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TABLE S1: Symmetry Coordinates for M(CO)¢ (Op, symmetry)

Alg S1=612(D;+Dy+D3+Dg+Ds+Dg)
Sp =612 (R| + Ry +R3 +Rq +Rs +Rg)

Eg  S32=12"12(2D| - Dy - D3 - D4 - D5 +2Dg)
S3p ="2(D2 + D4 - D3 - Ds)

S4a=12-12(2R| - Ry - R3 - R4 - R5 + 2Rg)
Sab="2(Rp2 +R4-R3 - Rs)

Tig Ssa='2(B23-B832-843 +Bs3)

S5p ="2(B36 - Be3 - B56 + B13) o°
S5¢ =Y2 (B2 - B26 - B12 + B4g) [ /013
Ce o
Ty Sea=2712(Dy-Dg) . | 11_ 5 I/C7
Sety =2-172 (D3 - Ds) | O—C—;M1—C:OQ
S =2-112(Dy - Dy) _ 6 | 3
6¢c 4-12 _ //C C
12 14
o

S7a=2"1/2 (R} -Rg)
S7p =212 (R3 - Rs) Oy
S7c=2"1/2 (R4 -Rp)

Sga="2(By1 +B31 +B41 +Bs7)
Sgb ="2 (B3 + B3 + B3 + B43)
Sgc =2 (B3g + Bgg + Bs4 + B14)

Sga =812 (a1p +ay3 + 0ryq + 015 - 026 - 436 - 46 - Uis6)
Sob =812 (033 + 036 + 034 + 031 - 025 - g5 - B4 - €t15)
Soc =812 (043 + 046 + 0y5 + 041 - 432 - 02 - 57 - 1))

Tog  S10a="2(B23 + 832 - B43 - B52)
S10b="2 (B36 + Bg3 - Bsg - B13)
S10c =Y2 B2 + Bog - B12 - B4p)

Si1a= Y2 (03 + 045 - 425 - 034)
S11p="2(06 + 041 - 0] - 064)
St1c="2 (036 + 051 - 131 - 065)

Tou  S12a=%(B21 +B41 - Bsy - B31)
S12b ="2(B23 +B43 - Bg3 - B13)
S12¢ =Y2 (B34 +Bsq - Be4 - B14)

S13a=8"12 (a2 + a4 + 036 + 056 - 026 - 06 - 013 - O] 5)
S13b =812 (037 + 034 + 065 + 01 5 - A5 - 045 - 36 - 031)
S13¢ =812 (g3 + aq5 + 06 + 0112 - 032 - 052 - 04 - Ol )
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TABLE S2: Symmetry Coordinates for M(CO)s (D3}, symmetry)

Al §1= 3-172 (r{ +rp +13)
Sp =212 (d4 + ds)

3
S3=3"12(R; + Ry +R3) O
S4=2"1/2 (D4 + Ds) Og Ié?_
| ~
) ; -1/2 \Cs’"’-..l 1 4 7
A" S5=37Y2(By3+83p +821) /I\III——C:O
7 5 A10
A" Se=2"12(d4-ds) O, |C|
S7=312(y14+ Y24 +134) o'

Sg=2"1/2(Dy4 - Ds)
So=6"12 (14 +ep4 +234-£15- €25 - £35)

E S10a=612(2r-12-13)
S11a=2"172 (841 + 851)
S12a=2"12 (81 - 832)
S132=6"12 (2R -Rp - R3)
S14a= 127112 (2814 - €24 - €34 + 2215 - £25 - €35)
S15a=6"12 (2003 - 012 - 031)

S10b=2"12(rp - 13)
Si1b=2"12 (841 +3851")
S12b=6"1/2 (- 2B13 + By +B3p)
S13b=2"12(Ry - R3)

S14b ="2(g24 - €34 + €25 - £35)
S15b =212 (a3} - &)

E”  S16a=2"12(341 - 851)
S17a=6"12(2y14 - 24 - 34)
S18a= 12712 (2e14 - £24 - €34 - 2615 + €25 + £35)

S16b=2"112 (841" - 851")
S17b=2"12 (y24 - v34)
S18b="2 (€24 - €34 - €35 + £35)

41 and 85 are in xz plane; 841’ and 851’ are in yz plane.
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TABLE S3: Symmetry Coordinates for M(CO)4 (D4}, symmetry)

Alg S1=%(13+r] +r4+1))
Sp=%(R3+R; +Rq +Ry)

A2g  S3=%(B31 +8B14 +B42 +823)

Au  S4="2(B35+B15+B45 + B25) 5 9

S5=Ya(a'3] + 014 + 042 + 0'23) | . X 3C// s

: : _I'l R2 / /‘l\ 1

Blg Sg=Y2(r3-ry1+14-19) 2Q_2C;—/M~_C:O

S7=%(R3-Ri+R4-Rp) /C g

| - 4o/

Byg Sg="2(B31-B14+B42-823).

