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S1 General Conditions

All reactions were carried out under an atmosphere of dry nitrogen using standard Schlenk
techniques. Dichloromethane was dried over CaH,, all other solvents were standard reagent
grade and used as received. No special precautions were taken to exclude air or moisture
during workup. The compounds cis-[RuCly(dppm),];! HC=CC¢H4-4-NO,;> HC=CC4H;-4-
COOMe;? HC=CC¢H4-4-C=CSiMe;? and TIBF,* were synthesised by literature methods. All
other reagents were commercially available and used as received. NMR spectra were
recorded at 25 °C either on a Varian Inova 300 ('H, 300.2 MHz; 3'P, 121.5 MHz), Jeol 400
('H, 399.78 MHz; 13C, 100.53 MHz; '°F, 376.17 MHz; !'B, 128.27 MHz), Varian Mercury-
400 ('H, 399.97 MHz; 3'P, 161.10 MHz), Bruker AV500 ('H, 500.23 MHz; 3'P, 202.50 MHz;
13C, 125.77 MHz), Bruker Avance 600 ('H, 600.1 MHz; 13C, 150.9 MHz; '°F, 564.6 MHz;
3P, 242.9 MHz) or a Varian VNMRS-700 ('H, 699.73 MHz; 13C, 175.95 MHz ; 3'P, 279.89
MHz) spectrometer using CDCIl; or CD,Cl, as the solvent. Chemical shifts were determined
relative to internal residual solvent signals ('H, & = 7.26 ppm, 5.32 ppm; '3C, 8 = 77.2 ppm,
54.2 ppm) or external 85% H;PO, (*'P, 8 =0.0 ppm).°> FT-IR spectra were measured on an
Agilent Technologies Cary 660 spectrometer or a Nicolet Avatar 360 spectrometer from
solutions in CH,Cl, in a thin layer cell fitted with CaF, windows. ESI-MS and APCI-MS
were recorded on a Waters LCT Premier XE mass spectrometer in positive or negative ion
mode from solutions in methanol. MALDI-MS were recorded using an Autoflex II
TOF / TOF mass spectrometer (Bruker Daltonik, GmbH) equipped with a 337 nm laser.
Cyclic voltammetry was carried out using Autolab PGSTAT 30 or Princeton Applied
Research Versastat 3 potentiostats, with a platinum disc working electrode, a platinum wire
counter electrode and a platinum wire pseudo-reference electrode from solutions in CH,Cl,
containing 0.1 M [N"Buy]PF¢ as the electrolyte. Potentials are reported vs. ferrocene /
ferrocenium  ([FeCp,]/[FeCp,]* = 0 V)¢ using a decamethylferrocene /
decamethylferrocenium internal standard ([FeCp*,] / [FeCp*,]* =— 0.48 V).



S1. Synthesis of characterisation of mono-vinylidene complexes

S1.1  Synthesis of trans-|[RuCl(=C=CHC¢H4-4-NO,)(dppm),|BF, [1a]BF,

/\
Ph,R PPh, H? 4

Cl—Ru=C':C2 _ 1, BF,
PhR PPhy %% s HE
\Y IS
NO,

A mixture of cis-[RuCl,(dppm),] (0.050 g, 0.05 mmol), TIBF, (0.016 g, 0.05 mmol) and
HC=CC¢H4-4-NO, (0.0082 g, 0.05 mmol) in CH,Cl, (5 ml) was stirred under N, for two
hours. The solution colour changed from yellow to red and a white solid (TICI) precipitated.
The TICl was removed by filtration through a HPLC Teflon filter (20 um pores) and the
filtrate concentrated to ca. 1 ml by rotary evaporation. Excess diethyl ether was then added to
the red solution, resulting in the instantaneous precipitation of a red solid which was collected
by filtration, washed with diethyl ether (3 x 10 ml) and hexanes (3 x 10 ml), and then dried in
air (0.049 g, 80 %).

IR (CH,Cl,, em™): 1635 v(Ru=C=C), 1550 v(N=0), 1340 v(N-O). 'H NMR (CDCl;,
400 MHz) & / ppm: 3.36 (quin., Jgp =3 Hz, 1H, H?), 5.21 (dt, Jgp = 16 Hz, Jyy = 5 Hz, 2H,
CH,, dppm), 5.42 (dt, Jyp = 16 Hz, Jyy = 5 Hz, 2H, CH,, dppm), 5.65 (d, Jyy = 8 Hz, 2H, H*),
7.23 (t, Jyu = 8 Hz, 8H, H,,, dppm), 7.25 (t, Juy = 8 Hz, 8H, H,,, dppm), 7.31 — 7.38 (m, 8H,
Ho, dppm), 7.42 (t, Jun = 8 Hz, 4H, H,,, dppm), 7.45 (d, Juu = 8 Hz, 2H, H®), 7.44 — 7.50 (m,
12H, H, and H,, dppm). 3'P{'"H} NMR (CDCl;, 400 MHz) &/ ppm: — 17.3 (s, Ru(dppm),).
9F NMR (CDCl;, 400 MHz) &/ ppm: — 155.3 (s, BF,). C{'H} NMR (CD,Cl,, 400 MHz)
o/ ppm: 46.2 (t, Jcp = 12 Hz, CH,, dppm), 110.4 (s, C?), 124.2 (s, C3), 127.2 (s, C*), 128.8 (s,
Cm, dppm), 129.4 (s, C,,, dppm), 131.6 (s, C,,, dppm), 131.8 (s, Cp,, dppm), 132.4 (quin., Jcp =
13 Hz, C;, dppm), 132.7 (s, C,, dppm), 133.5 (quin., Jcp = 13 Hz, C;, dppm), 133.6 (s, C,,
dppm), 136.2 (s, C3), 145.8 (s, C®), 352.5 (quin., Jcp = 14 Hz, C'). ASAP (+)-MS (m/z): 1052
[RuCl(=C=CHC¢H;4-4-NO,)(dppm),]*. Anal. Found: C, 60.94; H, 4.28; N, 1.34. Calc. for
CsgHyoBCIF4NO,P4Ru: C, 61.10; H, 4.34; N, 1.23.



S1.2  Synthesis of trans-|[RuCl(=C=CHC¢H4-4-COOMe)(dppm),|BF, [1b]BF,

AN
Ph,R PPh, H?
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Cl—Ru=C*-CZ _ 1, . |BF
Pho,R PPh, C°\.s5-H

2 \/ 2 / /Cé
/C\

A mixture of cis-[RuCly(dppm),] (0.050 g, 0.05 mmol), TIBF, (0.016 g, 0.05 mmol) and
HC=CC¢H4-4-COOMe (0.0087 g, 0.05 mmol) in CH,Cl, (5 ml) was stirred under N, for one
hour. The solution colour changed from yellow to orange / brown and a white solid (TICI)
precipitated. The TICI was removed by filtration through a HPLC Teflon filter (20 um pores)
and the filtrate concentrated to ca. 1 ml by rotary evaporation. Excess diethyl ether was then
added to the orange / brown solution, resulting in the instantaneous precipitation of a pale
brown solid which was collected by filtration, washed with diethyl ether (3 X 10 ml) and
hexanes (3 x 10 ml), and then dried in air (0.046 g, 75 %).

IR (CH,Cl,, cm): 1717 v(C=0), 1635 v(Ru=C=C). '"H NMR (CD,Cl,, 700 MHz) & / ppm:
3.13 (quin., Jyp =3 Hz, 1H, H?), 3.90 (s, 3H, CH3), 5.14 (dt, Jyp = 15 Hz, Juyy = 5 Hz, 2H,
CH,, dppm), 5.36 (dt, Jyp = 15 Hz, Juyy = 5 Hz, CH,, dppm), 5.58 (d, Jyn = 8 Hz, 2H, H*),
7.25 (t, Jyny = 7 Hz, 16H, H,,, dppm), 7.31 — 7.36 (m, 8H, H,, dppm), 7.40 — 7.46 (m, 16H, H,
and H,,, dppm), 7.41 (dun, J = 8 Hz, 2H, H). "B NMR (CD,Cl,, 500 MHz) & / ppm: — 2.0 (s,
BF,). "F NMR (CD,Cl,, 500 MHz) &/ppm: — 152.5 (s, BFy). 3'P{'H} NMR (CDCl;,
700 MHz) & / ppm: — 16.6 (s, Ru(dppm),). C{'H} NMR (CD,Cl,, 500 MHz) & / ppm: 46.4
(t, Jop = 13 Hz, CH,, dppm), 52.6 (s, CH3), 110.7 (s, C?), 127.2 (s, C%), 128.2 (s, C3), 129.1 (t,
Jep =3 Hz, C,,, dppm), 129.7 (t, Jcp = 3 Hz, C,,,, dppm), 129.8 (quin., Jcp = 12 Hz, C;, dppm),
130.2 (s, C%), 131.3 (quin., Jcp = 12 Hz, C;, dppm), 132.0 (s, C,, dppm), 132.3 (s, C,, dppm),
132.6 (s, C°), 132.9 (quin., Jcp = 3 Hz, C,, dppm), 133.9 (quin., Jcp = 3 Hz, C,, dppm), 166.9
(s, C=0), 355.4 (quin., Jcp = 14 Hz, C!). ASAP (+)-MS (m/z): 1065 [RuCl(=C=CHC¢H;-4-
COOMe)(dppm),]*, 521 [RuCl(dppm)]*. A satisfactory elemental analysis was not obtained.



S1.3  Synthesis of trans-|[RuCl(=C=CHC¢H,-4-C=CSiMe;)(dppm),|BF, [1¢|BF,
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3C
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A mixture of cis-[RuCly(dppm);] (0.049 g, 0.05 mmol), TIBF, (0.016 g, 0.06 mmol) and
HC=C(C4¢H4-4-C=CSiMe; (0.011 g, 0.06 mmol) in CH,Cl, (5 ml) was stirred under N, for two
hour. The solution colour changed from yellow to brown and a white solid (TICI)
precipitated. The TICI was removed by filtration through a HPLC Teflon filter (20 um pores)
and the filtrate concentrated to ca. 1 ml by rotary evaporation. Excess diethyl ether was then
added to the brown solution, resulting in the instantaneous precipitation of a brown solid
which was collected by filtration, washed with diethyl ether (3 x 10 ml) and hexanes
(3 x 10 ml), and then dried in air (0.041 g, 66 %).

IR (CH,Cl,, cm): 1605 v(Ru=C=C). '"H NMR (CDCl;, 600 MHz) &/ ppm: 0.25 (s, 9H,
SiMe;), 3.00 (quin., Jyp = 3 Hz, 1H, H?), 5.14 (dt, Jyp = 15 Hz, Jyy = 4 Hz, 2H, CH,, dppm),
5.42 (dt, Jyp = 15 Hz, Jyg = 4 Hz, 2H, CH,, dppm), 5.43 (d, Juz = 8 Hz, 2H, H%), 6.82 (d,
Jun = 8 Hz, 2H, H>), 7.21 (t, Jyy = 8 Hz, 8H, H,,,, dppm), 7.22 (t, Jyy = 8 Hz, 8H, H,,, dppm),
7.32-7.35 (m, 8H, H,, dppm), 7.35 (t, Jun = 8 Hz, 4H, H,, dppm), 7.38 —7.44 (m, 12H, H,
and H,, dppm). 3'P{'H} NMR (CDCls, 600 MHz) & / ppm: — 16.3 (s, Ru(dppm),). C{'H}
NMR (CDCl;, 600 MHz) 6/ ppm: 0.19 (s, SiMes), 46.2 (quin., Jcp = 13 Hz, CH,, dppm),
94.6 (s, C?), 105.0 (s, C7), 110.1 (s, C?), 120.5 (s, C3), 126.9 (s, C*), 127.7 (s, C°), 128.7 (s,
Cun, dppm), 129.3 (s, C,, dppm), 129.6 (quin., Jcp =13 Hz, C;, dppm), 131.1 (quin.,
Jer =13 Hz, C;, dppm), 131.4 (s, C,, dppm), 131.7 (s, C,, dppm), 132.1 (s, C°), 132.7 (s, C,,
dppm), 133.6 (s, C,, dppm), 3559-356.1 (m, C!). ESI (+)-MS (m/z): 1103
[RuCl(=C=CHC¢H4-4-C=CSiMes)(dppm),]|*, 905 [Ru(dppm),]". A satisfactory elemental

analysis was not obtained.
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Synthesis of trans-|RuCl(=C=CHC¢Hs)(dppm),|BF,4 [1d]|BF,

BF,

_ 8
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A mixture of cis-[RuCly(dppm);] (0.050 g, 0.05 mmol), TIBF, (0.016 g, 0.05 mmol) and
HC=CC¢Hs (6 pL, 0.06 mmol) in CH,Cl, (5 ml) was stirred under N, for one hour. The
solution colour changed from yellow to orange and a white solid (TICI) precipitated. The
TICI was removed by filtration through a HPLC Teflon filter (20 um pores) and the filtrate
concentrated to ca. 1 ml by rotary evaporation. Excess diethyl ether was then added to the
orange / brown solution, resulting in the instantaneous precipitation of a pale
yellow / brown solid which was collected by filtration, washed with diethyl ether (3 x 10 ml)
and hexanes (3 % 10 ml), and then dried in air (0.047 g, 82 %).

IR (CH,Cl,, cm!): 1605 v(Ru=C=C). 'H NMR (CD,Cl,, 400 MHz) &/ ppm: 3.10 (quin.,
Jgp =3 Hz, 1H, H?), 5.03 - 5.10 (m, 2H, CH,, dppm), 5.11 — 5.18 (m, 2H, CH,, dppm), 5.56
(d, Jyg = 8 Hz, 2H, H*), 6.79 (t, Jyy = 8 Hz, 2H, H), 6.92 (t, Jyy = 8 Hz, 1H, H®), 7.22 — 7.32
(m, 16H, H,,, dppm), 7.32 — 7.42 (m, 16H, H,, dppm), 7.48 (t, Jun = 8 Hz, 8H, H,,, dppm). 19F
NMR (CD,Cl,, 400 MHz) 6 /ppm: — 152.8 (s, BF,). 3'P{!H} NMR (CD,Cl,, 400 MHz)
d/ppm: — 154 (s, Ru(dppm),). BC{'H} NMR (CD,Cl,, 400 MHz) &/ppm: 46.7 (t,
Jep =12 Hz, CH,, dppm), 111.1 (s, C?), 126.9 (s, C3), 127.9 (s, C*), 129.5 (s, Cy, dppm),
130.0 (s, Cp, dppm), 131.3 — 131.8 (m, C;, dppm), 132.14 (s, C9), 132.4 (s, C5), 132.3 (s, C,,
dppm), 132.7 (s, C,, dppm), 132.9 (s, C,, dppm), 134.0 (s, C,, dppm), 358.2 (quin.,
Jep =13 Hz, C"). ESI (+)-MS (m/z): 1007 [RuCl(=C=CHC¢Hs)(dppm),]*. ESI (-)-MS (m/z):

87 [BF4]". Anal. Found: C, 63.01; H, 4.55. Calc. for CsgHsoBCIF,P,Ru: C, 63.67; H, 4.52.
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Synthesis of trans-|RuCl(=C=CHC¢H4-4-Me)(dppm),|BF, [1¢]|BF,

BF,
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A mixture of cis-[RuCly(dppm);] (0.047 g, 0.05 mmol), TIBF4 (0.015 g, 0.05 mmol) and
HC=CC¢Hy-4-Me (7 pL, 0.06 mmol) in CH,Cl, (5 ml) was stirred under N, for one hour. The
solution colour changed from yellow to orange and a white solid (TICI) precipitated. The
TICI was removed by filtration through a HPLC Teflon filter (20 um pores) and the filtrate
concentrated to ca. 1 ml by rotary evaporation. Excess diethyl ether was then added to the
orange / brown solution, resulting in the instantaneous precipitation of a pale
orange / brown solid which was collected by filtration, washed with diethyl ether (3 < 10 ml)
and hexanes (3 % 10 ml), and then dried in air (0.046 g, 83 %).

IR (CH,Cl,, cm™): 1646 v(Ru=C=C). '"H NMR (CDCl;, 400 MHz) &/ ppm: 2.16 (s, 3H,
CH3), 2.94 (quin., Jgp=3 Hz, 1H, C=CH), 5.11 (dt, Jyp =15 Hz, Jyg = 5 Hz, 2H, CH,,
dppm), 5.41 (dt, Jup = 15 Hz, Jyy = 5 Hz, 2H, CH,, dppm), 5.36 (d, Jun = 8 Hz, 2H, H*), 6.50
(d, Jynu = 8 Hz, 2H, H>), 7.12 - 7.26 (m, 16H, H,,, dppm), 7.26 — 7.37 (m, 16H, H,, dppm),
7.37— 7.45 (m, 8H, H,, dppm). ’F NMR (CDCl;, 400 MHz) &/ppm: —152.4 (s, BF,).
3SIP{'H} NMR (CDCl3, 400 MHz) &/ppm: —15.9 (s, dppm). BC{'H} NMR (CD,Cl,,
500 MHz) & / ppm: 21.2 (s, CH3), 46.5 (t, Jcp = 12 Hz, CH,, dppm), 110.6 (s, C?), 123.8 (s,
C3), 127.6 (s, C*), 129.2 (t, Jcp = 3 Hz, Cy,, dppm), 129.8 (t, Jcp = 3 Hz, C,,, dppm), 129.6 (s,
C%), 130.4 (quin., Jep = 13 Hz, C;, dppm), 131.6 (quin., Jcp = 13 Hz, C;, dppm), 132.0 (s, C,,
dppm), 132.3 (s, C,, dppm), 133.2 (quin., Jcp = 3 Hz, C,, dppm), 134.1 (quin., Jcp = 3 Hz, C,,
dppm), 136.6 (s, C%, 359.5 (quin.,, Jep=15Hz, C!). ASAP (+)-MS (m/z): 1021
[RuCl(=C=CHC¢H;-4-Me)(dppm),]*. Anal. Found: C, 62.65; H, 4.28. Calc.

CsoHs5,BCIF4P4Ru: C, 63.89; H, 4.73.

for
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Synthesis of trans-|RuCl(=C=CHC¢H4-4-OMe)(dppm),|BF, [1f|BF,

BF,
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A mixture of cis-[RuCly(dppm);] (0.050 g, 0.05 mmol), TIBF, (0.016 g, 0.05 mmol) and
HC=CC¢H4-4-OMe (7 pL, 0.05 mmol) in CH,Cl, (5 ml) was stirred under N, for one hour.
The solution colour changed from yellow to orange and a white solid (TICI) precipitated. The
TICI was removed by filtration through a HPLC Teflon filter (20 um pores) and the filtrate
concentrated to ca. 1 ml by rotary evaporation. Excess diethyl ether was then added to the
orange / brown solution, resulting in the instantaneous precipitation of a pale
yellow / brown solid which was collected by filtration, washed with diethyl ether (3 x 10 ml)
and hexanes (3 % 10 ml), and then dried in air (0.050 g, 83 %).

IR (CH,Cl,, cm™): 1653 v(Ru=C=C). '"H NMR (CD,Cl,, 500 MHz) & / ppm: 3.05 — 3.12 (m,
1H, H?), 3.71 (s, 3H, CH3), 5.09 (dt, Jyp = 16 Hz, Jyy = 4 Hz, 2H, CH,, dppm), 5.16 (dt, J =
16 Hz, Jyy = 4 Hz, 2H, CH,, dppm), 5.49 (d, Jyg = 8 Hz, 2H, H*), 6.35 (d, Jyy = 8 Hz, 2H,
H>), 7.24 — 7.32 (m, 16H, H,,, dppm), 7.33 — 7.41 (m, 16H, H,, dppm), 7.45 — 8.41 (m, 8H,
H,, dppm). "B NMR (CD,Cl,, 400 MHz) &/ppm: — 2.0 (s, BF;). F NMR (CD,Cl,,
400 MHz) 6 / ppm: — 152.6 (s, BFy). 3'P{'H} NMR (CD,Cl,, 500 MHz) & / ppm: — 15.9 (s,
Ru(dppm),). BC{'H} NMR (CD,Cl,, 500 MHz) &/ ppm: 46.7 (t, Jcp = 13 Hz, CH,, dppm),
56.0 (s, CH3), 110.5 (s, C?), 114.7 (s, C), 118.7 (s, C?), 129.2 (s, C*), 129.6 (t, J =3 Hz, C,,
dppm), 130.2 (t, J=3 Hz, C,, dppm), 130.8 (quin., Jcp = 13 Hz, C;, dppm), 132.2 (quin.,
Jep =13 Hz G, dppm), 132.7 (s, C,,, dppm), 133.0 (s, C,,, dppm), 133.6 (quin., Jcp = 3 Hz, C,,
dppm), 134.5 (quin., Jcp =3 Hz, C,, dppm), 158.8 (s, C%), 362.5 —362.6 (m, C'). ASAP (+)-
MS (m/z): 1037 [RuCl(=C=CHC¢H4-4-OMe)(dppm),]". Anal. Found: C, 62.90; H, 4.57.

Calc. for C5oHs,BCIF,OP4Ru: C, 62.98; H, 4.66.



S2. Synthesis of Ruthenium mono-Alkynyl Complexes
S2.1 Synthesis of frans-|[RuCl(C=CC¢H4-4-NO,)(dppm),] [2a]

4 5
A H H
Ph,R PPh, c*:c®

Cl—RU-C'=c2-c3  ,C8-NO,
F>h2F</‘F>F>h2 N7

A mixture of cis-[RuCly(dppm),] (0.050 g, 0.05 mmol), TIBF, (0.016 g, 0.05 mmol) and
HC=CC¢H4-4-NO, (0.0083 g, 0.05 mmol) in CH,Cl, (5 ml) was stirred under N, for two
hour. The solution colour changed from yellow to red and a white solid (TICl) precipitated.
The solution was then transferred, via cannula filtration (— TICl), into a separate dry degassed
flask containing 1,8-bis-dimethylaminonapthalene (Proton Sponge) (0.046 g, 0.21 mmol) in
CH,Cl; (2 ml), where the red solution colour darkened instantly. The solution was stirred for
a further ten minutes, then filtered through celite to remove reaction salts. The red filtrate is
concentrated to ca. 0.5 ml by rotary evaporation then excess hexanes added; resulting in the
instantaneous precipitation of a red solid. The solid is collected by filtration, washed with
hexanes (3 < 20 ml) and dried in air (0.049 g, 88 %). Crystals of the complex were obtained
from CH,Cl, / hexanes layer diffusion.

IR (CH,Cl,, cm): 2058 v(C=C), 1579 v(N=0), 1322 v(N-O). 'H NMR (CDCl;, 400 MHz)
o/ ppm: 4.86 — 5.05 (m, 4H, CH,, dppm), 5.95 (d, Juy = 8 Hz, 2H, H*), 7.09 (t, Juy = 8 Hz,
8H, Hy, dppm), 7.18 (t, Jun = 8 Hz, 8H, H,,, dppm), 7.26 (t, Jun = 8 Hz, 4H, H,,, dppm), 7.31
(t, Jun = 8 Hz, 4H, H,,, dppm), 7.36 — 7.41 (m, 8H, H,, dppm), 7.42 — 7.46 (m, 8H, H,, dppm),
7.78 (d, J= 8 Hz, 2H, H3). 3'P{'H} NMR (CDCl;, 400 MHz) & / ppm: — 7.1 (s, Ru(dppm),).
BC{'H} NMR (CDCl;, 500 MHz) 6 / ppm: 50.2, (t, Jcp = 11 Hz, CH,, dppm), 115.8 (s, C?),
122.9 (s, C%), 127.7 (s, C, dppm), 127.8 (s, Cp, dppm), 129.5 (s, C,, dppm) 129.7 (s, C,,
dppm), 129.8 (s, C*), 133.3 (t, Jcp = 3 Hz, C,, dppm) 133.8 (t, Jcp = 3 Hz, C,, dppm), 133.9
(quin., Jep = 11 Hz, C;, dppm), 134.7 (quin., JCP = 11 Hz, C;, dppm), 137.6 (s, C3), 141.9 (s,
C®, 147.6 (quin., Jcp=16 Hz, C'). MALDI (+)-MS (m/z): 1051 [RuCl(C=CC4H4-4-
NO,)(dppm), + H]*, 870 [Ru(dppm),]*. Anal. Found: C, 66.30; H, 4.48; N, 1.39. Calc. for
CsgHysCINO,P4Ru: C, 66.21; H, 4.60; N, 1.33.
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S2.2 Synthesis of trans-|[RuCl(C=CC¢H4-4-COOMe)(dppm),] [2b]

5
A HY - H
Ph,R PPh, c*:C5

/ \
Cl-Ru—C'=c2-¢3 c8-coOOMe
Ph2P</\PPh2 \

A mixture of cis-[RuCly(dppm),] (0.050 g, 0.05 mmol), TIBF, (0.017 g, 0.06 mmol) and
HC=CC4¢H4-4-COOMe (0.0086 g, 0.05 mmol) in CH,Cl, (5 ml) was stirred under N, for one
hour. The solution colour changed from yellow to orange and a white solid (TICI)
precipitated. The solution was then transferred, via cannula filtration (— TICI), into a separate
dry degassed flask containing 1,8-bis-dimethylaminonapthalene (Proton Sponge) (0.045 g,
0.21 mmol) in CH,Cl, (2 ml), where solution colour immediately changed from orange to
yellow. The solution was stirred for a further ten minutes, then filtered through celite to
remove reaction salts. The yellow filtrate is concentrated to ca. 0.5 ml by rotary evaporation
then excess hexanes added; resulting in the instantaneous precipitation of a yellow solid. The
solid is collected by filtration, washed with hexanes (3 x 20 ml) and dried in air (0.048 g,
86 %). Crystals of the complex were obtained from CH,Cl, / pentane layer diffusion.

IR (CH,Cl,, cm!): 2073 v(C=C), 1705 v(C=0), 1590 v(C-O). 'H NMR (CDCl;, 400 MHz)
&/ ppm: 3.84 (s, 3H, CH3), 4.86 —4.95 (m, 4H, CH,, dppm), 6.00 (d, Jyg = 8 Hz, 2H, H*),
7.06 (t, Jyn = 8 Hz, 8H, Hy,, dppm), 7.72 (t, Juy = 8 Hz, 8H, H,,, dppm), 7.23 (t, Jyy = 8 Hz,
4H, H,, dppm), 7.29 (t, Jun = 8 Hz, 4H, H,, dppm), 7.37 - 7.43 (m, 8H, H,, dppm), 7.43 —
7.49 (m, 8H, H,, dppm), 7.48 (d, Jyy =8 Hz, 2H, H5). 3'P{'H} NMR (CDCl;, 400 MHz)
d/ppm: — 6.8 (s, Ru(dppm),). BC{'H} NMR (CDCl;, 600 MHz) & /ppm: 50.4 (quin.,
J=10 Hz, CH,, dppm), 51.8 (s, CH3), 113.9 (s, C?), 123.2 (s, C?), 127.7 (s, Cy,, dppm), 128.5
(s, C%), 129.3 (s, C,, dppm), 129.5 (s, C,, dppm), 129.9 (s, C%), 133.5 (s, C,, dppm), 133.8 (s,
C,, dppm), 134.2 (quin., Jcp = 10 Hz, C;, dppm), 134.9 (quin., Jcp = 10 Hz, C;, dppm), 135.6
(s, C%), 144.7 — 145.0 (m, C"), 167.8 (s, C=0). MALDI (+)-MS (m/z): 1189 [RuCl(C=CC¢H,-
4-COOMe)(dppm), + H]J", 870 [Ru(dppm),]*. Anal. Found: C, 62.96; H, 4.67. Calc. for
CeoHs1C1O0,P4Ru x CH,Cly: C, 63.76; H, 4.65.
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S2.3 Synthesis of trans-|[RuCl(C=CC¢H4C=CSiMe;)(dppm),] [2c¢]

4 5
N H, [
Ph,R PPh, c*:C°

CI-RU—C=C?-C3  CO-C7=C3-SiMe,

PhR_PPh; N7

A mixture of cis-[RuCly,(dppm),] (0.11 g, 0.12 mmol), TIBF, (0.035 g, 0.12 mmol) and
HC=CC4¢H4-4-C=CSiMe; (0.035 g, 0.12 mmol) in CH,Cl, (5 ml) was stirred under N, for 75
minutes. The solution colour changed from yellow to orange and a white solid (TICI)
precipitated. The solution was then transferred, via cannula filtration (— TICI), into a separate
dry degassed flask containing 1,8-bis-dimethylaminonapthalene (Proton Sponge) (0.088 g,
0.48 mmol) in CH,Cl, (2 ml), where solution colour immediately changed from orange to
yellow. The solution was stirred for a further ten minutes, then filtered through celite to
remove reaction salts. The yellow filtrate is concentrated to ca. 0.5 ml by rotary evaporation
then excess hexanes added; resulting in the instantaneous precipitation of a yellow solid. The
solid is collected by filtration, washed with hexanes (3 x 20 ml) and dried in air (0.11 g,
80 %). Crystals of the complex were obtained from CH,Cl, / MeOH layer diffusion.

IR (CH,Cl,, cm™): 2146 v(C=CSiMej3), 2073 v(C=C). '"H NMR (CD,Cl,, 700 MHz) & / ppm:
0.23 (s, 9H, SiMejs), 4.88 —4.98 (m, 4H, CH,, dppm), 5.95 (d, Jun = 8 Hz, 2H, H*), 6.96 (d,
Jun = 8 Hz, 2H, H>), 7.04 (t, Jyy = 8 Hz, 8H, H,,, dppm), 7.17 (t, Jun = 8 Hz, 8H, H,, dppm),
7.21 (t, Jun = 8 Hz, 4H, H,, dppm), 7.28 (t, Jun = 8 Hz, 4H, H,, dppm), 7.36 — 7.44 (m, 8H,
H,, dppm), 7.44 —7.50 (m, 8H, H,, dppm). 3'P{!H} NMR (CDCls, 400 MHz) &/ ppm: —
6.6 ppm (s, Ru(dppm),). BC{'H} NMR (CD,Cl,, 700 MHz) &/ ppm: — 0.3 (s, SiMe3), 49.8
(t, Jcp = 10 Hz, CH,, dppm), 93.2 (s, C?), 106.0 (s, C7), 112.9 (s, C?), 116.0 (s, C3), 128.3 (t,
Jep =3 Hz, Cp,, dppm), 128.4 (t, Jcp = 3Hz, Cy,, dppm), 129.9 (s, C,, dppm), 130.1 (s, Cp,
dppm), 130.4 (s, C*), 130.8 (quin., Jcp = 15 Hz, C"), 131.1 (s, C5), 131.4 (s, C®), 134.0 (t,
Jep =3 Hz, C,, dppm), 134.3 (t, Jcp =3 Hz, C,, dppm), 135.4 (quin., Jcp = 11 Hz, C;, dppm),
1359 (quin., Jecp=11 Hz, C;, dppm). MALDI (+)-MS (m/z): 1102 [RuCl(C=CCsH,-4-
C=CSiMe;)(dppm),]*, 933 [RuCl(dppm), + C,H4]*. Anal. Found: C, 68.51; H, 5.35. Calc. for
Ce3Hs7CIP4RuSI: C, 68.59; H, 5.21.
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S2.4 Synthesis of trans-|[RuCl(C=CCg¢Hs)(dppm);] [2d]

A HOP
Ph,R PPh, c*:Cc5

! ~A=2_~3  (6_pyb
CI-Ru-C'=C*-¢¢  C°-H
PhR_PPh; 7

A mixture of cis-[RuCly(dppm),] (0.049 g, 0.05 mmol), TIBF, (0.016 g, 0.05 mmol) and
HC=CC4Hs (6 uL, 0.06 mmol) in CH,Cl, (5 ml) was stirred under N, for one hour. The
solution colour changed from yellow to orange and a white solid (TICI) precipitated. The
solution was then transferred, via cannula filtration (— TICI), into a separate dry degassed
flask containing 1,8-bis-dimethylaminonapthalene (Proton Sponge) (0.041 g, 0.19 mmol) in
CH,Cl; (2 ml), where solution colour immediately changed from orange to yellow. The
solution was stirred for a further ten minutes, then filtered through celite to remove reaction
salts. The yellow filtrate is concentrated to ca. 0.5 ml by rotary evaporation then excess
hexanes added; resulting in the instantaneous precipitation of a yellow solid. The solid is
collected by filtration, washed with hexanes (3 x 20 ml) and dried in air (0.047 g, 90 %).
Crystals suitable for single crystal X-ray diffraction were grown from CH,Cl, / hexanes layer
diffusion.

