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S1 NMR and high-resolution mass spectra

S1.1 [Ir(Mesquinox)z(u2-Cl)]2
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Figure S1. "H NMR spectrum (300 MHz, 293 K, CDCIs;) of dimeric [Ir(Mesquinox)z(u2-Cl)]a.
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Figure S2. "H NMR spectrum of [Ir(Mesquinox)2(MeCN),][PFs] (500 MHz, 293 K, CD3CN).
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Figure S3. *C{'"H} NMR spectrum of [Ir(Mesquinox)2(MeCN),][PFs] (500 MHz, 293 K, CD3CN).
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Figure S4. HRMS of [Ir(Mesquinox)2(MeCN).][PFs] (ES+). (Top - theoretical; bottom - experimental).
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$1.3 [Ir(Mesquinox)(bipy-Im1)][PFe]-
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Figure S5. "H NMR spectrum of [Ir(Mesquinox)z(bipy-Im1)][PFs]2 (500 MHz, 293 K, CD;CN).
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Figure S6. >C{'"H} NMR spectrum of [Ir(Mesquinox)(bipy-Im1)][PFe]. (126 MHz, 293 K, CD3CN).
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Figure S7. HRMS of [Ir(Mesquinox)z(bipy-Im1)][PFs]. (ES+). (Top - theoretical; bottom - experimental).
$1.3 [Ir(Mesquinox)z(bipy-Im2)][PFe]s
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Figure S8. "H NMR spectrum of [Ir(Mesquinox)z(bipy-Im2)][PFs]s (500 MHz, 293 K, CD;CN).
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Figure S9. *C{'"H} NMR spectrum of [Ir(Mesquinox)z(bipy-Im2)][PFs]s (126 MHz, 293 K, CD3;CN).
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Figure $10. HRMS of [Ir(Mesquinox)z(bipy-Im2)][PFe]s (ES+). (Top - theoretical; bottom - experimental).



S1.4 [Ru-Au][PFs]s

L L
LEL
A
'L
'L
vl
8b'L
8b°L
8v'L

ov Z
6v°L
6v°L
6v°L

UsZ
0S°Z
0S°Z
0S°L
18°L
1872
[4WA

N\

||

87 85 83 81 79 77 75 7.3

T

T

LS°L
88,
8S°L
89°L
8S9°L
65"/
65",
65/
09°Z1
09°Z1
197/
19/
19°L;
1941
99°/+
99/
L9°LA
L9,
%.&
89°L

¥6'L %
S6°L

S6°L

L8

S9'S
S.mw
vL'ST
LL'S

==

FL6'C

6T
—wo.H
T
71T
GE°6
09°/
L€
9T'T
ST'T
60°C
9g°C
75
b1t
/€0°T
60°C
LT
20°T

=

i oo bkl

9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 0.5

Figure S11. "H NMR spectrum of [Ru-Au][PFs]s (500 MHz, 293 K, CD3CN).
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Figure $12. *C{"H} NMR spectrum of [Ru-Au][PFs]s (126 MHz, 293 K, CD3;CN).
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Figure S14. HRMS of [Ru-Au][PFs]s (ES+). (Top - theoretical; bottom - experimental).
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Figure S13. *'P{'"H} NMR spectrum of [Ru-Au][PFs]s (202 MHz, 293 K, CDsCN).
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Figure $16. 3C{'H} NMR spectrum of [Ru-Au,][PFe]s (126 MHz, 293 K, CDsCN).
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Figure $17. 3'P{'"H} NMR spectrum of [Ru-Auz][PFs]s (202 MHz, 293 K, CDsCN).
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Figure S19. '"H NMR spectrum of [Ir-Au][PFe]2 (500 MHz, 293 K, CD3CN).

Us tCH]
Y6 ECT]
0bbeT
S8bTT|
TSy
S5'STT
(88T
ST'6CT]
9T'62T
€€'6TT]
9L'62T
SS0ET]
90T
60'TET
9ETET
09'TETH
8TEET
0EEET
00°'SET
IT'SET;
VTSET]
T0°9E T
Z9'8ET
90'6ET;
29'6ET
0T0p T
9T
£€0P T

6T THT
LyTHT
08'THT
60'ZH T
Wy

ZEShTAE
6L'SHT-
£8'9 17

b0'61 T
LE°TST
TH'esT
16511
mofmg
75'SST

8€°95T

62°€9T
68€91

=T

o

aV O]