Sg=%2(031 - 014 + 042 - 023) Bia =MCO bend in xy plane

: B1s =MCO bend perpendicular to Xy plane

Boy  S10="% (B3s-Bys + Bys - Bys) a4 = CMC bend in xy plane -

S11=Y(ar3] - 014 + W gg - 0'93) 14 = CMC bend perpendicular to xy plane

Eg  Si2a=2"12(B35-845)
S12b=2"1/2 (815- B25)

Ey S13a=2"12(3-19)
S132=2712(r - rp)
S14a=2"12(R3-Ry)
S14a=2"Y2 (R -Rp)
S15a=2"12(By3-B14)
S15a=2"12 (831 - B4p)
S16a="2(03] - 014 - 042 + 023)
S16a="2 (031 + 014 - 042 - 023)

B31 = MCO bend in xy plane; 835 = MCO bend perpendicular to xy plane.
14 = CMC bend in xy plane; o' |4 = CMC bend perpendicular to xy plane (out-of-plane-bend).



©1999 American Chemical Society, J. Phys. Chem. A, "Jonas" jp983600h Supporting Info Page 4

TABLE S4: Symmetry Coordinates for M(CO)3 (Do}, Symmetry)

It S =2-12 (¢ +19)
Sp=2"VZ(R{ +Ryp)

2 S3=2712(r-1p)

| s o Do)
| O=—=C—M—C=0

—9-172 :
g Ss5a=2Y<(B13+823) r, R, R, 1

Ssp=2"12 (8 13+ B893)

| - ~.a, Binxz plane
I S = -172 - : [
u  Sea=2 1/2(313 B23) o, B'inyz plane
Sgh=2""<(B"13-B23)
S7a=012
Stb=012

012 and B13 in xz plane, &’ 17 and 8’13 in yz plane.
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TABLE S5: (a) Metal-ligand bond lengths (in A) for [V(CO)gl-, [Mn(CO)¢]t, and [Fe(CO)6]2+

1.1701

v-C C-O Mn-C C-O0 Fe-C C-0
BP86/AEI 1.9632 1.1796 1.8967 1.1509 1.9061 1.1410
BP86/AE2 1.9637 1.8926 1.1401 1.9027 1.1299

TABLE S5: (b) Vibrational frequencies (in em-1) for [V(CO)g]", [Mn(CO)g]*, and [Fe(CO)g]2+

[V(CO)6]- [Mn(CO)g]* [Fe(CO)g12*

BPg6 BP86 BP86 BP86 BP86 BP86

AEl AE2 AEl AE2 AE1 AE2

Al g Vi [CO] 2007 1994 2168 2169 2217 2222
Al g V2 [MC] 382 383 392 394 370 371

Eg V3 [CO] 1913 1888 2108 2105 2182 2187
Eg V4 [MC] 393 394 390 394 361 364
T1g V5 [GMCO] 358 363 352 357 339 341
T1u V6 [CO] 1898 1870 2090 2086 2167 2171
Tiu v7 [BMCO] 666 669 660 666 614 617
T1u Vv§ MC] 464 463 428 432 391 392
Tiu V9 [6CMC] 86 80 113 110 120 117
ng V10 [BMCO] 505 - 510 526 534 504 509
ng V1l [6CMC] 83 78 97 95 99 98
Tou Vvi2 [OMCO] 496 504 502 510 475 479
Tou VI3 [6CMC] 53 48 73 71 78 77

TABLE S5: (¢) Infrared Intensities (in km/mol) for [V(CO)gl", [IMn(CO)gl*, and [Fe(CO)6]2+