IR (CH,Cl,, em): 2081 v(C=C). 'H NMR (CDCl3, 600 MHz) & / ppm: 4.89 —4.93 (m, 4H,
CH,, dppm), 6.11 (d, Juz =7 Hz, 2H, H*), 6.83 (t, Jyy =7 Hz, 1H, H®), 6.89 (t, Juyy = 7 Hz,
2H, H5), 7.07 (t, Jun = 8 Hz, 8H, H,,, dppm), 7.17 (t, Juyn = 8 Hz, 8H, H,,, dppm), 7.23 (t,
Jun = 8 Hz, 4H, H,, dppm), 7.28 (t, Juyy =8 Hz, 4H, H,, dppm), 7.43 —7.54 (m, 16H, H,,
dppm). 3'P{'H} NMR (CDCl;, 300 MHz) &/ppm: —5.2 (s, Ru(dppm),). BC{'H} NMR
(CDCl;, 600 MHz) 6 / ppm: 50.4 (t, Jcp = 10 Hz, CH,, dppm), 112.5 (s, C?), 122.4 (s, C°),
123.0 (quin., Jep =15 Hz, C!), 126.9 (s, C°), 127.6 — 127.7 (m, C,,, dppm), 129.2 (s, C,,
dppm), 129.4 (s, C,, dppm), 130.3 (s, C*), 130.8 (s, C3), 133.6 (t, Jcp = 3 Hz, C,, dppm),
1339 (t, Jop=3 Hz, C,, dppm), 134.5 (quin., Jcp =11 Hz, C;, dppm), 135.3 (quin.,
Jep =11 Hz, C;, dppm). ESI (+)-MS (m/z): 1032 [RuCIl(C=CC4Hs)(dppm), + MeOH]*, 1007
[RuCIl(C=CC¢Hs)(dppm), + H]", 933 [RuCl(dppm), + C,H4]". A satisfactory elemental

analysis was not obtained.
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S2.5 Synthesis of trans-|[RuCl(C=CC¢H4-4-Me)(dppm),] [2e]

A O
Ph,R PPh, c:C?
Cl-Ru—C'=Cc?-C2 ,C5-Me
Ph2P</\PPh2 N7

A mixture of cis-[RuCly(dppm);] (0.050 g, 0.05 mmol), TIBF, (0.016 g, 0.05 mmol) and
HC=CC¢H4-4-Me (7.5 pL, 0.06 mmol) in CH,Cl, (7 ml) was stirred under N, for one hour.
The solution colour changed from yellow to orange and a white solid (TICI) precipitated. The
solution was then transferred, via cannula filtration (— TICI), into a separate dry degassed
flask containing 1,8-bis-dimethylaminonapthalene (Proton Sponge) (0.045 g, 0.21 mmol) in
CH,Cl; (2 ml), where solution colour immediately changed from orange to yellow. The
solution was stirred for a further ten minutes, then filtered through celite to remove reaction
salts. The yellow filtrate is concentrated to ca. 0.5 ml by rotary evaporation then excess
hexanes added; resulting in the instantaneous precipitation of a bright yellow solid. The solid
is collected by filtration, washed with hexanes (3 x 20 ml) and dried in air (0.050 g, 92 %).
Crystals suitable for single crystal X-ray diffraction were grown from CH,Cl, / pentane layer
diffusion.

IR (CH,Cl,, cm™): 2082 v(C=C). 'H NMR (CDCl;, 400 MHz) & / ppm: 2.20 (s, 3H, CH3),
4.86 — 4.93 (m, 4H, CH,, dppm), 6.03 (d, Jyy = 8 Hz, 2H, H*), 6.71 (d, Jun = 8 Hz, 2H, H>),
7.07 (t, Jyu = 8 Hz, 8H, Hy,, dppm), 7.17 (t, Juy = 8 Hz, 8H, H,,, dppm), 7.23 (t, Jyy = 8 Hz,
4H, H,, dppm), 7.27 (t, Jun = 8 Hz, 4H, H,,, dppm), 7.42 — 7.54 (m, 16H, H,, dppm). *'P{'H}
NMR (CDCl;, 400 MHz) & / ppm: — 6.6 (s, Ru(dppm),). BC{'H} NMR (CDCl;, 500 MHz)
d/ppm: 21.1 (s, CH3), 50.2 (t, Jecp=10Hz, CH,, dppm), 111.9 (s, C?), 120.4 (quin.,
Jep =15Hz, CY), 127.2-127.7 (m, C,, dppm), 127.6 (s, C3), 128.8 (s, C3), 129.1 (s, C,,
dppm), 129.3 (s, C,, dppm), 130.0 (s, C*), 131.5 (s, C°), 133.6 (s, C,, dppm), 133.9 (s, C,,
dppm), 134.6 (quin., Jcp = 10 Hz, C;, dppm), 135.4 (quin., Jcp = 10 Hz, C;, dppm). MALDI
(+)-MS (m/z): 1020 [RuCl(C=CCg¢H4-4-Me)(dppm),]*, 933 [RuCl(dppm), + C,Hg4]*, 905
[RuCl(dppm),]", 870 [Ru(dppm),]*. Anal. Found: C, 67.87; H, 4.78. Calc. for
CsoHs;CIP4Ru x 0.5 CH,Cl,: C, 67.22; H, 4.93.
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S2.6 Synthesis of trans-|RuCl(C=CC¢H4-4-OMe)(dppm),| [2f]

4 5
A H -
PhoR PPh, c*c

CI-Ri—C'=c2-G3  C6-OMe
Ph2P</\PPh2 |\

A mixture of cis-[RuCly(dppm);] (0.050 g, 0.05 mmol), TIBF, (0.017 g, 0.06 mmol) and
HC=CC4¢H4-4-OMe (7 pL, 0.05 mmol) in CH,Cl, (5 ml) was stirred under N, for one hour.
The solution colour changed from yellow to orange and a white solid (TICI) precipitated. The
solution was then transferred, via cannula filtration (— TICI), into a separate dry degassed
flask containing 1,8-bis-dimethylaminonapthalene (Proton Sponge) (0.045 g, 0.21 mmol) in
CH,Cl; (2 ml), where solution colour immediately changed from orange to yellow. The
solution was stirred for a further ten minutes, then filtered through celite to remove reaction
salts. The yellow filtrate is concentrated to ca. 0.5 ml by rotary evaporation then excess
hexanes added; resulting in the instantaneous precipitation of a yellow solid. The solid is
collected by filtration, washed with hexanes (3 x 20 ml) and dried in air (0.041 g, 74 %).
Crystals suitable for single crystal X-ray diffraction were grown from
CH,Cl, / diisopropylether layer diffusion.

IR (CH,Cl,, cm™): 2083 v(C=C). 'H NMR (CDCl;, 400 MHz) & / ppm: 3.72 (s, 3H, CH3),
4.85 —4.96 (m, 4H, CH,, dppm), 6.04 (d, Jyy = 8 Hz, 2H, H*), 6.40 (d, Juy = 8 Hz, 2H, H>),
7.06 (t, Jyu = 8 Hz, 8H, H,, dppm), 7.16 (t, Juy = 8 Hz, 8H, H,,, dppm), 7.23 (t, Jyy = 8 Hz,
4H, H,, dppm), 7.27 (t, Jun = 8 Hz, 4H, H,,, dppm), 7.42 — 7.52 (m, 16H, H,, dppm). *'P{'H}
NMR (CDCl;, 400 MHz) & / ppm: — 6.6 (s, Ru(dppm),). BC{'H} NMR (CDCl;, 600 MHz)
o/ ppm: 55.3 (s, CH3), 50.5 (t, Jcp = 11 Hz, CH,, dppm), 111.4 (s, C?), 112.6 (s, C°), 118.2
(quin., J =15 Hz, C"), 123.8 (s, C%), 127.6 (s, Cu, dppm), 127.8 (s, Cyn, dppm), 129.1 (s, C,,
dppm), 129.4 (s, C,, dppm), 131.1 (s, C*), 133.6 — 133.7 (m, C,, dppm), 133.8 — 133.9 (m, C,,
dppm), 134.6 (quin., Jcp = 10 Hz, C;, dppm), 135.4 (quin., Jcp = 10 Hz, C;, dppm), 155.5 (s,
C®). MALDI (+)-MS (m/z): 1036 [RuCl(C=CC¢H4-4-OMe)(dppm),]*, 933 [RuCl(dppm), +
C,Hy4]", 905 [RuCl(dppm),]*, 870 [Ru(dppm),]*. Anal. Found: C, 64.53; H, 4.22. Calc. for
CsoHs;CIOP4Ru x CH,Cl,: C, 64.28; H, 4.77.
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S3. Synthesis of Ruthenium bis-Alkynyl Complexes
S3.1 Synthesis of frrans-|[Ru(C=CC¢H4NQO,),(dppm),] [3a]

A H R

PhoR PPh,  CGP
OZN@CEC—RQ—C1EC2—C3 C8-NO,

PR PPh, 7

V

A mixture of cis-[RuCly,(dppm),] (0.049 g, 0.05 mmol), TIBF,; (0.032 g, 0.10 mmol),
HC=CC¢H4-4-NO, (0.016 g, 0.11 mmol) and 1,8-bis-dimethylaminonapthalene (Proton
Sponge) (0.068 g, 0.32 mmol) in CH,Cl, (5 ml) was stirred under N, for 3.5 days. The red
solution colour darkened over the reaction period and a white solid (TICl) precipitated. The
solution is then carefully concentrated to ca. 3 ml under high vacuum and then filtered
through celite to remove TICI and reaction salts. The red filtrate is then concentrated to
dryness by rotary evaporation and purified by column chromatography on alumina (basic,
oven-dried; 30:70 40— 60 petroleum ether : CH,Cl,). The first red band was collected,
concentrated to ca. 0.5 ml by rotary evaporation then excess hexanes added; resulting in the
instantaneous precipitation of a dark red solid. The solid is collected by filtration, washed
with hexanes (3 % 10 ml) then dried in air (0.048 g, 80 %).

IR (CH,Cl,, cm): 2053 v(C=C), 1581 v(N=0), 1322 v(N-O). 'H NMR (CDCl;, 400 MHz)
o/ ppm: 4.83 —4.90 (m, 4H, CH,, dppm), 6.16 (d, Jgqy = 8 Hz, 4H, H?*), 7.12 (t, Jyz = 8 Hz,
16H H,,, dppm), 7.30 (t, Jun = 8 Hz, 8H, H,, dppm), 7.35 — 7.45 (m, 16H, H,, dppm), 7.83 (d,
Jun =8 Hz, 4H, H’). 3'P{'H} NMR (CDCl;, 400 MHz) & /ppm: — 4.1 (s, Ru(dppm),).
BC{'H} NMR (CDCl;) & /ppm: 52.3 (t, Jcp = 11 Hz, CH,, dppm), 119.0 (s, C?), 123.2 (s,
%), 127.8 (s, Cp, dppm), 129.6 (s, C,, dppm), 130.0 (s, C*), 133.4 (s, C,, dppm), 135.2
(quin., Jep = 11 Hz, C;, dppm), 137.7 (s, C°), 142.7 (s, C?), 150.1 (quin., Jcp = 15 Hz, C").
MALDI (+)-MS (m/z): 1162 [Ru(C=CC¢H4NO,),(dppm),]*, 870 [Ru(dppm),]*. Anal. Found:
C, 68.27; H, 4.50; N, 2.37. Calc. for C¢sH52N,O4P4Ru: C, 68.15; H, 4.51; N, 2.41.
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S3.2 Synthesis of trans-|[Ru(C=CC¢H4-4-COOMe),(dppm);] [3b]

HE RO

AN \ .

Ph,R PPh, c*-cP
Meooo@czc—Ru—mzcz—C?’ C%-COOMe

thPi/Pth N7

A mixture of cis-[RuCly(dppm),] (0.051 g, 0.05 mmol), TIBF, (0.032 g, 0.10 mmol),
HC=CC¢H4-4-COOMe (0.019 g, 0.12 mmol) and 1,8-bis-dimethylaminonapthalene (Proton
Sponge) (0.069 g, 0.32 mmol) in CH,Cl, (5 ml) was stirred under N, for 36 hours. The
yellow solution colour darkened over the reaction period and a white solid (TICI)
precipitated. The solution is then carefully concentrated to ca. 1 ml under high vacuum and
then filtered through a short pad of alumina (basic, oven-dried) to remove TICl and reaction
salts. The first yellow fraction is collected, concentrated to ca 0.5 ml by rotary evaporation
then excess hexanes added; resulting in the instantaneous precipitation of a bright yellow
solid. The solid is collected by filtration, washed with hexanes (3 x 10 ml) and diethyl ether
(3 x5 ml) then dried in air (0.038 g, 60 %). Crystals suitable for single crystal X-ray
diffraction were grown from CDCl; / 40 — 60 petroleum ether layer diffusion.

IR (CH,Cl,, cm™): 2062 v(C=C), 1705 v(C=0). 'H NMR (CDCl3, 400 MHz) & / ppm: 3.79 (s,
6H, CH3;), 4.74 — 4.80 (m, 4H, CH,, dppm), 6.15 (d, Juy = 8 Hz, 4H, H*), 7.02 (t, Jyy = 8 Hz,
16H H,, dppm), 7.18 (t, Juy = 8 Hz, 8H, H,,, dppm), 7.34 — 7.48 (m, 16H, H,, dppm), 7.55 (d,
Jun = 8 Hz, 4H, H>). 3'P{'H} NMR (CDCls;, 400 MHz) &/ppm: — 4.0 (s, Ru(dppm),).
BC{'H} NMR (CDCl3) &/ ppm: 51.8 (s, CHj;), 52.4 (t, Jcp = 10 Hz, CH,, dppm), 117.3 (s,
C?), 123.5 (s, C?), 127.7 (s, Ci, dppm), 128.7 (s, C5), 129.3 (s, C,, dppm), 129.8 (s, C*), 133.5
(s, Co, dppm), 135.6 (quin., Jcp = 11 Hz, C;, dppm), 135.8 (s, C®), 141.1 (quin., Jcp = 15 Hz,
Ch), 167.8 (s, C=0). MALDI (+)-MS (m/z): 1189 [Ru(C=CC¢H4-4-COOMe),(dppm), + HJ,
870 [Ru(dppm),]*. Anal. Found: C, 70.62; H, 5.05. Calc. for C;,HssO4P4Ru: C, 70.69; H,
4.92.
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S3.3 Synthesis of trans-[Ru(C=CCsH4,C=CSiMes),(dppm),] [3¢]

Y HP

/\ \ /
PhoR PPh,  C%CY
0= =C—_RI—C1=2_r3 6_~7=8_q;
Me;Si C_COC—C Bg Cc'=C C\ /C C'=C°-SiMej
PhR PP,

A mixture of cis-[RuCly(dppm),] (0.051 g, 0.05 mmol), TIBF, (0.032 g, 0.10 mmol),
HC=CC¢H4-4-C=CSiMe; (0.022 g, 0.11 mmol) and 1,8-bis-dimethylaminonapthalene
(Proton Sponge) (0.073 g, 0.34 mmol) in CH,Cl, (5 ml) was stirred under N, for 16 hours.
The yellow solution colour darkened over the reaction period and a white solid (TICI)
precipitated. The solution is then carefully concentrated to ca. 3 ml under high vacuum and
then filtered through celite to remove TICI and reaction salts. The yellow filtrate is
concentrated again to ca. 1 ml by rotary evaporation then excess diethyl ether added (ca.
10 ml); resulting in the instantaneous precipitation of a yellow solid. The mixture is left in the
fridge to aid precipitation for several hours before filtering. The collected yellow solid is
washed with cold diethyl ether (1 X 5 ml) and hexanes (3 x 15 ml) then dried in air (0.033 g,
48 %).

IR (CH,Cl,, cm™): 2149 v(C=CSiMej3), 2058 v(C=C). 'H NMR (CDCls, 400 MHz) & / ppm:
0.26 (s, 18H, SiMe3), 4.80 — 4.89 (m, 4H, CH,, dppm), 6.15 (d, Juu = 8 Hz, 4H, H*), 7.07 (d,
Jun = 8 Hz, 4H, H®), 7.09 (t, Jyuy = 8 Hz, 16H, H,,, dppm), 7.25 (t, Jun = 8 Hz, 8H, H,, dppm)
7.41 —7.55 (m, 16H, H,, dppm). 3'P{!H} NMR (CDCl3, 400 MHz) & / ppm: — 3.8 ppm (s,
Ru(dppm),). BC{'H} NMR (CDCl;, 600 MHz) & / ppm: 0.3 (s, SiMe3), 52.4 (t, Jcp = 11 Hz,
CH,, dppm), 93.3 (s, C?), 106.9 (s, C7), 116.2 (s, C?), 129.4 (s, C3), 127.6 (s, Cp, dppm),
129.2 (s, Cp, dppm), 129.9 (s, C*), 131.0 (s, C°), 131.5 (s, C®), 133.4 - 133.6 (m, C,, dppm),
135.8 (quin., Jcp =10 Hz, C;, dppm), 136.7 — 137.0 (m, C!). ASAP (+)-MS (m/z): 1265
[Ru(C=CC¢H4C=CSiMe;),(dppm), + H]*, 1264 [Ru(C=CC¢H4,C=CSiMe;),(dppm),]*, 1067
[Ru(C=CC¢H4C=CSiMe;)(dppm),]*, 870 [Ru(dppm),]* A satisfactory elemental analysis

was not obtained.
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S4. Synthesis of Ruthenium n3-Butenynyl Complexes
S4.1 Synthesis of trans-[RuCl(n3-{HC(CsH4-4-Me)=CC=CCsH -4-Me})(dppm),|BF,
[4e]BF,

H1o /H”
'T'B \012011
//Pphz CB_Cg \C12_Me
thp\R\chl;” \_7
PhoP™ /\ 8

—p Cg

U

_C¢ .3
N\ L(:IZ

P
Me

BF,

A mixture of cis-[RuCly(dppm),] (0.049 g, 0.05 mmol), TIBF; (0.032 g, 0.11 mmol),
HC=CC¢H4-4-Me (14.5 pL, 0.11 mmol) and 1,8-bis-dimethylaminonapthalene (Proton
Sponge) (0.066 g, 0.31 mmol) in CH,Cl, (8 ml) was stirred under N, for 40 hours. A white
solid (TICl) precipitated from the yellow solution over the reaction period. The yellow
solution is concentrated carefully to half volume under high vacuum then filtered through a
HPLC Teflon filter (20 um pores) to remove TICI] and reaction salts. To the yellow filtrate,
CH,Cl, (ca. 5ml) and diethyl ether (ca. 30 ml) are then added and left to crystallise
overnight, where large yellow crystals formed round the flask. The solvent is decanted,
crystals washed with diethyl ether (3 x 10 ml) and hexanes (3 x 10 ml) then dried in air
before collection (0.042 g, 56 %). Crystals suitable for single crystal X-ray diffraction were
grown from acetone / pentane layer diffusion.

IR (CH,Cl,, em): 1967 v(C=C), 1606 v(C=C). 'H NMR (CD,Cl,, 400 MHz) & / ppm: 2.34
(s, 6H, CHj3), 4.20 (dt, Jyp = 15 Hz, Juy 11 Hz, 1H, CH,, dppm), 4.50 (dt, Jyp = 15, Jyy =
11 Hz, 1H, CH,, dppm), 4.93 — 5.07 (m, 2H, CH,, dppm), 5.55 (d, Jup = 5 Hz, 1H, H?), 6.18
(dun, J = 8 Hz, 2H, H3), 6.36 — 7.76 (m, 40H, Ph, dppm), 6.85 (d, Jyy = 8 Hz, 2H, H?), 7.14
(d, Jun= 8 Hz, 2H, H'), 7.29 (d, Juzu= 8 Hz, 2H, H'?). "B NMR (CD,Cl,, 400 MHz)
d/ppm: — 2.1 (s, BF,). F NMR (CD,Cl,, 400 MHz) &/ ppm: — 149.9 (s, BFy). 3'P{'H}
NMR (CDCl;, 400 MHz) 6/ ppm: — 27.2 (ddd, Jpp = 318, 49, 27 Hz, dppm), — 16.9 (ddd,
Jpp =321, 42, 26 Hz, dppm), — 14.0 (ddd, Jpp = 36, 27, 10 Hz, dppm), — 0.2 (ddd, Jpp = 46, 26,
9 Hz, dppm). BC{'H} NMR (CD,Cl,, 400 MHz) & / ppm: 21.7 (s, CH3), 22.0 (s, CH3), 42.0
(t, Jcp =24 Hz, CH,, dppm), 45.2 (t, Jcp =24 Hz, CH,, dppm), 108.7 (d, Jcp = 22 Hz, C>),
126.7 (s, C%), 128.9 — 139.9 (m, Ph, dppm), 129.7 (s, C?), 130.2 (s, C! or C'?), 130.4 (s, C?),
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131.0 (s, C3), 138.9 (s, C! or C!?), 139.8 (s, C*). The resonances from quaternary C° and C’

atoms were not unambiguously resolved. ESI (+)-MS (m/z): 1101 [RuCl(n3-{HC(CsH,-4-

Me)=CC=CC¢H4-4-Me})(dppm),]*. Anal. Found: C, 68.59; H, 4.68. Calc. for

CesHs9BF4P4Ru: C, 68.67; H, 5.00.
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S4.2 Synthesis of trans-|[RuCl(n3-{HC(CsH4-4-OMe)=CC=CC¢H4-4-OMe})(dppm),|BF,4

[4f]BF,

H1O
H8 \ 10

PPh, ~8_(9

C Ch
/4

H11

N~12_
/C OMe

BF,

A mixture of cis-[RuCly(dppm),] (0.10g, 0.11 mmol), TIBF, (0.065g, 0.22 mmol),
HC=CC¢H4-4-OMe (30 uL, 0.23 mmol) and 1,8-bis-dimethylaminonapthalene (Proton
Sponge) (0.078 g, 0.43 mmol) in CH,Cl, (20 ml) was stirred under N, overnight. A white
solid (TICl) precipitated from the yellow solution over the reaction period. The solution was
then filtered through celite to remove TICI and reaction salts and the yellow filtrate
concentrated to half volume. To the yellow solution, diethyl ether (ca. 30 ml) is then added
and left to crystallise for several days, where large yellow crystals formed round the flask.
The solvent is then decanted, crystals collected by filtration and washed with diethyl ether
(3 x 10 ml) and hexanes (3 x 10 ml) then dried in air (0.066 g, 50 %).

IR (CH,Cl,, em™): 1870 v(C=C), 1602 v(C=C). '"H NMR (CD,Cl,, 400 MHz) 6 / ppm: 3.81
(s, 3H, CHs), 3.81 (s, 3H, CHj3), 4.21 (dt, Jyp = 15 Hz, Jyy = 11 Hz, 1H, CH,, dppm), 4.49 (dt,
Jup= 15 Hz, Jyg = 11 Hz, 1H, CH,, dppm), 4.93 —5.03 (m, 2H, CH,, dppm), 5.53 (d,
Jup = 5 Hz, 1H, H?®), 6.23 (d, Juy = 8 Hz, 2H, H?3), 6.36 — 7.74 (m, 40H, Ph, dppm), 6.56 (d,
Jun = 8 Hz, 2H, H?), 6.87 (d, Jyn= 8 Hz, 2H, H'!), 7.29 (d, Juyzu =8 Hz, 2H, H!9). !'B
NMR (CD,Cl,, 400 MHz) & / ppm: — 2.1 (s, BFy4). '°F NMR (CD,Cl,, 400 MHz) & / ppm: —
153.1 (s, BF,). 3'P{!H} NMR (CD,Cl,, 400 MHz) & / ppm: — 25.4 (ddd, Jpp = 322, 48, 28 Hz,
dppm), — 16.4 (ddd, Jpp = 323, 32, 26 Hz, dppm), — 13.2 (ddd, Jpp = 37, 23, 9 Hz, dppm), 0.69
(ddd, Jpp= 48, 27, 9 Hz, dppm). C{'H} NMR (CD,Cl,, 400 MHz) & /ppm: 42.2 (t,
Jep =26 Hz, CH,, dppm), 45.4 (t, Jcp =26 Hz, CH,, dppm), 56.1 (s, CHj3), 56.3 (s, CHj),
108.5 (d, Jcp = 22 Hz, C5), 114.8 (s, C? or C!1), 114.9 (s, C? or C'!), 127.7 — 133.2 (m, Ph),
130.3 (s, C?®), 132.8 (s, C3), 159.8 (s, C'?), 160.8 (s, C!). The resonances from quaternary C°
and C’ atoms were not unambiguously resolved. ESI (+)-MS (m/z): 1133 [RuCl(n?’-
{HC(C¢Hs-4-OMe)=CC=CC¢H4-4-OMe} )(dppm),]*.
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SS. Crystal Structure Analysis

The X-ray single crystal data have been collected using on a Bruker SMART CCD 6000
(fine-focused sealed tube, graphite monochromated AMoKo radiation, A =0.71073A) and
Oxford Diffraction Gemini -Ultra (compounds 2¢ and 2d: fine-focus sealed tube and
Enchance MoX-ray source, AMoKa- and ACuKa-radiations, graphite monochromator and
focusing mirrors, A = 0.71073 and 1.54178A respectively) diffractometers. The data were
collected at the temperatures 100K (2¢ and 2d), 150K (2e) and 120K for the rest of the
samples. The temperature was maintained by the Cryostream (Oxford Cryosystems) open-
flow nitrogen cryostats. All structures were solved by direct methods and refined by full-
matrix least squares on F? for all data using Olex2® and SHELXTL’ software. All non-
disordered non-hydrogen atoms were refined anisotropically, the hydrogen atoms were
placed in the calculated positions and refined in riding mode. Disordered atoms in structures
2b, 2e and 2f were refined isotropically with fixed SOF= 0.5, 0.9:0.1 and 0.75:0.25
respectively. The structures 2b and 2e contain severely disordered solvent molecules which
could not be modeled properly and were taken into account by MASK procedure of Olex2
program package. Crystallographic data for the structure have been deposited with the
Cambridge Crystallographic Data Centre as supplementary publications CCDC-1426045-
1426051.
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S5.1 Structure of [2b]

Figure S1: A plot of a molecule of [2b]. One set of the disordered atoms, the solvent of

crystallisation and hydrogen atoms have been removed for clarity.
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Table S1: Crystal data and structure refinement for [2b]

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

(o]

o/
pr°

v/°

Volume/A3

Z

Peale ME/mMm3

wmm-!

Crystal size/mm3

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I>=2c (])]
Final R indexes [all data]

Largest diff. peak and hole

CeoHs1C10,P,Ru.CH,Cl,
1149.33

120

Triclinic

Pl

10.8804(4)

11.4875(4)

24.2218(9)

103.3270(10)

91.8920(10)

104.7960(10)

2834.62(18)

2

1.347

0.572

0.31x0.3x0.24

3.48 to 62.04°
-15<h<15,-16<k<16,-35<1<35
53960

15073[R(int) = 0.0345]
15073/0/608

1.093

R;=0.0490, wR, =0.1298
R;=0.0609, wR, =0.1379

2.062 and -0.819 e.A-3
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S5.2 Structure of [2c]

Figure S2: A plot of a molecule of [2¢]. Solvent of crystallisation and hydrogen atoms have

been removed for clarity.
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Table S2: Crystal data and structure refinement for [2¢]

Empirical formula
Formula weight
Temperature

Wavelength

Crystal system

Space group

alA

b/A

c/A

pr°

Volume/A3

VA

Peate M/mm?

wmm-!

Crystal size/mm?3

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data / restraints / parameters
Goodness-of-fit on F2
Final R indices [/>20({)]
R indices (all data)
Largest diff. peak and hole

C¢3Hs7CIP4RuSi.CH,Cl,
1187.50
1002) K
1.54178 A
Monoclinic
P2,/n

10.24630(10)
31.3382(3)
18.1430(2)
94.3440(10)
5808.99(10)
4
1.358
4.992
0.39x 0.070 x 0.035
5.64 to 134.616°.
-12<h<7, -37<k<35, -20<1<21
33175
10331 [R(int) = 0.0410]
10331/0/661
1.044
R;=0.0399, wR, = 0.0986
R;=0.0503, wR, = 0.1059
0.815 and -0.783 e.A-3
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S5.3 Structure of [2d]

Figure S3: A plot of a molecule of [2d] with hydrogen atoms removed for clarity.
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Table S3: Crystal data and structure refinement for [2d]

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

alA

b/A

c/A

o

o/
pr°

v/°

Volume/A3

VA

Peate M/mm?

wmm-!

Crystal size/mm?3

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [/>20({)]

R indices (all data)

Largest diff. peak and hole

CssHy4oCIP,Ru
1006.37
100(2) K
0.71073 A
Triclinic
PError!
13.5448(4)
13.5845(4)
13.8574(3)
93.781(2)
109.044(2)
94.896(2)
2389.47(12)
2
1.399
0.557
0.45x0.27x0.17
4.126 to 65.242°.
-20<h<19, -19<k<20, -20<I<21
35385
15874 [R(int) = 0.0359]
15874 /0/577
1.049
R, =0.0400, wR, = 0.0912
R, =0.0551, wR, =0.101
1.385 and -0.902 e.A-3
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S5.4 Structure of [2e]

Figure S4: A plot of a molecule of [2e]. The solvent of crystallisation and hydrogen atoms

have been removed for clarity.
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Table S4: Crystal data and structure refinement for [2e]

Empirical formula

Formula weight
Temperature/K
Crystal system
Space group
a/A

b/A

c/A

(o]

o/
pr°

v/°
Volume/A3
Z

Peale ME/mMm3
wmm-!

