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Figure S1: ESI mass spectrum of complex 1-3 (a-c)

456.2019
(a)
455.7024
457.2023
456.7023
- 455.2022
454.7024 )
457.7024
453.2031
i 458.2051
453.7048 4542024
‘ | 458.7068
516.7111
(b)
516.2118
517.2128 517.7114
515.7117
515.2120 518.2124
513.7128
514.2144
J 514.T123 i
|




894.3461

(c)
896.3456
893.3469
892.3464
897.3490
891.3466
898.3465
888.3490 :
890.3450 899.3465
m 900.3503
T T T T T T T T T T T i T T T T T T T T T T T || T T fﬂl T
888 890 892 894 896 898 900
m/z

0.9
0.8
0.74
0.6
“CH,CH4{CH,)eCHy
E 35 36 1951 52
Eu.s— 37-51
T 4 8
E 0.4 I
0.34
3 8,9,13,15,26,27
03] & enma 30,32 35
41 = 2 29,33 7 36 @
01y 88 & g B ? 2 o
[ | —
- - |
g_f . \ o _L__,JL *
6.31 440 246226 2.36 215 2992 312
el e W W ] o el W
e e T S T T e et
[:] 7 ] 4 3 2 | 0

5
Cherical Shift (pprm)



Figure S3: 'H-NMR spectrum of 4’-(4-nitrophenyl)- 2,2’:6’,2”-terpyridine (tpyN©?)
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Figure S4: COSY NMR spectrum of complex [Ru(tpy©8)(tpy)](PFe), 1
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Figure S5: HSQC NMR spectrum of complex [Ru(tpy©“8)(tpy)](PFes), 1
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Figure S6: COSY NMR spectrum of complex [Ru(tpy®“8)(phen)CI](PFg) 3
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Figure S7: HSQC NMR spectrum of complex [Ru(tpy©“8)(phen)Cl](PF¢) 3
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Figure S9: UV-visible spectrum of complexes 1-4 in 1 x 10~ M dichloromethane solution
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Table T1: UV-visible data for complexes 1-4

Complex Amax, NM (g, L. molt. cm) CH,Cl,
1 232, 274, 308, 486
2 236, 284, 308, 494
3 232, 268, 316, 514
4 240, 272, 316, 522




Table T2: Redox potentials vs Fc/Fc* for complexes 1-4

Process vs Fc/Fc* E1/2(AEp)/V Ei1/2(AER)/V E1/2(AEp)/V Ei1/2(AER)/V
compound I Ipa/'pcl I |pa/lpcl I Ipa/'pcl I |pa/lpcl
869 -1675 -1987
10.72] |1.16] 11.32]
879 -1383 -1563 -1941
10.60| 11.73] 10.82|
346 -1919 -2370
|0.70] [2.74]
479 -1058 -1704 -1958
10.79| |1.44] [2.71]

Figure S10. Isothermal compression data of complexes 1-4 (a-d)
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Figure S11: BAM Images of Complexes 1,2 and 3
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Table T3. Transfer ratios of monolayers of complexes 1-4

Complex Transfer ratio 1 Transfer ratio 2 Transfer ratio 3
1 1.746 1.777 1.929
2 0.607 0.678 0.767
3 1.066 1.076 1.072
4 1.049 1.035 1.031

Figure $12. Comparison of UV-vis spectrum of LB films and solution state UV-vis spectrum of 3
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Figure $13: Comparison of UV-vis spectrum of LB films and solution state UV-vis spectrum of 4
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Figure S14: Comparison between IR spectrum of complex 4 in KBr and IRRAS spectrum of 47-
layer LB film.
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Figure $15: Comparison between IR spectrum of complex 3 in KBr and IRRAS spectrum of 47-
layer LB film.
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Figure S16: Mass spectrum of [Ru(tpy®“'8)(phen)Cl](PFs) 3 recovered from LB films
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Figure S17: Mass spectrum of [Ru(tpy©!8)(phenN92)CI](PFs) 4 recovered from LB films
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Figure S18: AFM images of complex 4 deposited at 18, 23 27, and 30 mN/m

(a) 18 mN/m (8) 23 mN/m

(c) 27 mN/m (d) 30 mN/m




Table T4: Summary of surface roughness data of LB monolayers of complex 3 and 4 deposited
at

Complex 3 Complex 4
Pressure/mN/m Roughness/nm Pressure/mN/m Roughness/nm
18 0.36+0.1 17 0.22+0.2
23 0.35%+0.5 20 0.12+0.1
27 0.26 £ 0.5 24 0.31+ 0.5
30 0.26+0.1 28 0.32+ 0.5

different pressures.