15°6T4 L
26'61+
£5°024 s
L0t
9’8
SL'67—
€266~ — ,
981§ +—— ,

€€°/8T
SE'88T

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

T

Figure $20. *C{"H} NMR spectrum of [Ir-Au][PFe]> (126 MHz, 293 K, CDsCN).
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Figure S21. 3'P{'"H} NMR spectrum of [Ir-Au][PFe]> (202 MHz, 293 K, CDsCN).
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Figure S22. HRMS of [Ir-Au][PFs]> (ES+). (Top - theoretical; bottom - experimental).
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Figure S24. *C{"H} NMR spectrum of [Ir-Au2][PFs]s (126 MHz, 293 K, CD3;CN).
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Figure S$25. 3'P{"H} NMR spectrum of [Ir-Au,][PFe]s (202 MHz, 293 K, CD3CN).
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Figure $26. HRMS of [Ir-Au2][PFs]s (ES+). (Top - theoretical; bottom - experimental).
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S2. Single-crystal X-ray crystallography

A suitable crystal was mounted on a glass fibre with Fomblin oil and collected at 150(2) K. The structure was solved
using Olex2' and the ShelXT? structure solution program using Direct Methods and refined with the ShelXL3

refinement package using Least Squares refinement.

$2.1 Structure of [Ir(Mezquinox)2(MeCN):][PF¢]

Table S1. Crystals data and structure refinement for [Ir(Mesquinox)2(MeCN).][PFe]

Identification code

[Ir(Mesquinox)2(MeCN)2][PFe]

Empirical formula

CasH3sBF4lrNe

Formula weight 855.74
Temperature/K 150
Crystal system triclinic
Space group P-1
a/A 8.6524(4)
b/A 12.6306(8)
c/A 16.5547(10)
a/® 77.983(6)
B/° 78.821(5)
y/° 85.964(5)
Volume/A® 1735.11(18)
Z 2
pcalcg/Crﬂ3 1.638
u/mm-’! 7.943
F(000) 848.0
Crystal size/mm? 0.08 x 0.02 x 0.01
Radiation Cu Ka (A =1.54178)

20 range for data collection/®

Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I>=20 ()]
Final R indexes [all data]
Largest diff. peak/hole / e A

5.552 to 140.11
-10sh<8,-15<k=<15,-20<1<20

27371

6455 [Rint = 0.1101, Rsigma = 0.0902]

6455/0/460
1.071

R1=0.0750, wRz2 = 0.1838
R1=0.1124, wR2 = 0.2050

2.08/-3.47
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Figure S28. Single crystal X-ray structure of [Ir(Mesquinox)(MeCN).][BF 4] (ellipsoids plotted at the 50%
probability level; H-atoms and counter anions omitted for clarity)
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Figure S29. Single crystal X-ray structure of [Ir(Mesquinox)(MeCN).][BF 4] (ellipsoids plotted at the 50%
probability level; counter anions omitted for clarity)



Figure S30. Unit cell packing of [Ir(Mesquinox)(MeCN).][BF4] (ellipsoids plotted at the 50% probability

level)

$2.2 Structure of [Ir(Mesquinox)z(bipy-Im2)][PFe]s

Table S2. Crystals data and structure refinement for [Ir(Mesquinox)z(bipy-Im2)][PFs]s

Identification code

[Ir(Mesquinox)z(bipy-Im2)][PFe]s

Empirical formula

Cs4Hs2F 18IrN10P3

Formula weight 1468.16
Temperature/K 100.15
Crystal system triclinic
Space group P-1
a/A 16.5187(2)
b/A 18.7439(3)
c/A 22.3271(3)
a/® 105.1570(10)
B/° 108.1430(10)
y/° 94.9750(10)
Volume/A3 6233.35(16)
Z 4
pcalcg/Cl'n3 1.564
u/mm-’! 2.317
F(000) 2920.0
Crystal size/mm? 0.12 x 0.1 x 0.025
Radiation Mo Ka (A =0.71073)
20 range for data collection/° 4.406 to 57.398
Index ranges -22<h=<22,-25<k<25,-30<1<30
Reflections collected 170000

Independent reflections 32116 [Rint = 0.0806, Rsigma = 0.0667]
Data/restraints/parameters 32116/264/1628
Goodness-of-fit on F? 1.032
Final R indexes [I>=20 (1)] R1=0.0525, wR2 = 0.1192
Final R indexes [all data] R1=0.0848, wR2>=0.1312
Largest diff. peak/hole / e A® 3.72/-1.20
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Figure S32. Single crystal X-ray structure of [Ir(Mesquinox)2(bipy-Im2)][PFg]s (ellipsoids plotted at the
50% probability level; counter anions omitted for clarity)
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Figure S33. Single crystal X-ray structure of [Ir(Mesquinox)2(bipy-Im2)][PFe]s (ellipsoids plotted at the
50% probability level)
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Figure S34. Unit cell packing of [Ir(Mesquinox):(bipy-Im2)][PFe]s (ellipsoids plotted at the 50% probability
level)
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$2.3 Structure of [Ru-Au][PFée]s
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Figure S35. Single crystal X-ray structure of [Ru-Au][PFs]s (ellipsoids plotted at the 50% probability level;
counter anions and disorder omitted for clarity)