Crystal size/mm3

20 range for data collection

Index ranges

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

Final R indexes [/>=2c (])]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A3

CsoHs,CIP,Ru.CH,Cl,
1105.32

150

Triclinic

Pl

10.9313(5)

11.6259(6)

21.9491(10)

78.5220(10)

88.2700(10)

75.2510(10)

2643.0(2)

2

1.389

0.608

0.18 x 0.1 x 0.09

3.7 to 62°
-15<h<15,-16<k<16,-31<1<31
37618

13993[R(int) = 0.0457]
13993/12/618

1.086

R;=0.0528, wR, =0.1413
R;=0.0803, wR, =0.1564
1.49/-1.11
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S5.5 Structure of [2f]

Figure S5: A plot of a molecule of [2f]. The solvent of crystallisation and hydrogen atoms

have been removed for clarity.
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Table S5: Crystal data and structure refinement for [2f]

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
a/A

b/A

c/A

a/°

pr°

y/°

Volume/A3

VA

Pealc ME/mMm>
wmm-!

Crystal size/mm3

20 range for data collection

Index ranges
Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [I>=2c ()]

Final R indexes [all data]

Largest diff. peak/hole / e A3

Cs9H;5,C10OP,Ru.CH,Cl,
1122.33

120

Monoclinic

P2,

9.5876(3)

22.2227(7)

12.7177(4)

90.00

107.6030(10)

90.00

2582.78(14)

2

1.443

0.625

0.33 x0.18 x 0.08

3.36 to 58°
-12<h<13,-30<k<30,-17<1<17
31889

13673[R(int) = 0.0400]
13673/3/623

1.171

R, =0.0735, wR,=0.1574
R;=0.0848, wR, =0.1626
1.82/-1.97
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S5.6 Structure of [3b]

Figure S6: A plot of a molecule of [3b]. The solvent of crystallisation and hydrogen atoms

have been removed for clarity.
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Table S6: Crystal data and structure refinement for [3b]

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
a/A

b/A

c/A

a/°

pr°

y/°

Volume/A3

VA

Pealc ME/mMm>
wmm-!

Crystal size/mm3

20 range for data collection

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [I>=2c ()]
Final R indexes [all data]
Largest diff. peak/hole / e A3

C;0Hs5304P,Ru.CHCl;
1307.48

120

Monoclinic

C2/c

17.7726(15)

13.9939(12)

25.218(2)

90.00

104.388(3)

90.00

6075.1(9)

4

1.430

0.546

0.16 x 0.15 x 0.08

3.34 to 56°
-23<h<23,-18<k<18§,-33<1<33
34789

7324[R(int) = 0.2025]
7324/10/383

0.914

R;=0.0680, wR,=0.1614
R;=0.1402, wR, = 0.1935
0.97/-1.04
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S5.7 Structure of [4e]*

Figure S7: A plot of the cation [4e]". The counter anions, solvent of crystallisation and

selected hydrogen atoms have been removed for clarity.
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Table S7: Crystal data and structure refinement for [4e]

Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

alA

b/A

c/A

a/°

pre

v/°

Volume/A3

VA

Peale ME/mMm3

wmm-!

Crystal size/mm3

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [/>=2c (])]
Final R indexes [all data]

Largest diff. peak/hole / e A3

Flack parameter

CesHsoP4sRu.BF4.0.5C3HO
1216.95

120

Orthorhombic

Pca2,

13.5079(7)

22.8614(11)

20.0977(10)

90.00

90.00

90.00

6206.4(5)

4

1.302

0.409

0.28 x 0.24 x 0.04

3.56 to 59°
-18<h<18,-31<k<31,-27<1<27
77460

17276[R(int) = 0.0633]
17276/1/723

1.046

R;=0.0443, wR, = 0.1098
R;=0.0705, wR, = 0.1271
0.99/-0.55

-0.04(2)
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S6. Electrochemistry
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Figure S8: Cyclic voltammograms of trans-[RuCl(=C=CHCgH4-4-R)(dppm),]*, [1]*, where
R =NO,, [1a]"; COOMe, [1b]"; C=CSiMe;, [1c]"; H, [1d]"; Me, [le]* and OMe, [1f]*,
showing the first oxidation potentials. Scans were recorded at -40 °C in CH,Cl, 0.1M
[N"Buy]PFs solutions at scan rates of 100 mVs'! and have been normalised to equal the

maximum current of [1a]".
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Figure S9: Cyclic voltammograms of trans-[RuCl(C=CC¢H4-4-R)(dppm);], [2], where
R =NO,, [2a]; COOMe, [2b]; C=CSiMe;s, [2¢]; H, [2d]; Me, [2¢] and OMe, [2f], showing
the perturbations in first oxidation potentials, caused as a result of the varying the R group.
Scans were recorded at -40 °Cin CH,Cl, 0.1M [N"Buy]PF¢ solutions at scan rates of

100 mVs'! and have been normalised to equal the maximum current of [2b].
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Figure S10: Cyclic voltammograms of frans-[RuCl(C=CC¢H4-4-R)(dppm),], [2], where
R =NO,, [2a]; COOMe, [2b]; C=CSiMe;, [2¢]; H, [2d]; Me, [2e] and OMe, [2f], showing
the first and second oxidations. Scans were recorded at r.t. ([2d, f]) and -40 °C ([2a — ¢, e]) in
CH,Cl, 0.1M [N"Buy]PFs solutions at scan rates of 100 mVs'! and have been normalised to

equal the maximum current of E;,(1) of [2a].
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Figure S11: Cyclic voltammogram of trans-[RuCl(C=CCsHy4-4-NO,)(dppm),], [2a], showing
two oxidations and a reduction. The scan was recorded at -40 °C ([2a — ¢, e]) in CH,Cl, 0.1M

[N"Buy]PF¢ solution at scan rates of 100 mVs-!.
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Figure S12: Cyclic voltammograms of frans-[Ru(C=CCg¢H;-4-R),(dppm),], [3], where
R =NO,, [3a]; COOMe, [3b] and C=CSiMe;, [3c] showing the first oxidation only. Scans
were recorded at -40 °C in CH,Cl, 0.1M [N"Buy4]PFj solutions at scan rates of 100 mVs™! and

have been normalised to equal the maximum current of E,»(1) of [3a].
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Figure S13: Cyclic voltammograms of frans-[Ru(C=CCg¢H;-4-R),(dppm),], [3], where
R =NO,, [3a]; COOMe, [3b] and C=CSiMe;, [3c] showing two oxidations ([3a — ¢]) and a
reduction ([3a]). Scans were recorded at -40 °C in CH,Cl, 0.1M [N"Buy]PF; solutions at scan

rates of 100 mVs! and have been normalised to equal the maximum current of E;,(1) of [3a].
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S7. DFT Calculations

Initial optimisations were performed at the (RI-)BP86/SV(P) level, followed by frequency
calculations at the same level. Transition states were located by initially performing a
constrained minimisation (by freezing internal coordinates that change most during the
reaction) of a structure close to the anticipated transition state. This was followed by a
frequency calculation to identify the transition vector to follow during a subsequent transition
state optimisation. A final frequency calculation was then performed on the optimised
transition-state structure. All minima were confirmed as such by the absence of imaginary
frequencies and all transition states were identified by the presence of only one imaginary
frequency. Energies, coordinates and first 50 vibrational modes are given.

Single-point calculations on the (RI-)BP86/SV(P) optimised geometries were performed
using the hybrid PBEO functional and the flexible def2-TZVPP basis set. The (RI-
)PBEO/def2-TZVPP SCF energies were corrected for their zero point energies, thermal
energies and entropies (obtained from the (RI-)BP86/SV(P)-level frequency calculations). In
all calculations, a 28 electron quasi-relativistic ECP replaced the core electrons of Ru and Rh.
No symmetry constraints were applied during optimisations. Sovlent corrections were applied
with the COSMO dielectric continuum model® and dispersion effects modelled with
Grimme’s D3 method.!® ! All calculations were performed using the TURBOMOLE V6.4

package using the resolution of identity (RI) approximation.!>-2°
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S7.1 Modelling Deprotonation Reactions

The differences in energy between the protonation and deprotonated complexes reported in
this study was modelled by comparing the sum of the energies of the cationic vinylidene
complexes (e.g. [D]" and [F]") and the bases (MeOH),, pyridine and proton sponge (1,8-
bis(dimethylamino)naphthalene) with the sum of the energies of the (neutral) bis-alkynyl
complexes and the appropriate conguate acids (Scheme 1). The data indicate that the NO,-
containing complexes are the most readily deprotonated and that the in case of both the
cationic and neuctral complexes the trans-isomers are more stable (typically by ca. 10 kJ

mol') than their cis forms.

N ® A
PhoR  PPhy H_ PhoR PPh, ©

/o Z , -
PhoP~RUC=C™R| <——=—== | " c=C=Ru-C=C-R

P C Rl VARY
Phy PhaP_PPh,
|-/| R
[DI* [FI*
0 kJ mol™! -9 kJ mol™!
0 kJ mol! -8 kJ mol"
0 kJ mol™! -8 kJ mol"!

aR= C6H5'4'N02
d R = CgHg i || 1) i) | i)
fR = C¢Hs-4-OMe

N A
Phy,R PPhy Ph,R PPh,
PhoP~RU—C=C-R" <———== R-C=C—Ru-C=C-R

Bhf’“o Ph,P(_PPh,
-
c 3

+ [H(MeOH),]* +31 kJmol™! + [H(MeOH),]* +22 kJmol!
+ [Hpy]* +5 kJmol™! + [Hpy]* -4 kJmol™!
+ [Hprotonsponge]* -36 kJmol-"! + [Hprotonsponge]* -45 kJmol-!
+ [H(MeOH),]* +55 kJmol-"! + [H(MeOH),]* +44 kJmol-!
+ [Hpy]* +29 kJmol-"! + [Hpy]* +18 kJmol-"!
+ [Hprotonsponge]* -12 kJmol-! + [Hprotonsponge]* -24 kJmol-!
+ [H(MeOH),]* +61 kJmol"! + [H(MeOH),]* +51 kJmol-!
+ [Hpy]* +35 kJmol"'! + [Hpy]* +25 kJmol"!
+ [Hprotonsponge]* -6 kJmol™! + [Hprotonsponge]* -17 kJmol™!

Scheme S1: (i) + (MeOH),, pyridine or proton sponge; (ii) - (MeOH),, pyridine or proton

sponge.
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S7.2 Complex [Ca]

SCF Energy (au) (RI)BP86/SV(P) -4414.6823114170

SCF Energy (au) PBE0/def2-TZVPP -4414.014671791

SCF Energy (au) PBE0/def2-TZVPP -4414.0552660812 (CH,C1,
Correction)

Zero Point Energy (au) 0.9702508

Chemical potential (kJ mol™!) 2231.50

Dispersion correction (au) PBEO/def2-TZVPP -0.24714811

xyz coordinates

129

Ru 0.19241 -0.18671 0.03963
C -1.39799 0.03242 -1.15567
C -0.27124 1.60655 0.79802
P -1.11067 -1.35142 1.63466
P 1.57971 -0.58317 2.02089
P 0.99520 -1.93779 -1.47589
P 1.67471 0.80334 -1.51625
C 0.26723 -1.64313 2.87484
C 2.21764 -0.78881 -2.34809
C -1.85450 -3.01244 1.29402
C -2.44690 -3.22745 0.03064
C -3.07106 -4.45397 -0.25595
C -3.10010 -5.47669 0.70755
C -2.50565 -5.27033 1.96512
C -1.88921 -4.04267 2.26005
C -2.47660 -0.51045 2.55959
C -3.24566 0.46356 1.88775
C -4.33197 1.07366 2.53989
C -4.65004 0.72837 3.86442
C -3.88185 -0.23688 4.54004
C -2.80278 -0.85744 3.88942
C 1.91790 0.75013 3.26812
C 0.84152 1.40016 3.91310
C 1.08457 2.42709 4.84015
C 2.40074 2.82818 5.12582
C 3.47529 2.19541 4.47879
C 3.23739 1.16359 3.55440
C 3.13464 -1.58544 2.15121
C 3.39417 -2.40167 3.27478
C 4.59342 -3.12611 3.36678
C 5.55453 -3.03319 2.34414
C 5.31161 -2.21183 1.23112
C 4.10611 -1.49511 1.13415
C -0.04389 -2.58175 -2.87343
C -0.53863 -1.68982 -3.85163
C -1.34600 -2.16166 -4.89978
C -1.68150 -3.52400 -4.97887
C -1.20396 -4.41445 -4.00277
C -0.39124 -3.94799 -2.95507
C 1.99580 -3.44338 -1.06192
C 1.68715 -4.18493 0.09620
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.40306
.44135
.75377
.03141
.05558
.68268
.22001
.13334
.49114
.03905
.22809
.16933
.30902
.51561
.58148
.44246
.05028
.58428
.15081
.25310
.41663
.53231
.58729
.52622
.43963
.98581
.92862
.49941
.12665
.22025
.19896
.23381
.58782
.51223
.09159
.66114
.78229
.49712
.06333
.92397
.30502
.72370
.31754
.45887
.01935
.86658
.14805
.00731
.56183
.27227
.54540
.71490
.22698
.34511
.53657
.22356

.35373
.78889
.05847
.89706
.91190
.97247
.86691
.71519
.66129
.75954
.66951
.52508
.24532
.11059
.25487
.54040
.34633
.70727
.80624
.05219
.42646
.60918
.43921
.06878
.89295
. 74376
.83148
.21275
.51307
. 62277
.11591
.92389
.63624
.50051
.67328
.46589
.76210
.60037
.12862
.84395
.61467
.45269
.89056
.48606
.66080
.85270
.92500
.70228
.40012
.34869
.32485
.904064
.42035
.32156
.70587
.62387

.40878
.43092
.59155
.90911
.86395
.12821
.10729
.82822
.57049
.59061
.00158
.12000
.51793
.19001
.30392
.71178
.92278
.86024
.45650
.04551
. 72809
.24487
.47924
. 72558
.25642
.85409
.00621
.37426
.57917
.42984
.68961
.33415
.85221
.69767
.06139
.09640
.24768
.41847
.42926
.26405
.79822
.65432
.80147
.05702
.20226
. 75236
.31630
.18374
.25972
.83531
.35933
.09199
.59563
.34706
.60872
.68032
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4.25019
6.40935
6.52517
4.50834
-2.43303
-3.60148
-0.55399
-0.87679
-5.92125
-6.00041
-4.85366
-3.56575
-4.70926
-7.12669
-6.96731
-4.90553
.61288
-4.69140
-1.50701
-2.13710
-1.82485
-0.26427
-0.57291
-1.82984
-2.86525
-2.31889
0.46538
-0.10509
-2.65075
-1.26039
-7.02071
-8.17603
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Svibrational spectrum
# mode symmetry
rules

#
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.91215
.67367
.14605
.88403
.17365
.33050
.75360
.05165
.62642
.08048
.22424
.04671
.19393
. 77336
.50586
.77481
.49378
.74408
.63233
.50901
.23631
.21905
.49423
.97489
.66066
.34979
.10043
.39743
.05941
.94151
.39832
.26175

wave number

cm** (-1)

O O O O o

14

22

.00
.00
.00
.00
.00
.00
.04
11.
13.
.43
16.
19.
.34
22.
25.
27.
29.
32.

43
46

37
80

97
19
24
73
50

oD, O WD WEEFEDNDW

.39352
.12634
.86415
.59619
.84059
.63355
.20392
.68294
.22212
.00819
.22618
.86954
.65609
.05316
.70280
.27366
.19386
.60802
.65025
.21633
. 73607
.13187
.60719
.15878
.02623
.16378
.31537
.18947
.08137
.63603
.11633
.64201

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.42845
.17708
.23869
.52047
.03087
.02050
.02532
.05430
.00723
.01730
.07713
.01958

oNoNoNoNoNoNeoNoNoNoNolNolNolololelNolNo]

selection
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Q0 Y YYD YYD YYD

37.
39.
43.
45.
46.
47.
48.
49.
51.
51.
52.
.68
59.
60.
64.
68.
69.
.51

73.

79.

81.

83.

84.

94.

97.
105.
112.
136.
138.
159.
161.
lel.

57

72

38
10
48
09
43
58
61
36
35
76
34

42
08
19
50
71

13
41
70
70
00
68
81
36
01
69
45
31
53
95

ocNeoNoNoNeolN SHoloNoNoNol VeolNoNolNoNoNoNoloNoNoNoNoNoRolNoNolNoNolNolNe]

.03034
.07349
.01417
.04523
.13855
.00217
.01779
.08584
.82291
.02029
.11620
.13265
.09273
.54840
.00797
.00543
.06438
.00416
.05297
.16472
. 72302
.39169
.30339
.14482
.69016
27777
.53000
.06325
17775
.01361
.06187
.45158

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.3 Complex [Da]*

SCF Energy (au) (RI)BP86/SV(P) -4415.0913828010

SCF Energy (au) PBE0/def2-TZVPP -4414.422351381

SCF Energy (au) PBE0/def2-TZVPP -4414.4933755759 (CH,C1,
Correction)

Zero Point Energy (au) 0.9823432

Chemical potential (kJ mol™!) 2264.27
Dispersion correction (au) PBEO/def2-TZVPP -0.25061338

xyz coordinates

130

Ru 0.30395 0.03053 0.29869
C -1.23788 0.10689 -1.01526
C -0.14059 1.66013 1.02505
P -0.97732 -1.26031 1.87637
P 1.75078 -0.53865 2.21989
P 1.19639 -1.85414 -1.23499
P 1.84161 0.95655 -1.30813
C 0.48580 -1.70781 2.96730
C 2.46452 -0.67996 -1.97457
C -1.76927 -2.86683 1.43227
C -2.27576 -3.06378 0.13041
C -2.92886 -4.26702 -0.19260
C -3.07483 -5.27605 0.77356
C -2.56832 -5.08344 2.07224
C -1.92132 -3.88274 2.40429
C -2.24232 -0.44276 2.93614
C -3.14209 0.44615 2.30897
C -4.18196 1.03426 3.04744
C -4.32817 0.74519 4.41486
C -3.43430 -0.13870 5.04457
C -2.39630 -0.73537 4.30962
C 2.01879 0.74560 3.53005
C 0.91521 1.25583 4.25165
C 1.10863 2.22303 5.25241
C 2.39912 2.70318 5.53493
C 3.49745 2.20851 4.81238
C 3.31259 1.23350 3.81681
C 3.36255 -1.43183 2.19765
C 3.62587 -2.49670 3.08664
C 4.89148 -3.10535 3.10516
C 5.90828 -2.65112 2.24759
C 5.65616 -1.58476 1.36832
C 4.38811 -0.97982 1.33856
C 0.24232 -2.45966 -2.69910
C -0.15838 -1.55181 -3.70539
C -0.87495 -2.00722 -4.82388
C -1.21184 -3.36600 -4.94605
C -0.82456 -4.27095 -3.94410
C -0.10128 -3.82381 -2.82523
C 2.13187 -3.35922 -0.71704
C 1.54754 -4.22563 0.23353
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.18627
.41868
.00573
.36474
.22642
.79512
.35782
.36001
.20412
.22151
.35635
.29016
41211
.60877
.68167
.56079
.35068
.78649
.56210
.45078
.16176
.32377
.58798
.68477
.54402
.02998
.87824
.14279
.54699
.71425
.10921
.23956
.54869
.51443
.18915
.85024
.08561
.90199
.45182
.20742
.08102
.17583
.77456
.07618
.20767
.56905
.71371
.92084
.96737
.83042
.59026
.80587
.02327
.98586
.23127
.35373

.42589
.76770
.91065
.71587
.94425
.83669
.67628
.63684
.75224
.90659
.89439
.79281
.56401
.43990
.54554
.77894
.60055
.75287
.75821
.89084
.27176
.41268
.21738
.87066
. 74123
.67362
.72789
.21006
.37099
.43391
.90568
.60012
.45936
.57286
.84319
.85378
.93663
.12737
.21667
.13092
.47976
.28918
.71961
.34031
.55173
.97852
.09883
.70814
.17847
.07254
.10248
.58245
.29919
.50350
.99843
.89540

.58964
.00839
.93862
.30532
.73987
.02847
.06640
.82448
.54231
.50439
.81422
.27167
.62145
.10405
.18719
.54540
.06404
.74150
.07765
.51004
.62825
.21097
.51738
.83502
.43125
.23628
.54942
.99371
11617
.82214
.04365
.81581
.32268
.03142
.27702
.78343
.80232
.26919
.70035
.65862
.62633
.60351
.82527
.03502
.05930
.67835
.32365
.28807
.40601
.06958
.23889
.06906
.63863
. 34533
.50519
.84186
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.34808
.48793
.61596
.63197
.22617
.34840
.41933
.30068
.53663
.54973
.67234
.57646
.26603
.35912
.70874
.62721
.65869
.32565
.31403
.64244
.70372
.65713
.50453
.55259
. 75482
.81053
.91426
.42498
.30881
.55589
.80280
. 73838
.56068

spectrum

symmetry

O Y YYD W

PO JdJod DN Wbk OOUORFRPFRPOOORPRRPEFEFOODOWWNOORDND® D

.26690
.04507
.44986
.09558
.19189
.28256
.86509
.20669
. 76685
.45485
.28661
.36928
.03064
.11818
.53778
.78440
.94547
.54909
.69159
.54874
.87768
.98778
.46622
.35144
.48803
.82638
.23902
.52749
.13604
.16550
.52580
.05513
.19115

wave number

cm** (-1)

O OO O oo

.00
.00
.00
.00
.00
.00
.99
.24
13.
14.
15.
18.
21.
27.
30.
33.
34.

48
18
28
62
73
67
92
58
16

.46778
.17104
. 76432
.40828
. 76488
.64507
.53441
.30848
.22866
.38600
.20049
.33652
.85438
72167
.31025
.97802
.40158
.09877
.65885
.69161
.68100
.94333
.23034
.03786
.40758
.22659
.71820
.34316
.80654
.47318
.07171
.98111
.34557

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.00135
.24883
.37674
.32991
.22434
.17165
.08450
.06945
.01382
.06358
.00904
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selection
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18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

(AU R R ORI O O O TG R R OB R O ORGSO G O O R R O G R O O O R R O )

34.
36.
39.
41.
.36
43.
.93
46.
50.
51.
53.
56.
57.
61.
63.
63.
63.
67.
70.
2.
78.
80.
82.
89.
96.
97.
105.
113.
138.
139.
152.
155.
160.

42

45

84
95
56
14

57

33
70
27
09
03
75
17
01
12
50
90
54
95
89
78
52
48
03
73
51
09
06
13
89
34
21

eoNeoNoNoNoN N HelolohNeoNoholNoNoNoNolNololBohohNohNoNoNololNolNololNololNolNo]

.11441
.06057
.03326
.11863
.14752
.17822
.07770
.08650
.02171
.07976
.05899
.05111
.01382
.26560
.08898
.03156
.11697
.09807
.25852
.12209
.96687
.55347
. 73700
.05010
.13928
.92025
.20953
.45449
.25197
.13672
.17519
.30586
.49621

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.4 Complex [Fa]*

SCF Energy (au) (RI)BP86/SV(P) -4415.0965565700

SCF Energy (au) PBE0/def2-TZVPP -4414.429150638

SCF Energy (au) PBE0/def2-TZVPP -4414.4971860093 (CH,C1,
Correction)

Zero Point Energy (au) 0.9826514

Chemical potential (kJ mol™!) 2267.18

Dispersion correction (au) PBEO/def2-TZVPP -0.25143364

xyz coordinates

130

C 0.35866 -1.86408 0.26310
C -1.66027 -0.19065 -2.77317
C 1.03148 0.74472 -3.66484
C 0.62222 -2.05572 -3.09839
C 1.61826 0.28141 2.60644
C -0.94481 1.74857 3.11844
C -0.93321 -1.10418 3.33873
C 3.59358 -0.72166 0.62072
P -2.22157 -0.23044 -0.97870
C -0.06013 1.96564 -0.63113
P 2.20186 0.46293 0.82514
P 0.18387 -0.37705 -2.47680
p -0.22981 0.25855 2.30220
Ru -0.00063 0.14605 -0.11783
C 0.64503 -3.05857 0.47173
C -3.11748 -1.82542 -0.76601
C -3.57484 1.02090 -0.82073
C 3.02413 2.11378 0.76568
H -1.84804 0.82134 -3.19148
H -2.11745 -0.94989 -3.44244
H 1.96592 1.09209 3.28025
H 1.96276 -0.69077 3.01542
C -2.06405 -3.16452 4.91179
C -0.77081 -3.30887 4.38145
C -0.20914 -2.29013 3.59384
C -2.23570 -0.96731 3.87293
C -2.79550 -1.99299 4.65200
H -2.49991 -3.96387 5.53306
H -0.18809 -4.22305 4.57875
H 0.79687 -2.43880 3.17413
H -2.81767 -0.04880 3.69751
H -3.80806 -1.86689 5.06877
C -2.24374 3.86175 4.46543
C -1.06173 3.31063 4.99226
C -0.42074 2.25051 4.33096
C -2.12700 2.31069 2.58996
C -2.77860 3.35646 3.26866
H -2.75019 4.68643 4.99286
H -0.64042 3.70083 5.93301
H 0.48335 1.80813 4.78093
H -2.54659 1.92618 1.64535
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.70640
77720
.75879
.66578
.62158
.70566
.63089
.80460
.85474
.58712
.50231
.22957
.84603
.24908
.40197
.00675
. 70315
.80858
.75506
.43553
.51447
.28717
.12262
.20698
. 79335
.12219
.54207
.53673
.11574
.44737
.03248
.40352
.19083
.50884
.24800
.93260
.93810
.77406
.43110
.66020
.88151
.60031
.67668
.93025
.05755
.78888
.18056
.52919
.19382
.23710
.51703
.61663
.46857
.44955
.72821
.74060

.78081
.47330
.42537
.55702
77147
.64809
.15837
.07736
.54962
.11629
.68251
.66544
.55872
.28791
.23514
.50022
.65940
.67897
.42520
.13273
.36386
.62618
.43668
.16199
.25085
.53234
.62904
.29059
.03784
.39967
.67062
.38371
.77324
.95236
.36097
.17449
.02484
.93264
.46594
.21594
.65164
.19380
.77582
.59819
.24455
.42721
.11906
.36888
.28721
.64087
.74747
.94991
.25552
.30177
.72275
.68446

|
OO ORFHRPRPOOONNRPRPORPEPOOONDN

.85228
.28736
.67940
.51209
.59085
.42497
.15708
.56645
.25667
.47782
.18595
.61909
.01206
.08319
.35967
.29290
.56937
.51169
.37931
.88096
. 76827
.05758
.29336
.80656
.86467
.33886
.43697
.06955
.19681
.11201
.94489
.50627
.87387
.96109
.30118
.22123
.22596
.88167
.27103
.28864
.92748
.38326
.58897
.39875
.73713
.54837
.23350
.50582
.15464
.64276
.31131
.49751
.24950
.40563
.05894
.10062
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H -6
H -4
H -2
H -4
H -6
C 0
C 1
C 2
C 2
C 0
C 0
N 1
H 3
H 2
H -0
H -0
C 0
C -0
H 0
C -1
C -1
C -1
C -0
C -0
N -1
H -2
H -1
H 0
H -0
O 1
0 3
0 -2
0 -1
Svibrational
# mode
rules
#
RAMAN

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

.41656
.36107
.54943
.84739
.63861
.96087
.58027
.55263
.24215
.00184
.30645
.90683
.53661
.99667
.99417
.42174
.12811
.36262
.80807
.25989
.55491
.10690
.07619
.52078
.73592
.12879
.32326
.50645
.30709
.02837
.03420
.38784
.45003

spectrum

symmetry

O Y YYD W

O 00 00 W J Ul & oY o U0 J W i

.69906
.24602
.57222
.26958
.43507
.42673
.12207
.13867
.79998
.45471
.79483
.54416
.44407
.01770
.17901
.60071
.15664
.50654
.08240
.13029
.11951
.81904
.55630
.86174
.51001
.37621
.02684
.33684
.68204
.37969
.79325
.70151
.37267

wave number

cm** (-1)

O O O O o

21

.00
.00
.00
.00
.00
.00
.07
11.
13.
16.
17.

08
12
88
08

.84
23.
26.
26.
30.
32.

87
11
92
21
32

.38032
.72006
.98027
.40410
.68927
. 72539
.24047
.48183
.22510
.49404
. 74900
.51195
.86600
.40101
.11408
.57725
.21720
.92757
.09496
.44734
.48263
.24039
.84204
.60989
.19099
.38463
.97234
.75190
.31028
.28561
.94528
.83949
.02445

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.25799
.01111
.60105
.05467
.13715
.01633
.16237
.01403
.03881
.03654
.37058

cNoNoNoNoNoNeoNeNeN I NeololololNolNe)

selection

IR



18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

(AU R R ORI O O O TG R R OB R O ORGSO G O O R R O G R O O O R R O )

33.
36.
39.
41.

44

47

57

122

90
38
09
79

.65
46.
.64
50.
51.
53.
56.
.16
59.
61.
63.
64.
65.
68.
71.
76.
7.
80.
84.
88.
96.
99.
104.
.78
142.
147.
149.
156.
lel.

