.6 (s, CaH), 129.7
(br m, Car), 128.6 (br m, Car), 126.3 (br, CaH), 125.5 (br, Cas), 122.2 (s, CaH), 21.7 ppm (CHs).

3IP{'H} NMR (CDsCN, 121 MHz, 25 °C): § 55.8 ppm (s, PPhy).

(Phen MePRy(DMSO),ClLy/(Phe"LMePh),RuCly: The protocol used here was adapted from a
literature procedure for an analogous complex of 8-(dimethylphosphino)quinoline.’ A solution of
Phen Me.Ph (0,094 g, 0.25 mmol) in CHCI; (10 mL) was added to solution of cis-(DMSO)sRuCl,
(0.121 g, 0.25 mmol) in CHCl3 (10 mL) and the mixture was heated to reflux at 85 °C for 2 h.
After cooling to ambient temperature, the solution was filtered through a small plug of Celite (~1
cm) and concentrated nearly to dryness. Et2O (20 mL) was added concentrated reaction mixture
producing a deep red precipitate which was collected by filtration and washed with further Et;O
(10 mL). This solid was collected and dried in vacuo. The solid was identified by 3'P{'H} NMR
spectroscopy and HR-MS as a mixture of a mixture of (Pre"LM&PMRy(DMSO).Cl, and
(Phen Me.Ph), RuCly. Recrystallization of the mixture from CH>Cly/diethylether deposited single
crystals of (PherLMePhy, RuCl; suitable for X-ray analysis. 3'P{'"H} NMR (CDCls, 202 MHz, 25
°C): 55.8 (s; major product, (Pr"LMEPMRy(DMSO0),Cl,), 63.9 (d, 2Jep = 33 Hz; minor product,
(Prenp Me.Phy, RuCly), 55.2 ppm (d, 2Jpp = 36 Hz; minor product, (P""LMP"),RuCl,). HR-MS(ESI+)
m/z caled. for (PRerLMePRy(DMSO0),Cly [C30H32C2NO>PRuS,~(DMSO)CI] 592.0203, found
592.0237. HR-MS(ESI+) m/z caled. (PhenLMeP),RuCl, [Cs2Ha0ClaN2P2Ru—Cl1] 891.1404, found

891.1476.
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[(PhenLMePh);Ru][PFg]2: The mixture of (PhenLMePMRy(DMSO),Cl, and (PhenLMePh),RuCl,
obtained prior to recrystallization in the previous step was used for the subsequent preparation of
[(Phen MePh);Ru][PFs]>. This red solid (0.044 g) and an additional two equivalents of Phen MePh
(0.048 g, 0.125 mmol) were combined in ethylene glycol (8 mL) and refluxed at 200 °C for 2 d.
The mixture was then cooled to 50 °C and an excess NH4PF¢ in water (0.041 g in 5 mL) was added.
Stirring was continued for 30 min with the heating bath removed, over which time a light yellow
precipitate formed. The precipitate was filtered and washed with water (5 mL). The solid was
recrystallized from CH>Cl, solution upon slow diffusion of diethylether vapors. Yield = 0.078 g
(82 %). "THNMR (CD3CN, 500 MHz, 25 °C): § 8.63 (m, 3H; P'*"CH), 8.59 (s, 3H; PherCa.H), 8.54
(s, 3H; PhenCu H), 8.01 (m, 3H; PrnCa.H), 7.61 (m, 3H; PhenCa.H), 7.55-7.48 (overlapped m, 9H;
PhCacH), 7.42 (m, 3H; PhenCa.H), 7.31 (br s, 3H; Phe"Cu.H), 7.06 (br, 6H; P"CacH), 6.56 (m, 3H;
PhCacH), 6.14 (m, 6H; ""CacH), 6.10-6.07 (overlapped br, 6H; ""CacH), 2.51 ppm (s, 3H; CH3).
BC{'H} NMR (CD3CN, 126 MHz, 25 °C):  160.8 (Ca:H), 146.6 (Car), 141.4 (Car), 137.8 (CaH),
135.5 (Car), 135.4 (CaH), 133.5 (Car), 132.9 (CaH), 137.7 (Car), 131.4 (Ca/H), 130.1 (CaH),
129.9 (Car), 129.6 (CarH), 128.2 (CarH), 128.1 (Car), 127.8 (Car), 123.0 (C4-H), 21.3 ppm (CH3).
3'P{TH} NMR (CD3;CN, 121 MHz, 25 °C): § 58.2 (s; PPhy), -143.62 ppm (hep, 'Jpr = 705 Hz;
PFs). ’F NMR (CDsCN, 470 MHz, 22 °C): -73.1 ppm (d, 'Jpr = 705 Hz). HR-MS(ESI+) m/z

calcd. for [(Phe"LMePhY;Ru][PFs]> [C7sHeoF12N3PsRu—PFs] 1378.2701, found 1378.2787.

