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General information and materials

Melting points: The melting points of all solid compounds were meed on a Blichi melting
point apparatus (BUCHI 510) and are uncorrected.

Infrared Spectroscopy. Infrared spectra were measured on a Varian 100@&pectrometer.

NMR spectra: 'H- and™*C-NMR spectra were recorded on a Bruker Advance(400 MHz)
or a Varian System 600 (600 MHz). Chemical shifesraported in ppm.

Luminescence and UV-vis measurementdJsing a solution containing the compounds in
MeCN (10 uM), the UV-vis measurements were caroed on a Varian Cary 100 Bio
UV-Visible Spectrophotometer and the luminesceneasurements on a Varian Cary Eclipse
Fluorescence Spectrophotometer with excitationeamigsion slit widths set at 5 nm.

Electroanalytical Investigations Cyclic voltammetry (CV) and differential pulsedliam-
metry (DPV) measurements were done by using aatdnidree-electrode set-up (1 mm Pt disk
working and Pt auxiliary electrode, silver wireraierence electrode) connected to a PARSTAT
2273 Advanced Electrochemical System. The expetsngere carried out on a 1 mM solution
of the compound in MeCN with 0.1 M tetrebutylammonium hexafluorophosphate as
supporting electrolyte. All potentials are refereth¢o ferrocene as internal standard at a scan
rate = 100 mV s".

Mass spectroscopyESI-MS measurements were recorded on a LCQ Decambh@uest
instrument.

Elemental analysis Elemental analysis was performed on an elemantd/ser Euro EA from
EuroVector

ECL Investigations: All ECL measurements were done using solutidk® (M) of the
complexes in MeCN, containing additionally trpropylamine (30 mM) as coreactant and
tetran-butylammonium hexafluophosphate (0.1 M) as elégigo A standard three-electrode
set-up (3.0 mm diameter Pt working electrode, Péeauxiliary electrode, and silver wire as
reference electrode) connected to a Princeton AgpgResearch Model 362 potentiostat was
used. To generate the ECL reaction, the workingtelde was swept between 0.5 to 1.8 (
silver wire used as quasi-reference electrode)satia rate 100 mV/s. The potential dependent
ECL measurements were carried out at room temperatulOuM solution of Ir-Ru-Ir
varying the end potential range from 1.3-1.8 V atcan rate of 100 mV S The resulting
emission spectra were obtained with a liquid n&gooled CCD camera at —70 °C (0.500 m
Imagining Triple Grating Monochromator / Spectrq@rp which was connected to
spectrometer Spectrapro 2500i (Acton Research Catipn).
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Synthesis and characterisation of the complexes

Synthesis and characterisation of Irl

[Ir(pg).Cl], (100 mg, 78.6umol) and 3-bromophenanthroline (50.0 mg, 1880l) were
dissolved in dichloromethane (10 mL) and the sohlutivas refluxed for 6 h. The crude product
was purified by chromatography (silica gel/dichimethane-methanol). To the
dichloromethane solution (15 mL) of [(pl)3-bromophen)]G, NH,PFs (100 mg, excess)
was added and the resulting solution was stirred flo. The precipitate was filtered off. The
filtrate was purified by chromatography on silica gsing dichloromethane and methanol for
elution. The solvent was removed to furnish an geared powder.

Yield: 125 mg (125:mol, 80%).

'H-NMR (400 MHz, Acetone-d): & = 6.67 (dd, 1HyJ, = 0.7 Hz,J, = 7.7 Hz), 6.71 (dd, 1H},
= 0.7 Hz,J, = 7.7 Hz), 6.86 (ddd, 1K, = 1.1 Hz,J, = 2.4 Hz,J; = 7.1 Hz), 6.90 (dd, 1H), =
1.3 Hz,J,= 2.9 Hz), 6.92 (dd, 1H}; = 1.2 Hz,J, = 7.5 Hz), 7.01 (ddd, 1H; = 1.5 Hz,J, = 7.0
Hz,J; = 8.7 Hz), 7.22-7.25 (m, 1H), 7.26-7.27 (m, 1HR&(dd, 2H,), = 1.5 Hz,J, = 3.2 Hz),
7.30 (dd, 1H); = 1.1 Hz,J, = 2.4 Hz), 7.34 (dd, 1H}, = 0.7 Hz,J, = 9.6 Hz), 7.82 (dd, 2H}
= 1.4 Hz,J, = 8.2 Hz), 8.16 (d, 1H] = 8.9 Hz), 8.11 (dd, 1H); = 5.3 Hz,J, = 8.1 Hz), 8.20 (d,
1H,J = 8.9 Hz), 8.32 (dd, 1H), = 1.0 Hz,J, = 8.0 Hz), 8.36 (dd, 1H}; = 1.0 Hz,J, = 8.0 Hz),
8.49 (d, 1H,J = 6.0 Hz), 8.52 (d, 1H] = 6.0 Hz), 8.57 (d, 1H] = 8.8 Hz), 8.60 (d, 1H] = 8.8
Hz), 8.63 (d, 1HJ = 2.0 Hz), 8.76 (dd, 1H}; = 1.3 Hz,J, = 2.3 Hz), 8.77 (dd, 1K}, = 1.3 Hz,
J, = 5.3 Hz), 9.00 (d, 1H] = 1.9 Hz).