Figure S19: Asymmetric ruthenium(ll) complexes investigated in the theoretical section (the -
CygH37 group was replaced by a -CH; group)
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Figure S20: (a) Fragment orbital analysis of the singlet state of 1-3 (a-c) in dichloromethane
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Figure S21: Ground state (singlet) frontier molecular orbitals of 1-3 complexes
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Figure S$22: Molecular orbital diagram of asymmetric Ru complexes in their singlet ground state.
MO colors correspond to their character; blue - metal-based, green - MeO-terpyridine-based,



purple - mixed character with contributions from Ru metal and MeO-terpyridine, brown -
substituted terpyridine based, black — mixed character with contributions from MeO-terpyridine
and substituted terpyridine, red - phenanthroline based)

The fragment schemes of the complexes:

1 and 2: Fragment 1: Ru 3 and 4: Fragment 1: Ru
Fragment 2: MeO-terpyridine Fragment 2: MeO-terpyridine
Fragment 3: substituted terpyridine Fragment 3: substituted phenanthroline

Fragment 4: CI
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Figure $23: Natural orbitals (for open shell species) and molecular orbitals (for closed shell
species) of the oxidized and reduced species of an asymmetric Ru complex 1 in dichloromethane.
Orbital occupancy is shown for each orbital (0.0 — unoccupied orbital, 1.0 — singly-occupied

orbital, 2.0 — doubly-occupied orbital).
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Figure S24: Natural orbitals (for open shell species) and molecular orbitals (for closed shell
species) of the oxidized and reduced species of an asymmetric Ru complex 2 in dichloromethane.
Orbital occupancy is shown for each orbital (0.0 — unoccupied orbital, 1.0 — singly-occupied
orbital, 2.0 — doubly-occupied orbital).
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Figure S$25: Natural orbitals (for open shell species) and molecular orbitals (for closed shell
species) of the oxidized and reduced species of an asymmetric Ru complex 3 in dichloromethane.
Orbital occupancy is shown for each orbital (0.0 — unoccupied orbital, 1.0 — singly-occupied
orbital, 2.0 — doubly-occupied orbital).
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Figure S26: Natural orbitals (for open shell species) and molecular orbitals (for closed shell
species) of the oxidized and reduced species of an asymmetric Ru complex 4 in dichloromethane.
Orbital occupancy is shown for each orbital (0.0 — unoccupied orbital, 1.0 — singly-occupied
orbital, 2.0 — doubly-occupied orbital).
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Table T5: Electrochemical data for asymmetric Ru(ll) complexes in dichloromethane (PCM solvent

model), S = singlet, D = doublet and T = triplet

Redox reaction Eya Ey> | Assignment
(Calc.) |(Exp)
[Ru(tpy)(tpy-OMe)]3* (D) = [Ru(tpy)(tpy-OMe)]?* (S) 1.28  [0.87 | Ru(ll/1)
[Ru(tpy)(tpy-OMe)]** (S) > [Ru(tpy)(tpy-OMe)]* (D) -1.33 [ -1.66( tpy/tpy"
[Ru(tpy)(tpy-OMe)]* (D) > [Ru(tpy)(tpy-OMe)]° (T) -2.12 [ -1.98( tpy/tpy"
[Ru(NO,-tpy)(tpy-OMe)]3* (D)= [Ru(NO,-tpy)(tpy-OMe)]2* (S) 1.34  [0.88 | Ru(ll/IlN)
[Ru(NO,-tpy)(tpy-OMe)]2* (S)> [Ru(NO,-tpy)(tpy-OMe)]* (D) -1.16  |-1.34| NO,/NOy
[Ru(NO,-tpy)(tpy-OMe)]* (D)= [Ru(NO,-tpy)(tpy-OMe)]° (T) -1.81 |-1.56| tpy/tpy
[Ru(NO,-tpy)(tpy-OMe)]° (T)>[Ru(NO,-tpy)(tpy-OMe)]- (D) -2.46 |-1.94| tpy/tpy
[Ru(phen)(tpy-OMe)Cl]2* (D) = [Ru(phen)(tpy-OMe)Cl]* (S) 0.50  |0.35 | Ru(ll/I)
[Ru(phen)(tpy-OMe)CI]* (S) = [Ru(phen)(tpy-OMe)CI]° (D) -1.86  |-1.91] tpy/tpy
[Ru(phen)(tpy-OMe)Cl]° (D) = [Ru(phen)(tpy-OMe)Cl]- (T) -2.49 |-2.40| phen/phen-
[Ru(NO,-phen)(tpy-OMe)Cl]>*(D)=> [Ru(NO,-phen)(tpy-OMe)Cl]* (S) | 0.58  |0.48 | Ru(ll/Ill)
[Ru(NO,-phen)(tpy-OMe)Cl]*(S)=> [Ru(NO,-phen)(tpy-OMe)Cl]® (D) | -1.15 |[-1.06| NO,/NO,
[Ru(NO,-phen)(tpy-OMe)Cl]°(D)=> [Ru(NO,-phen)(tpy-OMe)Cl]* (T) | -2.15  |-1.71] tpy/tpy
[Ru(NO,-phen)(tpy-OMe)Cl]>(T)=> [Ru(NO,-phen)(tpy-OMe)Cl]> -2.90 |-2.08| phen/phen-

(D)




Figure S27: |-V characteristics of complex 4 in four devices
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