Figure S36. Single crystal X-ray structure of [Ru-Au][PFe]s (ellipsoids plotted at the 50% probability level)
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Figure S37. Unit cell packing of [Ru-Au][PFs]s (ellipsoids plotted at the 50% probability level)

Table S3. Crystals data and structure refinement for [Ru-Au)][PFe]s

Identification code

[Ru-Au)][PFe]s

Empirical formula
Formula weight
Temperature/K
Crystal system

Space group
a/A
b/A
c/A
a/®
B/
y/°
Volume/A3
Z
pcalcg/cm3
p/mm-"
F(000)
Crystal size/mm3
Radiation

20 range for data collection/®

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Cs3HasAuF1sNsP4Ru
1557.88
293(2)
monoclinic
P1 24/n1
13.5010(3)
21.5970(4)
20.6880(5)
a0
98.515(2)
a0
5965.70 (2)
4
1.735
2.917
2920.0
0.46 x 0.21 x 0.07
Mo Ka (A =0.71073)
6.864 to 59.83

-18<h<18,-29<k=<29,-28<1=<28

62240

32116 [Rint = 0.0806, Rsigma = 0.0667]

15106/180/867
1.041



Final R indexes [I>=20 (I)] R1=0.0373, wR2 = 0.0735
Final R indexes [all data] R1=0.0738, wR2>=0.0874
Largest diff. peak/hole / e A 0.828/-0.820

Table S4. Bond metrics for [Ir(Mesquinox)z(bipy-Im2)][PFe]s and [Ir(Mesquinox)z(bipy)][PFe]

Atom numbers [Ir(Mesquinox)z(bipy-Im2)][PFs]s [Ir(Mesquinox)2(bipy)][PFs]*
Bond lengths (A) /Bond angles (°)

1r1-Noipy 1 2.207 2.176
Ir1-Nbipy2 2.166 2.168

Ir1 -Nquinox1 2.064 2.090

Ir1 -Nquinon 2.077 2.067

Ir1 -Cquinox1 1.982 1.991

Ir -Cquinox2 2.006 2.014
Nbipy1'|r1 -Cquinox1 172.53 170.08
Nbipy2'|r1 -Cquinox2 167.16 170.96
Nquinox1-|r1 -Nquinox2 172.53 175.08

Table S5. Bond metrics for [Ru-Au]-PFe]s

Atom numbers [Ru-Au][PFée]s [Ru(bipy)2(bipy-Im2)][PFe]4®
Bond lengths (A) /Bond angles (°)
Ru1-N2 2.071(3) 2.071
Ru1-N13 2.065(3) 2.086
Ru1-N14 2.057(3) 2.071
Ru1N25 2.051(3) 2.054
Ru1-N26 2.064(3) 2.060
Ru1-N37 2.039(3) 2.065
Au45-P46 2.2884(9)
Au45-C43 2.034(3)
N2-Ru1-N37 174.88(10) 175.66
N13-Ru1-N-14 173.68(11) 176.72
N25-Ru1-N26 173.17(11) 170.30
C43-Au-45-P-46 177.94(12)
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S3. Spectroscopy

14 e [IF(tmquin)2(bipylm1)1][PF6]2
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Figure S38. Absorption spectra for the polycationic iridium complexes (293 K, aerated MeCN, 10° M).

S4. Cyclic Voltammetry

Cyclic voltammetry was performed using a PalmSens4 potentiostat. Experiments were performed using HPLC grade
MeCN with an analyte concentration of 1 mM at 293 K, using triply recrystallised ["BusN][PFe] as the supporting
electrolyte at 0.25 M concentration. A three-electrode setup was used, consisting of a platinum disc working
electrode, a platinum wire counter-electrode and a silver wire pseudo-reference. Solutions were spared for 10
minutes with MeCN saturated stream of nitrogen gas. Voltammograms were referenced to the ferrocene/ferrocenium
redox couple measured using the same conditions.

Table S6. Electrode oxidation potentials of the family of homo- and heterometallic complexes (mV shifts

presented in parentheses)

Complex Ox

[Ir(Mesquinox)z(bipy-Im1)][PFe].  0.98 (100)
[Ir(Mesquinox)z(bipy-Im2)][PFels  0.99 (110)
[Ir-Au][PFe]2 1.01 (110)
[Ir-Au2][PFs]s 1.04 (140)
[Ru-Au][PFe]s 0.93 (110)
[Ru-Auz][PFs]a 0.94 (110)
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Figure S39. Cyclic voltammograms for the family of monometallic Ir/Ru heteropolymetallic Ir/Ru-Au
complexes
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