3C-NMR (100 MHz, Acetone-d): & = 118.8, 119.0, 122.2, 124.0, 124.2, 125.0 (2x), 3,27.
127.6 (2x), 128.0, 128.1, 128.2, 128.4, 128.6 (2301, 130.2, 131.5, 131.6 (2x), 131.8, 131.9,
132.4, 135.5, 135.8, 139.8, 141.2, 141.4, 141.6,0,4.47.0 (2), 147.1, 148.3, 148.4, 149.9,
150.1, 150.3, 151.0, 170.9, 171.0.
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ESI-MS: (C;oHo/BrIirN,)*  Caled: m/z = 859.1 Found: m/z = 859.2

Elemental analysis: (C4.H7BrFsIrN4P)-0.5 HO
Calcd: C, 49.76; H, 2.78; N, 5.53.Found: C, 49.75; H, 2.44; N, 5.43.

Synthesis and characterisation of 1r2

A solution of [Ir(pg}(3-bromophen)]PE (50.0 mg, 50.0umol), 4'-ethynyl-2,2".6’,2"-
terpyridine (21.0 mg, 85.4mol), dry triethylamine (1.00 mL), Pd(P£4Cl, (2.00 mg, 2.91
umol) and copper(l) iodide (1.71 mg, 8.8thol) in dry DMF (3.00 ml) was stirred at room
temperature for 1 h. The solvent was distilled scwo. Purification was achieved by
chromatography on aluminum oxide (neutral) withtbicomethane/methanol (100/1) to afford
the product as an orange solid.

Yield: 35.0mg (30.0umol, 59%).

'H-NMR (400 MHz, Acetone-d): & = 6.69 (dd, 1Hy, = 0.4 Hz,J, = 7.6 Hz), 6.74 (dd, 1H},
= 0.8 Hz,J, = 7.6 Hz), 6.89 (ddd, 1}, = 1.3 Hz,J, = 2.3 Hz,J; = 6.8 Hz), 6.91 (dd, 1H); =
1.0 Hz,J, = 2.1 Hz), 6.94 (dd, 1H}; = 1.2 Hz,J, = 7.6 Hz), 7.06 (ddd, 1H; = 1.4 Hz,J, = 7.0
Hz,J; = 8.6 Hz), 7.24 (dd, 1, = 0.8 Hz,J, = 7.9 Hz), 7.27-7.28 (m, 1H), 7.30 (d, 1H; 3.6
Hz), 7.31 (d, 1HJ = 3.9 Hz), 7.33 (d, 1Hl = 1.7 Hz), 7.46 (d, 1H] = 8.9 Hz), 7.54 (dd, 1H;
= 1.0 Hz,J, = 4.6 Hz), 7.56 (dd, 1K, = 0.9 Hz,J, = 4.7 Hz), 7.83 (td, 2H}, = 1.6 Hz,J, = 1.6
Hz, J; = 8.5 Hz), 8.06 (dt, 2H];, = 1.8 Hz,J, = 7.7 Hz,J; = 7.8 Hz), 8.12 (dd, 1H}, = 5.1 Hz,
J,=8.2 Hz), 8.16 (d, 1Hl= 8.9 Hz), 8.21 (d, 1H] = 8.9 Hz), 8.32 (dd, 1K), = 0.5 Hz,J,= 7.9
Hz), 8.39 (dd, 1HJ, = 0.4 Hz,J, = 7.8 Hz), 8.51 (d, 1H] = 4.9 Hz), 8.52 (d, 1H] = 4.9 Hz),
8.57 (d, 1H,J = 8.8 Hz), 8.62 (s, 2H), 8.65 (d, 1Bi= 4.8 Hz), 8.76 (d, 2H] = 7.9 Hz),
8.78-8.80 (M, 3H), 8.82 (d, 1H,= 1.3 Hz), 8.89 (d, 1H] = 1.8 Hz), 9.11 (d, 1H] = 1.7 Hz).