[(Qi"LMePh);Ru][PFg]2:  This complex was prepared via the same protocol as
[(PrenLMePh);Ru][PF¢]2 but using QUrLMePh (0081 g, 0.25 mmol) and cis-(DMSO)4RuCl, (0.121
g, 0.25 mmol) in CHCI3 (10 mL). After removing the solvent, the fine red residue was washed

with Et:O (3 x 5 mL) leaving a red solid identified by *!P NMR spectroscopy as containing largely
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(Qinp MePMRyCl,(DMSO), with a minor product, likely (QUrLMePh),RuCly, also present. 3'P{'H}
NMR (CDCls, 121 MHz, 25 °C): 55.8 (s; major product, (QUrLMePMRy(DMSO0),Cly), 60.3 (s;
minor product), 53.7 ppm (d, 2Jpp = 33 Hz; minor product). HR-MS(ESI+) m/z calcd. for
(Quing MePYR y(DMSO)Cly [C26H30CNO2PRUS:-(DMSO)-CI] 542.0045, found 542.0080. For
(Quing MePhy Ry Cl, [CasHasCLN2P2Ru-Cl] 791.1089, found 791.1162. [(QUnLMePh)Ru][PFel> was
then prepared in an analogous fashion to [(PM"LM&PM);Ru][PF¢]. using this mixture of
(Quin MePMYR uCL(DMSO), and (QUnLMePh),RuCl, (0.041 g) and (QUnLMePhy (0.041 g, 0.126
mmol) in ethylene glycol (8 mL). White solid. Yield = 0.063 g (74 %). 'H NMR (CD:Cl, 500
MHz, 25 °C): & 8.08 (m, 3H, QnCa,H), 7.77-7.74 (m, 6H, QnCa.H), 7.54 (m, 3H, QinCxH), 7.46
(br, 6H, P"CacH ), 7.35 (br, 3H, P"CacH), 7.13 (m, 3H, ""CaH), 7.07 (m, 6H, P"CacH), 6.96 (m, 3H,
QuinC /), 6.51 (m, 6H, P"CaH), 6.03 (br, 6H, ""CarH) and 2.49 ppm (s, 9H, Q9Cpneinyr). *C{'H}
NMR (CD:Cla, 126 MHz, 25 °C): § 154.7 (CaH), 150.3 (Car), 140.6 (CaH), 140.4 (Cay), 140.2
(CasH), 135.0 (br m; Car), 133.9 (m; Car), 132.9 (CacH), 132.8 (CasH), 131.9 (m; Cay), 131.0 (m;
Car), 130.7 (br m; Car), 130.5 (CacH), 130.1 (m; Cay), 129.8 (m; Car), 128.3 (m; Cay), 125.3 (CacH),
21.5 ppm (CHs3). 3'P{'H} NMR (CDCls, 121 MHz, 25 °C): § 56.2 (s; PPhy), -143.62 ppm (hep,
IJpr = 705 Hz; PFe). '9F NMR (CDCly, 470 MHz, 22 °C): -73.1 ppm (d, 'Jer = 705 Hz). HR-
MS(ESI+) m/z caled. for [(QUWLMePh):Ru][PFs], [CosHssF12NsPsRu-2PFe] 1084.2787, found

1084.2665.
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X-Ray Crystallography Experimental Details

For each sample analyzed, crystal structure data was using collected from multi-faceted crystals
of suitable size and quality selected from a representative sample of crystals of the same habit
using an optical microscope. Crystals were mounted on MiTiGen loops and data collection carried
out in a cold stream of nitrogen (150 K; Bruker D8 QUEST ECO). All diffractometer
manipulations were carried out using Bruker APEX3 software.® Absorption corrections were
applied using SADABS.” Structure solution and refinement was carried out using XS, XT and XL
programs,® either as part of Bruker’s SHELXTL interface or embedded within the OLEX2
software suite. For each structure, the absence of additional symmetry was confirmed using
ADDSYM incorporated in the PLATON program.” CCDC Nos. 2054101-2054108 contain the
supplementary crystallographic data for this paper. The data can be obtained free of charge from

The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/structures.

Crystal structure data for ((*""LY"")FeBr),(u-Br), (CCDC 2054101):

Orange plates; Cs2HaoBrsFeaNoP 1327.94 g/mol, triclinic, space group P-1; a = 10.360(2) A, b =
10.778(3) A, c=13.244(3) A, a = 107.886(3)°, B = 110.763(3)° y = 97.176(3)°, V = 1269.7(5) A3;
Z =1, peaicd = 1.737 g cm™3; crystal dimensions 0.230 x 0.050 x 0.050 mm; 20max = 61.23°; 54704
reflections, 7256 independent (Rin: = 0.0952), intrinsic phasing; absorption coeff (u=4.030 mm™),
absorption correction semi-empirical from equivalents (SADABS); refinement (against F,?) with
SHELXTL V6.1, 298 parameters, 0 restraints, R; = 0.0610 (/ > 20) and wR> = 0.1657 (all data),

Goof = 0.899, residual electron density 1.085/—0.690 A~3.

Crystal structure data for (*""LMeP")FeBr, (CCDC 2054102):
Yellow blocks; Ca6H20BraNPFe 593.07 g/mol, Triclinic, space group P-1; a = 9.8976(2) A, b =

10.5112(2) A, ¢ = 11.5804(3) A, o = 81.7680(10)°, B = 86.7250(10)° y = 77.7680(10)°, V =
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1164.84(4) A%; Z =2, peatca = 1.691 g cm™3; crystal dimensions 0.250 x 0.160 x 0.060 mm; 26max
=61.11°; 44982 reflections, 7128 independent (Rint = 0.0487), intrinsic phasing; absorption coeff
(n=4.160 mm™"), absorption correction semi-empirical from equivalents (SADABS); refinement
(against F,?) with SHELXTL V6.1, 281 parameters, 0 restraints, R; = 0.0338 (/ > 2¢) and wR> =

0.0695 (all data), Goof = 1.035, residual electron density 1.081/~0.771 A=,

Crystal structure data for (*""LM%*")FeBr, (CCDC 2054103):

