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Abstract: The ruthenium(Il) and ruthenium () complexes [Ru(bpy)(PHs)(—=C = CCH,NO,-p)CI]" [bpy=2,2’-bipyrid-
ine; m=0(1), +1(1")] are investigated theoretically to explore their electronic structures and spectroscopic propert-
ies. The ground-state geometry structures of 1 and 1" are optimized by the DFT method (B3LYP). The calculated
geomelry parameters are in agreement with experimental values. Absorption spectra for complexes 1 and 1* are
predicted at the TDDFT/B3LYP level. For complex 1, the low-energy absorptions have a mixed MLCT/LLCT

character, whereas that of 1* is LMCT nature.
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Fig.1  Optimized ground-state structure of 1
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Table 1 Partial optimized geometry parameters of the ground states for 1 and 1* using

the DFT method, together with the experimental data

1('A") 17('A")
Cal. Exp.* Cal. Exp.*
Bond length / nm
Ru-N1 0.213 4 0.212 0 0218 2 02152
Ru-N2 0.206 7 0.205 1 02112 0.209 1
Ru-Cl 0.251'5 0.246 4 0243 0 0.234 5
Ru-P1 0.241 6 0.234 7 0.244 7 0.238 5
Ru-P2 0.241 6 0.237 0 0.244 7 0239 8
Ru-C1 0.200 8 0.205 3 0.195 8 0.197 4
Bond angle / (°)
P1-Ru-P2 165.8 172.0 169.9 174.7
N1-Ru-C1 173.7 171.2 172.2 169.0
N2-Ru-Cl 170.8 169.2 168.5 169.0
Ru-C1-C2 177.6 173.6 179.9 177.2

* from ref. 6.
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Table 2 Calculated absorptions of 1 and 1* using the TDDFT method, together with the experimental values

States Config (ICII coef.) E / nm (eV) Oscillator Strength Assignment Exp. / nm*
1 A'A’ 274" — 293" (0.59) 537(2.31) 02479 MLCT / LLCT 490~500
70a" — 71a’ (0.28) MLCT
B'A’ 26a" — 292" (0.43) 368(3.37) 0214 7 MLCT / LLCT 330~350
69a" — 71a’ (0.33) LLCT
C'A’ 21a" — 29a"(0.57) 273(4.53) 0.176 9 ILCT 280
1* A'A 69a" — 70a’ (0.93) 721(1.72) 0.191 7 LMCT 678

* from ref. 6, 7.
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Table 3 Partial molecular orbital compositions (%) relevant to the absportions of 1 and 1*

Compositions / %

MO Energy / eV Assignment
Ru Cl PH; bpy X

1 71a’ -2.42 65 1.8 0.1 0.0 1.1 97.0 C=CCHNO,
29a"(LUMO) -2.854 8 5.8 0.3 23 91.2 0.5 a*(bpy)
70a’(HOMO) -5.036 3 49.7 7.5 0.1 79 34.7 d.,(Ru) + C=CCH.NO,
28a" -5.507 6 56.3 6.3 1.4 4.6 31.4 d,.(Ru) + C=CCH,NO,
27a" -5.771 6 55.6 23.1 23 11.8 72 d(Ru)+ p.(Cl)
69a’ -6.126 7 9.5 40.7 0.2 104 39.1 p,(Cl) + C=CCHNO,
26a" -6.746 8 24.1 29.6 30.1 6.9 9.2 d.(Ru) + p.(Cl)+PH;
21a" -7.756 9 1.2 0.0 0.1 98.5 0.1 7 (bpy)

1 29a" -5.870 1 3.6 0.1 1.9 94.1 0.3 a*(bpy)
70a’(LUMO) -7.101 1 55.1 7.3 0.1 6.6 30.9 d.,(Ru) + C=CCHNO,
28a"(HOMO) -9.288 1 53.0 6.7 0.9 35 359 d,(Ru)+ C=CCHNO,
274" -9.476 7 52.3 29.9 32 6.6 79 d..(Ru) + p.(Cl)
69a’ -9.516 7 10.1 26.5 0.1 8.2 55.1 p(Cl) + C=CCHINO,

* X: C=CCHNO,.
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Fig.2 Electron density diagrams of the frontier molecular orbitals relevant to the absportions of 1
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