*C-NMR (100 MHz, Acetone-@):  =89.0, 93.8, 119.0 (2x), 121.9, 122.5, 123.0,02424.1,
125.0, 125.2, 125.6, 127.6 (2x), 128.2, 128.3,4,2828.5, 128.6 (2x), 130.0, 130.1, 131.0,
1315, 131.6, 132.0, 132.2, 132.3, 135.5, 135.8,21339.8, 141.2, 141.4, 142.6, 147.0, 147.1
(2x), 148.4, 148.5, 150.1, 150.3, 150.6, 150.9,15155.6, 157.0, 171.171.2.
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Elemental analysis: CsgHs/FslrN-P)
Calcd: C, 59.99; H, 3.16; N, 8.30. Found: C, 591882.92; N, 8.47
ESI-MS: (CsgHs7ArN,)*  Calcd: m/z =1036.3 Found: m/z = 1036.4

Synthesis and characterisation of Ir-Zn-Ir

A mixture oflr2 (2.36 mg, 2.0@umol) and Zn(OTf) (0.360 mg, 1.0Qumol) was dissolved in
acetonitrile. The solvent was removed in vacuaitaish the product as an orange solid.
Yield: Quantitive.

<) ©

'H-NMR (400 MHz, DMSO-¢): 5 =6.52 (d, 1H,) = 7.5 Hz), 6.56 (dd, 1H; = 0.9 Hz,J,= 7.9
Hz), 6.82-6.87 (m, 1H), 6.89 (dd, 1B1,= 0.6 Hz,J, = 7.4 Hz), 6.94 (dt, 1H}, = 1.1 Hz,J, =
7.6 Hz,J; = 7.5 Hz), 7.00-7.03 (m, 1H), 7.06 (d, 1Hs 9.0 Hz), 7.20 (d, 1H] = 8.5 Hz), 7.24
(d, 1H,J = 7.9 Hz), 7.28 (dd, 3H), = 7.2 Hz,J, = 14.1 Hz), 7.57 (dd, 1K, = 0.9 Hz,J, = 4.9
Hz), 7.59 (dd, 1HJ; = 0.6 Hz,J, = 4.9 Hz), 7.83 (ddd, 2H; = 1.0 Hz,J, = 3.5 Hz,J; = 8.4 Hz),
8.06-8.10 (M, 4H), 8.17 (d, 1= 8.9 Hz), 8.37 (dd, 1K, = 0.9 Hz,J, = 7.9 Hz), 8.44 (d, 1H,
J=0.4HzJ,=7.8 Hz), 8.52 (dd, 2H}; = 1.4 Hz,J, = 4.8 Hz), 8.54 (dd, 2H; = 1.4 Hz,J, =
2.0 Hz), 8.58 (s, 2H), 8.61 (d, 18i= 9.0 Hz), 8.67 (d, 3H] = 8.5 Hz), 8.78-8.79 (m, 3H), 9.19
(d, 1H,J = 1.7 Hz).



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2012

¥C-NMR (100 MHz, DMSO-¢): § = 88.7, 92.7, 118.4, 120.6, 121.1, 122.1, 123.1,3,23.
123.4,123.6,125.1, 126.8, 127.3 (2x), 127.6 (22).8 (2x), 129.2, 129.3, 129.4, 129.6, 129.7,
130.7, 130.8, 130.9, 131.0, 131.1, 131.3, 134.4,4,337.8, 139.1, 140.5 (2x), 140.8, 142.2,
145.1, 145.4, 145.9, 146.1, 146.9, 148.7, 148.8,9L{x), 149.5, 149.6, 154.0, 155.7, 169.7
(2%).
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ESI-MS: (CHSH74Ir2N14Zn)“+ Calcd: m/z =534.1 Found: m/z=534.4
(C119I-|74F3Ir2N1403,SZn)3+ Calcd: m/z = 761.8 Found: m/z = 761.0

(C119I-|74F9Ir2N1403PSZn)2+ Calcd: m/z =1215.2 Found: m/z = 1215.6
(Ce1H37F6IrN;O6S,Zn)"  Calcd: m/z =1398.1  Found: m/z = 1398.0

Elemental analysis (CyodH74F 18l 2N 14706P>S,ZN) + 0.5 CHCI,
Calcd: C, 52.28; H, 2.73; N, 7.08. Found: C, 52H42.39; N, 7.15

Synthesis and characterisation of Ir-Ru-Ir
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A mixture oflr2 (11.8 mg, 10.umol) and RuG-nH,0 (1.32 mg, 5.1@mol) was dissolved in
ethanol (2 ml) and the resultant solution was seftlfor 72 h. The solvent was removed in
vacuo and the residue was dissolved in methanolPRHexcess) was added to precipitate the
product and purification was achieved by chromatphy on aluminum oxide (neutral) with
dichloromethane/methanol to afford the product eedasolid.

Yield: 12.0 mg (4.3@umol, 86.0 %).

