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Supplementary Figure S2.
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Table S1.
1H Chemical shift (ppm) assignments for the diastereoisomers of [{Ru(bpy)2}2{Os(bpy)2}(-HAT)]6+ (PF6- salts; CD3CN solvent)

ligandb
bpy

'/' a
'/'
'/' c

Ring a

Ring b

(Over

HAT)
H6'

H5'

H4'

H3'

H3

H4

H5

H6
7.42

7.47

7.99

8.58

8.53

8.05

7.20

7.53
7.56

7.54

7.99

8.53

8.44

8.01

7.42

7.83
7.42

7.49

8.00

8.61

8.57

8.15

7.49

7.80

Ring c

Ring d

(Over

HAT)
H6'

H5'

H4'

H3'

H3

H4

H5

H6
7.57

7.47

8.12

8.53

8.53

8.12

7.27

7.71
7.69

7.50

8.12

8.46

8.41

8.02

7.14

7.61
7.70

7.51

8.03

8.48

8.42

8.02

7.16

7.60

Ring e

Ring f

(Over

HAT)
H6'

H5'

H4'

H3'

H3

H4

H5

H6
7.55

7.46

8.10

8.53

8.53

8.15

7.27

7.73
7.58

7.45

8.14

8.55

8.58

8.23

7.57

8.06
7.56

7.45

8.14

8.56

8.58

8.23

7.56

8.03

overc
bpy

over

HAT
H6'

H5'

H4'

H3'

H3

H4

H5

H6


7.43

7.09

7.94

8.42

8.53

8.00

7.55

7.55

overc
bpy

over

HAT
H6'

H5'

H4'

H3'

H3

H4

H5

H6


7.67

7.51

8.14

8.49

8.46

8.11

7.51

8.05

overc
bpy

over

HAT 
H6'

H5'

H4'

H3'

H3

H4

H5

H6


7.67

7.51

8.14

8.49

8.45

8.11

7.48

8.01

HAT

H2/H3

H11/H6

H10/H7

8.18 

8.42

7.70
8.16

8.36

7.64
8.12

8.37/8.41

7.63/7.63

a Connectivity between H3/H3' protons could not be confirmed by 1H NMR studies and was therefore based on comparison with related complexes.  b Coupling constant values similar to that reported previously (Ref. 11).  c Ring notations not specified for these assignments, only the position of the protons relative to the HAT bridging ligand are noted.

Table S2.
1H Chemical shift (ppm) for the diastereoisomeric forms of [{Ru(bpy)2}(-HAT){Ru(phen)2}]4+ (PF6- salts; CD3CN).



a
a

bpy

ring a

(Over bpy)

ring b

(Over HAT)
H6'

H5'

H4'

H3'

H3

H4

H5

H6
7.61 (7.72)

7.53 (7.53)

8.19 (8.18)

8.60 (8.58)

8.57 (8.55)

8.15 (8.13)

7.50 (7.42)

7.90 (7.85)
7.75 (7.72)

7.56 (7.53)

8.18 (8.18)

8.57 (8.58)

8.50 (8.49)

8.03 (8.06)

7.10 (7.13)

7.41 (7.45)

ring c

(Over bpy)

ring d

(Over HAT)


H6'

H5'

H4'

H3'

H3

H4

H5

H6
7.74 (7.74)

7.46 (7.47)

8.06 (8.11)

8.41 (8.43)

8.36 (8.41)

7.99 (8.01)

7.26 (7.27)

7.68 (7.68)
7.75 (7.65)

7.42 (7.44)

8.20 (8.12)

8.57 (8.54)

8.54 (8.56)

8.09 (8.16)

7.38 (7.37)

7.60 (7.71)

phen

ring a

(Over bpy)

ring b

(Over HAT)


H2

H3

H4

H5

H6

H7

H8

H9
7.97 (7.98)

7.70 (7.70)

8.68 (8.68)

8.30 (8.30)

8.30 (8.31)

8.74 (8.76)

7.83 (7.87)

8.37 (8.45)
7.97 (7.96)

7.71 (7.70)

8.68 (8.68)

8.27 (8.26)

8.27 (8.26)

8.66 (8.64)

7.54 (7.48)

7.96 (7.92)

ring c

(Over bpy)

ring d

(Over HAT)


H2

H3

H4

H5

H6

H7

H8

H9
7.95 (7.94)

7.65 (7.65)

8.60 (8.55)

8.21 (8.15)

8.21 (8.15)

8.64 (8.59)

7.67 (7.65)

8.20 (8.19)
7.88 (7.80)

7.61 (7.53)

8.61 (8.59)

8.26 (8.24)

8.33 (8.31)

8.77 (8.80)

7.78 (7.80)

8.25 (8.28)

a   Chemical shifts shown in parentheses were obtained from from ligands in same relative geometries as the homoleptic di-nuclear complexes [{Ru(pp)2}2(-HAT)]4+ (where pp = bpy or phen) {Ref. 11}.