Yellow blocks; C20H24BroNPFe 525.04 g/mol, Triclinic, space group P-1; a = 8.8150(2) A, b =
9.4545(3) A, ¢ = 13.5012(4) A, a = 89.4920(10)°, B = 89.6670(10)° y = 64.9490(10)°, V =
1019.32(5) A% Z =2, peatca = 1.711 g cm™3; crystal dimensions 0.130 x 0.060 x 0.020 mm; 26max
=61.22°; 33233 reflections, 6255 independent (Rint = 0.0419), intrinsic phasing; absorption coeff
(n=4.741 mm™"), absorption correction semi-empirical from equivalents (SADABS); refinement
(against F,?) with SHELXTL V6.1, 231 parameters, 0 restraints, R; = 0.0388 (/ > 2¢) and wR> =

0.0962 (all data), Goof = 1.052, residual electron density 0.615/~0.632 A=,

Crystal structure data for [(PP"LMePh);Fe][PFq]. (CCDC 2054104):

Red blocks; C7sHeoF12N3Fe 1477.99 g/mol, Triclinic, space group P-1; a = 13.9092(14) A, b =
14.2075(14) A, c=21.287(2) A, a =72.199(5)°, B = 78.434(5)° y = 75.908(5)°, V = 3848.3(7) A3;
Z=2, peaicd = 1.276 g cm3; crystal dimensions 0.320 x 0.220 x 0.100 mm; 26max = 49.638°; 134036
reflections, 13211 independent (Rin: = 0.0382), intrinsic phasing; absorption coeff (n = 0.372
mm '), absorption correction semi-empirical from equivalents (SADABS); refinement (against
Fo?) with SHELXTL V6.1, 899 parameters, 0 restraints, R; = 0.1005 (I > 2¢) and wR> = 0.2293

(all data), Goof = 1.032, residual electron density 6.424/~1.611 A3,
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Crystal structure data for [(?"LM¢P");Fe][BPhy], (CCDC 2054105):

Yellow plates; CocHsaFoN3P4sRu 1300.55 g/mol, Trigonal, space group P-3; a = 13.9917(8) A, b
=13.9917(8) A, c = 18.8197(12) A, a = B = 90° y = 120°, V = 3190.7(4) A3; Z = 2, peaica = 1.354
g cm3; crystal dimensions 0.650 x 0.650 x 0.030 mm; 20max = 55.21°; 66182 reflections, 4905
independent (Rine = 0.0710), intrinsic phasing; absorption coeff (u = 0.426 mm™'), absorption
correction semi-empirical from equivalents (SADABS); refinement (against F,?) with SHELXTL
V6.1, 253 parameters, O restraints, R; = 0.0817 (/> 20) and wR> = 0.2008 (all data), Goof = 1.062,

residual electron density 1.61/-1.23 A3,

Crystal structure data for [(P""LM¢Ph),RuCl, (CCDC 2054106):

Orange blocks; C7sHeoF12N3PsRu 1523.21 g/mol, triclinic, space group P-1; a = 13.8277(6) A, b
=14.1535(7) A, c=21.4310(10) A, a = 71.268(2)°, B = 78.496(2)°, y=76.944(2)°, V =3832.6(3)
A3 Z =2, peatea = 1.320 g cm™3; crystal dimensions 0.370 x 0.210 x 0.170 mm; 20max = 55.264°;
105451 reflections, 17778 independent (Rine = 0.0759, intrinsic phasing; absorption coeff (n =
0.381 mm™'), absorption correction semi-empirical from equivalents (SADABS); refinement
(against F,?) with SHELXTL V6.1, 900 parameters, 27 restraints, R; = 0.0770 (I > 20) and wR =
0.2327 (all data), Goof = 1.044, residual electron density 3.84/—1.65 A=, PLATON was used to
find two solvent voids of 229.5 and 291.7 A3 containing 58.5 and 65.6 electrons, respectively, that

could not be satisfactorily modelled and so were masked using the embedded SQUEEZE protocol.’

Crystal structure data for [(P""LMePM);Ru][PFs]2 (CCDC 2054107):

Yellow blocks; Ci14HosB2FeN3P3; 1676.30 g/mol, monoclinic, space group P2i/c ; a=15.2667(14)
A, b=159297(14) A, ¢ = 40.090(4) A, o = y=90°, B = 99.585(3)°; V =9613.5(15) A3; Z = 4,
Paaled = 1.158 g em™3; crystal dimensions 0.300 x 0.280 x 0.080 mm; 20max = 49.99°; 187695

reflections, 16781 independent (Rin = 0.0920), intrinsic phasing; absorption coeff (n = 0.256
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mm '), absorption correction semi-empirical from equivalents (SADABS); refinement (against
Fo?) with SHELXTL V6.1, 1111 parameters, 0 restraints, R; = 0.1365 (I > 20) and wR> = 0.2693
(all data), Goof = 1.190, residual electron density 0.924/—1.022 A~3. PLATON was used to located
two equal solvent voids of 771.9 A3 occupied by 167.6 electrons each that could not be

satisfactorily modelled and so were masked using the embedded SQUEEZE protocol.’

Crystal structure data for [(?“"LM¢P");Ru][PF¢]. (CCDC 2054108):

Yellow plates; Cs3.19H42.37Cls37N2P2Ru 1027.51 g/mol, orthorhombic, space group Pccn; a =
33.4946(15) A, b=14.0731(7) A, ¢ =23.4674(11) A, a = =y =90°, V = 11061.9(9) A3, Z = 8,
Paled = 1.234 g em™3; crystal dimensions 0.330 x 0.110 x 0.070 mm; 20max = 55.16°; 295194
reflections, 12779 independent (Rinc = 0.1153), intrinsic phasing; absorption coeff (n = 0.586
mm '), absorption correction semi-empirical from equivalents (SADABS); refinement (against
Fo?) with SHELXTL V6.1, 589 parameters, 0 restraints, R; = 0.0485 (I > 2¢) and wR> = 0.1294

(all data), Goof = 1.085, residual electron density 0.98/—0.57 A3,
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Mossbauer Spectroscopy

Mossbauer spectroscopy experiments were performed in zero field in a transmission geometry

with a 10 GBq >’Co in Rh source and a WissEl constant acceleration drive. Spectra were collected

at 10 K using a Janis SHI-850 closed-cycle refrigerator and were calibrated relative to a-Fe at

room temperature.