'H-NMR (600 MHz, CRCN): § = 6.62 (d, 1H,) = 7.2 Hz), 6.67 (d, 1H} = 7.6 Hz), 6.83 (ddd,
1H,J; = 1.4 Hz,J, = 6.9 Hz,J; = 8.6 Hz), 6.89 (dt, 1H], = 1.2 Hz,J, = 7.5 Hz,J; = 7.5 H2),
6.95-6.99 (M, 2H), 7.21-7.34 (m, 8H), 7.45 (dd, 2H; 0.7 Hz,J, = 5.7 Hz), 7.77 (dd, 1H} =
1.3 Hz,J, = 8.2 Hz), 7.79 (dd, 1H}, = 1.0 Hz,J, = 8.0 Hz), 7.91 (dd, 1H}; = 5.2 Hz,J, = 8.3
Hz), 8.02 (dt, 2Hy, = 1.4 Hz,J, = 8.0 Hz,J; = 8.1 Hz), 8.04 (d, 1Hl= 8.8 Hz), 8.07 (d, 1H]
= 8.8 Hz), 8.23 (dd, 1H};, = 0.7 Hz,J, = 8.0 Hz), 8.32 (dd, 1H}, = 0.9 Hz,J, = 8.0 Hz), 8.36
(d, 1H,J = 8.7 Hz), 8.41 (d, 1H] = 8.9 Hz), 8.43 (d, 1H] = 8.9 Hz), 8.48 (d, 1H] = 8.8 Hz),
8.54 (d, 2H,) = 8.2 Hz), 8.58 (dd, 1H), = 1.1 Hz,J, = 8.3 Hz), 8.63 (dd, 1HJ, = 1.2 Hz,J, =
5.1 Hz), 8.76 (d, 1H] = 1.7 Hz), 8.89 (d, 1H] = 1.5 Hz), 8.91 (s, 2H).

3C-NMR (150 MHz, CQCN): & =118.7, 118.9, 121.6, 123.9, 124.1, 124.7, 1225,5,
126.1, 127.4, 127.5, 128.1, 128.2 (2x), 128.4,6.28), 129.2, 129.8, 129.9 (2x), 130.8, 131.3,
131.4, 131.5 (2x), 132.1, 135.1, 135.5, 139.2,4,3940.9, 141.1, 142.5, 146.7, 146.8 (2x),
146.9, 148.1, 148.4, 150.1, 150.3, 150.8, 153.8,0,357.9, 170.8 (2x).
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ESI-MS: (CugH7droNi RuY*  Caled: m/iz =543.6  Found: m/z = 543.9
(C113|-|74F6Ir2N14PRu)3+ Calcd: m/iz=772.8 Found: m/z=773.5
(C118I-|74F12Ir2N14P2Ru)2+ Calcd: m/z =1232.2 Found: m/z =1233.2

Elemental analysis (Cy1gH74F24Ir 2N14P4RU) + CHCN + 3.0 CHCI,
Calcd: C, 48.45; H, 2.74; N, 6.89. Found: C, 481262.51; N, 6.95
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Synthesis and characterisation of Ru

— - 2
N \Ru< N =
N/ N=

/ D\ \ /

CompoundRu was prepared from 4’-ethynyl-2,2":6’,2"-terpyridirmand RuCJ-nH,O with the
same method as used for the synthesisRiti-Ir fromIr2.

'H-NMR (400 MHz, CRCN): § = 4.55 (s, 2H), 7.33-7.37 (ddd, 4H,= 1.3 Hz,J,= 5.6 HzJ;
= 7.4 Hz), 7.81 (d, 4H]= 4.9 Hz), 8.08-8.12 (dt, 4K, = 1.5 Hz,J, = 7.9 Hz,J; = 8.0 Hz), 8.91
(d, 4H,J= 8.0 Hz), 9.14 (s, 4H).

*C-NMR (100 MHz, DMSO-¢): & = 81.3, 87.3, 125.8, 126.0, 128.9, 130.7, 1398.17,

156.5, 158.6.
i Ll L
ESI-MS:
(CagH2FeNsPRUY Calcd: m/z =761.1 Found: m/z 916
1/2(CssHFsNsPRUY* Calcd: m/z =308.04 Found: m/z = 308.1

Elemental analysis(CzsH22F12NesP-RU) -2CHCI,:
Calcd: C, 40.21; H, 2.44; N, 7.81. Found: C, 401202.13; N, 8.07
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Synthesis and characterisation of Ir-Ru

A solution oflrl (10.1 mg, 10.umol), Ru (10.9 mg, 12.Qumol), dry triethylamine (3 mL),
Pd(PPR).Cl, (0.351 mg, 0.50@mol) and copper(l) iodide (0.23 mg, Luthol) in dry DMF (10

mL) was stirred at 80C for 24 h. The solvent was removed in vacuo aaddbulting solid was
washed with cooled DCM to furnish a solid product.