[V(CO)6l- [Mn(CO)g}* [Fe(CO)612+
BP86 BP86 BP86 BP86 BP86 BP86
AEl1 AE2 AE1 AE2 AEl AE2
Tiu Ve [CO] 5909 6953 2585 2786 1045 1093
T1iu v7 [BMCO] 378 367 492 462 356 330
Tiu Vv§ (MC] 11 18 57 58 27 26
Tiu V9 [6CMC] 1 1 2 4 2 3
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TABLE S6: Harmonic Symmetry. Force Constants Fjj and Internal Force Constants Fjj¢ for
M(CO)¢ (M = Cr, Mo, W) 2

M =Cr M = Mo M=W
BP86 BP86 BP86 BP86 MP2 BP86 MP2
AE1 AE2 ECP1 ECP1 ECP1 ECPI ECP1
F1.| 17.18 17.09 17.20 17.12 16.90 17.04 16.82
) 0.27 0.27 0.27 0.25 0.32 0.26 0.32
Fop 2.68 2.73 2.75 2.98 3.12 3.26 3.42
F33 1628  16.09 16.27 16.26 16.13 16.16 15.98
F34 0.65 0.69 0.67 0.68 084 071 0.88
F4.4 2.74 2.78 2.79 272 2.81 296  3.00
Fs 5 0.37 0.38 0.37 0.35 0.39 0.37 0.41
F6.6 16.34 16.14 16.33 16.34 16.15 16.24 16.08
F6.7 | 0.76 0.80 0.75 0.76 0.98 0.78 0.96
F6 8 0.02 0.02 0.03 0.01 0.02 0.01 0.02
F6.9 0.03 0.02 0.02 0.00 009 0.0 0.08
F77 2.04 2.04 2.02 1.75 1.72 1.94 1.95
F78 -0.09 -0.09 -0.08 -0.04 -0.05 -0.05 -0.06
F79 0.02 -0.03 0.01 -0.01 -0.07 0.03 -0.02
Fg g 0.48 0.49 0.50 0.49 0.51 0.51 0.55
Fg 9 -0.32 -0.33 -0.32 -0.37 -0.33 -0.37 -0.35
Fg g 0.89 0.84 0.89 0.90 0.48 0.90 0.52
F10,10 0.40 0.41 0.40 0.38 0.41 0.39 0.42
F10.11 -0.15 -0.17 -0.16 -0.13 -0.15 -0.12 -0.13
Fi1,11 0.53 0.51 0.54 0.45 0.37 0.45 0.35
F12,12 0.46 0.48 0.48 0.47 0.50 0.49 0.53
F12.13 -0.22 -0.24 -0.24 -0.29 -0.25 -0.29 -0.28
Fi3.13 0.47 0.46 0.47 0.57 0.30 0.58 0.46
Fco 16.46 16.28 16.46 16.44 16.27 16.35 16.17
FMC 2.38 2.40 2.40 228 231 2.50 2.54
FMCO 0.43 0.44 0.44 0.42 0.45 0.4 0.48
FCO.COLcis 0.15 0.17 0.15 0.14 0.13 0.15 0.14
FCO,COtrans 012 014 0.2 010 - 0.12 0.10 0.09

2 See text for units.
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TABLE S7: Harmonic Symmetry Force Constants Fij and Internal Force Constants Fj,¢ for
M(CO)5 (M = Fe, Ru, Os) @