12

71
87
33
54

15
18
77
66
83
06
16
17
67
58
67
09
08
87
41

60
66
50
99
08

N eoNoNeoNeol Vel S SeololNolNolNoNoloNoloNoRoNoNoNoNoNoNolNoNoNoNeolNoNolNe)

.02360
.19615
.02565
.24397
.00717
.13299
.03392
.01981
.03382
.02482
.08476
.22462
.38226
.27714
.11814
.01654
.054064
.10114
.30568
.09982
.25172
.14780
.09820
.06611
.16955
.26133
.10112
.17684
.30901
.04182
.55996
.67706
.07876

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.5 Complex [3a]

SCF Energy (au) (RI)BP86/SV (P)
SCF Energy (au) PBEO/def2-TZVPP
SCF Energy (au) PBEO/def2-TZVPP

Correction)
Zero Point Energy (au)

Chemical potential (kJ mol™!)
(au)

Dispersion correction
xyz coordinates
129

0.17892
-1.55003
1.35654
0.39921
1.49079
-0.69560
.31268
3.56834
-2.20745
-0.14828
2.08994
0.23013
-0.32341
.04955
0.37104
-3.03040
-3.66538
2.84785
-1.60231
-2.02583
1.96699
1.61711
-2.95550
-1.57060
-0.75162
-2.70509
.52088
-3.59607
-1.11834
0.33289
-3.15834
-4.60689
-1.35506
-0.63763
-0.31381
-1.41974
-1.74805
-1.61019
-0.33470
0.22715
-1.71111

U AL VELEGOEONONONONONONONG]
|
=

e
|
(@)

asgpasiia O NONONO @i s i a i I IO NONONO M@ R a i IO MO NO M@
|
w

N WO s DNDDND W

.01128
.13533
.72349
.97941
.07309
.88167
.88561
.79540
.30937
.89744
.28241
.35506
.25245
.07194
.14315
.95042
.79524
.96564
.24001
.34759
.46659
.16872
.50893
.45268
.64499
.94889
. 75455
.14231
.04487
.61848
.36004
.79351
.32717
.34730
.12867
.86346
.08129
.28426
.53066
.35946
.67813

-4414.6858956400
-4414.020956248
-4414.0578065813

0.9704468

2227.92

P S OODDNN OO OWODND DO WWDS O SDN

.56127
.78245
.41109
.30323
.64601
.08124
.35307
.61667
.07445
.57635
.89927
.41872
.28183
.06359
.06416
.30164
. 74857
.93386
.87354
.66216
.49148
. 77899
.98020
.20895
.39987
.12608
.93624
.61591
.02153
.59312
.31022
. 74997
.32481
.03612
.42001
.37633
.99951
.80949
.08054
.99762
.33124

(CH,C1,

PBEQ/def2-TZVPP -0.24667993
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WORFRPRWWNORFEF WOOODOODODODODODODWNWhbWNWBEEM_OOBNAO O WP OIDN

.31072
.81292
.61037
.48909
.78226
.89617
.69068
.54068
.53747
.86374
.83851
.08684
.02504
.40639
.89425
.51361
.57302
.45474
.35371
.44045
.54429
.53612
.36434
.29475
.57143
.63777
.59215
.28247
.15937
.65996
.77281
.21514
.86757
.94350
. 71647
.63781
.93749
.52692
.10608
.06180
.69321
.34881
.55695
.89780
.83806
.48906
.85897
.43899
.25416
.97331
11171
.85681
.67317
.58206
.85819
.94317

.84433
.44492
.68854
.87056
.54991
.37572
.08840
.52276
.07141
.29882
.17795
.50582
.70518
.44746
.78210
.04493
.494¢67
.06608
.83620
.45194
.66972
.45044
.42076
.19152
.01479
.24401
.41506
.36073
.16919
.07676
.25922
.32449
.71072
.91669
.34336
.13723
.94843
.64192
.24217
.58630
.82354
.43267
.17482
.93950
.21240
.44821
.40423
.94328
.74800
.44505
.64333
.48804
.02384
.18777
.26500
.10761

.43750
.16581
.51903
.29193
.29690
.07600
.01144
.23675
.80868
.99641
.61340
.83767
.31743
.27234
.08223
.03337
.80086
.26600
.18859
.02915
.94133
.66475
.27160
.59064
.70741
.38173
.19636
.70153
.49684
.28000
.47619
.82111
. 73916
.03684
.49492
.19607
.37292
.22058
.98226
.01218
.25528
.57269
.44202
.30513
.43199
.56814
.68177
.33949
.56782
.21247
.45706
.15268
.68912
.97806
.20504
.09248
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-6.71146
-4.59148
-2.64845
-4.94941
-6.86700
0.55131
0.89690
1.87489
1.70193
-0.41491
-0.24758
1.07525
2.75726
2.46459
-1.30187
-0.98627
.15582
-0.16479
-0.19220
0.52660
0.53912
-0.88247
-0.89874
-0.20531
1.06595
1.10112
-1.43632
-1.44941
0.19697
2.09274
0.42721
-0.84799

ocoooommZEZTZzZOOOOOOOOoarzzzDzZz000000Q@I i@ io i
|
(@)

Svibrational spectrum
# mode symmetry
rules

#

RAMAN

O ~Joy Ul WN R
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R
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=
(00

© W W oo o Ul J0 oy Ul U1 oy b

.14663
.10614
.62718
.81760
.67584
.44607
.04544
.51383
.23053
.02103
.30419
.39886
.12354
.80185
.42830
.75441
.10522
.49091
.26379
.79236
.42658
.01239
.37794
.70209
.51668
.04651
.31610
.78433
.83363
.02339
.45362
.08038

wave number

cm** (-1)

1 O OO O OO

14

.00
.00
.00
.00
.00
.00
.97
.61
.50
.03
15.
16.
18.
23.
24.
25.
29.
30.

03
93
54
76
97
70
46
64

.07418
.88315
.36342
.02278
.51225
.60262
.66184
.80128
.28111
.48586
.00857
.21122
.55878
.61248
.75889
.68733
.91015
.21217
. 78690
.67156
.39013
.33469
.62113
.08560
.04420
.47646
.98513
.48182
.96743
.88498
.33134
.07464

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.93724
.90920
. 74822
.45632
.26518
.11791
.11897
.00600
.09444
.04708
.04086
.11069

oNoNoNoNoNoNeoNoNoNoNolNolNolololelNolNo]

selection

IR



19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Q0 Y YYD YYD YYD

32.
34.
36.
37.
39.
43.
.28
47.
49.
50.
53.
.40

45

55

57.
59.
63.
68.
71.
73.
74.
76.
80.
86.
88.
96.
100.
106.
124.
125.
146.
149.
158.
163.

36
07
77
23
31
72

45
22
32
27

96
25
88
20
87
10
53
00
88
95
60
27
22
67
95
93
39
01
95
13

ocNoNoNoNeolN SNeoll VolololNolNoNoNoNoNoNoNoloNoNoNolNoNoRolNoNolNoNolNolNe]

.11539
.04354
.06864
.13466
.05882
.00857
.13094
11721
.17009
.06909
.12928
.14373
.48882
.14563
.02511
.23011
.12358
.03531
.28821
.02188
.48807
.16394
.12583
.79911
.02203
.30281
.68536
.02343
.27583
.00738
.47087
.62718

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.6 Complex [4a]*

SCF Energy (au) (RI)BP86/SV(P) -4415.1264505100

SCF Energy (au) PBE0/def2-TZVPP -4414.460118520

SCF Energy (au) PBE0/def2-TZVPP -4414.5281117027 (CH,C1,
Correction)

Zero Point Energy (au) 0.9847536

Chemical potential (kJ mol™!) 2280.76

Dispersion correction (au) PBEO/def2-TZVPP -0.25513376

xyz coordinates

130

C 1.71823 -1.97370 2.69977
C 2.10892 -2.07960 4.05573
H 2.20761 -1.17702 4.68255
C 2.39329 -3.33393 4.61626
H 2.69532 -3.40401 5.67413
C 2.30619 -4.49611 3.82684
H 2.53553 -5.48032 4.26692
C 1.93533 -4.39627 2.47687
H 1.87201 -5.30162 1.85165
C 1.64064 -3.14112 1.91317
H 1.34971 -3.07283 0.85516
C 3.05171 0.46709 2.26154
C 4.10506 0.08284 1.39927
H 3.90726 -0.60263 0.55798
C 5.40751 0.56190 1.61308
H 6.22190 0.24653 0.94041
C 5.67383 1.43267 2.68536
H 6.69702 1.80561 2.85469
C 4.63301 1.81703 3.54691
H 4.83801 2.48958 4.39596
C 3.32752 1.33494 3.34021
H 2.53041 1.63321 4.04094
C -2.41124 1.80757 2.49713
C -3.42874 2.21431 1.60677
H -3.54378 1.71478 0.63107
C -4.32282 3.23839 1.96565
H -5.12099 3.53529 1.26566
C -4.20240 3.87451 3.21218
H -4.90392 4.67615 3.49542
C -3.18795 3.47865 4.10132
H -3.09011 3.96989 5.08314
C -2.30191 2.44694 3.75106
H -1.52980 2.13759 4.47385
C -2.32902 -0.99952 2.87474
C -1.71549 -1.99911 3.66220
H -0.62542 -2.01327 3.81219
C -2.48764 -3.01163 4.25798
H -1.99017 -3.77869 4.87335
C -3.87962 -3.04563 4.07325
H -4.48358 -3.83731 4.54568
C -4.49745 -2.05755 3.28693



OOz oODnoOnoDnoODnQOOnoOnn Do oo ODn oD QI Q@

.59016
.73074
.24053
.18750
.12422
.42509
.08268
.04054
.51511
.30500
.11242
.37143
.09794
.39773
.93451
.75386
.57178
.35062
.91734
.26915
.30749
.74080
.13818
.22751
.57803
.22658
.18988
.76051
.69248
.99644
.14400
.11710
12726
.95050
.82891
.65566
.51368
.53301
.53054
.06002
.08621
.94426
.05180
.86669
.00588
.03003
.02435
.85291
.99358
.80342
.23058
.09763
.09142
.40011
.63087
.46305

.06866
.04139
.26637
.52064
.11709
.60632
.46250
.16365
.95787
.85316
.41470
.16887
.41006
.88138
.68265
.56971
.12631
.56805
.54709
.25600
.75861
.63932
.14746
.01792
.26383
.97258
.47067
.33526
.18587
.83933
.06652
.47357
.19639
.45199
.94702
.80281
.57610
.18209
.50558
.78248
.90566
.21302
.93464
.02151
.86041
.67352
.75030
.47674
. 71933
.66938
.63582
.03153
.25550
.11421
.58425
.51885

.14193
.69336
.09967
.14662
.17972
.18905
.43327
.07974
.55518
.40510
.90238
.09290
.13295
.44999
.98361
.12739
.64207
.67232
.02119
.48156
.06364
.56251
. 74343
77431
.39246
.93297
.36610
.90017
.14418
.72944
.04187
.29305
.95007
.28740
. 73245
.70640
.47896
.13276
.45604
.04851
.01353
.00540
.96809
.70548
.97068
.71428
.01076
.99611
.05536
.31189
.39322
.82461
.30330
.63932
.21487
.41093
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C 2
H 2
C 3
C 3
H 2
C 3
H 3
C 4
N 5
C 5
H 5
C 4
H 4
C -1
C -1
H -0
C -1
H -1
C -2
C -2
H -3
C -2
H -2
P 1
P -1
P 0
P -1
Ru -0.
0 6
0 5
N -3
0 -3
0 -4
Svibrational
# mode
rules
#
RAMAN

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

.55891
.94209
.30296
.00087
.16679
. 74793
.52824
.81476
.60942
.14832
.99163
.39320
.64381
.21135
.09584
.39774
.86255
.78668
.75842
.89688
.60495
.12757
.21908
.39196
.33926
.24203
.52239

02983

.53905
.28331
.58140
.42641
.36284

spectrum

symmetry

O Y YYD W

.19116
.83936
.06159
.43564
.89515
.21912
.28404
.62986
.46071
.27788
.85899
.50534
.55915
.30378
.22197
.99546
.38741
.10307
.64934
77247
.02126
.60446
.91600
.29690
.35691
.45275
.80938
.09764
.90986
.64342
.88509
.63412
.07394

wave number

cm** (-1)

O O O O o

24

.00
.00
.00
.00
.00
.00
.24
14.
16.
20.
22.
.09
27.
30.
30.
35.
38.

23
84
04
48

25
53
96
88
25

.14844
.07028
.06232
.26069
.70658
.14271
.30567
.84247
. 78263
.67441
.24208
.78640
.64500
.63900
.72709
.54837
.76848
.59998
. 71758
.36772
.17063
.40312
.25399
.96863
.06961
.24351
.67595
.03875
.37585
.90495
.75866
.72491
.17651

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.04966
.58100
.51049
.16311
.19931
.10877
.00640
.06394
.11481
.00857
.02175

ocNoNoNoNoNoNoNeoNoNoNoNolNoNolNoNoNe)

selection

IR



18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

(AU R R ORI O O O TG R R OB R O ORGSO G O O R R O G R O O O R R O )

39.
41.
43.
43.
45.
47.
49.
50.
51.
53.
57.
59.
60.
62.
64.
67.
68.
.76

75.

79.

81.

85.

90.

95.
100.
106.
110.
132.
141.
149.
159.
162.
164.

74

41
11
20
57
62
98
64
42
36
13
30
58
19
85
26
70
35

82
66
70
20
55
64
64
19
39
02
59
76
62
68
90

ecNeoNoNoNoN HoleololBohoNoloNoNoNoNolNololBololohoNoNololNolNololeoloelNolNo]

.13811
.07873
.18312
.13303
.05928
.11543
.05758
.05554
.01825
.07725
.05413
.03909
.27577
.04280
.30615
.37652
.02852
.17936
.13189
.21202
.41244
.30745
.08056
.46826
.44060
.48920
.21825
.21286
.89693
.48134
.38742
.05242
.77574

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.7 Complex [4’a]*

65



S7.8 Complex TSpaj+-4°a)

SCF Energy (au) (RI)BP86/SV(P) -4415.0822987510

SCF Energy (au) PBE0/def2-TZVPP -4414.415216112

SCF Energy (au) PBE0/def2-TZVPP -4414.4830294445 (CH,C1,
Correction)

Zero Point Energy (au) 0.9817220

Chemical potential (kJ mol™!) 2264.65

Dispersion correction (au) PBEO/def2-TZVPP -0.25228148

xyz coordinates

130

C -1.32138 0.33367 -0.78259
C -0.42178 1.56762 0.67832
Ru 0.37552 -0.08339 0.27804
P -0.85173 -1.42555 1.85305
P 1.83745 -0.64259 2.14511
P 1.37738 -1.89991 -1.15572
P 1.92939 0.88700 -1.25722
C 0.67100 -1.95868 2.81018
C 2.72439 -0.73003 -1.76256
C -1.72869 -2.96722 1.34850
C -2.21523 -3.09052 0.03033
C -2.91202 -4.24963 -0.35557
C -3.12100 -5.28811 0.56698
C -2.63829 -5.16728 1.88366
C -1.94918 -4.00953 2.27746
C -2.02688 -0.65672 3.04815
C -3.01140 0.21270 2.52597
C -3.97908 0.77458 3.37524
C -3.97120 0.47919 4.74949
C -2.99153 -0.38120 5.27458
C -2.02274 -0.94854 4.42972
C 1.98004 0.59315 3.52654
C 0.84143 1.34094 3.90192
C 0.90591 2.24865 4.97159
C 2.11283 2.43800 5.66766
C 3.25061 1.70485 5.29443
C 3.18742 0.78301 4.23427
C 3.51855 -1.40736 2.12237
C 3.80343 -2.60460 2.81323
C 5.11125 -3.11858 2.83356
C 6.14903 -2.44197 2.17081
C 5.87528 -1.24509 1.48605
C 4.56834 -0.72994 1.45986
C 0.57330 -2.53194 -2.70408
C -0.52055 -1.83620 -3.26307
C -1.10994 -2.28505 -4.45801
C -0.61824 -3.43151 -5.10391
C 0.46931 -4.12993 -4.55078
C 1.06283 -3.68722 -3.35740
C 2.24480 -3.41533 -0.54617
C 1.46069 -4.40900 0.08609
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WOODUULbdhWWOODODORREFE W WwN

[ |
NP OOOR, PP UTWRORPRORPRREOMOOIDIU Wb BDNO

.04632
.42001
.20390
.62161
.34275
.23372
. 77654
.41811
.51704
.97632
.28374
.18228
.20504
.33458
.44032
.41661
.59997
.98321
.02675
.62101
.05062
.29087
.66629
.80658
.59017
.01680
. 74238
.73096
.97979
.26609
.11104
.00431
.16470
.20109
.08833
.01075
.31923
.17506
.68558
.37380
.91610
.96587
.08553
.85895
.90738
.37674
.42042
.87814
.27935
.25681
.50191
.70833
.06767
.24078
.06096
.29921

.61144
.83813
.85733
.65223
.72096
.06405
.76325
.11769
. 77610
.08423
.00889
.68454
.55813
.75260
.08022
.21787
.02044
.94636
.84314
.85467
.27543
.33906
.19630
97779
.92078
.45136
.45153
.92116
.61627
.62061
.20718
.81253
.15596
.84296
.21063
.14608
.05317
.84407
.70097
.22537
.94144
.73409
.78541
.03297
.25347
.25635
.38011
.78450
.03084
.90670
.00203
.24173
.66502
.83902
.61559
.52554

.51487
.31804
.31169
. 74265
.79351
.03733
.16888
.06864
.82884
.69750
.70331
.53066
.94256
.13062
.10169
.52365
.91638
.40507
.82503
11771
.69236
.38647
.26226
.61162
.31677
.44989
.95842
.41459
.35139
.86586
.36531
.26170
.50232
.83537
.96680
.35310
.37937
.19438
.97383
.94494
. 75820
.88076
.03749
.04863
.93436
.22141
.99700
.64888
.47875
.24633
.14375
.13715
.95888
. 74206
.73551
.17019
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4.11611
6.13660
6.32273
4.49855
-2.4074¢6
-3.61693
-0.90878
-0.43456
-1.90995
-5.99195
-6.06607
-4.88246
-3.58346
-4.76440
-7.24938
-7.05229
.92316
-2.61074
-4.76079
-3.85055
-3.49495
-2.52320
-2.27667
-3.24504
-4.88669
-3.98750
-2.23890
-1.78120
-3.54241
-8.30798
-7.14248
-5.15739
-5.40626

ocoooomETTmTZzZOOOOOOQOzDzDzDzDzZ2O00000CzD oo
[
IS

Svibrational spectrum
# mode symmetry
rules

#

RAMAN

O ~Joy Ui WN B

= T = N = S S
U WN P O W
O Y Y YYD

=
~J

<~ orrkrdwboooodh WD OOUORFRPFRPOORPRPREPOOR WWNOOR W .

.08746
.43577
.23696
.71406
.56432
.78004
.76547
.07779
.70376
.19624
.68125
.47245
.30316
.50918
.41505
.45341
.06334
.54611
.91213
.53276
.52026
.61271
.76276
.66975
.48702
.21977
.59295
.09767
.72800
.14305
.84997
.48060
.21800

wave number

cm** (-1)

-167.
.00
.00
.00
.00
.00
.00
.31
.07
.50
14.
16.
21.
24.
25.
27.
31.

1 O O O O oo

54

27
94
26
68
91
33
58

.90494
.45484
. 74351
.50165
.35464
.07776
.02233
.98093
.49732
.51841
.21482
.50099
.40357
.12302
.28184
.78552
.47962
.85972
.14595
.38870
.96840
.40118
.87135
.31470
.85781
.65900
.46619
.59292
.37134
.71329
.42979
.06075
.01200

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.06810
.20773
.34022
.34359
.09446
.22390
.06506
.09234
.05194
.11584

cNoNoNoNoNoNeoNeoNoNoNoNoNolNolNoNoNe)

selection

IR



18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

(AU R R ORI O O O TG R R OB R O ORGSO G O O R R O G R O O O R R O )

33.
34.
37.
40.
.55
42.
43.
46.
48.
51.
52.
.99

41

54

58.
60.
62.
62.
65.
66.
70.
73.
78.
81.
87.
95.
98.
98.
103.
.20
114.
134.
.67
151.
158.

111

141

18
30
91
41

42
97
18
25
81
32

66
92
00
98
15
52
12
77
99
24
35
38
01
94
81

17
90

27
36

P RPRPRPOMBANOWWPPROIOIODIOIODIODOIOODIODODIODIODIODIODIOOOOLOO O

.02877
.08693
.15189
.09302
.10566
.17594
.00965
.04070
.17003
.02402
.27070
.26180
.45749
.10825
.03849
.03195
.18977
.59513
.11553
.05614
.39562
.17375
.27660
.34393
.11575
.77228
.09470
.30521
.29656
.90579
.78940
.45347
.31688

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

69



S7.9 Complex [Cd]

SCF Energy (au) (RI)BP86/SV(P) -4005.8897602980

SCF Energy (au) PBE0/def2-TZVPP -4005.234579914

SCF Energy (au) PBE0/def2-TZVPP -4005.2659683361 (CH,C1,
Correction)

Zero Point Energy (au) 0.9650456

Chemical potential (kJ mol™!) 2240.46

Dispersion correction (au) PBEO/def2-TZVPP -0.24089199

xyz coordinates

125

Ru 0.04707 -0.04531 0.00888
C -1.55517 0.18093 -1.18761
C -0.42487 1.75912 0.76419
P -1.26110 -1.20076 1.59560
P 1.42347 -0.43221 1.98640
P 0.83978 -1.78455 -1.50880
P 1.51823 0.95214 -1.54144
C 0.10423 -1.47713 2.85385
C 2.04922 -0.63121 -2.39854
C -1.99667 -2.86658 1.25527
C -2.58540 -3.07936 -0.01038
C -3.19980 -4.30904 -0.30414
C -3.22278 -5.33726 0.65389
C -2.63222 -5.13293 1.91359
C -2.02563 -3.90192 2.21576
C -2.64216 -0.36568 2.50533
C -3.39830 0.61507 1.82896
C -4.49134 1.22415 2.47096
C -4.82908 0.87087 3.78839
C -4.07319 -0.10104 4.46852
C -2.98708 -0.72014 3.82835
C 1.77901 0.90102 3.23114
C 0.70801 1.58726 3.84739
C 0.96013 2.62112 4.76435
C 2.28050 2.99201 5.07029
C 3.35047 2.32248 4.45310
C 3.10294 1.28524 3.53725
C 2.97001 -1.45025 2.12790
C 3.22622 -2.25551 3.26009
C 4.41706 -2.99353 3.35565
C 5.37381 -2.92578 2.32693
C 5.13467 -2.11567 1.20481
C 3.93724 -1.38596 1.10501
C -0.20055 -2.44500 -2.89959
C -0.73662 -1.55445 -3.85731
C -1.55363 -2.03377 -4.89462
C -1.85615 -3.40306 -4.98460
C -1.33661 -4.29313 -4.02965
C -0.51610 -3.81834 -2.99172
C 1.85925 -3.28320 -1.10538
C 1.57761 -4.01779 0.06382
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.30784
.33533
.62151
.88401
.90280
.54136
.07874
.02004
.65610
.20377
.07658
.01354
.15443
.36652
.43662
.29627
.12206
.41896
.95484
.09155
.55924
.65713
.70169
.64749
.57832
.12186
.07630
.68387
.33263
.41313
.33452
.11252
.47481
.39093
.95327
.49628
.60284
.30958
.88266
.75596
.53035
.96778
.50076
.56577
.11408
.716776
.07331
.91363
.42081
.10387
.41318
.58264
.38089
.52063
.70964
.06250

.17842
.61237
.88914
.73620
.08117
.16803
.07252
.90426
.82338
.91180
.80894
.66387
.37612
.23438
.37924
.67260
.15557
.54211
.63699
.89854
.27293
.46232
.30265
.93572
.75368
.90085
.98880
.35481
.38301
.49049
.32766
.14913
.80640
.60387
.76834
.30008
.62046
.50410
.05229
. 74623
.47468
.32392
.77547
.37028
.53017
.68396
. 74373
.51859
.22983
.19325
.53269
.13083
.61733
.46898
.83583
.76734

.37368
.47992
.65180
.96602
.87525
.13214
.10193
.81996
.56962
.59877
.02281
.09931
.50772
.18971
.30374
.72212
.89261
.86639
.50520
.12395
.76424
.29523
.41947
.66983
.21344
.80084
.93411
.29003
.50273
.37109
.60601
.23060
. 78796
.68738
.06520
.08586
.24386
.40324
.39760
.22631
. 79336
.62892
.79813
.09186
.25364
. 73236
.29048
.23441
.33115
.90068
.36390
.08126
.58010
.34398
.62235
.65085
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H 4
H 6
H 6
H 4
C -2
C -3
C -0
C -1
C -6
C -6
C -5
C -3
C -4
H -7
H -7
H -5
H -2
H -4
C -1
C -2
C -1
C -0
C -0
H -1
H -3
H -2
H 0
H -0
Svibrational
# mode
rules
#
RAMAN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

.09202
.26141
.38474
.36547
.59142
.77156
.71033
.04174
.12725
.17429
.01906
. 74540
.90483
.03794
.12692
.06469
.79294
.85492
.70131
.31268
.99159
.43573
.76220
.95692
.05453
.48171
.29948
.27704

spectrum

symmetry

RTINS OB O R O R T)

OO wWwuouJdoudh OO FRPF P OOORPRRPFPFOOOMNOOREDNWD

.04119
.79096
.26408
.01573
.32540
.49154
.90577
.21408
.82094
.10320
.06080
.21644
.37576
.94917
.33521
.62274
.66208
.94495
.82605
.69065
.40573
.37638
.65785
.83554
.80858
.52076
.25328
.53978

wave number

cm** (=1)

O O O O O

.00
.00
.00
.00
.00
.00
.25
l6.
17.
19.
20.
22.
23.
26.
26.
30.
30.
34.
37.
40.
43.
46.

55
80
30
04
93
30
80
87
38
70
26
96
66
70
31

P O WWwNDEFEREPEDNW

.38444
.13535
.85546
.60599
.86608
.65482
.16254
.63259
.23151
.02204
.24533
.88089
.65304
.84011
.67825
.29837
.21061
.59730
.57414
.13707
.67686
.07506
.53975
.93714
.94569
.11389
.26331
.08727

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.00944
.02340
.01367
.01641
.00792
.02213
.02157
.00288
.01374
.19010
.15127
.08204
.03428
.07730
.00790
.08035

oNoNoNoNoNeoNeoNeoNoNoNoNololNololololeleololNolNo)

selection

IR



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

U RO O OB OB R O R O OB G O OB O OB VR OB OB OB )

47.
50.
50.
51.
52.
53.
.10

60.

60.

66.

67.

80.

80.

89.

95.
102.
104.
108.
112.
117.
122.
147.
150.
161.
161.
162.
166.
169.

57

40
35
68
51
60
10

09
57
10
91
48
90
58
30
76
00
92
64
31
38
21
04
15
59
04
79
88

OO OO OO ORFRPRPPEPOORPONOODOOOOOOO oo

.10623
.02872
.06873
.01286
.45237
.01133
.00825
.03975
.22618
.21308
.19854
.16842
.42823
.08432
.53537
.70443
.73217
.45955
.28138
.10068
.66180
.88898
.93862
.00536
.88328
.29980
.08763
.03545

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.10Complex [Dd]*

SCF Energy (au) (RI)BP86/SV(P) -4006.3163698720

SCF Energy (au) PBE0/def2-TZVPP -4005.659314730

SCF Energy (au) PBE0/def2-TZVPP -4005.7137581801 (CH,C1,
Correction)

Zero Point Energy (au) 0.9775050

Chemical potential (kJ mol™!) 2273.10

Dispersion correction (au) PBEO/def2-TZVPP -0.24387311

xyz coordinates

126

Ru 0.11676 0.13636 0.20484
C -1.42861 0.21323 -1.10937
C -0.33778 1.77626 0.92059
P -1.17323 -1.14464 1.77437
P 1.54623 -0.41845 2.13572
P 1.00668 -1.74233 -1.32901
P 1.64800 1.06666 -1.39814
C 0.27764 -1.58380 2.88551
C 2.26496 -0.56488 -2.08310
C -1.95535 -2.75655 1.32892
C -2.47230 -2.94477 0.02980
C -3.11607 -4.15115 -0.29990
C -3.24245 -5.17223 0.65641
C -2.72556 -4.98842 1.95218
C -2.08747 -3.78463 2.29083
C -2.44874 -0.32818 2.82372
C -3.31552 0.59491 2.20050
C -4.35265 1.19386 2.93442
C -4.53004 0.87922 4.29223
C -3.66992 -0.04075 4.91779
C -2.63381 -0.64622 4.18782
C 1.80545 0.87252 3.44171
C 0.69638 1.39057 4.14900
C 0.88243 2.36630 5.14283
C 2.17096 2.84723 5.43258
C 3.27496 2.34522 4.72374
C 3.09718 1.36190 3.73512
C 3.15830 -1.31432 2.14284
C 3.42003 -2.35002 3.06624
C 4.68311 -2.96290 3.10261
C 5.69981 -2.54124 2.22824
C 5.44967 -1.50367 1.31475
C 4.18364 -0.89538 1.26756
C 0.04694 -2.35555 -2.78629
C -0.38383 -1.44648 -3.77895
C -1.11227 -1.90452 -4.88862
C -1.42918 -3.26749 -5.01625
C -1.01075 -4.17420 -4.02848
C -0.27724 -3.72387 -2.91760
C 1.95835 -3.24316 -0.82368
C 1.39688 -4.10465 0.14462
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NOO T UdhwWwwoOoOOoORrRrEPERE WWWwWN

.04742
.26966
.83413
.18072
.03654
.62022
.18305
.16970
.40977
.01588
.16917
.09972
.22444
.42781
.50414
.38029
.12976
.58392
.34150
.25945
.37260
.51841
. 74760
.82595
.70032
.17844
.01884
.34176
.80697
.97669
.32660
.00858
.31457
.29043
.97734
.64374
.87563
.69163
.24508
.00343
.16169
.44099
.00215
.24723
.05357
.42661
.59251
. 78169
.78772
.62793
.42748
.64292
.16742
.20494
.45048
.15778

.29946
.64096
.78926
.60019
.06821
.98358
.82954
. 77358
.86539
.01324
.99606
.90162
.66519
.52675
.62573
.86663
.46322
.63047
.63577
.77918
.14285
.28930
.11645
.78527
.65085
.84343
.91839
.35321
.29292
.37143
.04104
.75059
.61051
.71098
.96666
.68012
77170
.02076
.16131
.06949
.37138
.18414
. 62297
.24675
.45188
.85687
.96801
.57663
.05682
.96070
.26231
. 75367
.44083
.60185
.08587
.01515

.49780
.10464
.07009
.43332
.82261
.10616
.13872
.89577
.61881
.58615
.90315
17677
.53403
.17780
.25500
.62047
.97926
.67538
.18836
.63835
. 72106
.31642
.39466
.70732
.31519
.13557
.43937
.86799
.98212
.69603
.93329
.69384
.21466
.94773
.20466
.77570
.82627
.26305
.63291
.55979
.69372
.65465
.88817
.12345
.16090
.60686
.24687
.17338
.55400
.21181
.31570
.13765
.70591
.41999
.59181
.73589
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H 4
H 6
H 6
H 4
C -2
C -3
C -0
H 0
C -1
C -5
C -5
C -4
C -3
C -4
H -6
H -6
H -4
H -2
H -4
C -3
C -2
C -1
C -2
C -3
H -4
H -3
H -1
H -2
H -4
Svibrational
# mode
rules
#
RAMAN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

.15728
.30940
.44368
.45478
.42396
.56211
.62414
.10211
.75151
.81987
.90550
.79401
.49280
.60952
.69609
.85161
.86705
.54734
.53592
.88728
.93195
.87515
.71984
. 77353
.71623
.00821
.12983
.63827
.51439

spectrum

symmetry

AU TRR R R UG N U  OGR O U R)

SN oYY WO OO P OOORREFEFOOOWWNOORDND D

.37301
.12559
.51839
.17743
.30742
.41358
.98370
.34047
.88416
.63306
.10540
.21491
.15763
.26393
.71886
.60048
.79068
.65806
.84791
.67601
. 98550
.10110
.58291
.47171
.37205
.92719
.35366
.64611
.21935

wave number

cm** (=1)

O O O O O

.00
.00
.00
.00
.00
.00
.81
14.
17.
19.
22.
22.
25.
28.
30.
32.
33.
38.
39.
40.
42.