Table S1. >’Fe Mossbauer spectral parameters (10 K).

C d 5 . AE ; Line Width Relative
ompoun mm s mm §”
p ( ) o ) (FWHM; mm s) Area (%)
0.9587(17) 2.954(13) 0.1646(57) 55.6
((”‘e“L"’Ph)FeBr)z(u-Br)z
0.9530(19) 3.336(13) 0.1510(66) 44 .4
(Phen Me.Ph)EeBr, 0.8047(13) 2.9591(25) 0.1380(20) 100
(Phen MeiPryEeBr, 0.8095(11) 3.1539(23) 0.1434(18) 100
[(Phen MePh);Fe][PFs )2 0.4535(12) 0.2792(19) 0.1353(17) 100
[(QuinLMePh);Fe][PFe]2 0.4642(46) 0.289(11) 0.2234(89) 100
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Computational Methodology

Calculations were performed using Gaussian 16, Rev. C.01'°, and at the density functional level
of theory with the restricted Kohn-Sham formalism. Cartesian coordinates from solid-state
structures were used as starting input, and solvent effects were accounted implicitly using the
solvation model based on density (SMD!'; solvent = CH3CN). Singlet ground-state geometry
optimizations for [(PhenLMePh); Fe]?* and [(i"LMePh);Fe]?* were carried out with the dispersion
corrected (D3-BJ'?) B3LYP!*!6 functional and def2-SVP!7 basis sets on all atoms [i.e. SMD-
rB3LYP-D3(BJ)/def2-SVP]. The absence of imaginary frequencies confirm that all optimized
geometries were at minima. Time-dependent DFT (TDDFT) single point calculations at the
optimized singlet ground state geometries were subsequently performed to simulate the UV-Vis
spectra of the complexes in acetonitrile. A total of 100 excited singlet states were considered to
cover the visible and a portion of the UV regions of the electromagnetic spectrum. All single point
calculations, including TDDFT, were conducted using the meta-hybrid GGA functional TPSSh!®!1°
(HF = 10%) and the def2-SVP!” basis sets on all atoms. Relevant ground state molecular orbitals
(MOs) were generated using Avogadro. Simulated UV-Vis spectra from TDDFT calculated
vertical excitation energies were generated with the GaussSum package.?’ Electron-hole density
maps of relevant excited states, and population analysis on all presented MOs were generated using
Multiwfn.?!

To further understand the effect of benzannulation to the electronic structure of the
complexes, we performed charge decomposition analysis (CDA)?? on the optimized geometry of
[(PrenLMePh);Fe]>* again using Multiwfn.?! To simplify the analysis, only a single Phe"LMePh Jigand
was considered using coordinates from the optimized complex geometry. Two fragments were

considered (a) QU"LMe&Ph and (b) butadiene in the cis configuration. Since these fragments are
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bound covalently, the interaction between the fragments was treated as an open-shell case, as
described in the Multiwfn manual.?' Single point calculations were done on these fragments at the
SMD-TPSSh/def2-SVP level of theory, both with multiplicity of 3 (S = 1). A single point
calculation was also conducted on the Pre"LM&Ph Jjoand at the same level of theory with multiplicity
of 1 (S=0). CDA was subsequently carried out on PPe"LM&Ph and the two fragments (QuinLMePh)

cis-butadiene) using Multiwtn and an orbital interaction diagram printed out.

Table S2. Selected solid-state and SMD-rB3LYP-D3(BJ)/def2-SVP optimized ground state
structural parameters of [(QUPLM&Ph);Fe]?* and [(PhenLMePh);Fe]?",

[(QuinLMe,Ph)3Fe]z+ [(PhenLMe,Ph)SFe]ZJr

Bond / A XRD DFT XRD DFT
Fe-N; 2.080 2.085 2.076 2.082
Fe-N> 2.080 2.082 2.080 2.083
Fe-N3 2.080 2.065 2.087 2.066
Fe—P, 2.287 2.307 2.298 2.311
Fe-P» 2.287 2.316 2.293 2.309
Fe—P3 2.287 2.324 2.290 2.317
Angle / ° XRD DFT XRD DFT
(N—Fe—N)average 89.5 90.4 90.4 90.7
(P-Fe—P)average 100.5 99.6 100.5 99.9
(P—Fe—N)average 171.5 172.7 172.0 172.8

Table S3. Fragment contributions (%) to the ground state MOs of [(QU"LMePh);Fe]?" using
Hirshfeld atomic population method (SMD-rTPSSh/def2-SVP//SMD-rB3LYP-D3(BJ)/def2-
SVP).

MO Fe C=NQuin A Quin PPh; Me
LUMO+4 42 6 7 45 0
LUMO+3 43 6 6 44 0
LUMO+2 2 23 66 7 1
LUMO+1 2 25 65 6 1

LUMO 2 28 63 6 1

~ HOMO 78 6 g8 8 0
HOMO-1 77 5 8 9 0
HOMO-2 78 5 8 9 0
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Table S4. Fragment contributions (%) to the ground state MOs of [(PMe"LMePh);Fe]?" using
Hirshfeld atomic population method (SMD-rTPSSh/def2-SVP//SMD-rB3LYP-D3(BJ)/def2-
SVP).