M =Fe M =Ru A M=0s
BP86 BP86 BP86 BP86 MP2 BP86 MP2
AE1 AE2 ECPI ECPl  ECPI ECPl . ECPI
F1.1 16.58 16.45 16.63 16.49 16.50 16.31 16.34
Fi2 0.43 0.47 0.44 0.39 0.32 0.40 0.33
F13 0.47 0.50 0.48 0.55 0.60 0.59 0.64
Fl4 -0.19 -0.21 -0.19 -0.21 -0.22 -0.21 -0.24
Fo» 16.70 16.58 16.76 16.83 16.69 16.78 16.71
F23 -0.15 -0.17 -0.15 014  -0.18. -0.15 -0.22
Fo4 0.53 0.57 0.53 0.53 0.69 0.55 0.67
F33 3.24 3.25 3.23 3.15 3.58 3.67 4.01
F34 0.2 -0.12 -0.12 0.12 0.11 0.15 0.15
F4.4 3.48 3.52 3.44 3.60 4.24 3.99 4.36
F55 0.35 0.35 0.36 0.31 0.42 0.37 0.46
F6.6 16.54 16.39 16.59 16.71 16.59 16.67 16.63
F6,7 0.03 0.03 0.03 0.05 0.08 0.06 0.07
Fe.8 0.71 0.75 0.71 0.70 0.95 0.72 0.93
F6.9 0.02 0.03 0.01 0.11 0.07 0.14 0.09
F77 0.39 0.40 0.39 0.33 0.40 0.37 0.44
F738 -0.10 -0.10 -0.09 -0.08 -0.11 -0.10 -0.12
F7.9 0.20 0.22 0.20 0.25 0.28 0.28 0.31
Fg.g 2.46 2.50 238 2.05 2.09 2.28 2.29
Fg.9 -0.07 -0.05 -0.07 -0.12 -0.03 -0.19 -0.11
Fg.9 0.85 0.83 0.86 0.96 0.98 1.04 0.98
F10.10 16.18 16.00 16.21 16.13 16.27 15.96 16.11
F10,11 0.00 0.00 0.00 0.00 0.02 0.00 0.01
F10,12 0.06 0.06 0.06 0.08 0.09 0.09 0.09
F10,13 068 ~ 073 . 069 0.67 0.85 0.71 0.86
F10,14 0.02 0.02 0.03 -0.01 002  -0.03 -0.01
F10,15 0.07 0.07 0.06 0.11 0.05 0.12 0.06
Fl1.11 0.49 0.51 0.50 0.49 0.55 0.52 0.58
F11.12 0.03 0.03 0.03 0.03 0.03 0.02 0.02

F11.13 -0.01 001 -0.01 0.03 0.02 0.00 -0.01
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TABLE S7: Harmonic Symmetry Force Constants Fij and Internal Force Constants Kint for
M(CO)5 (M = Fe, Ru, Os) 2 (Continued)

M =Fe M =Ru M=0s

BP86 BP86 BP86 BP$6 MP2 BP86 MP2

AEI AE2 ECP1 ECPI ECP1 ECPI ECP1

Fi1.14 -0.24 -0.25 -0.24 -0.31 -0.29 -0.32 -0.32
F11.15 0.06 0.06 0.06 0.06 0.06 - 0.05 005
F12.12 0.42 0.42 0.42 0.39 0.48 0.44 0.52
F12.13 -0.16 -0.16 -0.16 -0.21 -0.23 020 021
F12,14 -0.13 -0.13 -0.13 -0.16 -0.17 -0.16 -0.16
F12.15 0.12 0.12 0.12 0.12 0.12 0.09 0.10
F13.13 2.66 2.65 2.58 230 250 2.69 2.88
F13,14 0.00 -0.01 001 00l -0.07 0.09 0.04
F13,15 -0.03 -0.03 -0.03 -0.01 -0.04 0.03 0.01
Fi4,14 0.76 0.75 0.75 0.93 0.81 099 - 090
Fi4,15 -0.23 -0.23 -0.24 -0.26 -0.26 -0.26 -0.26
Fi5.15 0.24 0.23 0.24 0.20 0.21 0.18 0.19
F16,16 046 - 0.48 0.47 0.45 0.51 0.47 0.53
F16,17 -0.03 -0.03 -0.03 -0.03 -0.02 -0.02 -0.02
F16,18 -0.13 -0.14 -0.13 -0.12 -0.13 -0.11 -0.12
F17.17 0.36 0.37 0.36 0.27 0.34 0.30 0.36
F17.18 0.08 0.09 0.09 0.06 0.09 0.05 0.08
Fig.18 0.54 0.53 0.56 0.50 0.56 0.51 0.54
FCO ax 16.62 16.49 16.67 16.77 16.64 16.72 16.67
FCO,eq 1632 16.15 16.35 1625 16.35 16.08 16.19
FMC.ax 2.97 3.01 2.91 2.82 3.17 3.14 3.32
FMC.eq 2.85 2.85 2.80 2.58 2.86 3.02 3.26
FMCOax-eq 048 0.49 0.49 047 0.53 0.49 0.55
FMCOeqax 037 0.38 0.37 0.29 0.36 0.32 0.39
FMCOeqeq 039 0.40 0.40 0.37 0.46 0.41 0.50
FCO,COax-eq 017 0.19 0.18 0.16 0.13 0.16 0.14
FCO.COax-ax 008 0.09 0.08 0.06 0.05 0.05 0.04
FCOCOeqeq 013 0.15 0.14 0.12 -~ 008 0.11 0.08