41
13
33
33
66
97
83
87
87
95
16
06
25
69

OO NNOO O

.37607
.10352
.82159
.47843
.84766
71172
.41067
.17280
.10818
.42280
.22862
.38141
.92160
. 76292
.08616
.95322
.44470
.18571
.69559
.57625
.55985
.82325
.11466
.14355
.36841
.12832
.59636
.46229
.92023

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.03356
.01212
.02411
.02770
.01069
.02580
.03545
.01417
.00881
.00058
.02518
.09023
.06645
.02522
.06671

oNoNoNoNoNoNeoNeoNoNoNolNoNololololololNolNolNo)

selection

IR



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYD YYD

42.
45.
46.
48.
52.
54.
58.
59.
60.
62.
67.
68.
76.
80.
83.
90.
95.
103.
109.
115.
117.
122.
142.
148.
156.
161.
163.
168.
170.

84
89
77
68
71
71
91
04
14
15
26
14
21
49
74
71
75
57
26
04
42
92
93
88
96
10
64
23
68

PP OOOORPROORPR PO OO OOOOOOOOOOoooo

.12992
.07015
.01759
.17605
.01235
.01624
.05827
.03245
.35697
.03997
.30118
.08979
.83817
.08663
.27596
.15417
.01832
.45290
.80749
. 76053
.46659
.62742
.21886
.23540
.20793
.65991
.16685
.03451
.23554

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

77



S7.11Complex [Fd]*

SCF Energy (au) (RI)BP86/SV(P) -4006.3208473510

SCF Energy (au) PBE0/def2-TZVPP -4005.665619968

SCF Energy (au) PBE0/def2-TZVPP -4005.7168549260 (CH,C1,
Correction)

Zero Point Energy (au) 0.9777822

Chemical potential (kJ mol™!) 2276.11

Dispersion correction (au) PBEO/def2-TZVPP -0.24495152

xyz coordinates

126

C 0.36510 -1.87027 0.29365
C -1.66002 -0.16722 -2.74572
C 1.03384 0.76232 -3.63289
C 0.61762 -2.03899 -3.08413
C 1.62275 0.23323 2.62828
C -0.91722 1.72554 3.15986
C -0.95301 -1.12329 3.34944
C 3.59523 -0.73398 0.62277
P -2.21615 -0.22817 -0.94951
C -0.06846 1.97074 -0.59836
P 2.19921 0.44329 0.84667
P 0.18426 -0.36337 -2.44832
p -0.22571 0.23453 2.32209
Ru 0.00013 0.13860 -0.09116
C 0.65870 -3.06134 0.51065
C -3.11439 -1.82587 -0.75937
C -3.57287 1.01858 -0.77147
C 3.01804 2.09729 0.80846
H -1.84352 0.85192 -3.14852
H -2.12054 -0.91638 -3.42410
H 1.98007 1.02586 3.31849
H 1.95698 -0.75280 3.01187
C -2.12954 -3.18064 4.89257
C -0.83601 -3.34188 4.36803
C -0.25141 -2.32426 3.59562
C -2.25587 -0.96923 3.87804
C -2.83851 -1.99326 4.64235
H -2.58409 -3.97974 5.50084
H -0.27097 -4.26928 4.55459
H 0.75272 -2.48739 3.17734
H -2.82088 -0.03922 3.70745
H -3.85176 -1.85432 5.05357
C -2.18694 3.83812 4.53472
C -1.03314 3.23976 5.07284
C -0.40725 2.18023 4.39685
C -2.06933 2.33589 2.62016
C -2.70686 3.38161 3.31234
H -2.68295 4.66158 5.07410
H -0.62330 3.59205 6.03351
H 0.47398 1.69965 4.85319
H -2.47541 1.98912 1.65538



[ONOEONON@ =Rl O NONONON@ NI R ari I IO NONONON@ i Ja g O NONONON@ i Ra i i OO NGO NG N @i R i IO IO MO IO @ R

NOOMNNNOREPDNNNRPRPORPNMNRPOORNE PO DNNDNBSMODDRNDNPOYOOS WO W

.61163
.77869
. 74765
.65493
.63512
. 71960
.63216
. 78206
.83295
.60879
.52583
.20235
.83888
.25211
.37631
.97000
.66661
.80810
77170
.40105
.45905
.27838
.13705
.19021
.76619
.09278
.53255
.50388
.07857
.40548
.98584
.40982
.19657
.51283
.25065
.93722
.94570
.78057
.42825
.66075
.88576
.59293
.65850
.91444
.06418
. 79392
.17129
.49868
.16665
.25180
.52994
.61099
.45583
.43914
.73287
. 74357

.84360
.48020
.43494
.56923
.78238
.65571
.16348
.08798
.56526
.12833
.68839
.66037
.55955
.28340
.21303
.48367
.65909
.68881
.42613
.10148
.34295
.60946
.42632
.15167
.22810
.50937
.61276
.28551
.03234
.37279
.64268
.40991
.80310
.97836
.37526
.19297
.05471
.96896
.49562
.22478
.66819
.20211
.80462
.62280
.22549
.41160
.13069
.41758
.32885
.60321
.71627
.94518
.26786
.31494
.70387
.66398

|
OO ORFHRPRPOOONNRPRPORPEPOOONDN

.88549
.26124
.69194
.51062
.57999
.39998
.11995
.57870
.24295
.46811
.15102
.68206
.08529
.14596
.39198
.33511
.63847
.42400
.31137
.89430
. 79839
.04681
.24706
. 75891
.88517
.36172
.42574
.99247
.11937
.15525
.99409
.46438
.83625
.92828
.26523
.18002
.17992
.84341
.24056
.25267
.88193
.41030
.55997
.38670
. 72916
.55728
.27384
.46149
.13824
.62050
.31916
.40990
.14359
.31921
.02663
.15172

79



H -6
H -4
H -2
H -4
H -6
C 0
C 1
C 2
C 2
C 0
C 0
H 1
H 3
H 3
H -0
H -0
C 0
C -0
H 0
C -1
C -1
C -1
C -0
C -0
H -1
H -2
H -1
H 0
H -0
Svibrational
# mode
rules
#
RAMAN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

.40946
.33776
.53193
.85751
.64631
.98249
.62063
.56689
.25622
.03810
.35628
.86813
.56074
.00256
.95436
.39093
.11201
.37452
. 79239
.26561
.51156
.07261
.12622
.56843
.61010
.04757
.25846
.42282
.36327

spectrum

symmetry

AU TRR R R UG N U  OGR O U R)

~N O Oy 0O Uy W

.69348
.27163
.59929
.29969
.40145
.42839
.14012
.12609
.78732
.46651
.80281
.19176
.38277
.99665
.20336
.59242
.15961
.52357
.07415
.19061
.19766
.88172
.53619
.85154
.22476
.45350
.11856
.28108
.62044

wave number

cm** (=1)

O O O O O

.00
.00
.00
.00
.00
.00
.62
17.
17.
19.
22.
24,
27.
28.
29.
31.
33.
34.
37.
41.
43.

05
78
86
26
90
41
29
30
86
95
52
22
14
88

.27714
.58240
.87542
.40982
.72746
.78287
.34761
.58249
.30518
.55115
.83095
.56661
.98560
.48232
.15174
.64514
.18339
.92130
.06096
.50563
.46085
.25842
.88301
.67848
.34220
.39012
.02923
.80523
.44166

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.01362
.07188
.00109
.05157
.03034
.00370
.04637
.05288
.04856
.15108
.05342
.09691
.06735
.10546
.02819

oNoNoNoNoNoNeoNeoNoNoNolNoNololololololNolNolNo)

selection

IR



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYD YYD

46.
.34
49.
53.
53.
54.
57.
59.
60.
63.
66.
68.
7.
85.
88.
96.
102.
105.
109.
109.
119.
128.
147.
150.
161.
166.
176.
183.
185.

47

52

77
03
88
54
53
18
68
52
31
16
77
61
35
63
86
40
11
70
77
66
83
01
21
61
48
63
19

ORFRP P OOOOONMPRPRPRONOODODOODOIODODIODODOOOOOoOOo

.05524
.03431
.10881
.09675
.11859
.02808
.13203
.41566
.51487
.17132
.02627
.01977
.04936
.01358
.03362
.15911
.00384
.55473
.49956
.63037
.33180
.64664
.04790
.76571
.50737
.24600
.24310
.67869
.55041

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

81



S7.12Complex [3d]

SCF Energy (au) (RI)BP86/SV(P) -4005.8933626370

SCF Energy (au) PBE0/def2-TZVPP -4005.241867445

SCF Energy (au) PBE0/def2-TZVPP -4005.2682441185 (CH,C1,
Correction)

Zero Point Energy (au) 0.9651649

Chemical potential (kJ mol™!) 2232.87

Dispersion correction (au) PBEO/def2-TZVPP -0.24012730

xyz coordinates

125

C 0.19447 -2.01065 0.59673
C -1.53269 0.16522 -2.75363
C 1.38699 0.71938 -3.37859
C 0.39504 -1.96700 -3.27196
C 1.49721 -0.09645 2.67367
C -0.65547 1.86630 3.14419
C -1.33152 -0.88672 3.35425
C 3.58334 -0.78815 0.64095
P -2.18703 -0.28412 -1.04357
C -0.13166 1.91803 -0.57589
P 2.09573 0.27949 0.92997
P 0.24294 -0.34098 -2.38427
P -0.31390 0.24717 2.30412
Ru -0.03449 -0.06024 -0.03753
C 0.39241 -3.13913 1.09974
C -3.02413 -1.91700 -1.29342
C -3.64255 0.82093 -0.70193
C 2.85287 1.96353 0.98076
H -1.57493 1.27065 -2.84038
H -2.01198 -0.31437 -3.63349
H 1.96843 0.43191 3.52936
H 1.62028 -1.19439 2.78727
C -3.02329 -2.51712 4.92455
C -1.62879 -2.59791 5.07142
C -0.78553 -1.78781 4.28988
C -2.73485 -0.81386 3.20746
C -3.57445 -1.62299 3.98887
H -3.68270 -3.15331 5.53812
H -1.18669 -3.30183 5.79568
H 0.30539 -1.87330 4.41505
H -3.17783 -0.11523 2.47694
H -4.66802 -1.55418 3.86511
C -1.22338 4.30544 4.44471
C -0.65568 3.23871 5.16704
C -0.37730 2.02405 4.52198
C -1.22849 2.93503 2.42751
C -1.51087 4.15002 3.07941
H -1.44378 5.25949 4.95247
H -0.43561 3.35150 6.24199
H 0.04567 1.18673 5.10355
H -1.42892 2.81908 1.35093



[ONOEONON@ =Rl O NONONON@ NI R ari I IO NONONON@ i Ja g O NONONON@ i Ra i i OO NGO NG N @i R i IO IO MO IO @ R

WORP»PWNREPRERPWOOODOODODODOODODWNWhPWNWWAOOBBNMAO O P>WP O

. 95345
.83600
.62541
.50083
.80467
.92291
. 71698
.55109
.54289
.88817
.87134
.07953
.99880
.38501
.91847
.53106
.56049
.40674
.31437
.48450
.57549
.51947
.39958
.33560
.51528
.57516
.57037
.35362
.23703
.56874
.66904
.27826
.94666
.00678
. 73135
.66900
.01354
.63066
.02717
.05160
.71199
.35007
.52614
.86364
.86229
.51794
.86319
.38355
.19117
.01747
.16522
.82437
.63972
.55338
.83560
.91589

.98150
.42331
.68352
.87236
.52727
.34513
.06061
.52583
.08554
.32828
.13383
.50991
.72649
.46626
.76261
.02902
.50172
.10394
.86909
.41496
.64070
.44078
.40819
.17743
.00529
.23558
.40654
.34667
.15137
.06745
.25319
.30043
.73040
.94698
.29581
.07974
.91690
.68980
.31088
.65951
. 73216
.39073
.16758
.93630
.14494
.37580
.35899
.96058
77162
.35315
.54365
.51467
.05277
.21648
.28829
.13099

.50690
17277
.49173
.25645
.30157
.07192
.01188
.19951
.75610
.99248
.59359
.89913
.26661
.22885
.14005
.09848
.86773
.21837
.15310
.09015
.01491
.62960
.23118
.55177
.68145
.35424
.16006
.65450
.45319
.25917
.45315
.76878
.65004
.95700
.49822
.18902
.31224
.09133
.86620
.04973
.27496
.60530
.49042
.33253
.40904
.56552
.73058
.26206
.52444
.16117
.44255
.07182
.60364
.90941
.16097
.15320

&3



H -6
H -4
H -2
H -4
H -6
C 0
C 0
C 2
C 1
C -0
C -0
H 1
H 2
H 2
H -1
H -1
C -0
C -0
C -0
C 0
C 0
C -0
C -0
H -0
H 1
H 1
H -1.
H -1
Svibrational
# mode
rules
#
RAMAN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

.67518
.55136
.61643
.92940
.83978
.58918
.97708
.01679
.83013
.44834
.25480
.12668
.98947
.65032
.41188
.07735
.14614
.17539
.25008
.50617
.54654
.93442
.96955
.27836
.07590
.14344

50743

.56827

spectrum

symmetry

RTINS OB O R O R T)

N U1 d 0oy U oy

.17366
13777
.65656
.79607
.69698
.44757
.06470
.41736
.13214
.11819
.40421
.07609
.92207
.62933
.60275
.89849
.11547
.50138
.28255
.82594
.46348
.98583
.35093
.35573
.54583
.11272
.26773
.69249

wave number

cm** (=1)

o) O OO O oo

24

.00
.00
.00
.00
.00
.00
.81
.99
.20
16.
18.
19.
22.
.95
25.
27.
29.
31.
33.
36.
36.
37.

28
53
57
90

67
61
63
05
41
08
72
95

NORFRPR WNNEFENNREPROORFE OO

.16893
.77914
.28621
.00884
.57105
.64246
.71548
.02250
.49495
.35341
.87725
.12877
.89205
.95774
.49428
.42227
.93682
.27830
.93339
.83713
.51225
.38425
. 70357
.18525
.22459
.34405
.99469
.56545

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.05101
.04010
.08817
.15328
.03270
.14714
.04275
.07147
.01497
.02195
.01211
.17992
.13450
.06095
.03605
.02067

oNoNoNoNoNeoNeoNeoNoNoNoNololNololololeleololNolNo)

selection

IR



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

U RO O OB OB R O R O OB G O OB O OB VR OB OB OB )

41.
43.
44,
47.
49.
51.
55.
57.
58.
60.
63.
4.
79.
95.
102.
105.
108.
110.
118.
120.
126.
146.
150.
159.
161.
164.
178.
189.

98
21
67
75
20
85
39
55
46
82
44
17
77
81
76
39
63
17
73
65
58
18
32
81
76
39
28
82

OFRP OO O OOOMNWNORERPNOODOODOOOOOOOO OO

.07891
.01982
.15931
17275
.04202
.06858
.13007
.19101
.70862
.04216
.01731
.13070
.19633
.37164
.19500
47177
.41643
.93198
.04167
.95289
.08185
.17359
.30922
.46912
.18764
.07166
.66992
.27404

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.13Complex [4d]*

SCF Energy (au) (RI)BP86/SV(P) -4006.3534482470

SCF Energy (au) PBE0/def2-TZVPP -4005.699037285

SCF Energy (au) PBE0/def2-TZVPP -4005.7515249004 (CH,C1,
Correction)

Zero Point Energy (au) 0.9801172

Chemical potential (kJ mol™!) 2290.64

Dispersion correction (au) PBEO/def2-TZVPP -0.24846821

xyz coordinates

126

C 1.75127 -2.15532 2.58223
C 2.17441 -2.25872 3.92859
H 2.30392 -1.35323 4.54557
C 2.45113 -3.51381 4.49124
H 2.77841 -3.58184 5.54180
C 2.32369 -4.67964 3.71266
H 2.54729 -5.66468 4.15416
C 1.91919 -4.58247 2.37221
H 1.82199 -5.49042 1.75514
C 1.63181 -3.32644 1.80664
H 1.31099 -3.25952 0.75709
C 3.08513 0.28353 2.13751
C 4.13310 -0.09575 1.26648
H 3.92965 -0.77637 0.42261
C 5.43590 0.38588 1.47260
H 6.24547 0.07520 0.79194
C 5.70812 1.25438 2.54524
H 6.73154 1.62990 2.70786
C 4.67256 1.63433 3.41505
H 4.88173 2.306089 4.26381
C 3.36684 1.14943 3.21624
H 2.57337 1.44448 3.92254
C -2.37495 1.62215 2.38842
C -3.39212 2.03083 1.49874
H -3.50791 1.53086 0.52337
C -4.28387 3.05722 1.85694
H -5.08139 3.35533 1.15663
C -4.16124 3.69471 3.10252
H -4.86026 4.49886 3.38509
C -3.14691 3.29746 3.99116
H -3.04682 3.78993 4.97221
C -2.26366 2.26320 3.64123
H -1.49124 1.95298 4.36336
C -2.29423 -1.17922 2.77578
C -1.67809 -2.18046 3.55877
H -0.58619 -2.20159 3.69413
C -2.44918 -3.18501 4.16881
H -1.94859 -3.95289 4.78071
C -3.84360 -3.20973 4.00269
H -4.44710 -3.99401 4.48818
C -4.46422 -2.22190 3.21850



OOz oODnoOnoDnoODnQOOnoOnn Do oo ODn oD QI Q@

.55874
.69792
.20946
.22379
.16407
.45989
.05664
.00388
.56221
.34154
.16019
.34652
.07216
.38326
.92775
. 73836
.56107
.32090
.88677
.23732
.27791
. 70946
.11064
.20097
.55115
.20096
.16204
. 73307
.71904
.02417
.17398
.14261
.15361
.97282
.84958
.67682
.53208
.55652
.55275
.08754
.10960
.96567
.07371
.88577
.01775
.00813
.99716
.82486
.96412
77113
.20022
.06749
.05777
.37016
.66519
.50065

.22573
.21397
.43908
.33605
.07038
.42192
.26610
.95323
. 73837
.63763
.18594
.37551
.62165
.07457
.87064
.75828
.30742
.38287
. 73637
.45394
.94271
.82710
.02788
.18854
.09186
.80756
.29356
.16138
.00970
.66869
.89587
.30679
.03224
.28368
.78147
.62863
.40000
.00386
.32199
.60204
.72388
.02870
.75319
.83814
.68091
.49394
.57209
.29955
.54096
.49179
.44929
.85071
.06177
.29816
.77048
.70912

.08662
.61075
.01840
.03526
.06761
.07921
.54075
.18475
.65786
.50873
.00233
.19791
.23664
.55728
.09103
.23551
.75000
77714
.13240
.60564
.16751
.67132
.83292
.85674
.47660
.00652
.45771
.98686
.26048
.84544
.07475
.40884
.06623
.40400
.84935
.82420
.59826
.25049
.57510
.92800
.89753
.89338
.85170
.59251
.85032
.59402
.88651
.86891
.93127
.18458
.51298
.94873
.42749
.76349
.32984
.52489

87



C 2
H 2
C 3
C 3
H 2
C 3
H 3
C 4
H 5
C 5
H 6
C 4
H 4
C -1
C -1
H -0
C -1
H -1
C -2
H -3
C -2
H -3
C -2
H -2
P 1
P -1
P 0
P -1
Ru -0
Svibrational
# mode
rules
#
RAMAN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

.60108
.98272
.35800
.06233
.22225
.82775
.58225
.90898
.50918
.21804
.06271
.45330
.69933
.19615
.08374
.38236
.85799
.75612
. 76434
.37316
.88572
.58715
.11427
.20453
.42295
.30330
.27149
.49072
.00231

spectrum

symmetry

AU TRR R R UG N U  OGR O U R)

.37717
.65355
.24213
.61379
.07698
.38756
.45256
.81476
.42762
.45738
.99944
.68243
.38276
.48142
.39313
.16286
.55765
.24825
.84712
.76523
.95755
17778
.78643
.10266
.47843
.17030
.26681
.61992
.08157

wave number

cm** (=1)

O O O O O

.00
.00
.00
.00
.00
.00
.06
18.
22.
23.
24.
28.
31.
33.
36.
37.
40.
41.
43.
45.
46.

60
76
02
06
08
67
87
19
59
65
78
72
03
61

.25061
.16494
.16379
.37277
.82945
.25355
.39933
.95144
.64364
. 75668
.29747
.87316
.72341
.76770
.85869
.67681
.90078
.75421
.86203
.89777
.21909
.04014
.26864
.12395
.84887
.95634
.36039
.78275
.06997

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.00852
.02008
.02039
.07399
.14242
.00080
.02961
.01924
.00942
.01870
.03511
.07393
.01304
.12072
.02429

oNoNoNoNoNoNeoNeoNoNoNolNoNololololololNolNolNo)

selection

IR



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYD YYD

48.
48.
51.
52.
52.
55.
58.
62.
66.
2.
75.
.61

80.

81.

96.

98.
100.
1009.
111.
116.
136.
140.
144.
151.
163.
167.
171.
178.
181.

77

59
68
97
33
43
79
92
73
82
36
24

80
60
17
00
06
97
01
22
23
09
75
89
64
21
87
67
78

eon N ol olohoNoNolohoNoNoNololNololNoloNoholNololNolNololelolNeo]

.07703
.03776
11377
.00513
.14923
.03483
.08057
.16306
.07555
.11605
.08911
.51006
.39383
.14914
.37566
.08072
.01445
.67138
.06831
.50218
.81662
.70986
.02771
.13599
.13123
.21007
.00909
.56802
.03150

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.14Complex [4°d]*

SCF Energy (au) (RI)BP86/SV(P) -4006.3541499250

SCF Energy (au) PBE0/def2-TZVPP -4005.700378075

SCF Energy (au) PBE0/def2-TZVPP -4005.7519932882 (CH,C1,
Correction)

Zero Point Energy (au) 0.97980067

Chemical potential (kJ mol™!) 2282.93

Dispersion correction (au) PBEO/def2-TZVPP -0.24852501

xyz coordinates

126

C -2.22662 0.62415 -0.05873
C -1.32455 1.67647 0.03194
Ru -0.00154 0.04757 0.02351
P 0.10590 -0.28796 2.39319
P 1.89842 1.13650 0.80374
P 1.18899 -1.95711 -0.71732
P 0.26951 0.14532 -2.34242
C 1.88162 0.31759 2.49270
C 1.49786 -1.25861 -2.44181
C 0.08457 -1.96830 3.16899
C -0.72092 -2.97256 2.59287
C -0.78718 -4.25076 3.17495
C -0.04449 -4.53713 4.33228
C 0.76452 -3.54118 4.91004
C 0.82713 -2.26163 4.33497
C -0.84312 0.70554 3.64047
C -2.19005 1.03613 3.37618
C -2.95117 1.73395 4.33015
C -2.37769 2.10954 5.55569
C -1.03662 1.78467 5.82732
C -0.27376 1.08638 4.87758
C 1.87542 2.95842 1.18001
C 1.06816 3.45039 2.23069
C 1.05314 4.82066 2.53837
C 1.82789 5.72379 1.79047
C 2.61943 5.24609 0.73273
C 2.64774 3.87353 0.43017
C 3.62735 0.93427 0.16584
C 4.69595 0.65477 1.04568
C 6.01419 0.58521 0.56551
C 6.28577 0.80390 -0.79581
C 5.23050 1.09271 -1.67718
C 3.90933 1.154¢64 -1.20076
C 0.36439 -3.58743 -1.06935
C -1.04198 -3.65680 -1.07591
C -1.69808 -4.85890 -1.39329
C -0.94954 -6.00675 -1.70270
C 0.45577 -5.94646 -1.69681
C 1.11274 -4.74580 -1.38100
C 2.84222 -2.53501 -0.10420
C 2.90285 -3.09062 1.19548



jusiasiiasiiasiasiasias e sias e ia s e o e o iia o jia o lia o ia ol a s a sl a sl a ol a i a ol a il a sl o sl a sl a sl a s a s s sl s a i a s a s a s e s e s e sl e BN O O N O N O O NO NO NO NO NONO NO NONO NO NQ)

NENNEDNDDNDRE O

.11335
.28142
.22916
.01857
.17901
.35067
.46460
.42031
.26581
.15477
.99083
.93970
.45534
.03281
.08828
.56297
.16815
.54626
.40614
.50676
-1.
.41793
.09293
.34949
.46458
.64780
.99922
.97475
.57921
.77507
.43242
.42441
.81718
.23613
.29706
.51349
.83640
.32220
.43316
.09676
.62917
.79972
.46042
.04910
.21417
.99125
.13904
.23061
.13655
.00810
.62144
.57906
.28726
.01308
.04133
.49028

28950

.58914
.54269
.99829
.49812
.30785
.57846
.83460
.83147
.43122
.69260
.53704
.85540
.91834
.66970
.35505
.29281
.96183
.57311
.97896
. 79596
.75849
.02736
.54014
.76146
.49309
. 75297
.99095
.65876
.07527
.84359
.76971
.18152
. 79876
.94395
.52038
.49914
.36543
. 75657
.27860
.40582
75777
.89214
.95307
.84454
.71789
.15756
.02567
.93834
.96569
.08777
.38540
.82800
.03202
.22301
.68987
.04872

.70391
.92289
.37047
.88212
.39886
.98741
.80759
.03887
.43736
.62106
.32335
.82579
.58941
.84539
. 34532
.59307
.35109
.45652
.28201
.47641
.67392
. 71307
. 78687
.81816
.80268
.41614
.10642
.30192
.78733
.11541
.81792
.36844
.03409
.14282
.38550
.12071
.26589
.16814
. 74469
.90119
.83225
.39134
.94541
.93546
.37249
.81125
.71582
.31984
.99524
.90366
.81706
.27144
.68948
.60922
.16436
.83936
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H 1
H 2
H 2
H 1
C -2
C -3
C -1
H -0
C -2
C -5
C -5
C -4
C -4
C -5
H -6
H -5
H -3
H -4
H -5
C -4
C -3
C -2
C -3
C -5
H -5
H -3
H -1
H -4
H -6
Svibrational
# mode
rules
#
RAMAN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

.40336
.43816
.53514
.59151
77740
.74287
.45124
.52576
.67708
. 73369
.15899
.17246
.32922
.31532
.51317
.48899
.73344
.00614
. 76939
.96700
.68760
.55979
.97731
.10352
.85612
.56800
.55822
.10513
.10350

spectrum

symmetry

AU TRR R R UG N U  OGR O U R)

|
W Wk OoOoON DD

WN O d oy WO o

.94710
.50313
.15728
.26975
.50763
.56450
.03328
.62522
.83933
.57910
.17695
.18218
.98179
.97782
.35834
.63833
.85994
.50677
.28317
.51993
.08218
.25271
.29062
.12038
.16864
17672
.69969
.19816
.67125

wave number

cm** (=1)

O O OO oo

.00
.00
.00
.00
.00
.00
.84
.58
19.
23.
25.
26.
29.
30.
32.
35.
36.
38.
39.
41.
43.

17
57
67
80
63
96
73
74
47
43
03
46
34

.19736
.44225
.33352
.00504
.09187
.11640
.04504
.15082
.04181
.15126
.06859
.09116
.34323
.35285
.16449
.01371
.04842
.28238
.30985
.19799
.04692
.02956
.19551
.27202
.25901
.01153
.15029
.25972
.39218

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.02175
.00686
.03198
.06963
.13203
.05415
.06839
.06137
.15180
.03516
.07104
.05345
.00449
.01861
.09612

oNoNoNoNoNoNeoNeoNoNoNolNoNololololololNolNolNo)

selection

IR



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYD YYD

43.
46.
50.
50.
51.
54.
.07
59.
63.
64.
66.
70.
76.
83.
91.
96.
97.
103.
109.
110.
118.
135.
141.
152.
162.
167.
171.
.82
182.

57

177

76
18
12
78
84
60

04
32
89
33
94
75
65
51
07
54
16
68
03
72
15
31
53
89
81
23

89

ORFRP OO OO ONRPFRPORPRPORFRPORPRPROODODODODODODOOOOOoOOoOo

.12532
.02348
.03978
.12244
.04532
.00577
.17073
.03440
.04625
.14128
.24388
.05829
.19969
.18650
.46390
.85310
.64998
.41863
.10453
.45663
.08971
.50482
.42384
.03285
.17690
.24520
.32242
.83780
.92937

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.15 Complex TS[Dd]+—[4’d]

SCF Energy (au) (RI)BP86/SV(P) -4006.3087965910

SCF Energy (au) PBE0/def2-TZVPP -4005.653424065

SCF Energy (au) PBE0/def2-TZVPP -4005.7055594810 (CH,C1,
Correction)

Zero Point Energy (au) 0.9768819

Chemical potential (kJ mol™!) 2270.88

Dispersion correction (au) PBEQO/def2-TZVPP -0.24518860

xyz coordinates

126

C -1.51667 0.45516 -0.90214
C -0.62031 1.69964 0.60983
Ru 0.16877 0.04222 0.18243
P -1.07817 -1.26936 1.75181
P 1.61189 -0.50222 2.05423
P 1.13585 -1.77971 -1.25160
P 1.71914 0.99265 -1.36442
C 0.42443 -1.78441 2.75261
C 2.49319 -0.63177 -1.87715
C -1.94230 -2.82053 1.24968
C -2.42121 -2.94770 -0.07124
C -3.10904 -4.11164 -0.45913
C -3.31551 -5.15120 0.46295
C -2.83984 -5.02663 1.78178
C -2.16051 -3.86371 2.17793
C -2.28640 -0.49402 2.91092
C -3.24962 0.38113 2.35982
C -4.23667 0.95095 3.18109
C -4.27032 0.65683 4.55498
C -3.31316 -0.21114 5.10876
C -2.32475 -0.78579 4.29224
C 1.78577 0.75588 3.41255
C 0.63705 1.45322 3.85111
C 0.72711 2.38942 4.89423
C 1.96740 2.65908 5.49930
C 3.11422 1.97736 5.06198
C 3.02681 1.02671 4.02923
C 3.28018 -1.29772 2.03677
C 3.55346 -2.48381 2.75095
C 4.85036 -3.02505 2.76022
C 5.89026 -2.38558 2.06476
C 5.62923 -1.19884 1.35809
C 4.33225 -0.65852 1.34090
C 0.30912 -2.38410 -2.79910
C -0.60757 -1.54159 -3.46597
C -1.21130 -1.95991 -4.66396
C -0.91452 -3.22186 -5.20551
C -0.00691 -4.06602 -4.54438
C 0.60308 -3.65341 -3.34785
C 1.99527 -3.30328 -0.65062
C 1.22599 -4.26864 0.04029



jusiasiiasiiasiasiasias e sias e ia s e o e o iia o jia o lia o ia ol a s a sl a sl a ol a i a ol a il a sl o sl a sl a sl a s a s s sl s a i a s a s a s e s e s e sl e BN O O N O N O O NO NO NO NO NONO NO NONO NO NQ)

NOOd T UL WWODOOORrRrEFE WWWRH

NOODORHRrREFEF WO WRF ORKF

.81100
.17108
.94110
.35792
.11335
.34145
.88364
.19415
.04440
.40849
.10453
.00521
.04510
.19042
.29430
.25325
.33566
.73445
.78073
.39470
.25673
.48186
.85266
.00548
.80624
.22377
.98003
.04442
.33439
.58574
.34290
.18191
.03825
.09117
.93596
. 75956
.04845
.90783
.44122
.14737
.86524
.92749
.39397
.23101
.31001
.15237
.19508
.62949
.00577
.98008
.87557
.07315
.15694
.58712
.21498
.10982

.47101
.72435
.77147
.56890
.84432
.37554
.11460
.32284
.79058
.05568
.09423
.81698
.67797
.81315
.09355
.24342
.79999
.79020
.76298
.76692
.13167
.20386
.06362
.83819
.77188
.61947
. 63531
.10646
.44579
.46371
.26198
.91193
.39877
17761
.49370
.99496
.95157
.80913
.68337
.28723
.55927
.29169
.55026
.05929
.33103
.09380
.21752
.66930
.96576
.84693
.42951
.73999
.90327
.73592
.43221
.70366

.47077
.22073
.46664
.90272
.88445
.19483
.30051
.10788
.80258
.69638
.83793
.36900
.76343
.03845
.24374
.64830
.85931
.39396
.94133
.24168
.79386
.49200
.15608
.50931
.21867
.28399
. 74132
.19821
.18563
. 74957
.38537
.23449
.31341
.53182
. 71254
.31806
.32330
.07940
.81947
.80483
.04070
.17030
.14238
.96001
.84300
.22124
.99853
.55543
.67517
.45474
.37527
.32005
.97683
.64098
.67852
.00093

95



3.95771
6.00635
6.18924
4.33551
-2.58223
-3.76652
-1.05975
-0.45609
-2.08360
-6.10565
-6.17492
-5.02244
-3.71290
-4.87118
.01471
-7.13997
-5.07817
-2.74583
-4.81187
-4.04464
-3.35878
-2.38834
-2.77075
-3.74178
-4.80879
-3.58126
-1.85703
-2.53585
-4.26817

jusgpasiasiia i O NONONON @It asi s i i O NONONONO NG IR O IO @ Rusiya iy am
|
~J

Svibrational spectrum
# mode symmetry
rules

#

RAMAN

O ~Jo U Wb

=
S WP oo

N R R e
O W W 1oy Ul
IR VR O R O OV O O VU O OB )

N
[y

Swdbhbooodbdh WD OO NP OO PR OO WWDNOOR W

.24357
.48592
.20295
.70164
.65019
.82100
.89844
.18384
.88795
.14306
.49017
.32907
.48009
.63615
.26806
.10232
.18448
.86734
.14866
.85646
.88622
.91651
.87932
.85097
.61735
.67246
.94687
.10407
.82022

wave number

cm** (=1)

-174.
.00
.00
.00
.00
.00
.00
.92
.11
16.
17.
18.
.60
24.
29.
31.
34.
35.
37.
38.
40.