Yield: 12.8 mg (6.99umol, 69.9 %).

'H-NMR (600 MHz, CDCl,): 6 = 3.38 (s, 1H), 6.71 (dd, 2H; = 5.0 Hz,J, = 7.3 Hz),
6.76-6.79 (m, 1H), 6.88 (ddd, 1B, = 1.0 Hz,J, = 7.4 Hz,J; = 7.4 Hz), 6.91-6.93 (m, 1H),
6.97-6.99 (m, 1H), 7.16 (d, 1d= 9.0 Hz), 7.18-7.29 (m, 7H), 7.31-7.37 (m, 3H107(d, 1H,
J= 4.8 Hz), 7.50-7.53 (m, 2H), 7.60-7.64 (m, 2H)36¢7.68 (m, 2H), 7.84-7.86 (m, 2H),
7.93-7.98 (m, 5H), 8.17 (d, 1K= 7.8 Hz), 8.26-8.36 (m, 5H), 8.47-8.52 (m, 3HRB8.61 (m,
3H),8.81 (d, 1HJ= 1.8 Hz), 8.91 (s, 1H), 9.01 (d, 18+ 1.2 Hz).

¥C-NMR (150 MHz, CDCl,): 91.9 , 92.6, 118.1, 118.6, 121.6, 122.5, 1282%,.0, 123.8,
124.2, 124.4, 125.1, 125.3, 125.9, 126.8, 127.0, (®X7.1, 127.5, 127.9, 128.0 (2x), 128.6,
129.0, 129.1, 129.3, 129.4, 129.8, 130.4, 130.9, (2x1.0, 131.3 (2x), 131.6, 132.0, 132.1,
132.8 (2x), 135.0, 138.7, 138.8, 140.3, 140.7,84P46.1, 146.2, 146.4, 146.7, 147.8, 147.9,
148.9, 149.7, 149.9, 152.4, 155.2, 157.3, 162.0,01170.3

E
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Elemental analysis:C;eHag FiglrN1oPsRU-2.5CHCI,
Calcd: C, 45.77; H, 2.74; N, 6.67. Found: C, 461982.53; N, 6.39
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Photophysical studies and ECL measurements
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Figure S1.Normalised absorption spectra of (&), Ir2 and (b)Ir2, Ir-M-Ir in MeCN (10

uM).
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Figure S3.Normalised DPV ofr2 andIr-Ru-Ir vs. Fc/F¢.
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Digital CV simulation

Using Digisim 3.03b (by Bioanalytical Systems Irieep. 2004) the concentration of all species
in the mixture at a distance of 0.027021 cm from Working electrode was evaluated by
analyzing the CV-movie during the potential scaar(gg at 0 V); the results are listed in

following table, in which the concentration per@aye of each species was calculated from
integration of the curves using different end pt&difirom 1.3 V to 1.8 V.

Input (for Digisim3):

Ir4+Ru3+Ir4+ + e = Ir4+Ru2+Ir4+ 1.V
Ir4+Ru2+Ir4+ + e = Ir4+Ru2+I1r3+ 6.Y
Ir4+Ru2+Ir3+ + e = Ir3+Ru2+I1r3+ 0.vy

Table S1.Digital simulation of the oxidation d¢f-Ru-Ir applying different end potentials. The
occurrence of the different oxidised species wasrdéned at a distance of 0.027021 cm from
the working electrode (determined as intensity.in)a

End Ir *-Ru-Ir Ir -Ru-Ir * Ir-Ru™-Ir*
Potential int. /a.u. conc% int. /a.u. conc%o int. /a.u. con¢%
v
1.3 50.19235 41.2 43.22618 35.5 28.460011 23.3
1.4 59.81405 40.3 57.46028 38.7 31.14117 21.0
15 69.90545 42.3 61.86212 37.5 33.40672 20.2
1.6 80.33465 44.3 65.65329 36.2 35.39329 19.5
1.7 91.00545 46.1 69.04057 35.0 37.19134 18.9
1.8 101.84335 47.8 72.16497 33.9 38.86442 18.3