MOs Fe  C=NPhen  ApPhen  ppp, Me
LUMO+7 36 7 22 35 0
LUMO+6 28 5 35 32 0
LUMO+5 11 4 67 17 1
LUMO+4 11 4 68 17 1
LUMO+3 3 3 82 11 1
LUMO+2 3 32 58 6 1
LUMO+1 3 32 58 6 1

LUMO 2 37 55 4 1
HOMO 7 6 § g 0

HOMO-1 75 6 9 9 0

HOMO-2 76 6 8 9 0
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Energy / eV

Figure S1. Orbital interaction diagram of relevant QUrL.MePh and s-cis-butadiene alpha-fragment
orbitals, and fragment orbital contributions to the PhenL.MePh . UMO (MO 100) and LUMO+1 (MO
101). All isosurface values and fragment orbital contributions are set to 0.04 and >10%,

respectively.
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Figure S2. TD-DFT simulated spectrum (---) and calculated vertical excitation energies (red)
superimposed on the experimental spectrum (=) of [(I"LMePh);Fe]>* in CH3CN (SMD-
rTPSSh/def2-SVP)//SMD-rB3LYP-D3(BJ)/def2-SVP); FWHM = 3000 cm-1 ; fosc > 0.01).
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Table SS. TD-DFT predicted vertical excitation energies, oscillator strengths (fosc> 0.01) and MO
contributions (> 10%) for [(QurLMePh);Fe]?,

No. E/eV Josc Major Contributions
4 2.66 0.004 HOMO—LUMO (75%)
5 2.68 0.013 H-1-LUMO (46%), H-1-L+1 (21%)
6 2.70 0.025 H-2—L+2 (15%), HOMO—L+1 (64%)
7 2.73 0.013 H-2—LUMO (19%), H-2—L+1 (12%), H-2—L+2 (11%),
H-1-L+1 (16%), HOMO—L+1 (13%), HOMO—L+2 (10%)
9 2.76 0.066 H-2—LUMO (14%), H-1-LUMO (22%), HOMO—L+2 (42%)

10 278 0072  H-2—LUMO (20%), H-2—L+1 (45%), H-1>LUMO (10%),
HOMO—L+2 (10%)

11 2.80  0.026 H-2—L+2 (28%), H-1—L+2 (53%)

12 287  0.056 H-2>L+1 (11%), H-2—L+2 (26%), H-1—L+1 (14%),
H-15L+2 (25%)

13 3.04 0013 H-2—L+3 (50%), HOMO—L+4 (14%)

16 357 0.038 H-3—LUMO (92%)

17 359 0.033 H-4—LUMO (28%), H-3—L+1 (64%)

18 359 0.017 H-4—LUMO (59%), H-3—L+1 (31%)

19 362  0.038 H-4—L+1 (88%)

20 363 0.043 H-3-L+2 (80%)

21 365  0.020 H-4—L+2 (80%)

23 371 0.017 H-5—LUMO (89%)

27 377 0011 H-6—LUMO (76%)

29 381  0.081 H-5—L+1 (27%), H-5—L+2 (59%)

31 385  0.010 H-8—LUMO (25%), H-8—L+1 (12%), H-8—L+2 (14%),
H-7—LUMO (22%)

33 3.86  0.030 H-7—L+1 (53%), HOMO—L+6 (13%)

35 389  0.019 H-10-LUMO (12%), H-9—LUMO (10%), H-8—L+1 (17%),
H-7—LUMO (25%), H-7—L+2 (15%)

38 391 0019  H-9-LUMO (13%), H-7—L+2 (42%), HOMO—L+7 (14%)

40 392 0014 H-1-L+6 (71%)

41 393 0.022 H-9—LUMO (10%), H-9—L+1 (35%)

43 395 0.010 H-9—L+2 (16%), H-1—L+7 (14%), HOMO—L~+8 (31%)

46 397 0013 H-10>LUMO (18%), H-1—L+7 (29%), HOMO—L+8 (12%)

48 398 0018  H-11-LUMO (14%), H-10—>L+2 (16%), H-9—L+2 (20%),
H-1-L+7 (16%), HOMO—L+8 (10%)
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Figure S3. TD-DFT simulated spectrum (---) and calculated vertical excitation energies (red)
superimposed on the experimental spectrum (=) of [(Ph"LMePh);Fe]>* in CH3CN (SMD-
rTPSSh/def2-SVP)//SMD-rB3LYP-D3(BJ)/def2-SVP); FWHM = 3000 cm-1 ; fosc > 0.01).

Table S6. TD-DFT predicted vertical excitation energies, oscillator strengths (fosc> 0.01) and MO
contributions (> 10%) for [(PhenLMePh)sFe]?,

No. E/eV Jose Major Contributions
4 2.64 0.025 HOMO—LUMO (81%)
5 2.66 0.018 H-1-LUMO (77%)
7 2.73 0.031 H-2—LUMO (29%), HOMO—L+1 (46%)
9 2.81 0.088 H-2—L+2 (10%), H-1-L+1 (25%), HOMO—L+1
(16%), HOMO—LA2 (27%)
10 2.83 0.030 H-2—L+1 (33%), H-1—-L+2 (18%), HOMO—L+2
(28%)
11 2.83 0.070 H-1-L+2 (49%), HOMO—L+2 (27%)
12 2.92 0.130 H-2—L+2 (42%), H-1—-L+1 (37%)
13 3.03 0.027 H-2—L+1 (10%), H-2—L+5 (11%), H-2—L+6 (24%)
14 3.08 0.015 H-2—L+2 (18%), H-2—L+7 (22%), HOMO—L+6
(11%)
15 3.12 0.010 H-1-L+4 (19%), H-1-L+7 (41%)
18 3.40 0.013 H-1-L+3 (36%), HOMO—L+4 (29%)
21 3.46 0.043 H-3—-LUMO (48%), H-1-L+5 (14%)
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22 347 0018 H-3—LUMO (17%), H-1—L+4 (14%)