O O OO oo

24

34

18
24
60

93
81
61
62
55
81
88
20

.70518
.27266
.87812
.60588
.52215
.30285
.99771
.89234
.62511
.87593
.63139
.85107
.56367
.33730
.48670
.26568
.87811
.92327
.31182
.03869
.26563
.55397
.61279
.89691
.18946
.00586
.52049
.35545
.86503

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.03875
.13720
.20371
.01095
.03796
.02976
.14766
.01430
.06495
.06548
.00181
.05592
.10671
.15565

oNoNoNoNoNoNeoNoNoNoNolNoNolololololololNolNo)

selection

IR



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYD YYD

41.
44,
45.
46.
48.
51.
52.
56.
60.
61.
64.
68.
2.
79.
87.
93.
97.
101.
103.
109.
118.
128.
143.
151.
154.
162.
167.
.80
178.

171

14
24
27
40
25
93
69
59
35
54
21
01
11
83
42
59
52
50
70
33
22
16
48
25
48
63
01

83

NP ORFRPRPOWORONREFREPENOODODOODOOOOOOOOOOo

.00498
.02726
.04766
.12569
.04825
.03263
.03762
.33365
.19022
.16100
.23639
.05564
.09385
.31768
.19924
.30484
.80758
.36543
.32070
.89557
.44617
.62056
.47245
.18860
.28932
.21232
.93027
.22120
.33442

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.16Complex [Dd-Z]*

SCF Energy (au) (RI)BP86/SV(P) -4006.3123824210

SCF Energy (au) PBE0/def2-TZVPP -4005.655152406

SCF Energy (au) PBE0/def2-TZVPP -4005.7100569776 (CH,C1,
Correction)

Zero Point Energy (au) 0.9773421

Chemical potential (kJ mol™!) 2271.15

Dispersion correction (au) PBEO/def2-TZVPP -0.24337569

xyz coordinates

126

Ru -0.07904 0.09859 0.09650
C -1.64180 0.22175 -1.19608
C -0.63017 1.73120 0.76958
P -1.36392 -1.23920 1.61115
P 1.33032 -0.47491 2.02836
P 0.80832 -1.78988 -1.43011
P 1.44766 1.02016 -1.52865
C 0.08069 -1.70490 2.71349
C 2.08243 -0.62145 -2.16594
C -2.14266 -2.83437 1.10390
C -2.63417 -2.99571 -0.20826
C -3.27545 -4.19368 -0.57259
C -3.42436 -5.23140 0.36218
C -2.93476 -5.07271 1.67204
C -2.30032 -3.87756 2.04565
C -2.68154 -0.47293 2.64716
C -3.64219 0.31783 1.97750
C -4.72401 0.86221 2.68838
C -4.85180 0.63087 4.06911
C -3.89765 -0.15383 4.73908
C -2.81737 -0.70925 4.03210
C 1.53758 0.73480 3.41900
C 0.39199 1.24033 4.07479
C 0.52646 2.13173 5.15089
C 1.80182 2.54304 5.57541
C 2.94307 2.06042 4.91431
C 2.81578 1.15825 3.84303
C 2.96205 -1.33386 2.00120
C 3.23697 -2.44578 2.82625
C 4.51592 -3.02669 2.82811
C 5.53551 -2.49705 2.01845
C 5.27218 -1.38354 1.20298
C 3.99047 -0.80739 1.18881
C -0.14085 -2.38904 -2.90069
C -0.62457 -1.45546 -3.84551
C -1.34085 -1.89508 -4.97052
C -1.59191 -3.26430 -5.16203
C -1.11873 -4.19584 -4.22325
C -0.39758 -3.76399 -3.09700
C 1.74869 -3.29546 -0.91383
C 1.13829 -4.19447 -0.01025



jusiasiiasiiasiasiasias e sias e ia s e o e o iia o jia o lia o ia ol a s a sl a sl a ol a i a ol a il a sl o sl a sl a sl a s a s s sl s a i a s a s a s e s e s e sl e BN O O N O N O O NO NO NO NO NONO NO NONO NO NQ)

.78460
.05184
.66530
.01686
.81489
.43399
.99197
.05990
.67378
.24532
.96155
.84532
.95480
.19238
.31531
.20577
.07257
.40130
.20236
.05798
.51985
.65809
.92720
.05489
.93689
.54315
.47187
.69962
.99526
.08725
.62023
.37652
.90489
.94783
. 72309
.45872
.71833
.53969
.06917
.79906
.45252
.71163
.15571
.30255
.02457
.13422
.29046
.56040
.65492
.50722
.27435
.47887
.39968
.49843
73799
.87873

.38784
.69233
.80393
.61547
.97574
.90198
.72220
.63166
71277
.88394
.99047
.04456
.85205
.61132
.56454
. 75935
.64512
.73485
. 71326
.82248
.17948
.31146
.16881
.88212
.76080
.49664
.47429
.06223
.34178
.33045
.95141
.51268
.24264
.37703
. 77534
.86270
.89591
.95142
.95614
.07542
.37665
.15534
.60529
.27304
.51065
.97751
.08462
.62720
.04104
.94794
.21114
.65571
.28088
.42386
.93880
.24799

.35451
.17008
.06977
.44499
.97564
.24316
.29361
.08311
.82180
. 77060
.09418
.16450
.13596
.48460
.41522
72372
.81151
.44835
.26603
.67491
.94133
.59915
.07297
.41076
.08086
.89267
.15834
.62588
.82083
.57649
.74868
.65446
.42081
.23911
.35059
.48589
.47491
.02762
.57283
.55598
.71054
.69794
.04569
.36872
.37941
.39071
.05123
.11682
.49339
.17178
.42356
.28027
.90666
.65196
.78756
.32317
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H 3
H 6
H 6
H 4
C -2
C -3
C -1
H -2
C -0
C -6
C -6
C -5
C -3
C -4
H -7
H -7
H -5
H -2
H -4
C -0
C -1
C -1
C 0
C 0
H 0
H -1
H -2
H 1
H 1
Svibrational
# mode
rules
#
RAMAN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

.84554
.06319
.28064
.32027
.66713
.83425
.22460
.28013
.78787
.14966
.19421
.05412
.80638
.95099
.04803
.12997
.09487
.86965
.90861
.02449
.25927
.63750
.44815
.82265
.27277
.93711
.60764
.10697
.78509

spectrum

symmetry

AU TRR R R UG N U  OGR O U R)

O WUl JdJJ0 >R, P OOORFR P OOOPRENDNOOODN DD

.67645
.24424
.37720
.95543
.34560
.46399
.89136
.85690
.16176
.70123
.05078
.16957
.219e61
.33479
.79442
.55040
.75984
.72077
.92788
.67442
.53237
.29241
.31534
.55830
. 64835
.39643
.19285
.44386
.65223

wave number

cm** (=1)

O O OO oo

.00
.00
.00
.00
.00
.00
71
.49
16.
17.
21.
22.
26.
27.
30.
34.
34.
34.
38.
40.
43.

26
07
35
09
92
60
58
17
46
79
72
83
24

WNEFREEFEPWNDDNDEDN

.85912
.24799
.91366
.46985
.88849
.71206
.04833
.69084
.64725
.34316
.15532
.34820
.91611
71774
.97511
.85387
.41842
.20845
.64660
. 73343
.07673
.54216
.32564
.85680
.15491
.97989
.02678
.46365
.38670

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.02265
.11201
.01273
.01255
.01561
.00877
.01662
.00702
.00446
.04273
.00275
.07314
.08688
.08003
.14549

oNoNoNoNoNoNeoNeoNoNoNolNoNololololololNolNolNo)

selection

IR



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYD YYD

45.
45.
50.
52.
53.
56.
.28
59.
63.
64.
69.
.05

76.

81.

86.

92.

97.
107.
107.
112.
116.
125.
142.
147.
157.
161.
163.
169.
171.

57

72

09
72
40
00
42
16

34
26
55
13

09
71
40
97
57
17
31
65
42
43
81
61
50
34
99
91
25

NOOODODO R NORFRPROODODODODODIODODIODODIODIODOOOOOOoOo

.06783
.05299
.02457
.05474
.02200
.04374
.06024
.07019
.05059
.05306
.28920
.23074
.68233
.71968
.61253
.72567
.88577
.76038
.85439
.24269
.18207
.24694
.26652
.41290
.30338
.43544
.25973
.13754
.25035

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.17Complex [4d-Z]*

SCF Energy
SCF Energy
SCF Energy
Correction

(au)
(au)
(au)

)

Zero Point Energy
Chemical potential

Dispersion correction

xyz coordinates

126

OO oDn oD O@D QD Q- 000

WU OO OTOTWWWWNDWDNDNORE OO

.72515
.85179
.05395
.12719
.44649
.26403
.48101
.12762
.02242
.86336
.55762
.05874
.91665
.61638
.16377
.83122
.55378
.53023
.69928
.00540
.46001
.80922
.36139
.64387
.96700
.53079
.52951
.15448
.85422
.88548
.58289
.99160
.00358
.32750
. 71591
.38130
.52418
.82521
.93975
.57248
.55216

(kJ mol-l)
(au)

N

(RI)BP86/SV (P)
PBEO/def2-TZVPP
PBEO/def2-TZVPP

.22184
.92235
.44220
.25476
.78304
.90497
.94723
.21757
.71965
.88478
.35277
.30744
.77054
.68760
.33179
.67789
.44362
.88553
.98383
.06332
.41023
.03248
.62666
.70756
.94433
. 73644
.77835
.69659
.49884
.62029
.36253
.59526
.56466
.18445
.26796
.30697
.29323
.13416
.24518
.04805
.16502

B WOEREDNORPRPNWWdWWWENRERERENNWDDDWWNORFRFORENREPERERRERENDNWWDDWWWDN

-4006.3352712970
-4005.680342212
-4005.7314016681

0.9797648
2284 .25
PBEO/def2-TZVPP

-0.24819490

.32175
.18124
.58340
.53769
.22539
.02879
.31467
.15752
. 75468
.80613
.13549
.23814
.22102
.16462
.55014
. 74428
.89465
.15261
.91472
.97085
.59052
.39723
.34993
15779
.03072
.11197
.64690
.06805
.35401
.66392
.42043
.30568
.79015
.54570
. 73841
.69092
.26376
.61883
.60356
.01641
.41932

(CH,C1,
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OOz oODnoOnoDnoODnQOOnoOnn Do oo ODn oD QI Q@

.88163
.75781
.48638
.19321
.07204
.48842
.29604
.20197
.51943
.01850
.83981
.91898
77323
.01173
. 72432
.20540
.07953
.35314
.73118
.95689
.08700
.36600
.08393
.14848
71773
.49400
.36001
.09650
.39783
.45138
.64983
.24252
.05023
.99772
.61276
.96288
.76338
.17095
.37401
.28638
.25051
.96454
.33615
.10209
.45775
.52650
.50228
.19056
.58539
.33268
.40493
.14813
.50531
.28808
.49388
.46650

.11858
.13554
.27991
.23793
.26839
.29396
.27734
.45765
.91133
.59164
.16874
.00946
.09595
. 74533
.21633
.87322
.43300
.04284
.31753
.10203
.68105
.74721
.68967
.97471
.66655
.44938
.03325
.10334
.99067
.83325
.98758
.51211
17624
.35900
.90002
.51068
.37617
.82906
.16431
.46908
.42918
.59179
.47327
.43188
.56706
.38769
.61529
.47299
.57705
.64784
.27532
.51694
.99122
.20366
.24070
.25024

.47039
.89275
.53418
.01243
.99390
.18680
.61298
.11526
.41808
.50363
.88449
.39768
.48536
.90217
.59913
.51827
.14597
.66414
.64774
.66176
.62747
.61418
.62457
.60936
.64569
.65292
.66535
.68637
.81104
.38941
.31784
.33169
.98246
. 70657
.44409
.13470
.21013
.19654
.56279
. 74844
.77941
.83906
.71769
.50943
.63803
.37082
.61243
.53814
.67026
.13616
.39222
.60079
.23611
.79639
.96365
.24268
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C 2
H 2
C 3
C 5
H 4
C 6
H 7
C 6
H 7
C 5
H 5
C 3
H 3
C -1
C -1
H -1
C -2
H -3
C -2
H -3
C -1
H -1
C -1
H -0
P 1
P -1
P 0
P -1
Ru 0
Svibrational
# mode
rules
#
RAMAN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

.66339
77261
.84622
.00993
.98146
.18607
.07395
.23096
.15212
.08453
.10001
.90813
.01035
.09522
.92718
.95711
.67018
.29966
.60432
.18717
. 78562
. 72635
.03465
.38265
.43855
.28672
.27715
.54999
.09428

spectrum

symmetry

AU TRR R R UG N U  OGR O U R)

.61690
.70534
.86382
.59825
.70063
.95215
.54786
.45208
.96449
.19599
.29588
.54915
.13865
.37155
.75749
.12543
.94313
.23753
.76281
.69758
.39477
.04259
.21361
.92609
.46861
.19189
.16141
.44554
.13167

wave number

cm** (=1)

O O OO oo

.00
.00
.00
.00
.00
.00
.37
.61
19.
21.
22.
25.
28.
28.
33.
34.
36.
39.
43.
45.
46.

76
02
83
01
07
85
34
33
95
02
13
70
80

.81440
.99681
.23084
.58976
.54560
.99240
.26157
.05813
.38094
.72210
.78839
.31551
.08390
.70283
.79389
.69562
.73503
.59059
.59226
.55094
.49212
.38189
.44343
.28269
.81097
.85556
.56766
.78114
.13467

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.06809
.01782
.08832
.01751
.01444
.09849
.09778
.07754
.08605
.02106
.08671
.22681
.06376
.06916
.11693

oNoNoNoNoNoNeoNeoNoNoNolNoNololololololNolNolNo)

selection

IR



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYD YYD

48.
49.
52.
55.
55.
59.
61.
65.
66.
68.
2.
7.
79.
81.
84.
94.
100.
101.
112.
118.
119.
132.
151.
158.
160.
165.
168.
175.
182.

54
50
26
13
75
14
07
31
26
09
00
71
60
34
45
04
67
97
76
07
45
83
08
22
89
44
65
18
00

ONOOOHFHRONRPRPORPPFPORPFF OOOODOODOODOOOOOoOoOo

.04603
.01155
.08134
.03485
.05599
.23960
.13591
.04894
.12136
.14353
.03412
.46801
.54428
.13460
.42437
.09115
.19508
. 22266
.04695
.38322
.14026
.59192
.08445
.46814
.37913
.09534
.35909
.44640
.72852

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.18Complex [4°d-Z]*

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Correction)

Zero Point Energy
Chemical potential

Dispersion correction

xyz coordinates

126

LY ON@!
c

o0
O ON

ONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONO NGOG E Al vELvELv

.16027
.96587
.16936
.14929
.99590
.17289
.05927
.70670
.81312
.90214
.04942
.64489
.09528
.95088
.35870
.52014
.69387
.05330
.24666
.07521
.28714
.64417
. 74667
.22761
.60730
.50585
.03092
.49776
.37011
.54943
.86898
.00450
.82634
.24765
.56656
.64699
.41636
.10115
.02129
.39969
.10611

(kJ mol-l)
(au)

N

(RI)BP86/SV (P)
PBEO/def2-TZVPP
PBEO/def2-TZVPP

37719
.11602
.19078
.44144
.39632
.06815
.28199
.71536
.41635
.01495
.53805
.71920
.38711
.86837
.68573
.70736
.49080
.32629
.39019
.61674
. 77950
. 93350
.80075
.89582
.15108
.30373
.19672
.22873
.17136
.55326
.00081
.06103
.32447
.15416
.66889
.45980
. 74495
.23546
.44797
.35674
.11647

ORFRPNWWNEDDOGO DWW WNNNNDNNDNDNOODNOOO

-4006.3388213990
-4005.684556838
-4005.7350602130

0.9801083
2290.07
PBEO/def2-TZVPP

-0.25261122

.21697
.15376
.05274
.36077
.86575
.83587
.35304
.35128
.47522
.98035
.35082
.82886
.93546
.56984
.09918
. 76637
.69759
.76878
.91749
.99058
.92264
.69071
.34872
.08343
.15245
.48306
.75880
.00645
.57876
.08416
.33612
.92591
.26486
.35060
.26896
.69711
.21466
.30562
.87473
.30511
.85295

(CH,C1,
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.97626
.14913
.44558
.58036
.53202
.90151
.07774
.89440
.53811
.36922
.07113
.87898
.57254
.46391
.65711
.96375
.28516
.88342
.61015
.90971
.47435
.54075
.55881
.51819
.53211
.32773
.96961
.52912
.56586
.21339
.66160
.51284
.98300
.58964
. 75266
.14387
.22440
.79732
.25035
.16609
.74848
.67248
.26245
.91280
.00216
.17782
. 72760
.82727
.35734
.83959
.27828
.35015
.80849
.17406
.10550
.18597

P w oo DNO R W

.13210
.41123
.66616
.64233
.25086
.80641
.72201
.41826
.47182
.38703
.35830
.75663
.58352
.02517
. 63344
.80213
.46089
LTT7T729
.03727
.26168
.02672
.11858
.31536
.38684
.28754
.45351
.93527
.04598
.66514
.18828
.63533
.56391
.01721
.50232
.54118
-1.
.28684
.29795
.38403
.07439
.65627
.06390
.36875
.24389
.85127
.92969
.71691
.21494
.88194
.07818
.70959
.55429
.48777
.36945
.21725
.21147

60908

.28036
.55609
.59645
.02281
.30439
.16218
.92720
.84842
.98763
.21388
.47511
.45223
.35107
.28290
.31525
.41886
.26429
.07183
.37387
.37647
.47362
.32670
.30781
.44126
.61271
.79733
.70093
. 75725
.88601
.00426
.26869
.58989
. 72155
.52124
.24803
.56393
.38613
.85098
.90384
.73188
.87492
.61996
.54698
.70948
.94184
.41680
.18097
.88661
.17702
.93201
.24877
.59655
.46067
.91651
.53856
.72796
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H 1
H 3
H 3
H 2
C -3
C -4
C -0
H -1
C 0
C -7
C -6
C -4
C -5
C -6
H -8
H -6
H -4
H -4
H -7
C 2
C 0
C -0
C 1
C 2
H 2
H 0
H -1
H 1
H 3
Svibrational
# mode
rules
#
RAMAN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

.41453
.00628
.34651
.11789
.18771
.45773
.93374
.91994
.16915
.02861
.26032
.98763
.24517
.51le661l
.03240
.66106
.39139
.84329
.11993
.20380
.90539
.09665
.48282
.48416
.99399
.67139
.11456
.70536
.49642

spectrum

symmetry

AU TRR R R UG N U  OGR O U R)

W wo ook Wb

SN O J 0D 0o

.67345
.67510
.18639
.28743
.66061
.01299
.48719
.98634
.43265
.16787
.02695
.44459
.13826
. 72243
.62057
.36886
.32555
.21789
.82461
.38901
.78164
.81731
.06144
.02405
.14472
.84845
.13359
.99821
.70752

wave number

cm** (=1)

O O O O O

.00
.00
.00
.00
.00
.00
.17
17.
22.
24.
26.
28.
30.
31.
34.
37.
38.
39.
41.
43.
46.

73
59
07
01
84
13
45
20
62
17
74
71
47
55

NOODO R E OOOO

.31649
.98885
.05041
.47514
.24908
.30688
.06909
.15756
.11432
43276
.60333
.54662
.86965
.80049
.48289
.57149
.46476
.83125
.71744
.48103
.10915
.06522
.49823
.67925
.62175
.04157
.35124
.66673
.97961

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.02123
.02985
.02556
.08191
.05363
.12139
.00214
.11839
.04195
.02236
.16063
.01541
.06494
.03257
.05315

oNoNoNoNoNoNeoNeoNoNoNolNoNololololololNolNolNo)

selection

IR



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYD YYD

48.
50.
51.
57.
57.
60.
62.
66.
68.
71.
73.
.43

83.

86.

91.

98.
100.
102.
109.
119.
128.
142.
152.
156.
162.
166.
174.
175.
179.

77

12
57
77
23
97
06
41
03
59
94
76

63
38
69
78
31
57
15
62
39
91
98
98
51
87
93
47
13

oNoNoNoNoNeoNelN N el HeNelN s HoNoNeoNeoNolNoholNolNolNolNolololNolNo]

.04263
.07805
.09709
.02408
.06608
.02200
.05759
.32809
.04174
.19997
.12544
.00487
.14471
.07212
.92026
.20842
.57792
.48789
.55592
.48851
.59616
.26907
.14951
. 75730
.19896
. 77034
.31466
.68496
.70898

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.19C0mplex TS[Dd-Z]+—[4’d-Z]

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Correction)

Zero Point Energy
Chemical potential

Dispersion correction

xyz coordinates

126

QO
e

|
o o

ONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONO NGOG E Al vELvELv

.68366
.83985
.01303
.27328
.41543
.92502
.52703
.22703
.27099
.16183
.62583
.32108
.55128
.09212
.40480
.46566
.45951
.44242
.44135
.45286
46777
.56137
.43521
.48035
.65743
.78925
. 74338
.08513
.36081
.66159
.70178
.43703
.13651
.07131
.86872
.48663
.17977
.24724
.37594
.78976
.01766

(kJ mol-l)
(au)

(RI)BP86/SV (P)
PBEO/def2-TZVPP
PBEO/def2-TZVPP

.39690
.70227
.03314
.29510
.55821
.82864
.94933
.87382
.69421
.82073
.93179
.08523
.12984
.02062
.86881
.54132
.30723
.86060
.57703
.26317
.82171
.59599
.35490
.15585
.22992
.49636
.67716
.34829
.55455
.08636
.41818
.21298
.68095
.46147
.64254
.08670
.35125
17171
. 73358
.34913
.32501

-4006.3087507350
-4005.652523614
-4005.7045801208

0.9773334
2272 .31
PBEO/def2-TZVPP

-0.24437589

.07997
.35317
.03772
.58414
.91801
.38351
.55200
.54802
.04981
.04315
.28403
.69031
.22007
.54616
.96019
. 77053
.23203
.06858
.44528
.98589
.15404
.36775
. 75397
.90732
.67216
.27951
.13797
.87489
.55382
.55674
.88886
.21546
.20599
.90706
.57137
. 75299
.28275
.62551
.44504
.78067
.10705

(CH,C1,
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.60422
.96798
. 74006
.15601
.89257
.92998
.44449
.08435
.13245
.34998
.95603
.97402
.05374
.12440
.11244
.03037
.14335
.52595
.54406
.18199
.44660
.68111
.09447
.27699
.06397
.46001
.21261
.21274
.44627
.70290
.48753
.41023
.69404
.71981
.63559
.56547
.86265
.72252
.24889
.94778
.13372
.22073
.66961
.00047
.10206
.05985
.98638
.42725
.80746
.78108
.33361
.48621
.45703
.54447
.31056
.13517

.52802
.77286
.81024
.60591
.77873
.20121
.91473
.20537
.78274
.07520
.03081
.71153
.55018
.70387
.02521
.19836
.94785
.86137
.84254
.81972
.11070
.16463
.03367
.83549
.78878
.53464
.52239
.01369
.48862
.47677
.32807
.73510
.86470
.55360
.09790
.08826
.02816
.83423
.67618
.27812
.65829
.43601
.69989
.16607
.39325
.15954
.28244
.71900
.99777
.87641
.18910
.45505
.76505
.79606
.53989
.58546

.31924
.08036
.59071
.02087
.07088
.35691
.46746
.30355
.02148
.90999
.10604
.12733
.45785
.43782
. 67121
.01011
.65255
.13380
.11577
.42547
.99689
.72878
.10127
.26531
.00642
.15349
.64022
.10048
.06486
.60144
.15319
.19877
.57303
.86869
.85548
.09778
.09278
.89879
.69795
.69587
.15685
.25553
.20680
.03204
.94612
.06020
.83332
.41045
.79118
.55927
.51334
.46832
.17704
.88442
.91090
.82959
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4.05409
5.97134
5.94809
4.01992
-2.75239
-3.95365
-1.46850
-2.35293
-1.15729
-6.33529
-6.37918
-5.20590
-3.92625
-5.10571
.26067
-7.34025
-5.24062
-2.96192
-5.06739
-0.65803
-1.77686
-2.02331
-0.03393
0.20998
-0.46281
-2.46656
-2.90441
0.64865
1.08942

jusgpasiasiia i O NONONON @It asi s i i O NONONONO NG IR O IO @ Rusiya iy am
|
~J

Svibrational spectrum
# mode symmetry
rules

#

RAMAN

O ~Jo U Wb

=
S WP oo

N R R e
O W W 1oy Ul
IR VR O R O OV O O VU O OB )

N
[y

O WOl 4 J0O01 D OO ONDNOORFRPR NP OOREBARDNDNOOR WD D

.08653
.36025
.14987
.69148
.65663
.97147
.88754
.96392
.11455
.60393
.742061
.42755
.84116
.15033
.84914
.31137
.25074
.26689
.82548
.55990
.43394
.22877
.25941
.46419
.50664
.28351
.14146
.40917
.54822

wave number

cm** (=1)

-179.
.00
.00
.00
.00
.00
.00
.22
.62
15.
18.
19.
.94
22.
24.
28.
31.
33.
36.
39.
42.

O O OO oo

21

32

70
06
37

75
84
10
33
65
16
56
08

WNORFF WNDE O

.42044
.17899
.37933
.98990
.66722
.37045
.38946
.27034
.14485
. 77609
.66405
.96678
.49775
.18806
.32244
.33835
.09907
.81843
.05896
.51085
.66950
.99610
.99634
.66995
.04016
.53508
.33819
.14388
.32986

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.03634
.00122
.01118
.05933
.02535
.16054
.05944
.00480
.01765
.00070
.04247
.04925
.13067
.01663

oNoNoNoNoNoNeoNoNoNoNolNoNolololololololNolNo)

selection

IR



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O YYD YYD

43.
45.
45.
46.
49.
52.
.34
60.
61.
63.
66.
.03

7.

82.

86.

88.

93.

97.
107.
110.
118.
127.
145.
148.
155.
162.
163.
173.
174.

57

72

11
10
83
91
50
47

32
72
78
38

11
22
63
09
51
99
54
32
09
36
62
83
94
97
42
68
71

B O RFRP ONE PR OONWORENOODODOOOOOOOOOOOO O

.08998
.01133
.04709
.03025
.11875
.07499
.26290
.16188
.07834
.09983
.09301
.52860
.01654
.24934
.48491
.92062
.77859
.62334
.43020
.13425
.69327
.92979
.53994
.32699
.38854
.31884
.80885
.49670
.03520

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.20Complex [Cf]

SCF Energy
SCF Energy
SCF Energy
Correction

(au)
(au)
(au)

)

Zero Point Energy
Chemical potential

Dispersion correction

xyz coordinates

133

)
c

OO OO NONONONONONONONONONONONONONONONONONONONONONONONONONONONONOE AL VEL RV ONG!