A Chm vt Coon veom e
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TABLE S8: Harmonic Symmetry Force Constants Fjj and Internal Force Constants Fj,¢ for
M(CO)4 (M = Ni, Pd, Pt) 2

M = Ni M =Pd M =Pt

BP86 BP86 BP86 BP86 MP2 BP86  MP2

AE1 AE2 ECP1 ECP1 ECP1 ECPI ECP1

F11 17.30 17.22 17.37 17.34 17.44 17.09 17.17
F12 0.29 10.30 0.26 0.35 0.38 0.46 0.50
F2.2 2.59 2.57 - 2.54 2.05 2.16 2.86 3.19
F33 0.34 0.34 0.34 0.23 0.30 0.32 0.40
F34 0.16 0.16 0.17 0.14 0.15 0.13 0.14
F4 4 0.32 0.31 0.33 0.25 028 025 0.29
F55 16.70 16.55 16.74 16.83 17.06 16.57 16.77
Fs.6 0.55 0.58 0.54 0.51 0.63 0.58 0.74
F5.7 004 . -0.04 004  -004  -005 -0.06 -0.07
F5 8 005 . -005 -0.04 -0.08 -0.06 -0.12 -0.11
Fé.6 2.29 2.26 2.18 1.67 1.76 2.23 2.45
F6.7 0.21 0.21 0.21 0.24 0.24 0.30 0.32
F63 0.26 0.25 0.27 0.33 0.33 041 0.42
F7.7 0.29 0.29 0.28 0.18 0.25 0.26 0.35
F7.g 0.18 0.17 0.17 0.17 0.18 0.19 0.20
Fg g 0.47 0.46 0.48 0.48 0.49 0.57 0.60
Fg.9 0.22 0.22 0.22 0.12 0.20 0.19 0.29
Fco 16.85 16.72 16.90 16.96 17.15 16.70 16.87
FyC 2.36 2.34 2.27 1.76 1.86 2.39 2.64
FMCO 0.27 0.28 0.27 0.17 0.24 0.25 0.34

FCo,co 0.15 0.17 0.16 0.13 0.10 0.13 0.10

a See text for units.
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TABLE S9: Harmonic Symmetry Force Constants Fij and Internal Force Constants Fj, for the 3d
complexes [M(CO)gI* (M =V, Mn, Fe; n = -1, 1, 2, respectively) 2

M=V M = Mn M =Fe

BP86 BP86 BP86 BP86 BP86 BP386  BP8 BP86  BP386
AEI AE2 ECP1 AEl AE2 ECPI AEl AE2 ECP1

Fi, - 1579 1556 1576 1838 1840 1844 1928 1939  19.37
Fio 031 029 029 023 024 023 018 019 0.8
Fpo 249 250 257 262 266 - 259 233 234 221
F33 1459 1422 1453 1781 1777 1786 1903 1911  19.11
F34 059 061 060 061 064 061 045 046 043
F4.4 261 262 268 255 260 251 218 222  2.08
Fs.5 038 039 038 035 035 034 032 032 031
Fe.6 1468 1430 1461 1784 1781 17.89 1905 19.13  19.13
F.7 071 074 070 068 072 067 049 051 046
Fg.g 002 002 002 002 002 003 002 002 002
F6.9 002 001 001 003 002 002 003 003 003
F77 207 204 206 178 181 170 149 151 140
F78 0.10 -0.10 -009 -007 -007 -006 -004 -004 -0.03
F79 003 -007 -002 009 004 007 014 009 013
Fg g 052 052 054 043 044 043 037 037 036
Fg.o 032 034 -033 -028 -029 -027 -021 -021 -0.19
Fo g 067 062 067 105 099 104 LIl 104 - 1.08
F10,10 041 041 041 038 039 038 035 035 034
F10,11 015 -017 -017 014 015 015 -011 012 -0.11
Fi1.11 044 041 044 059 057 061 060 059  0.63
F12,12 049 050 051 042 043 043 037 037 036
F12,13 021 -023 -023 020 022 022 016 -0.17  -0.17
F13,13 034 031 032 060 058 060 067 064 067
Fco 1484 1449 1478 1792 17.89 1797 1908 1917  19.16
FMC 232 231 235 217 222 212 18 1.8 176
FMCO 045 045 046 040 040 039 035 035 034