23 349 0.059 H-4—LUMO (24%), H-1—>L+5 (27%)

24 350 0016  H-5-LUMO (15%), H-4—LUMO (20%), H-2—L+5

(20%)
25 3.51 0.037 H-4—LUMO (22%), H-2—L+5 (26%), H-2—L+6
(10%), H-1—L+4 (13%)
26 353 0.020  H-65LUMO (25%), H-5—>LUMO (36%), H-1>L+4
11%

28 355 0.029 H-6—LUMO (500(4)), H)-5—>LUMO (35%)

29 357  0.060 H-3>L+1 (84%)

31 3.60 0.146 H-4—L+1 (33%), H-3—>L+2 (38%)

32 360  0.129 H-4—L+1 (41%), H-3—L+2 (29%)

33 3.63  0.060 H-4—L+2 (83%)

34 3.64  0.013 H-6—L+1 (15%), H-5—L+1 (65%)

35 3.65  0.099 H-6—L+1 (70%), H-5—L+1 (10%)

36 3.66  0.037 H-8—LUMO (36%), H-5—L+2 (48%)

37 367  0.128 H-8—LUMO (12%), H-6—L+2 (68%)

38 3.69  0.184 H-85LUMO (29%), H-6—L+2 (14%), H-5—L+2 (41%)

39 3.71 0.026 H-7—L+1 (84%)

40 374 0017 H-7—L+2 (87%)

41 378 0.025 H-8>L+1 (78%)

42 378 0.035 H-9—LUMO (72%)

43 382 0.089 H-8L+2 (86%)

44 3.84  0.035 H-11—LUMO (62%), H-10—~LUMO (15%)

45 385  0.086 H-11—LUMO (20%), H-10—>LUMO (60%)

47 389  0.013 H-13—LUMO (14%), H-12—LUMO (38%),

H-10—LUMO (10%)

48 390 0.025 H-12—LUMO (10%), H-9—L+1 (58%),
H-9L+2 (17%)

49 392 0016 H-13—LUMO (36%), H-12—>LUMO (23%)

50 392 0016 H-14—LUMO (44%), H-11—L+2 (17%)

51 3.94 0029  H-10-L+1 (15%), H-9—L+2 (17%), H-1>L+8 (45%)

52 395 0013  H-11-L+1 (27%), H-10>L+1 (23%), H-1—L+8 (35%)

55 397 0017 H-13—LUMO (12%), HOMO—L+9 (51%)
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State Electron-Hole Density Character

Assignment
5 MLCT
6 MLCT
7 MLCT
9 MLCT
10 MLCT
11 MLCT
12 MLCT
13 MC

Figure S4. Electron-hole density maps and characters of the relevant electronic excitations (fosc >
0.01; isosurface = 0.002) in the lowest energy absorption band of [(i"LMePh);Fe]?*,
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State Electron-Hole Density Character
Assignment
MLCT
4
MLCT
5
MLCT
7
MLCT
9
MLCT
10
MLCT
1
MLCT
12
MC
13
14 MC
15 MC