Table S3
1H Chemical shift a (ppm) for the four diastereoisomers of [{Ru(bpy)2}{Ru(phen)2}{Ru(Me2bpy)2} (‑HAT)]6+  (PF6- salts; 
CD3CN as solvent)

ligand
pbm/
pbm/
pbm/
pbm/

Bpy
H6'

H5'

H4'

H3'

H3

H4

H5

H6
7.50

7.42

8.10

8.52
8.55

8.18

7.30
7.73
8.01

7.57

8.26

8.59

8.55

8.10
7.40
7.51
7.57

7.46

8.15

8.57
8.35

7.97

7.14
7.62
7.65

7.49

8.12

8.50

8.45

8.10

7.50

8.06

H6'

H5'

H4'

H3'

H3

H4

H5

H6
7.57

7.48

8.13

8.52

8.52

8.12

7.20
7.60
7.69

7.52

8.12

8.48

8.41

8.00

7.10
7.54
7.67

7.49

8.08

8.40
8.57

8.25

7.60

8.08
7.66

7.47

8.07

8.40

8.37

8.05

7.42

7.96

Phen
H2

H3

H4

H5

H6

H7

H8

H9
7.84

7.67

8.63

8.26

8.29

8.76

7.65

8.20
7.82

7.63

8.64

8.27

8.34

8.83

7.91

8.54
7.97

7.69

8.65

8.28

8.28

8.70

7.81

8.54
7.83

7.61

8.65

8.25

8.33

8.83

7.98

8.55

H2

H3

H4

H5

H6

H7

H8

H9
7.84

7.63

8.63

8.26

8.29

8.76

7.68

8.23
7.94

7.68

8.63

8.21

8.21

8.63

7.54

8.10
7.97

7.69

8.65

8.28

8.28

8.70

7.81

8.52
7.93

7.52

8.63

8.20

8.20

8.63

7.67

8.12

Me2bpy
H6'

H5'

(CH3)

H3'

H3

(CH3)

H5

H6
7.28

7.23

2.52

8.37

8.38

2.57

7.09
7.48
7.45

7.34

2.53

8.35

8.30

2.50

7.32

7.82
7.47

7.32

2.50

8.25

8.18

2.40

6.90
7.32
7.48

7.35

2.51

8.30

8.24

2.40

6.89
7.27

H6'

H5'

(CH3)

H3'

H3

(CH3)

H5

H6
7.32

7.30

2.55

8.37

8.36

2.53

7.01
7.36
7.45

7.31

2.48

8.27

8.22

2.40

7.26

7.74
7.32

7.28

2.52

8.41

8.42

2.52

7.42

7.87
7.27

7.21

2.55

8.38

8.41

2.61

7.39

7.81

HAT
H/H

H/H

H/H
8.22/8.14

8.15/8.08

8.11
8.16/8.10

8.15/8.06

8.04
8.20/8.12

8.08/8.00

8.03
8.18/8.08

8.06/8.00

8.07

a Underlined numbers are where connectivity between the pyridyl rings could not be

confirmed by 1H NMR studies. Numbers in bold text referred to in the Discussion section.

Supplementary Figure S1.
1H NMR spectra (500 MHZ; CD3CN solvent) of (A) - and (B) - diastereoisomers of [{Ru(bpy)2}{Ru(phen)2}(‑HAT)]4+.
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2D NMR spectra (CD3CN: 500 MHz) of [{Ru(bpy)2}{Ru(phen)2}{Ru(Me2bpy)2} (‑HAT)]6+  :  (A) 1H NOESY spectrum  of aromatic-aliphatic region of  diastereoisomer, and (B) 1H-COSY spectrum of the aromatic region of the bpm/bpm diastereoisomer.
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