.31950
.28342
.15892
.98899
.69179
.11794
.78664
.37280
.32237
. 71819
.30262
.91211
.93426
.34771
.74616
.37617
.12874
.22584
.57087
.81820
.172822
.04307
.96948
.21767
.53674
.60939
.36563
.23988
.49566
.68736
.64558
.40689
.20852
.08184
.46431
.28022
.57168
.04219
.22298
.14546
.86536

(kJ mol-l)
(au)

(RI)BP86/SV (P)
PBEO/def2-TZVPP
PBEO/def2-TZVPP

.38748
.16760
.41999
.54049
.76347
.12757
.61024
.80790
.97220
.20977
.42691
.65919
.68572
.47713
.24345
.70713
.27363
.88162
.52756
.44413
.06236
.57364
.26321
.30098
.67246
.99978
.95888
.77897
.57938
.31548
.25053
.44530
71779
.79896
.91333
.39998
77172
.65703
.17481
.62043
.35356

-4234.7732464370
-4234.120804577
-4234.1560106665

1.0279261
2387.57
PBEO/def2-TZVPP

-0.24829032

.12636
.07424
.87660
.71268
.10743
.38474
.42430
.97673
.28017
.37525
.10831
.18480
.77510
.03597
.33751
.61481
.93449
.57072
.88608
.57014
.93572
.34973
.95783
.87153
.18242
.57323
.66045
.25708
.39278
.49307
.46555
.33978
.23531
.77410
.73078
. 76560
.85435
.90040
.86483
.97754
.19303

(CH,C1,
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.60061
.63196
.91692
.17424
.16790
.80512
.33856
.23684
.39820
.05798
.34232
27711
.41575
.62764
.69982
.56173
.14229
.69025
.22483
.36649
.27666
.36614
.40922
.36203
.30190
.84574
.80846
.42903
.08328
.15656
.07180
.36810
.72795
.64892
.21793
.76462
.87260
.58196
.15583
.02691
.26692
.70225
.21533
.26271
.18617
.05294
.36713
.21425
. 71935
.39319
.67911
.84163
.12706
.26518
.44700
.32588

.50982
.94086
.21906
.07056
.73658
.82479
.72665
.55449
.47194
.56280
.47358
.32445
.03975
.90516
.05405
.34430
.48140
.87200
.98047
.23506
.62139
.81592
.65320
.27874
.09183
.55999
.64607
.01053
. 72656
.83251
.00270
.83132
.48952
.28136
.43981
.62142
.93875
.82740
.38437
.08261
.83198
.69370
.15001
.73607
.88282
.02152
.07383
.84361
.55743
.52898
.19238
.78596
.26568
.11431
.48457
.42167

.50724
.34322
.51625
.83482
.75955
.01695
.98738
.70531
.45449
.48307
.90752
.21756
.62703
.07226
.18926
.60860
.01307
.99582
.38659
.00792
.64677
.17687
.54115
. 79351
.33606
.90820
.03099
.38291
.60281
.48119
.71248
.33157
.89794
.81161
.19434
.21772
.38400
.54546
.53324
.35333
.66732
.49891
.66598
.96140
.12698
.85941
.42512
.09428
.19311
.77050
.24858
.96712
.46590
.22872
.50617
77027
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anppasiasipariac il s BN O I @ sl i OO NONONO NI I GO NONONONO O NG NG I @i R rga iy
|
—

Svibrational
# mode
rules

#

RAMAN

O ~Joy U W

R e
IOV S i e N Vo)

.35196
.52089
.64794
.63256
.31919
.50117
.44793
.78781
.86941
.90644
.75107
.48909
.64670
.05496
.86819
.80005
.54277
.58091
.46959
.07848
. 74602
.19095
.52004
.86303
.82213
.23822
.55168
.02700
.29186
.07481
.18440
. 74974
.51353
. 78637
.11943
.39881

spectrum

symmetry

O oYY YYD

OFRPNOWWOWOOWRFRFWOIdWOUdJoyUldUOOYRFRFRPOOORFRPR OOOOWNOOOHF WW

.70103
.46378
.94408
.68982
.02435
.14053
.56783
.87627
.46980
.25445
.41437
.86502
.03084
.57043
.68542
.98003
.31716
.60507
.49476
.34875
.07212
.04258
.33061
.70119
.49132
.18966
.93104
.19960
.87889
.29262
.90891
.72437
.99581
.36208
.24873
.84116

wave number

cm** (-1)

O O O O O

14

.00
.00
.00
.00
.00
.00
.27
12.

25

.35
15.
18.
20.
22.
24.

44
94
87
23
02

.50656
.25394
. 74209
.49413
.75342
.54094
.26846
. 73416
.11569
.90238
.13552
.76220
.54085
.79505
.58037
.19111
.10044
.47756
.67033
.23031
.77254
.18666
.63964
.18707
.03106
.21205
.38009
.17800
.65476
.00916
.79895
.20830
.56615
.86422
.38031
. 77564

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.00477
.02528
.08764
.12850
.14673
.32747
.02065
.35150

O O O OO OO o oo

selection

IR



15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ARG ORI O RO ORI O G R ORGSO R ORGSO OGO RO OBV O RO ORI )

26.
28.
30.
33.
37.
40.
43.
46.
47.
49.
50.
50.
52.
52.
53.
59.
60.
61.
65.
70.
2.
80.
81.
85.
86.
95.
98.
107.
113.
114.
115.
140.
142.
160.
lel.
161.

17
33
35
26
80
06
60
22
35
32
27
57
21
69
27
29
19
66
09
40
99
37
53
53
31
52
70
34
09
94
62
50
09
68
39
69

O OO OO WOOOIODODONODODOHOODODIODODIODOIODODIODOODOOOOOoO oo

.00238
.29717
.17013
.06997
.04063
.08393
.01152
.08959
.09415
.25332
.07985
.02113
.24900
.00090
.33846
.09685
.34993
.07078
.81945
.56617
.95870
.04517
. 76200
.46450
.72670
.42318
.34721
.55830
.40714
.86567
.25247
.10295
.08821
.00296
.45342
.36241

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.21 Complex [Df]*

SCF Energy
SCF Energy
SCF Energy
Correction

(au)
(au)
(au)

)

Zero Point Energy
Chemical potential

Dispersion correction

xyz coordinates

134

)
c

OO OO NONONONONONONONONONONONONONONONONONONONONONONONONONONONONOE AL VEL RV ONG!

ONBEFREEFPOORKrO

.48918
.05863
.04367
.80304
.91763
.36878
.01550
.64476
.62300
.58949
.10861
. 75497
.88162
.36258
.72214
.07828
.94193
.97948
.16027
.30297
.26642
.18500
.07868
.27012
.56139
.66279
.47946
.52596
.78572
.04562
.06156
.81358
.55044
.40046
.04278
.78064
.09419
.66301
.07956
.32506
.77084

(kJ mol-l)
(au)

(RI)BP86/SV (P)
PBEO/def2-TZVPP
PBEO/def2-TZVPP

.15599
.05878
.47999
.44765
.73682
.02041
.78795
.90391
.83559
.05260
.22252
.42326
.45693
.29138
.09315
.64086
.29057
.88356
.554¢67
.37333
.97280
.53791
.05584
.01983
.48949
.98790
.01608
.64058
. 68257
.30238
.88098
.83715
.22233
.61778
.69626
.14109
.50315
.42240
.98515
.52762
.39879

-4235.2041310740
-4234.549190831
-4234.6060584902

1.0403407
2419.95
PBEO/def2-TZVPP

-0.25127961

.36926
.94088
.10696
.92289
.29061
.18912
.22763
.03141
.94005
.45904
.15826
.18656
. 75613
.05348
.40729
.98064
.36561
.10373
.45773
.07526
.34090
.61136
.32301
.32724
.62317
.90999
.91105
.28972
.20654
.23507
.35966
.45275
.41321
.64748
.62300
. 73185
.87598
.90541
. 79533
.70979
.25400

(CH,C1,
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.42326
.64066
.19813
.54249
.40168
.97707
.53631
.52697
.04494
.38468
.54410
.48459
.61502
.81448
.88091
.75121
.49691
.94676
.68772
.62172
.00822
.15906
.38868
.46303
.33366
.80187
.64323
.97268
.44286
.61143
.05372
.39815
.70921
.68042
.35744
.01008
.23621
.05102
.60838
.37136
.17639
.11981
.67470
.89695
.41944
.80442
.97374
.15448
.14803
.98397
.78069
.99038
.18731
.83753
.07535
.54559

.59753
.93349
.07220
.87920
.81231
.74360
.60496
.54822
.62366
.75635
.70438
.59251
.34406
.21093
.32757
.58067
.79152
.95013
.89193
.05775
.41019
.54700
.39676
.09822
.97341
.54926
.61445
.02345
.63685
.70459
.71564
.40386
.24364
.34477
.62079
.01212
.11678
.36578
.49514
.39227
.62184
.41070
.84834
.49432
.72250
.15479
.27341
.87202
.33513
.23185
.02264
.54185
.22782
.35875
.81569
.70088

.58997
.02524
.98627
.33227
.63540
.92352
.94176
.67978
.39831
.37999
.72940
.36551
.73012
.01066
.08169
.45436
.12607
.81305
.04691
.50885
.58154
.20424
.48244
. 79798
.43292
.30344
.61472
.03684
.13651
.84246
.10198
.88145
.41334
.13860
.37697
.91702
.95298
.38837
.77000
.71000
.52407
.48374
74711
.01320
.05180
. 72633
.33573
.23956
.47996
.10756
.14769
.94425
.47859
.18442
.38183
.93069
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4.55557
6.70080
6.81736
4.81791
-2.05904
-3.20535
-0.23731
0.49535
-1.36033
-5.49447
-5.55809
-4.43990
-3.16094
-4.28184
-6.63791
-6.51152
-4.50915
-2.22253
.20005
-3.49881
-2.53122
-1.48171
-2.34148
-3.38807
-4.55401
-2.58163
-0.73513
-2.27382
-4.14598
-6.64781
-4.71855
-6.43276
-7.67037
-5.91354
-5.62784
-3.84831
-4.86636

asppasiiasiiariaciia s BN O N @ Musggas i il OO NONONON@ NI I OO NONONONO NG IR O I @I @ Ry iy i
|
IS

Svibrational spectrum

# mode symmetry
rules
#
RAMAN
1
2
3
4
5
6
7 a
8 a
9 a
10 a
11 a
12 a
13 a

O JO R NJdIFR,r WNUUOOOD WD O U PP RPOORFRF OOOOWWNOOONW D>

.03799
.79986
.22435
.90529
.05446
.17418
.68500
.03447
.59329
.41829
.33905
.45626
.93019
.05584
.47165
.82659
.04576
.43745
.65605
.40840
.70666
.80593
.30946
.19783
.20376
.63800
.05705
.37747
.97776
.22191
.43477
.30091
.12219
.82423
.90473
.11456
.27913

wave number

cm** (-1)

O O O O O

11

.00
.00
.00
.00
.00
.00
.67
.84
13.
15.
l6.
19.
22.

92
21
12
84
73

.58424
.29810
.65419
.32389
.67073
.52009
.60583
.36542
.31688
.20868
.01424
.18966
.71971
.55473
.94265
.75646
.26133
.99591
.47305
.80500
.78913
.03261
.32666
.07735
.48434
.37212
.80504
.26006
.69084
.14673
.17131
.96194
.56246
.88677
. 74629
.01280
.26613

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.01154
.05060
.00510
.06884
.05369
.04883
.48667

O OO OO OO o oo

selection

IR



14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

AU R I RTINS ORI I O R ORGSO O OGO OB ORI O GRS OB G R O R OB G R O )

27.
30.
32.
33.
36.
38.
39.
42.
42.
45.
46.
.10
51.
53.
55.
57.
59.
60.
62.
65.
69.
73.
73.
79.
80.
84.
94.
97.
106.
113.
121.
126.
137.
141.
155.
159.
163.

47

99
26
34
15
05
58
27
37
59
32
20

49
23
27
87
78
97
26
97
31
37
76
90
96
86
63
52
74
72
27
79
97
93
18
33
22

O OO OO NRPFOODODODOOFHRPRRPOOOODODOIODOIODODIODODIODIODOOOOOO O

.05247
.01802
.02177
.08910
.27182
.03722
.04760
.03563
.15370
.11170
.11162
.35466
.02818
.06458
.23694
.23265
.43939
.12292
.29840
.60189
.66592
.48325
.20947
.82420
.27115
.83707
.37927
.35276
. 73899
.79826
.04094
.29231
.72125
.27027
.08404
.33122
.05578

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.22Complex [Ff]*

SCF Energy (au) (RI)BP86/SV(P) -4235.2090162150

SCF Energy (au) PBE0/def2-TZVPP -4234.555965009

SCF Energy (au) PBE0/def2-TZVPP -4234.6094258562 (CH,C1,
Correction)

Zero Point Energy (au) 1.0406652

Chemical potential (kJ mol™!) 2423.64

Dispersion correction (au) PBEO/def2-TZVPP -0.25249907

xyz coordinates

134

C 0.31332 -1.89028 0.28411
C -1.70397 -0.20023 -2.77470
C 0.99251 0.72117 -3.66035
C 0.57259 -2.07635 -3.09959
C 1.56162 0.21259 2.60446
C -0.96732 1.72697 3.12060
C -1.02891 -1.11976 3.32402
C 3.54137 -0.75536 0.60713
P -2.26284 -0.25582 -0.97899
C -0.12237 1.94742 -0.63890
P 2.14224 0.42062 0.82363
P 0.13958 -0.39750 -2.47064
P -0.28596 0.22577 2.29110
Ru -0.05098 0.11335 -0.11831
C 0.60982 -3.08033 0.50767
C -3.16195 -1.85334 -0.78697
C -3.62177 0.98983 -0.80587
C 2.96100 2.07516 0.78541
H -1.88449 0.81866 -3.17945
H -2.16401 -0.95027 -3.4524¢6
H 1.92335 1.00020 3.29813
H 1.88690 -0.77777 2.98462
C -2.23024 -3.16120 4.86971
C -0.93901 -3.33867 4.34469
C -0.34212 -2.32908 3.57105
C -2.32946 -0.94930 3.85323
C -2.92448 -1.96534 4.61871
H -2.69457 -3.95424 5.47857
H -0.38569 -4.27319 4.53108
H 0.65880 -2.50521 3.15046
H -2.88337 -0.01290 3.68140
H -3.93603 -1.81371 5.02967
C -2.22301 3.85942 4.47834
C -1.07501 3.25567 5.02275
C -0.45629 2.18653 4.35526
C -2.11388 2.34244 2.57494
C -2.74452 3.39800 3.25848
H -2.71303 4.69122 5.01034
H -0.66385 3.61177 5.98148
H 0.42047 1.70236 4.81641
H -2.52072 1.99176 1.61190
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.64466
.72751
.69491
.60093
.58229
.66825
.58268
. 72918
.77757
.55545
.47563
.14044
.78400
.19952
.31213
.90326
.60289
.75679
. 72420
.33307
.38616
.23372
.09609
.23124
.71782
.04457
.48778
.54147
.11634
.35463
.93496
.37565
.16415
.47697
.20732
.89748
.91450
.75244
.46277
.61255
.84449
.64000
. 70691
.96298
.11029
.83977
.21799
.54791
.21521
.29677
.57451
.66054
.50305
.48600
.78412
.79509

.86438
.50043
.46361
.59852
.79611
.66863
.18229
12222
.60091
.13636
.69456
.64059
.53870
.26150
.19209
.46383
.64017
.66796
.40370
.08024
.32380
.65293
.46600
.18830
.26956
.55366
.65859
.32464
.06580
.41518
.68987
.35700
74722
.92847
.33734
.14915
.99692
.90584
.44330
.19416
.62686
.22953
.82927
.64757
.25588
.44189
.15816
.44007
.35172
.63577
.74888
.91664
.23983
.28699
.67458
.63469

|
OO ORFHRPRPOOONNRPRPORPEPOOONDN

.82669
.25462
.69728
.52036
.56347
.38804
.11619
.57997
.25113
.44734
.13819
.65706
.06992
.13151
.35856
.30088
.61279
.43260
.31890
.85313
.75604
.04650
.24239
.76222
.90439
.37328
.41937
.97760
.11886
.18311
.00889
.49726
.87009
.95929
.29179
.20914
.21501
.88021
.27187
.27627
.91007
.43405
.53637
.36115
. 75692
.58323
.29613
.43953
.11206
.65003
.34547
.44741
17716
.35123
.06496
.11195
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-6.45884
-4.38306
-2.57609
-4.90998
-6.69926
0.92718
1.55310
.50743
.19221
.01878
.28520
. 75135
.50235
.94848
.01113
.44753
0.05677
-0.42636
73713
-1.31747
-1.56899
-1.13234
-0.17440
-0.60991
-1.78512
-2.11038
-1.32814
0.37947
-0.38861
3.00045
-1.55662
-0.46710
-2.01953
-2.03378
3.20500
3.84091
2.92834

|
ORFRPNWRFOODNIDN
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(@]

Svibrational spectrum

# mode symmetry
rules
#
RAMAN
1
2
3
4
5
6
7 a
8 a
9 a
10 a
11 a
12 a
13 a

wave number

.66529
.24443
.57206
.32934
37177
.44639
.17385
.15838
.82106
.48818
.81984
.49718
.39921
.04037
.22765
. 62329
.13325
.49973
.04138
.18384
.18549
.87530
.51046
.83278
.42850
.47388
.12234
.25656
.58069
.92316
.47637
.66051
.38277
.26355
.47048
.67895
.02371

cm** (-1)

O O O O O

12

.00
.00
.00
.00
.00
.00
.61
.01
14.
17.
18.
23.
25.

50
43
41
23
47

.31532
.61351
.90260
.37025
.68531
.78469
.35745
.59269
.30863
.55571
.83540
.59581
.99556
.48840
.15442
.65930
.23023
.98079
.10743
.58520
.38744
.19195
.93827
. 75579
.30000
.30233
.97014
.85800
.53137
.11835
.23004
.38318
. 79140
.21574
11722
.42670
.22695

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.00186
.00228
.00983
.05946
.03717
.03213
.17281

O OO OO OO o oo

selection

IR



14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

AU R I RTINS ORI I O R ORGSO O OGO OB ORI O GRS OB G R O R OB G R O )

27.
28.
30.
32.
33.
35.
39.
42.
44,
46.
47.
50.
52.
53.
56.
58.
60.
62.
65.
67.
71.
74.
76.
82.
85.
90.
98.
100.
104.
117.
123.
126.
146.
148.
152.
160.
166.

81
50
95
89
25
43
12
38
05
75
78
67
82
98
93
40
16
02
64
36
07
98
63
12
00
07
13
10
54
30
01
84
37
72
20
91
24

O O OORPNRPFPORPNRPOOORFFR OOOODOODOIODOIODODIODODIODIODOOOOOoOo

.12961
.26087
.25715
.27118
.20383
.09355
.06427
.03030
.02402
.13417
.04950
.28057
.31159
.04537
.04475
.39753
.98987
.06798
.05492
.01886
.81656
.23772
.67168
.05735
.30075
.80544
.68848
.75052
.14727
.12917
.19877
.09928
.01387
.39677
.05643
.57861
.44079

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.23Complex [3f]

SCF Energy (au) (RI)BP86/SV(P) -4234.7768657230

SCF Energy (au) PBE0/def2-TZVPP -4234.128290494

SCF Energy (au) PBE0/def2-TZVPP -4234.1583984054 (CH,C1,
Correction)

Zero Point Energy (au) 1.0280986

Chemical potential (kJ mol™!) 2381.16

Dispersion correction (au) PBEO/def2-TZVPP -0.24757938

xyz coordinates

133

C 0.17075 -2.01850 0.58963
C -1.59128 0.17476 -2.73692
C 1.32223 0.75479 -3.36990
C 0.34936 -1.93868 -3.28041
C 1.46358 -0.11454 2.67456
C -0.69901 1.82617 3.17557
C -1.35750 -0.93313 3.35660
C 3.54628 -0.76824 0.62548
P -2.23313 -0.29550 -1.02737
C -0.19550 1.92164 -0.55685
P 2.05012 0.28377 0.93169
P 0.18976 -0.32081 -2.37807
P -0.35169 0.21865 2.31428
Ru -0.07943 -0.06278 -0.03009
C 0.38454 -3.14777 1.08379
C -3.05810 -1.93296 -1.29020
C -3.69709 0.79343 -0.66837
C 2.79462 1.97332 0.99573
H -1.64208 1.28070 -2.81252
H -2.07079 -0.30089 -3.61888
H 1.93326 0.41009 3.53342
H 1.59562 -1.21256 2.77627
C -3.03266 -2.59160 4.91564
C -1.63712 -2.66331 5.05781
C -0.80224 -1.83942 4.28169
C -2.76174 -0.86942 3.21460
C -3.59309 -1.69238 3.99044
H -3.68547 -3.23904 5.52451
H -1.18781 -3.37116 5.77378
H 0.28972 -1.91848 4.40193
H -3.21187 -0.16739 2.49176
H -4.68750 -1.63050 3.87038
C -1.26817 4.24966 4.50479
C -0.71266 3.17011 5.21754
C -0.43375 1.96327 4.55814
C -1.25948 2.90776 2.46828
C -1.54237 4.11487 3.13457
H -1.48923 5.19752 5.02381
H -0.50252 3.26677 6.29608
H -0.02045 1.11567 5.13174
H -1.44799 2.80758 1.38771
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.97475
.81112
.59738
.46684
.77050
.89490
.69706
.52532
.50652
.85142
.84564
.99726
.91429
.31198
.86272
.46309
.46828
.31076
.23835
.43981
.50919
.48351
.36797
.29938
.46524
.53023
.53766
.32873
.20490
.51106
.62085
.19708
.86340
.93176
.66865
.59815
.92600
.53947
.10382
.99704
.64293
.36274
.53058
.87855
.90399
.54915
.86759
.37351
.19881
.07365
.20288
.88930
.70740
.61587
.88713
.97266

.95676
.37820
.64608
.84768
.49996
.30518
.00497
.48409
.06697
.35206
.08765
.53189
.76006
.49405
.76054
.03310
.52865
.15152
.90639
.39864
.63550
.40217
.37998
.15448
.96646
.19159
.36389
.32275
.13601
.02420
.20095
.35934
.77988
.98493
.34097
.13636
. 98505
.74119
.34165
.61577
.79614
.41563
.19834
.96266
.15539
.39055
.38728
.99933
.80195
.35565
.55384
.46334
.01727
.19295
.24479
.07554

.56943
.12770
.52808
.27801
.27759
.03328
.06920
.24128
.77044
.97316
.54823
.93153
.24181
.21270
.16296
.13006
.90674
.19278
.14275
.11274
.05255
.65595
.25693
.56844
.69046
.37223
.19349
.68673
.46900
.26165
.47155
. 75591
.62693
.93594
.49945
.18822
.29745
.05830
.83596
.05994
.28180
. 62117
.51125
.34390
.40111
.56715
. 75389
.22985
.50824
.14167
.44030
.01046
.53214
.85160
.13687
.19098
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Svibrational
# mode
rules

#

RAMAN

O ~Joy U W

R e
IOV S i e N Vo)

. 74401
.62511
.67998
.97423
.89397
.59802
.01903
.05329
.83885
.42713
.22357
.11910
.03532
.65743
.39848
.02130
.22219
.26195
.35448
.41614
.46208
.02853
.08016
.33147
.97857
.07073
.60799
.69255
.34201
.09040
.92972
.18152
. 75625
.18725
.60447
.20049

spectrum

symmetry

O oYY YYD

=

wave number

.11314
.10578
. 64421
.84269
.62899
.45743
.08367
.42056
.13284
.14950
.43035
.33670
.89599
.62567
.65150
.95719
.11999
.50921
.30417
.83484
.47456
.00626
.37447
.65641
.57167
.12602
.29759
.70083
.03293
.17730
.27495
.96983
. 77055
.49019
.21431
.00969

cm** (-1)

O OO O OO

.00
.00
.00
.00
.00
.00
.14
.55
.71
14.
15.
l6.
20.
23.

26
54
71
55
10

NORFRPR WNNRFRFEPEPNRPRPROORFE OO

.24142
.68801
.21825
.01546
.60129
.61923
.68302
.98871
.47088
.33129
.84849
.22601
.84417
.93535
.48006
.39666
. 91311
.24513
.87830
.78947
.48147
.33387
.65185
.09683
.19339
.36730
.94904
.50612
.09229
.16886
.15960
.04831
.15430
.58088
.02181
.59881

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.13112
.02099
.08841
.02676
.03227
.05607
.03506
.14980

O O O OO OO o oo

selection

IR



15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

ARG ORI O RO ORI O G R ORGSO R ORGSO OGO RO OBV O RO ORI )

24.
.86
27.
30.
32.
35.
35.
36.
38.
43.
44,
.03
49.
51.
54.
56.
58.
59.
63.
67.
73.
74.
80.
90.
92.
97.
101.
105.
117.
118.
.43
134.
146.
150.
159.
163.

24

47

124

08

68
38
63
09
58
98
77
04
42

09
56
57
93
27
39
47
69
83
13
27
07
35
97
69
91
05
31

21
18
16
56
45

O OO OO OOOWONRFRPROORPRPFPF OOODODODIODODIODOIODOODOOOOOo oo

.23393
.06926
.00474
.22034
.10142
.01829
.10487
.07653
.60359
.07066
.19543
.15224
.05154
.02322
.04472
.51134
.81711
.08545
.01792
.61515
.28762
.33801
.48452
.18673
.26898
.55984
.29076
.20325
.04937
.47925
.74093
.07905
.13495
.03579
.55590
.22989

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.24Complex [4f]*

SCF Energy
SCF Energy
SCF Energy
Correction

(au)
(au)
(au)

)

Zero Point Energy
Chemical potential

Dispersion correction

xyz coordinates

134

OO oDn oD O@D QD Q- 000

Wb oYU OO Wb WHERFERFEREEPENDNDNDDNDDNDDNDRE

.71582
.17876
.34876
. 44294
.80118
.26291
.47639
.81815
.67860
.54305
.18847
.07794
.10092
.86827
.41485
.20443
. 72338
. 75552
.71269
.95005
.39600
.62233
.34871
.37404
.51714
.23905
.04326
.08105
.75878
.05835
.93034
.20215
.42281
.31248
.69663
.60191
.47189
.97097
.87079
.47728
.49163

(kJ mol-l)
(au)

(RI)BP86/SV (P)
PBEO/def2-TZVPP
PBEO/def2-TZVPP

.86429
.00844
.12042
.28214
.38186
.42648
.42637
.28898
.18014
.01408
.91439
.56448
.19552
.45623
.65283
.35093
.48658
.84302
.85653
.50148
.39577
.68226
.98502
.43528
.96217
.46902
.79976
.07281
.88295
.63422
.10016
.59231
.24917
.82516
.86580
.91503
.87374
.67333
.86279
.65067
.83518

Wbk BB DDWWWDrWOWWERENORERPND® WD WNDNORERPOEDNOREDND WO DN

-4235.2433512890
-4234.590645656
-4234.6453806515

1.0430186
2438.19
PBEO/def2-TZVPP

-0.25601834

. 74507
.07443
.70676
.60009
.63797
.80033
.21259
.47623
.84296
.94797
.91184
.33513
.43056
.57157
.62111
.91349
.71139
.86153
.61417
.47624
.43089
.16226
. 72938
.86971
.88465
.26992
.59225
.52823
.84369
.38733
.37808
.99528
.69473
.04818
. 77831
.87936
.37715
.94672
.25233
.72816
.52134

(CH,C1,
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.58935
.72087
.23178
.23698
.18999
.49206
.17322
.11197
.48668
.20065
.02688
.52964
.28140
.57514
.15306
.89682
. 72605
.40045
.97831
.33417
.37413
.81489
.19967
.29369
.62832
.27252
.23484
.79739
.69362
.00100
.15359
.11819
.13088
.94503
.82074
.64698
.49949
.52828
.52359
.11186
.14893
.99067
.14651
.96999
.10913
.10921
.92073
. 73429
.92077
.73851
.23668
.08623
.09850
.47266
.56528
.41468

.81107
.82364
.01813
.63582
.19986
.71591
.74789
.42126
.17403
.13284
.67016
.16023
.06424
.52580
.28990
.23654
.77508
.87027
.25205
.99664
.42690
.31367
.52255
.38704
.64538
.38850
.81595
.68755
.39966
.03743
.24836
.67381
.38163
.67078
.16734
.03687
.82385
.41329
. 74755
.96068
.03903
.32734
.04519
.09592
.99291
.78764
.92730
.67069
.91958
.90432
.88711
.29323
.51510
.884¢67
.36339
.31574

.42207
.92515
.37463
.29443
.31541
.36525
.25494
.89937
.36143
.23761
. 73065
.94157
.99180
.30106
.84642
.96458
.47839
.44650
.81828
.32381
.82885
.34507
.45354
.45755
.08118
.57932
.08634
.60218
.96389
.57441
.17906
.14210
.81957
.11653
.56536
.51163
.26934
.93342
.23829
.26591
.22386
.19096
.20306
.93440
.23925
.00296
.28747
.29930
.30701
.57052
.17847
.59112
.08308
.56032
.13243
.31842
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.51170
.90314
.25212
.94554
.10060
.69133
.41665
. 78476
.57180
.10783
.96089
.35675
4.62255
.32461
-1.23623
-0.52644
-2.03370
-1.92997
-2.96057
-3.78236
-3.06062
-3.77917
-2.26173
-2.34461
1.39802
-1.31245
0.25161
-1.56515
.05890
5.30762
-3.72822
-2.72005
.99684
-4.47408
4.29156
5.40526
6.06906

SO OO DWW NN WDN DN

AvBLvEL 'LV RGN O NONON NN O NN O NGO NONO N QN O NO N« @]
|
-

o
|
(@)

TIToDITDITDITDTD QW
|
w

Svibrational spectrum

# mode symmetry
rules
#
RAMAN
1
2
3
4
5
6
7 a
8 a
9 a
10 a
11 a
12 a
13 a

.02956
.05345
.80557
.16218
.63947
.92246
.97354
.33698
.98144
.98228
.53934
.23994
.81491
.04535
.96150
. 75315
.10953
.78519
.38298
.46148
.48257
.70992
.34037
.66335
.16399
.52518
.65259
.06882
.30396
.34404
.41174
.88184
.95239
.19142
.47882
.99006
.64674

wave number

cm** (-1)

O O O O O

22

.00
.00
.00
.00
.00
.00
.39
15.
18.
20.
.45
25.
28.

41
11
65

96
29

.04576
.92833
.99297
.26042
. 73696
.16996
.34244
.85256
. 75170
.59993
.13741
.68999
.50524
.57340
.65963
.47652
. 72265
.58447
.68786
.64952
.39930
.20170
.45381
.31511
.06075
.23929
.05655
.48005
.18517
.05117
.70497
.78238
.68499
.45287
.49117
.14721
.79726

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.02972
.26108
.15999
.00820
.28164
.09356
.42804

O OO OO OO o oo

selection

IR



14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

AU R I RTINS ORI I O R ORGSO O OGO OB ORI O GRS OB G R O R OB G R O )

32.
33.
36.
39.
40.
42.
.61
45.
45.
48.
50.
.04
52.
53.
57.
60.
64.
65.
69.
4.
75.
78.
79.
81.
90.
94.
100.
105.
110.
11l6.
132.
134.
142.
151.
163.
le66.
170.