Figure S5. Electron-hole density maps and characters of the relevant electronic excitations (fosc >
0.01; isosurface = 0.002) in the lowest energy absorption band of [(Phe"LMePh);Fe]?*,
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Figure S6. 'H NMR (500 MHz, 22°C, CDCls) of Phen] MesPr,
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Figure S7. 3C NMR (126 MHz, 22°C, CDCl3) of Phen Me.iPr,
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Figure S8. *'P NMR (202 MHz, 22°C, CDCl3) of Phen Me.iPr,
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Figure S9. 'H NMR (300 MHz, 22°C, CDCL) of ((*""L¥-Ph)FeBr)(p1-Br),.
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Figure S10. '"H NMR (300 MHz, 22°C, CDCl3) of (Phen.MePh)FeBr,,
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Figure S11. '"H NMR (300 MHz, 22°C, CDCI3) of (Phen MeiPr)FeBr,,
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Figure S12. Evans’ method '"H NMR spectrum (300 MHz, 22°C, CDCI3) of ((Phe"LH-PM)FeBr),(u-
Br); using CH2Cls.
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Figure S13. Evans’ method '"H NMR spectrum (300 MHz, 22°C, CDCl3) of (PrerLMePh)FeBr,
using CHxCl,.
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Figure S14. Evans’ method '"H NMR spectrum (300 MHz, 22°C, CDCl3) of (PrenLMePr)FeBr,
using CHxCl,.
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Figure S15. 'H NMR (500 MHz, 22°C, CD2Cl,) of [(Phe"LMePh);Fe][PFs]..
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Figure S16. 3C{'H} NMR (126 MHz, 22°C, CD,Cl,) of [(Phe"LMePh);Fe][PFs]o.
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Figure S17.3'P{'H} NMR (202 MHz, 22°C, CD,Cl,) of [(Phe"LMePh);Fe][PF¢]a.
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Figure S18. '%F NMR (470 MHz, 22°C, CD,Cl) of [(PhenLMePh);Fe][PFe]a.
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Figure S19. 'H NMR (500 MHz, 22°C, CD2Cl,) of [(QUrLMePh);Fe][PFs]..
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Figure S$20. 3C{'H} NMR (126 MHz, 22°C, CD,Cl,) of [(Qu"LM&Ph);Fe][PFs]o.
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Figure S21.3'P NMR (202 MHz, 22°C, CD,Cl) of [(QU"LMePh);Fe][PFe]a.
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Figure S22. '%F NMR (470 MHz, 22°C, CD,Cl) of [(QunLMePh);Fe][PFe]a.
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Figure S$23. 'H NMR (500 MHz, 22°C, CD1Cl,) of [(QU"LMePh);Fe][BPha]a.
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Figure S24. 3C{'H} NMR (126 MHz, 22°C, CD,Cl,) of [(QunLMePh);Fe][BPhy]s.
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Figure S25.3'P{'H} NMR (202 MHz, 22°C, CD;CN) of [(QunLMePh);Fe][BPhy]s.
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Figure S26. 'H NMR (500 MHz, 22°C, CD3CN) of [(Pre"LMePh);Ru][PFs
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Figure S27. 3C{'H} NMR (126 MHz, 22°C, CD3CN) of [(PhenLMePh); Ru][PFs]s.
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Figure S28.3'P{'H} NMR (202 MHz, 22°C, CD3CN) of [(PhenLMePhy;Ru][PFs]..
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Figure S29. '%F NMR (470 MHz, 22°C, CD3CN) of [(PhenLMe-Ph);Ru][PFs]..
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Figure S30. 3'P{'H} NMR (202 MHz, 22°C, CDCl;3) of a mixture of (?r*"LM&P"Ry(DMSO)-Cl,
and (PrenLMeP), RyuCl,.
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Figure S31. 3'P{'H} NMR (121 MHz, 22°C, CDCl;3) of a mixture of (Q"LM&PMRuCl,(DMSO),
and (QuinLMePh),RuCls.
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Figure S32. 'H NMR (500 MHz, 22°C, CD2Cly) of [(QU"LMePh) JRu[PF¢],.
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Figure S33. 3C{'H} NMR (126 MHz, 22°C, CD,Cl,) of [(Qu"LMePh); ]Ru[PFs]..
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Figure S34.3'P NMR (202 MHz, 22°C, CD,Cl) of [(Qu"LMePh);Ru][PFs]..
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Figure S35. 1%F NMR (470 MHz, 22°C, CD,Cl) of [(Qu"LMePh);Ru][PFs]..
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Figure $36. HRMS of (Phen MePh)Ry(DMSO),Cl.
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Figure S37. HRMS of (Pher.MePh), RuCls.
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Energies and Reaction Coordinates
[(QuinLMe,Ph)3Fe]2+
HF=-4997.6320435 Hartrees
Zero-point correction= 1.023812 (Hartree/Particle)
Thermal correction to Gibbs Free Energy= 0.930327
Sum of electronic and zero-point Energies= -4996.608231
Sum of electronic and thermal Free Energies= -4996.701717

Standard orientation:

Center Atomic  Atomic Coordinates (Angstroms)

Number Number  Type X Y 4
1 6 0 1.773117 -0.991910 -2.920667
2 1 0 1.791482 0.056877 -3.201390
3 6 0 2.526611 -1.908044 -3.677972
4 1 0 3.108668 -1.539268 -4.523255
5 6 0 2.529757 -3.234936 -3.315875
6 1 0 3.122046 -3.974850 -3.858786
7 6 0 1.747469 -3.645232 -2.209272
8 6 0 0.981537 -2.657521 -1.514720
9 6 0 0.169656 -3.070384 -0.425013
10 6 0 0.164538 -4.393910 -0.030792
11 1 0  -0.453868 -4.704338 0.812900
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127 15 0 2.049278 0.186119 0.459823

[(PhenLMe,Ph)3Fe]2+
HF=-5458.3193835 Hartrees

Zero-point correction= 1.165981 (Hartree/Particle)

Thermal correction to Gibbs Free Energy= 1.062581

Sum of electronic and zero-point Energies= -5457.153403

Sum of electronic and thermal Free Energies= -5457.256803

Standard orientation:

Center Atomic  Atomic Coordinates (Angstroms)

Number Number  Type X Y 4
1 26 0 0.029645 -0.062175 -0.069649
2 15 0  -0.947822 -1.872421 0.983635
3 15 0 -1.250833 1.617864 0.861811
4 15 0 1.963264 0.256295 1.167264
5 7 0 -1.568089 -0.311957 -1.380660
6 6 0  -2.688291 -1.034740 -0.970924
7 6 0 -1.627573 0.322012 -2.528256
8 1 0  -0.750653 0.879235 -2.848210
9 6 0  -3.900570 -1.043283 -1.711925
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142

143

144

145

3.322978

3.907870

2.279606

1.463128

2.827215

2.433148

3.863923

4.283369

4.351762

5.151444

2.773717

3.813543

4.200538

-2.284184

-2.811353

-1.891017

-2.108158

-0.476238

0.017911

-0.148809

-1.562929

0.376174

1.050255

2.998415

2.872305

4.266019

5.116161

4.448372

5.443873

3.354652

3.489232

1.890171

2.080159

1.238991

-1.404262

-0.624616

-2.584625

-2.736425

6.878372

7.622151

7.047464

7.060947

5.097658

5.728138

1.645553

2.356659

1.449314

2.010544

0.527782

0.364075

-0.190156

-0.922187

0.934122

0.013851

-0.561157

4.851571

5.406050

5.488912

6.548953

0.205957

-0.435004

1.245662

0.179794
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PNPhen (S =0)

HF=-1398.2296205 Hartrees

C 4.6362400000 -2.8365700000 -0.9693600000
C 5.1816800000 -2.1164400000 0.0871100000
C 4.3664700000 -1.1633500000 0.7353000000
C 3.0636400000 -0.9325600000 0.3220200000
C 2.5080200000 -1.6646100000 -0.7525800000
C 3.3074800000 -2.6437300000 -1.4082200000
N 1.1837200000 -1.4193200000 -1.1162000000
C 0.6674300000 -2.1340600000 -2.0875800000
C 1.3630500000 -3.1485500000 -2.8055500000
C 2.7131100000 -3.4308300000 -2.4706700000
H 5.2573400000 -3.5824200000 -1.4659500000
H 4.7721100000 -0.5998900000 1.5788900000
H -0.3704100000 -1.9535900000 -2.3555500000