Computational studies

Geometry optimisation of symmetrlc-Ru-Ir , Ir-Ru-Ir **and Ir-Ru-Ir ** complexes was
performed within @ symmetry constraints, whereas §/mmetry was used fdr-Ru-Ir *
complex. All calculations were performed using @eussian 03 prografi.The hybrid DFT
method B3LYP! with a conventional all-electron basis set 3-21d*H, C, N atoms, and
double¢ quality basis set (LANL2DZY, containing Hay and Wadt's effective core potdntia
(ECP), on Ir and Ru atoms was applied. While retsti-DFT was used for the closed shell
geometry ofr-Ru-Ir , the unrestricted-DFT method was appliedreRu-Ir *, Ir-Ru-Ir 2* and
Ir-Ru-Ir **. Single point calculations at (U)B3LYP/6-31G(d)/NR2DZ+ECP level were
carried out on gas phase optimised geometriestairoll Os and spin densities. Solvent effects
were included by using self-consistent reactiomdfigSCRF) with a UAHF (united atom
Hartree-Fock) parametrisatidnof the polarisable continuum model (P&\as implemented
in the Gaussian 03 package. Acetonitrite=(36.64) was employed as solvent to mimic
measurement conditions. Single point calculatioitt WCM model indicate a more stable

12



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2012

state for tripletir-Ru-Ir ** by 61.9 cal/mol and almost degenerate for quaru-Ir ** with
respect to their low spin states. Therefore, higih states were considered. Visualisation of
MOs and spin densities were done with GaussView @ding an isocontour value of 0.02 and
0.0004 eboh¥, respectively.

Spin densities

Spin densities on Ir atoms iRRu-Ir ™ are 0.22, which can emerge from the occupanclyefwo
degenerate orbitals. The rest of spin (~0.5) armlgndocated on the phenyl groups of phenyl
qguinoline. The interesting observation is that$ph in fragment | or 11l are almost equally spread
out on Ir and phenyl quinoline ligand with a raté 1.26:1, respectively. Triple-Ru-Ir 2*
diradical possess 0.44 spin up electrons on eaatoin. Spin density for quart&tRu-Ir ** is
localised on all three fragments with spin-up etats. While Ir atoms hold 0.42 electrons, Ru keeps
0.83.

[Ir-Ru-Ir] ** Triplet [Ir-Ru-Ir] %

Figure S5.Spin density distributions obtained from SP-PCMukitions. Blue: spin-up, green:
spin-down.
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Cartesian coordinates after optimisation