44

51

33
08
58
33
95
28

40
71
29
10

49
63
79
71
69
54
62
84
57
10
77
70
41
72
58
90
59
69
42
25
25
58
34
90
71

N eleoNeolNeoNel i NeoleoleololeolNoNel NeoloholNolNololoNolNoloNoNolNololNololololNeNolNo]

.14491
.09505
.01665
.01124
.09479
.02055
.10182
.09462
.06936
.07996
.19858
.12871
.28212
.05196
17713
.30883
.11630
.22203
.63080
.19869
.08984
.91525
.29737
.22718
.08660
.15416
.16670
.58539
.31242
.18750
.22854
.89028
.60537
.39777
.11450
.38039
.09595

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.25Complex [4°f]*

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Correction)

Zero Point Energy
Chemical potential

Dispersion correction

xyz coordinates

134

PN ON@!
e

(I
o

ONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONO NGOG E Al vELvELv

.83907
.02292
.45139
.66209
.28421
. 74296
.62334
.38778
.94147
.79444
.01289
.05879
.89083
.67659
.62725
.31838
.69264
.47201
.88974
.52139
.25976
.14121
.27400
.16634
.90555
. 75539
.87730
.00105
.11736
.41874
.62554
.52216
.21846
.00206
.39505
.99443
.19817
.19837
. 79860
.45121
.59529

(kJ mol-l)
(au)

(RI)BP86/SV (P)
PBEO/def2-TZVPP
PBEO/def2-TZVPP

.35840
.48394
.00637
.34559
.22658
.89761
.15808
.39480
.15486
.02866
.07534
.35834
.60741
.56917
.28482
.55727
.79465
.42199
.81903
.58638
.95872
.03859
.45734
.81683
.78180
.37676
.01531
.15365
.92793
.94811
.20451
.44115
.41281
.56825
. 72537
.95936
.05056
.90214
.66966
.38624
.95999

OO OO MNNE DO D WWEDBSEDWNWNDNMNOONOOO

-4235.2450738280
-4234.592607205
-4234.6463803025

1.0426673
2431 .54
PBEO/def2-TZVPP

-0.25518875

.06354
.12816
.06331
.41914
.79181
. 75443
.30456
.47269
.47818
.17910
.64697
.22000
.32414
.85748
.29138
.71149
.49182
.47961
.69419
.92123
.93777
.19281
.227757
.56289
.85716
.81458
.48556
.09395
.92887
.40018
.96585
.80287
27777
.10509
.02549
.33285
.71858
.79947
.49366
.21846
.06672

(CH,C1,
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jusiasiiasiiasiasiasias e sias e ia s e o e o iia o jia o lia o ia ol a s a sl a sl a ol a i a ol a il a sl o sl a sl a sl a s a s s sl s a i a s a s a s e s e s e sl e BN O O N O N O O NO NO NO NO NONO NO NONO NO NQ)

.85318
.98672
.85231
.59381
.83367
.94337
.07365
.10700
.01319
.88630
.20130
.09513
.50606
.03329
.14301
72217
.64815
.11842
.87004
.91384
.62582
.55481
.93026
.33148
.24846
.15727
.54201
.50142
.05704
.32962
.66602
.49315
.82168
.34455
.57003
.98528
.27838
.64832
.67292
.36624
.01927
.08958
.66408
.82911
.89472
. 71306
.94409
.97354
.73261
.51933
.15212
.13900
.98661
.82109
.82209
.68575

.38746
.24977
.68550
.25683
.38223
.65554
.98128
.04570
.21849
.54910
.61251
.91392
.02329
.83851
.54113
.43215
.05380
.44081
.86512
.62158
.88922
.16797
.61411
. 75997
.48280
.49353
.60665
.31279
.89382
.78617
.72490
.12016
.84857
.12379
. 71995
.74464
.76841
.22716
.65643
. 62422
.86958
.06189
.02194
.75566
.57176
.09558
.83948
.58902
.58095
.82781
.41055
.97526
.29946
.95760
.54638
.05648

.52178
.70147
.57736
.03579
.30770
.90500
.67668
.85042
.23953
.47158
.29031
.75819
.51921
.80790
.34278
.59221
.32837
.40761
.32913
.53823
. 76873
. 79294
. 77145
. 72363
.72358
.54060
.29088
.46698
.87267
.14065
.78135
.38111
.12205
.25755
.31730
.00688
.06627
.37638
.87349
.94328
.72231
.26310
.95299
.09832
.55212
. 71338
.52311
.05676
.23235
.04703
.77896
.14892
.46464
.36600
.00552
. 74600
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1.41252
2.35714
2.55077
1.79280
-2.39402
-3.26974
-1.27602
-0.40307
-2.56433
-5.12476
-4.51571
-3.60946
-3.88019
-4.79476
-5.99855
-4.78909
-3.15816
-3.63399
.25478
-5.00422
-3.76688
-2.57724
-3.82414
-5.01452
-6.21790
-3.71923
-1.61846
-3.86610
-5.98763
-6.28086
-6.67683
-7.35592
-5.74107
-5.86287
-7.29780
-7.33720
-5.96298

asppasiiasiiariaciia s BN O N @ Musggas i il OO NONONON@ NI I OO NONONONO NG IR O I @I @ Ry iy i
|
Ul

Svibrational spectrum

# mode symmetry
rules
#
RAMAN
1
2
3
4
5
6
7 a
8 a
9 a
10 a
11 a
12 a
13 a

WNEPOODN DO

.03789
.70830
.39318
L42177
.77026
.89275
.82549
.49711
.52254
.05368
.61796
.56168
.34711
.40772
.07951
.12794
.22344
.84635
.71914
.00875
.67998
.93826
.87047
.59304
.61655
77735
.47660
77167
.08519
.03349
.55518
.29594
.50871
.41963
. 75550
.37308
.95798

wave number

cm** (-1)

O O O O O

.00
.00
.00
.00
.00
.00
.99
13.
17.
18.
20.
23.
26.

30
56
81
99
61
76

|
O O OMNNNMNNORPRRERPREOOOOO

-0.

.09896
.40275
.35632
.02966
.04919
.05026
.14494
.22445
.09436
.06976
.27442
.26517
.15028
.14608
.18678
.21122
.21110
.099%61
.09527
.00568
.12174
.16378
02352
.06664
.04541
.17994
.25682
.08626
.15870
.02002
.97036
.03928
.83258
.97936
.43614
.62106
.72603

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.02671
.01887
.13565
.31015
.24407
.00781
.18448

O OO OO OO o oo

selection

IR



14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

AU R I RTINS ORI I O R ORGSO O OGO OB ORI O GRS OB G R O R OB G R O )

28.
31.
31.
34.
35.
38.
39.
41.
42.
44 .
47.
48.
50.
52.
55.
58.
59.
64.
65.
68.
71.
75.
78.
82.
85.
94.
95.
100.
107.
120.
123.
129.
137.
152.
160.
164.
166.

39
02
74
91
84
39
92
70
12
39
83
18
80
52
92
74
15
26
17
53
28
28
67
74
85
85
08
39
55
85
03
45
78
37
80
91
43

O OO OOMNNHEFEFOONOOOHR OOOOOIODOIODODIODODIODODIODIODOOOOOO O

.02314
.17419
.16701
.17160
.38417
.07563
.01966
.06019
.23058
.19210
.10677
.12651
.20900
.24425
.19507
.01295
.24746
.26516
.17178
.19449
.49184
.22538
. 71051
.37507
.45923
.62484
.25595
.07449
.01191
.77909
.04306
.74713
.93783
.20478
.06300
44711
.15861

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.26C0mplex TS[Dﬂ+_[4’fl

SCF Energy (au)
SCF Energy (au)
SCF Energy (au)

Correction)

Zero Point Energy
Chemical potential

Dispersion correction

xyz coordinates

134

QO
e

[
o o

ONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONONO NGOG E Al vELvELv

.14013
.21008
.54120
.71063
.97676
.50763
.08307
.78667
.86158
.57311
.05261
. 73937
.94464
.46834
.78952
.92367
.87072
.86057
.91211
.97036
.97992
.14585
.99360
.07932
.31846
.46876
.38582
.64689
.92384
.22273
.26099
.99615
.69701
.68550
.23258
.83264
.53151
.37640
.98299
.37282
.60610

(kJ mol-l)
(au)

(RI)BP86/SV (P)
PBEO/def2-TZVPP
PBEO/def2-TZVPP

.09847
.36577
.30249
.61607
.85131
.12075
.65311
.13567
.96829
.16683
.28878
.45191
.49558
.37618
.21438
.84253
.04938
.62049
.31181
.57253
.14930
.39777
.08516
.01472
.28727
.61529
.67172
.64352
.82871
.36527
.72162
.53594
.00092
.73032
.89050
.31177
.57363
.415061
.00007
.64121
.60906

-4235.1980395000
-4234.544643834
-4234.5992187806

1.0397846
2417.55
PBEO/def2-TZVPP

-0.25264172

.77042
.78944
.33002
.88953
.20664
.10996
.21971
.89738
.73628
.38190
.06069
.33162
.58613
.90518
.30562
.04495
.49309
.31018
.68028
.23485
.42241
.57494
.02004
.06951
.67545
.23213
.19251
.19154
.90567
.91570
.22158
.51456
.49594
.65811
.32745
.52638
.06615
.40158
.20436
.50824
.18204

(CH,C1,
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jusiasiiasiiasiasiasias e sias e ia s e o e o iia o jia o lia o ia ol a s a sl a sl a ol a i a ol a il a sl o sl a sl a sl a s a s s sl s a i a s a s a s e s e s e sl e BN O O N O N O O NO NO NO NO NONO NO NONO NO NQ)

O PO dU Wb bdDNOO

NOODORLPND> OO dE O

WHE O UGUDPDdWWOODORRERE W WwDN

.19465
.55601
.32361
.73672
.46713
.68423
.21410
.52379
.29528
. 75945
.46749
.38384
.42181
.55022
.63883
.59933
.69235
.09867
.14942
76371
.89012
.11259
.48134
.63301
.43421
.82931
.59188
.68815
.00555
.25299
.01417
.16730
.38582
.44495
.29770
.13090
.42384
.28017
.80663
.50832
.49611
.55000
.00808
.61734
.69042
.53164
.58055
.01733
.38936
.35704
.21829
.39453
.16350
.24942
.57118
.50104

.80925
.05791
.10254
.90230
.50201
.03016
.76463
.97188
.44211
.71108
.76142
.46391
.329e61
.49022
.79083
.93599
.15303
.14076
.09752
.10124
.46841
.54024
.40711
.19085
.12691
.29915
.31732
.76279
.81833
.84040
.89276
.52946
.02133
.81749
.14601
.34256
.29139
.14127
.01742
.05640
.91001
.64646
.90427
.40859
.67470
.43764
.55764
.00102
.29304
.17834
.08474
.38730
.54920
.38603
.08827
.33165

.61383
.36602
.32056
.75812
.73730
.04835
.15192
.95620
.64999
.54596
.70208
.51788
.90699
.08612
.13221
.53088
.00368
.53844
.80068
.10120
.65781
.36471
.27575
.62950
.34639
.42023
.86978
.32029
.30889
.87957
.55373
.41357
.49497
.70277
.87135
.47181
.47841
.23722
.97655
.95890
.90175
.03383
.00373
.81563
.69808
.36156
.14110
.70199
.52723
.30962
.23073
.17183
.82351
.48546
.52712
.16348
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4.34585
6.36451
6.52048
4.66890
-2.20354
-3.39462
-0.61296
0.01457
-1.60517
-5.77653
-5.82094
-4.65758
-3.36650
-4.53321
-6.96566
-6.79736
-4.70976
-2.40289
.46443
-3.51072
-2.73405
-1.79835
-2.38529
-3.31877
-4.44802
-2.84889
-1.20299
-2.25312
-3.92686
-4.69612
-7.00361
-5.49255
-3.78876
-5.05226
-6.63868
-8.06784
-6.40381

asppasiiasiiariaciia s BN O N @ Musggas i il OO NONONON@ NI I OO NONONONO NG IR O I @I @ Ry iy i
|
IS

Svibrational spectrum

# mode symmetry
rules
#
RAMAN
1 a
2
3
4
5
6
7
8 a
9 a
10 a
11 a
12 a
13 a

P NDNW-JoooNIENOODO DWW OUODOUONDNRPFRPROORPRPEFPRPOORFEF WNNOOREDNDdW

.87925
.16716
.91997
.41070
.31441
.54178
.57569
.84641
.59611
.05333
.29076
.04212
.29214
.54856
.25278
.09013
.547¢61
.68693
.13807
.63582
.70650
.69845
.55018
.54582
.54820
.54041
.76992
.71400
.50141
.66012
.04100
.25094
.29844
.33903
.07830
.08031
.58268

wave number

cm** (-1)

-149.
.00
.00
.00
.00
.00
.00
.63
.74
.06
14.
15.
20.

W o OO o oo

87

24
09
87

.85917
.39255
.78133
.49856
.38766
.14025
.18039
.06363
.81557
.62322
.42977
.70526
.34633
.08009
.24601
.09156
77619
.70712
.00621
.22646
.40418
.68225
.36895
.65643
.14386
.11215
.60848
.06945
.57340
.70263
.42721
.20784
.82159
.70976
.23932
. 73457
.24779

IR intensity

km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.17476
.00806
.18188
.21666
.08326
.16124

O OO OO OO o oo

selection

IR



14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

AU R I RTINS ORI I O R ORGSO O OGO OB ORI O GRS OB G R O R OB G R O )

23.
26.
30.
33.
34.
35.
37.
39.
40.
42.
44,
46.
47.
50.
52.
55.
57.
59.
61.
65.
70.
73.
78.
80.
83.
88.
96.
98.
104.
111.
1l6.
123.
137.
143.
152.
154.
162.

84
48
29
74
95
16
44
25
85
68
28
09
06
68
50
97
29
78
85
92
06
40
00
07
11
44
57
28
15
05
25
20
33
25
94
90
44

N
O P OO UTUINOPRREFEP P WOONOODOOOH OOOODOODOOOOOOOLOOO O

.04666
.29430
.12252
.15307
.08609
.15717
.20585
.09763
.13073
.10680
.28358
.13618
.09210
.04583
.04115
.63864
.19004
.05053
.01575
.45100
.26188
.69525
.00640
.53546
.45152
.67964
.06642
.64111
.20516
.68385
.29829
.01345
.49657
.09247
.60566
.59411
.03988

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.27Proton sponge

SCF Energy (au) (RI)BP86/SV(P) -653.3309117434

SCF Energy (au) PBE0/def2-TZVPP -653.2525919652

SCF Energy (au) PBE0/def2-TZVPP -653.2597464086 (CH,C1,
Correction)

Zero Point Energy (au) 0.2845876

Chemical potential (kJ mol™!) 639.28

Dispersion correction (au) PBEO/def2-TZVPP -0.03935925

xyz coordinates

34

C -1.19098 0.53183 -0.18474
C -2.43133 0.68416 -0.82711
C -0.43033 -0.69353 -0.40094
C 0.96434 -0.89962 -0.02803
C 1.48791 -2.20346 -0.05031
C 0.73824 -3.30123 -0.53515
C -0.52065 -3.09628 -1.07394
C -1.11878 -1.80004 -1.04044
C -2.39914 -1.60018 -1.63992
H -1.08323 -3.92639 -1.53231
H 1.19436 -4.30560 -0.54247
H 2.53396 -2.37333 0.24371
C -3.01540 -0.36165 -1.58046
H -2.88092 -2.44939 -2.15198
H -3.99589 -0.20023 -2.05935
H -3.00640 1.61042 -0.68395
N -0.70963 1.54633 0.67079
N 1.79035 0.18672 0.33088
C -0.40969 1.18631 2.05222
C -1.25866 2.88184 0.54868
C 1.93567 1.27974 -0.62414
C 3.00938 -0.07548 1.06934
H -1.30290 3.18716 -0.51832
H -0.59228 3.59474 1.08441
H -2.28641 2.99460 0.99005
H 2.09475 2.24661 -0.09446
H 1.02948 1.37327 -1.25050
H 2.81121 1.10643 -1.30481
H 3.38168 0.88116 1.50039
H 3.84000 -0.50106 0.44254
H 2.81189 -0.77698 1.90738
H -1.30969 1.32017 2.70983
H 0.41077 1.82327 2.45415
H -0.09167 0.12965 2.11893

Svibrational spectrum

# mode symmetry wave number IR intensity selection
rules
# cm** (-1) km/mol IR
RAMAN
1 0.00 0.00000 - -
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

AU ORI ORI O G ORI O GRS OGS O O OB OGRS O OB OB R O RO ORGSO R OB ORI O OB OGRS OB R

O O O O

171

.00
.00
.00
.00
.00
56.
95.
106.
11e6.
122.
142.
.79
208.
233.
258.
287.
300.
303.
326.
344.
354.
375.
434.
464.
476.
520.
521.
527.
534.
619.
641.
663.
747.
754.
757.
769.
835.
845.
866.
894.
940.
944,
952.
1029.
1036.
1051.
1057.
1080.
1083.

65
96
49
44
24
95

02
79
99
71
14
53
67
70
84
38
14
48
91
66
81
79
06
37
61
05
34
41
41
82
61
80
55
69
69
00
02
30
39
75
74
56
60

(€]

w O w =
WN OO DODOODOoOWhhOMNMMNMNONTOOITORFRRFONMMNOUORPRENMRPRPROdNRPREPEDMOODOORPROWERE OOOOOO

=

.00000
.00000
.00000
.00000
.00000
.75068
.88692
.46773
.37149
.01804
.35398
.79922
.07219
.40761
.16322
.27664
.52157
.51256
.22660
.30912
.60517
.69839
.27962
.09684
.65129
.59137
.55716
.09692
.63894
.34967
.37534
.50533
.46734
.70185
.90380
.52115
.51615
.45021
.22332
.68403
.24377
.81855
.88688
. 79414
.68533
.60632
.86744
.56245
.51040
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S7.28[HProton sponge]*

SCF Energy (au) (RI)BP86/SV(P) -653.7298291209

SCF Energy (au) PBE0/def2-TZVPP -653.6546459553

SCF Energy (au) PBE0/def2-TZVPP -653.7122924463 (CH,C1,
Correction)

Zero Point Energy (au) 0.2956309

Chemical potential (kJ mol™!) 668.18

Dispersion correction (au) PBEO/def2-TZVPP -0.04071040

xyz coordinates

35

C -1.27799 0.31178 0.06919
C -2.66241 0.28108 -0.04830
C -0.46650 -0.76409 -0.43187
C 0.96715 -0.82075 -0.35632
C 1.68159 -1.89765 -0.86427
C 1.00586 -2.98296 -1.47904
C -0.37738 -2.97021 -1.5744¢6
C -1.14315 -1.88003 -1.06306
C -2.56647 -1.87336 -1.16424
H -0.90884 -3.80981 -2.05093
H 1.58709 -3.82943 -1.87686
H 2.78107 -1.91899 -0.79481
C -3.31385 -0.81623 -0.66821
H -3.06477 -2.72943 -1.64706
H -4.41192 -0.81996 -0.75101
H -3.26843 1.11470 0.34147
N -0.59950 1.45146 0.71265
N 1.66982 0.31336 0.28383
C -0.93897 1.59105 2.15386
C -0.78473 2.72921 -0.02508
C 2.54960 1.06195 -0.65959
C 2.38978 -0.07397 1.53071
H -0.50600 2.58647 -1.08868
H -0.13430 3.50777 0.42670
H -1.84076 3.07733 0.02221
H 2.92705 1.97548 -0.15466
H 1.96499 1.34639 -1.55718
H 3.41431 0.43932 -0.97459
H 2.76780 0.84269 2.02966
H 3.24780 -0.74163 1.30251
H 1.69061 -0.60577 2.20662
H -2.00128 1.89082 2.29427
H -0.28795 2.36812 2.60726
H -0.77311 0.62333 2.66890
H 0.68380 1.02196 0.58040

Svibrational spectrum

# mode symmetry wave number IR intensity selection
rules

# cm** (-1) km/mol IR
RAMAN
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O ~Joy U WN R

s b DD DD DDLOWWWWWWWWWDNDDDNDDDDNDNdDNDNdDSNNMSRREPREREPRARPRPRPRARRPRERERERERRE
O WO JO U WNEFPFOWOJOUDdWNEFEFOWOOLWJIOU D WNEFE OWOWJoU »WwWwbhE O

ARG IR ORI OB GRS ORI O G O TGS O O OB O E ORGSR ORI O O RO O RV O R ORI O OB OGRS OB R

O O O O o

.00
.00
.00
.00
.00
.00
34.
103.
128.
155.
160.
176.
192.
218.
223.
235.
247.
262.
274.
306.
314.
335.
370.
439.
450.
469.
502.
523.
526.
549.
580.
633.
657.
717.
768.
769.
772.
776.
855.
885.
905.
913.
923.
978.
989.
999.
1001.
1007.
1025.
1056.

37
23
83
64
54
14
97
46
22
70
24
93
09
35
75
71
53
80
13
98
20
59
37
63
31
72
21
68
69
89
75
94
52
08
04
49
75
22
70
59
32
64
75
64

ecNeoNoNoNoNoNGNGNG)

o
o
o ®

280

71.

138.

66.

17.

17.

31.
16.
15.
103.

.00000
.00000
.00000
.00000
.00000
.00000
.01558
.58780
.47567
.20337
.56855
.66330
.21471
.40887
.10700
.17979
.64666
.98622
.18349
.06269
.08619
.52357
.54635
.31732
.78460
.79636
.79133
.68487
.02396
.91848
.29650
.23689
.01022

64922
47574

.43902
.22060

60926

.20483

73469

.04216

17444

.41372
.00630
.00229

21941
37569
29921
65308

.52381
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S7.29Pyridine

-248.1066297523
-248.0746694250
-248.0817570498 (CH,C1,

SCF Energy (au) (RI)BP86/SV (P)
SCF Energy (au) PBEO/def2-TZVPP
SCF Energy (au) PBEO/def2-TZVPP

Correction)
Zero Point Energy (au) 0.0862104
Chemical potential (kJ mol™!) 154.10

Dispersion correction (au) PBEO/def2-TZVPP -0.00841146

xyz coordinates

11
N 1.07664 0.21029 -1.19060
C 0.58344 1.25382 -0.50176
C -0.35332 1.12930 0.54051
C -0.80080 -0.15631 0.88513
C -0.29292 -1.255306 0.17378
C 0.64024 -1.01484 -0.85125
H 0.95671 2.25306 -0.79746
H -0.72214 2.02371 1.06935
H -1.53445 -0.29978 1.69631
H -0.61253 -2.28441 0.40709
H 1.05914 -1.85947 -1.43112
Svibrational spectrum
# mode symmetry wave number IR intensity selection
rules
# cm** (-1) km/mol IR
RAMAN
1 0.00 0.00000 -
2 0.00 0.00000 -
3 0.00 0.00000 -
4 0.00 0.00000 -
5 0.00 0.00000 -
6 0.00 0.00000 -
7 a 361.91 0.00003 YES
8 a 407.02 2.95124 YES
9 a 590.49 4.11585 YES
10 a 649.86 0.36676 YES
11 a 695.42 50.99604 YES
12 a 743.57 4.37772 YES
13 a 870.11 0.00009 YES
14 a 923.22 0.01539 YES
15 a 964.42 0.00030 YES
16 a 981.28 9.00977 YES
17 a 984.79 0.00594 YES
18 a 1021.65 3.04290 YES
19 a 1049.67 0.00031 YES
20 a 1062.35 4.80612 YES
21 a 1129.82 1.34523 YES
22 a 1206.31 3.23261 YES
23 a 1325.59 0.84605 YES
24 a 1338.35 0.10751 YES



25
26
27
28
29
30
31
32
33

[\ G TR R )

1436.
1471.
1592.
1594.
3059.
3063.
3093.
3107.
3115.

78
44
98
27
94
27
85
88
74

23.
.86106
20.
10.
36.
.711276
. 78534
25.
.59709

84228
10630

53416
96739

02201

YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.30[Hpyridine]*

-248.4713768608
-248.4444248666
-248.5220537530 (CH,C1,

SCF Energy (au) (RI)BP86/SV (P)
SCF Energy (au) PBEO/def2-TZVPP
SCF Energy (au) PBEO/def2-TZVPP

Correction)
Zero Point Energy (au) 0.0999681
Chemical potential (kJ mol™!) 189.99

Dispersion correction (au) PBEO/def2-TZVPP -0.00900921

xyz coordinates

12
N 0.89280 0.17525 -0.98532
C 0.43271 1.27304 -0.32821
C -0.49625 1.11288 0.69939
C -0.93444 -0.18336 1.03082
C -0.43424 -1.29539 0.32704
C 0.49358 -1.09127 -0.69380
H 0.82847 2.24755 -0.65221
H -0.87026 2.00014 1.23280
H -1.66840 -0.32759 1.84041
H -0.75885 -2.31988 0.56503
H 0.93544 -1.90163 -1.29328
H 1.57943 0.31026 -1.74268
Svibrational spectrum
# mode symmetry wave number IR intensity selection
rules
# cm** (-1) km/mol IR
RAMAN
1 0.00 0.00000 -
2 0.00 0.00000 -
3 0.00 0.00000 -
4 0.00 0.00000 -
5 0.00 0.00000 -
6 0.00 0.00000 -
7 a 379.71 0.97251 YES
8 a 392.46 0.00006 YES
9 a 601.74 0.01395 YES
10 a 625.26 0.13623 YES
11 a 661.56 96.95914 YES
12 a 725.49 62.95160 YES
13 a 834.39 10.81840 YES
14 a 846.20 0.00002 YES
15 a 954.98 2.59017 YES
16 a 970.82 0.00016 YES
17 a 999.53 3.13975 YES
18 a 1016.83 0.45173 YES
19 a 1017.04 0.06264 YES
20 a 1049.39 4.44995 YES
21 a 1056.00 5.27538 YES
22 a 1152.92 1.12395 YES
23 a 1183.07 1.04674 YES



24
25
26
27
28
29
30
31
32
33
34
35
36

O Y YYD

1269.
1349.
1391.
1473.
1534.
1612.
1636.
3131.
3146.
3148.
3159.
3160.
3399.

02
76
24
55
35
92
56
83
52
08
25
51
94

19.
45.
23.
27.

13.
25.

152.

.08873
.24634
.58071

91942
90459
14023
31715

.56118
. 76912

64381
24800

.95182

11996

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.31(MeOH)4

SCF Energy (au) (RI)BP86/SV(P) -462.5583485669

SCF Energy (au) PBE0/def2-TZVPP -462.6005360868

SCF Energy (au) PBE0/def2-TZVPP -462.6081871275 (CH,C1,
Correction)

Zero Point Energy (au) 0.2058545

Chemical potential (kJ mol™!) 423.66

Dispersion correction (au) PBEO/def2-TZVPP -0.01271465

xyz coordinates

24

H 0.69462 1.93326 2.13806

C 0.68224 2.55564 1.20913

H 1.67882 3.04992 1.11066

H -0.08283 3.35212 1.33554

0 0.35883 1.80851 0.04747

H 1.02320 1.02930 -0.04311

O -0.36090 -1.80726 0.04671

H 0.08259 -3.35352 1.33097

C -0.68156 -2.55555 1.20840

H -0.68965 -1.93457 2.13832

H -1.67931 -3.04799 1.11266

0 1.80681 -0.35907 -0.04825

C 2.55587 -0.68230 -1.20871

H 3.04987 -1.67896 -1.10961

H 1.93507 -0.69436 -2.13870

H 3.35267 0.08270 -1.33355

H 1.02745 -1.02352 0.04122

0 -1.80906 0.36055 -0.04602

C -2.55552 0.68153 -1.20886

H -1.93299 0.68977 -2.13772

H -3.35333 -0.08255 -1.33280

H -3.04801 1.67930 -1.11362

H -1.02535 -1.02780 -0.04151

H -1.02952 1.02483 0.04330

Svibrational spectrum

# mode symmetry wave number IR intensity selection

rules

# cm** (-1) km/mol IR

RAMAN
1 0.00 0.00000 -
2 0.00 0.00000 -
3 0.00 0.00000 -
4 0.00 0.00000 -
5 0.00 0.00000 -
6 0.00 0.00000 -
7 a 29.35 0.00002 YES
8 a 48.73 0.51164 YES
9 a 74.42 5.90094 YES
10 a 74.48 5.90298 YES
11 a 82.12 0.00240 YES



12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

O Y YYD YYD

91.
105.
105.
110.
.55

135.

136.

136.

165.

257.

338.

338.

347.

915.
1038.
1038.
1058.
1064.
1082.
1082.
1096.
1129.
1136.
1136.
1148.
1156.
1156.
1157.
1256.
1425.
.36
1428.
1432.
1434.
1434.
1435.
1437.
.39
1442.

117

1428

1442

69
85
96
61

89
39
39
70
17
43
47
43
92
49
61
28
47
28
37
06
03
17
19
35
86
89
23
55
88

39
29
71
74
26
83

39

OO OWWwWOONEREFLO

[C2BNE)]
O

42

.00652
.61481
.60694
.96789
.23557
.14289
.46882
.32329
.00010
.00010
.23423
.20314
.52222
. 77407
178.
178.
.01169
259.

81.

81.
.00184
39.
40.
40.
.00005
33.
33.
.90137
.00261
21.
15.
15.
.00002
28.
28.
.58493
.00198
.46358
42 .

64670
34815

68936
45276
23976

26083
88916
88476

07660
17810

91580
24609
11610

01388
11472

62973

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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S7.32[H(MeOH),]*

SCF Energy (au) (RI)BP86/SV(P) -462.9201903133

SCF Energy (au) PBE0/def2-TZVPP -462.9701893694

SCF Energy (au) PBE0/def2-TZVPP -463.0317625936 (CH,C1,
Correction)

Zero Point Energy (au) 0.2149554

Chemical potential (kJ mol™!) 437.97

Dispersion correction (au) PBEO/def2-TZVPP -0.01193877

xyz coordinates
25

5.27259
4.31660
4.33383
4.19105
3.19810
3.24764
0.08433
-0.88548
-1.67569
-1.20321
-0.25796
-1.88461
.07095
0.87800
0.56008
1.82784
0.10119
1.90619
-2.94091
-4.08283
-3.69446
-4.79375
-4.60791
-1.73427
-3.22730

jasiasppasiaciia s BN O RN © Npasiasiia s Ba i O @M sia s B @ I a s B @ J a siia s BN @ i a s a s @ R o
P

Svibrational spectrum

# mode symmetry
rules
#
RAMAN
1
2
3
4
5
6
7 a
8 a
9 a
10 a

O ORPrRrP OO, EFEDNE

.08659
.45897
.42164
. 66531
.36129
.58397
.22476
.88268
.71648
.02133
.55997
.69587
.34318
.64925
.39337
.97707
.56138
.31693
.38683
.72171
.97780
.13047
.60895
.37284
.18197

cm** (-1)

O O O O o

.00
.00
.00
.00
.00
.00
.61
29.
41.
47.

76
03
60

wave number IR

.62411
.46977
.02744
.61138
.86217
.81655
.12646
.23131
.55303
.59288
.80249
.03416
.51197
.09065
.32687
.55921
.87648
.11812
.06521
.25298
. 75260
.16581
.66806
.55459
.98205

intensity
km/mol

.00000
.00000
.00000
.00000
.00000
.00000
.27981
.19242
.38854
. 76431

P O O OO0 oo Oo

selection

IR



11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

0O Y YYD YYD YYD Y

55.

70.

80.

89.

97.
108.
113.
123.
150.
154.
182.
287.
323.
372.
.13

571.

949.

973.

992.
1021.
1027.
1046.
1083.
1092.
.49
1133.
1135.
1138.
1140.
1157.
1216.
1320.
1348.
1350.
1403.
1419.
1428.
1429.
1434.
1435.

421

1122

79
30
78
66
91
10
13
17
84
17
97
62
30
20

02
32
91
53
50
17
50
71
37

05
77
96
35
58
28
95
45
54
39
93
09
22
63
49

PSP OHODODNE R N

i
o N

1423

.27203
.76178
.95901
.47813
.31500
.46828
.22458
.51265
.10865
.43986
.47060
.92567
234.
111.
129.

27.
406.
325.
643.
179.

16.

25.

35.

35.
327.

16.

48.
.87035
40.
43.
.65572
146.

47.

34.

31.
.61287
16.
.11042
65.
17.

91437
89787
40268
95533
89352
32751
14029
87823
94326
73077
07033
29998
92452
81579
29859

24077
24470

08575
24867
41105
64265

68445

72452
57504

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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