C 6.5952900000 -2.3353800000 0.5501400000
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H 7.1840700000 -1.4073300000 0.4603700000

H 7.0957200000 -3.1203400000 -0.0342800000

H 6.6180200000 -2.6254300000 1.6135900000

P 1.9632600000 0.2563000000 1.1672600000

C 2.3290600000 -0.1273700000 2.9373900000

C 1.8514700000 -1.3339700000 3.4688500000

C 2.0893700000 -1.6787000000 4.7990100000

C 2.8228300000 -0.8184600000 5.6223700000

C 3.3229800000 0.3761700000 5.0976600000

C 3.0816700000 0.7218300000 3.7640700000

C 2.7737200000 1.8901700000 0.9341200000

C 2.2796100000 2.9984200000 1.6455500000

C 2.8272100000 4.2660200000 1.4493100000

C 3.8639200000 4.4483700000 0.5277800000

C 4.3517600000 3.3546500000 -0.1901600000

C 3.8135400000 2.0801600000 0.0138500000

H 1.2823000000 -2.0129300000 2.8441200000

H 1.6939800000 -2.6188500000 5.1895300000

H 3.0070800000 -1.0803400000 6.6670400000

H 3.9078700000 1.0502500000 5.7281400000

H 3.4847100000 1.6575100000 3.3800200000

H 1.4631300000 2.8723000000 2.3566600000

H 2.4331500000 5.1161600000 2.0105400000
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H 4.2833700000 5.4438700000 0.3640700000

H 5.1514400000 3.4892300000 -0.9221900000
H 4.2005400000 1.2389900000 -0.5611600000
C 3.3719500000 -4.4702300000 -3.1649600000
C 2.7059300000 -5.1886100000 -4.1463000000
C 1.3638800000 -4.9006700000 -4.4764700000
C 0.6980100000 -3.8884000000 -3.8116600000
H 4.4063400000 -4.7214700000 -2.9308300000
H 3.2284100000 -5.9924300000 -4.6702100000
H 0.8569600000 -5.4806200000 -5.2505400000

H -0.3437300000 -3.6529100000 -4.0407200000

PNQuin(-2H)

PNQuin(-2H) (S=1)

HF=-1243.2805748 Hartrees
C 4.6362400000 -2.8365700000 -0.9693600000
C 5.1816800000 -2.1164400000 0.0871100000

C 4.3664700000 -1.1633500000 0.7353000000
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C 3.0636400000 -0.9325600000 0.3220200000

C 2.5080200000 -1.6646100000 -0.7525800000

C 3.3074800000 -2.6437300000 -1.4082200000

N 1.1837200000 -1.4193200000 -1.1162000000

C 0.6674300000 -2.1340600000 -2.0875800000

C 1.3630500000 -3.1485500000 -2.8055500000

C 2.7131100000 -3.4308300000 -2.4706700000

H 5.2573400000 -3.5824200000 -1.4659500000

H 4.7721100000 -0.5998900000 1.5788900000

H -0.3704100000 -1.9535900000 -2.3555500000

C 6.5952900000 -2.3353800000 0.5501400000

H 7.1840700000 -1.4073300000 0.4603700000

H 7.0957200000 -3.1203400000 -0.0342800000

H 6.6180200000 -2.6254300000 1.6135900000

P 1.9632600000 0.2563000000 1.1672600000

C 2.3290600000 -0.1273700000 2.9373900000

C 1.8514700000 -1.3339700000 3.4688500000

C 2.0893700000 -1.6787000000 4.7990100000

C 2.8228300000 -0.8184600000 5.6223700000

C 3.3229800000 0.3761700000 5.0976600000

C 3.0816700000 0.7218300000 3.7640700000

C 2.7737200000 1.8901700000 0.9341200000

C 2.2796100000 2.9984200000 1.6455500000
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C 2.8272100000 4.2660200000 1.4493100000

C 3.8639200000 4.4483700000 0.5277800000

C 4.3517600000 3.3546500000 -0.1901600000

C 3.8135400000 2.0801600000 0.0138500000

H 1.2823000000 -2.0129300000 2.8441200000

H 1.6939800000 -2.6188500000 5.1895300000

H 3.0070800000 -1.0803400000 6.6670400000

H 3.9078700000 1.0502500000 5.7281400000

H 3.4847100000 1.6575100000 3.3800200000

H 1.4631300000 2.8723000000 2.3566600000

H 2.4331500000 5.1161600000 2.0105400000

H 4.2833700000 5.4438700000 0.3640700000

H 5.1514400000 3.4892300000 -0.9221900000

H 4.2005400000 1.2389900000 -0.5611600000

s-cis-Butadiene(-2H)

s-cis-Butadiene(-2H) (S=1)

HF=-154.4996253 Hartrees
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C 3.3719500000 -4.4702300000 -3.1649600000

C 2.7059300000 -5.1886100000 -4.1463000000

C 1.3638800000 -4.9006700000 -4.4764700000

C 0.6980100000 -3.8884000000 -3.8116600000

H 4.4063400000 -4.7214700000 -2.9308300000

H 3.2284100000 -5.9924300000 -4.6702100000

H 0.8569600000 -5.4806200000 -5.2505400000

H -0.3437300000 -3.6529100000 -4.0407200000
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