Ir-Ru-Ir

C 2.56014 9.23712 1.71885 C 3.86096  10.97903  -4.24935 C -3.95097 -11.22350 2.33324
C 1.44534 8.71823 1.05184 H 4.69771  10.45814  -4.69708 H -5.02850 -13.01506 2.73199
C 0.60099 9.61027 0.33849 C 3.49941  12.23106  -4.69425 C -2.56014  -9.23712 1.71885
N 0.83954  10.92732 0.28593 H 4.04000 12.70954  -5.50289 C -0.60099  -9.61027 0.33849
C 1.91469  11.44398 0.96655 H 417246  -8.51665  -3.03423 H -4.63713  -10.58651 2.87807
C 2.81724  10.62033 1.68599 C 3.47505  -9.24056  -2.62995 C -1.44534  -8.71823 1.05184
C 2.11516  12.85681 0.92524 C 2.57248  -9.89827  -3.47787 H -3.22863  -8.57730 2.25767
C 3.25342  13.42421 1.54742 C 3.49941  -9.55285  -1.27668 H 0.26400 -9.25018  -0.20280
C 4.16554  12.56663 2.25435 C 1.68973 -10.85467  -2.97476 H 3.75367 0.25941  -2.62506
C 3.95097  11.22350 2.33324 H 257309  -9.67534  -4.53922 C 3.09571  -0.39624  -2.07061
N 1.17828  13.61741 0.27444 C 2.61401 -10.52084  -0.76263 C 2.22603 0.13644  -1.12404
C 1.37898  14.94529 0.17742 H 422545  -9.06766  -0.63424 C 3.10015  -1.77539  -2.28660
C 2.49842  15.57467 0.74904 C 1.68417 -11.18156  -1.60802 H 2.19104 1.19859  -0.92712
C 3.42973  14.82306 1.44373 H 1.01533 -11.35997  -3.65392 N 1.37952  -0.63757  -0.40061
C -1.80093  12.57219 2.19268 C 2.62880 -10.98271 0.62141 C 2.23361  -2.58047  -1.54746
C -2.67411  12.05253 3.20416 Ir 0.43990 -12.45753  -0.67237 H 3.76551  -2.21668  -3.01747
C -3.52189  10.96548 2.87089 C 3.51084 -10.45797 1.60149 C 1.37898  -2.00361  -0.60848
C -3.51084  10.45797 1.60149 N 1.75853  -11.98682 0.92479 H 2.22276  -3.65066  -1.70242
C -2.62880  10.98271 0.62141 C 154723 -14.03098 -1.27764 C 0.42766  -2.76988 0.21872
N -1.75853  11.98682 0.92479 C 3.52189 -10.96548 2.87089 C 0.23143  -4.14732 0.20341
C -2.61401  10.52084  -0.76263 H 4.18349  -9.66091 1.32176 N -0.30596  -1.98460 1.06198
C -3.49941 9.55285  -1.27668 C 1.80093 -12.57219 2.19268 C -0.73180  -4.72894 1.06135
C -3.47505 9.24056  -2.62995 C 1.00256 -14.76054  -2.36620 H 0.80181  -4.78343  -0.45821
C -2.57248 9.89827  -3.47787 C 2.73847  -14.49695  -0.70179 C -1.24221  -2.51058 1.90601
C -1.68973  10.85467  -2.97476 C 2.67411 -12.05253 3.20416 Ru 0.00000 0.00000 1.06152
C -1.68417  11.18156  -1.60802 H 4.19415 -10.56940 3.62360 C -1.47192  -3.88238 1.92073
C -2.73847  14.49695  -0.70179 C 1.03256 -13.71628 2.50712 C -0.95860  -6.12728 1.05823
C -3.35178  15.65970  -1.17374 C -0.18478 -14.17624  -2.97181 C -1.91803  -1.49274 2.73285
C -2.79412  16.38497  -2.23504 C 1.62497 -15.93551  -2.83409 N 0.30596 1.98460 1.06198
C -1.62497  15.93551  -2.83409 C 3.35178 -15.65970  -1.17374 H -2.20910  -4.31515 2.58156
C -1.00256  14.76054  -2.36620 H 3.19803 -13.95659 0.11512 C -1.17155  -7.32371 1.05729
C -1.54723  14.03098  -1.27764 C 2.70554  -12.65359 4.48783 C -2.90673  -1.78452 3.67204
C 0.18478  14.17624  -2.97181 H 0.42445  -14.15522 1.73857 N -1.50673  -0.19031 2.52424
C 0.87682  14.78156  -4.05448 C 1.09556  -14.29103 3.75996 C -0.42766 2.76988 0.21872
C 1.97547  14.18098  -4.60047 C -0.87682 -14.78156  -4.05448 C 1.24221 2.51058 1.90601
C 240189 1291600 -4.11607 N -0.60530 -12.99067  -2.44360 C -3.48976  -0.75552 4.41136
C 1.67549  12.31809  -3.03582 C 2.79412 -16.38497  -2.23504 H -3.21984  -2.80785 3.82713
N 0.60530  12.99067  -2.44360 H 1.21224 -16.49088  -3.66777 C -2.07982 0.80315 3.24788
Ir -0.43990 12.45753  -0.67237 H 4.27315 -16.00286  -0.71679 C -1.37898 2.00361  -0.60848
H 3.22863 8.57730 2.25767 C 1.92559  -13.75246 4.76842 C -0.23143 4.14732 0.20341
H -0.26400 9.25018  -0.20280 H 3.37326  -12.24241 5.23638 C 1.47192 3.88238 1.92073
H 5.02850  13.01506 2.73199 H 0.51210 -15.17959 3.96951 C 1.91803 1.49274 2.73285
H 4.63713  10.58651 2.87807 C -1.97547  -14.18098  -4.60047 C -3.06910 0.55787 4.19512
H 0.62188  15.50751  -0.35319 H -0.52241  -15.72852  -4.43295 H -4.25719  -0.97549 5.14232
H 4.29011  15.29279 1.90519 C -1.67549 -12.31809  -3.03582 H -1.72612 1.80523 3.05067
H -4.19415  10.56940 3.62360 H 3.27825 -17.28423  -2.59458 C -2.23361 2.58047  -1.54746
H -4.18349 9.66091 1.32176 H 1.96148 -14.21805 5.74504 N -1.37952 0.63757  -0.40061
H -4.22545 9.06766  -0.63424 C -2.40189 -12.91600 -4.11607 C 0.73180 4.72894 1.06135
H -4.17246 8.51665  -3.03423 H -2.51723 -14.64774  -5.41507 H -0.80181 478343  -0.45821
H -2.57309 9.67534  -4.53922 C -2.05286 -11.01901  -2.62450 H 2.20910 4.31515 2.58156
H -1.01533  11.35997  -3.65392 C -3.49941 -12.23106  -4.69425 C 2.90673 1.78452 3.67204
H -3.19803  13.95659 0.11512 H -1.47330 -10.53420 -1.86024 N 1.50673 0.19031 2.52424
H -4.27315  16.00286  -0.71679 C -3.11646 -10.36861  -3.21650 H -3.49790 1.38149 4.75008
H -3.27825  17.28423  -2.59458 C -3.86096 -10.97903  -4.24935 C -3.10015 1.77539  -2.28660
H -1.21224  16.49088  -3.66777 H -4.04000 -12.70954  -5.50289 H -2.22276 3.65066  -1.70242
H 0.52241  15.72852  -4.43295 H -3.37966  -9.36902  -2.89035 C -2.22603  -0.13644  -1.12404
H 2.51723  14.64774  -5.41507 H -4.69771 -10.45814  -4.69708 C 0.95860 6.12728 1.05823
H 2.61042  16.64583 0.64661 N -1.17828 -13.61741 0.27444 C 3.48976 0.75552 4.41136
C -1.03256  13.71628 2.50712 C -1.37898  -14.94529 0.17742 H 3.21984 2.80785 3.82713
H -0.42445  14.15522 1.73857 C -2.11516  -12.85681 0.92524 C 2.07982  -0.80315 3.24788
C -1.09556  14.29103 3.75996 C -2.49842  -15.57467 0.74904 C -3.09571 0.39624  -2.07061
H -0.51210  15.17959 3.96951 H -0.62188 -15.50751  -0.35319 H -3.76551 2.21668  -3.01747
C -1.92559  13.75246 4.76842 C -3.25342  -13.42421 1.54742 H -2.19104  -1.19859  -0.92712
H -1.96148  14.21805 5.74504 C -1.91469  -11.44398 0.96655 C 1.17155 7.32371 1.05729
C -2.70554  12.65359 4.48783 C -3.42973  -14.82306 1.44373 C 3.06910 -0.55787 4.19512
H -3.37326  12.24241 5.23638 H -2.61042  -16.64583 0.64661 H 4.25719 0.97549 5.14232
C 2.05286  11.01901  -2.62450 C -4.16554 -12.56663 2.25435 H 1.72612  -1.80523 3.05067
H 1.47330 10.53420 -1.86024 C -2.81724  -10.62033 1.68599 H -3.75367  -0.25941  -2.62506
C 3.11646  10.36861  -3.21650 N -0.83954  -10.92732 0.28593 H 3.49790  -1.38149 4.75008
H 3.37966 9.36902  -2.89035 H -4.29011  -15.29279 1.90519

Ir-Ru-Ir+

C 2.15299 9.24026 1.55635 C -3.90240  11.06413 2.92995 C -0.19177 1455729  -2.74685
C 1.01537 8.78186 0.88443 C -3.91808  10.63341 1.63077 C 0.48983  15.22172  -3.79644
C 0.17364 9.73664 0.25219 C -3.03074  11.19223 0.67864 C 156190 14.63155  -4.40818
N 0.43784  11.05094 0.28096 N -2.12895  12.15118 1.03222 C 1.96406  13.32741  -4.02206
C 1.53885  11.50389 0.96366 C -3.04266  10.81728  -0.73367 C 1.24382  12.66975  -2.96984
C 2.43908  10.61683 1.60736 C -3.96096 9.91648  -1.29905 N 0.20231  13.32517  -2.31418
C 1.77621  12.91241 1.00843 C -3.95714 9.69183  -2.67303 Ir -0.83645  12.69867  -0.56542
C 2.94132  13.40893 1.64289 C -3.03949  10.36681  -3.49111 H 2.82060 8.53561 2.03629
C 3.84690  12.48723 2.27239 C -2.12194  11.25986  -2.93900 H -0.70971 9.42728  -0.29033
C 3.60078  11.14759 2.26705 C -2.10217  11.50154  -1.55319 H 4.72997  12.88350 2.75916
N 0.85191  13.74119 0.42859 C -3.05326  14.78883  -0.36243 H 4.28195  10.45984 2.75303
C 1.08600  15.06739 0.41869 C -3.64543  15.99417  -0.73169 H 0.33669  15.68735  -0.05461
C 2.23103  15.62889 1.00876 C -3.09444  16.77593  -1.75985 H 4.03567  15.22146 2.10433
C 3.15400  14.80696 1.63015 C -1.95101  16.34238  -2.42871 H -4.58208  10.64442 3.66275
C -2.13317  12.65399 2.33509 C -1.34829  15.12804  -2.06751 H -4.61841 9.87623 1.31145
C -3.01719  12.09907 3.32088 C -1.88846  14.33305 -1.01226 H -4.69870 9.41445  -0.68466
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-2.00217
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0.19469
1.96671
-1.33720
7.38685
-0.34958
1.25977
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-17.28185
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-16.27656
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1.65364
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4.49032
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10.65790
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16.53881
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16.72886
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14.01543
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0.63322
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0.99456
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1.59635
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1.29102
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6.46933
5.12390
5.89654

c

O000INOOZONOIZOOOTOIOZOOIOINZT

OIOIOIOOOOIIOIOINIO

=

ITOO0OZIIIOOIOOIOIIOIOIIOIIOZOOIOIOONOOIOONOOIONZO
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-2.40270
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4.41563
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2.85185
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H 2.64429 3.35473
C 2.18938 -0.40255
C -3.12188 -0.15699
H -4.11094 1.51257
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