FCOCOcis 020 022 021 010 010 010 004 005 004
FCO,COftrans 015 018 016 008 009 008 003 004 003

a See text for units.
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TABLE S10: Harmonic Symmetry Force Constants Fjj and Internal Force Constants Fj,¢ for the
complexes [M(CO)g]™ (M = Nb, Ta; Re; Ru, Os; Co, Rh, Ir; Pt; Au;n=-1to 5, respectively) 2

M=Nb M=Ta M=Re M=Ru M=0s M=Co M=Rh M=Ir M=Pt M= Au

Fi | 1572 1565 1828 1932 1932 1981 1986 19.88 19.96 19.42
Fi 027 026 023 014 021 007 004 007 -005 -0.14
F)2 260 277 340 280 325 180 231 281 216 1.04
F33 1456 1448 1770 1906 19.02 1977 1979 1978 1995 19.37
F3.4 061 060 068 047 057 018 021 028 002 -0.22
F4.4 244 258 298 240 278 167 199 236 177  0.64
Fs.5 034 036 036 032 034 028 029 032 030 028
Fg.6 1468 1461 1777 1910 19.03 1978 19.82 1982 19.97 19.38
F6.7 069 069 072 047 054 020 021 028 007 -0.07
Fg.8 000 000 001 001 001 001 001 00l 000 0.00
F6.9 002 002 001 001 001 004 002 002 003 00l
F77 173 186 178 133 149 122 1.19 134 125 085
F78 005 -006 -004 -002 -004 -001 -001 -002 -001 -001
F1.9 004 -001 010 012 016 015 017 021 022 017
Fg g 050 052 047 038 041 031 032 036 032 029
Fg.9 035 -034 036 -027 -030 -0.11 -0.17 -021 -0.12 -0.04
F9.9 063 062 115 125 131 099 120 137 127 099
F10,10 037 036 038 034 036 030 030 033 031 029
Flo,11  -0.13 -011 -0.11 -010 -0.10 -007 -006 -007 -0.04 0.0

Fi1,11 035 035 053 056 058 060 053 059 055 045
F12,12 049 050 046 038 041 031 032 036 032 029
Fip13  -027 -026 -029 -023 -025 -0.10 -0.16 -0.19 -0.13 -0.06
F13.13 039 038 076 084 091 063 083 097 090 0.65

Fco 1481 1474 17.84 19.12 1908 1978 19.82 19.82 19.96 19.38
FMC 212 225 245 193 221 147 164 193 158 08I
FMCO 042 043 042 036 038 030 031 034 031 029
FCco,cOocis 019 020 010 004 005 00l 00l 002 000 001
FCO,COtrans 014 013 006 002 005 000 000 000 -001 000

4 Calculated at BPS86/ECP1. See text for units.
g
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TABLE S11: Harmonic Symmetry Force Constants Fj; and Internal Force Constants Fj¢ for the
complexes [M(CO)4]™ (M = Co, Rh, Ir; Ni, Pd, Pt; Au; Hg; n =1 to 4, respectively) @

M=Co M=Rh M=Ir M=Ni M=Pd M=Pt M=Au M=Hg

F1.1 1862 1870  18.58 1976 1979 1974 2014  19.48
F12 0.25 0.22 0.27 0.11 0.08 0.14 -0.05 0.17
F22 2.73 3.10 3.80  2.00 2.37 3.08 2.16 0.66
F33 031 0.28 0.33 0.28 0.26 0.30 0.28 0.25
F4 4 0.34 0.35 0.42 029 . 029 0.35 0.30 0.24
F45 -0.07 -0.10 -0.15 -0.06 -0.09 -0.13 -0.08 -0.02
F55 0.04 0.11 0.15 0.17 0.24 0.31 0.34 0.23
F6.6 1822 1837 1824  19.67 19.71 19.62  20.14  19.43
Fe.7 0.53 0.54 0.62 0.25 0.25 0.35 0.03 -0.24
F7.7 2.79 273 340 1.95 2.01 2.65 1.86 0.44
Fg.8 0.37 0.33 037 031 0.28 0.33 0.29 0.25
Fg 9 -0.13 -0.11 -0.11 -0.07 -0.07 -0.08 -0.04 0.02
Fo 9 0.60 0.55 0.60 0.56 0.50 0.58 0.51 0.37
F10.10 0.36 0.36 0.43 0.29 030 . 036 0.30 0.24
F10,11 -0.10 -0.13 -0.16 -0.08 -0.11 -0.14 -0.10 -0.05
F11.11 0.02 0.09 0.07 0.13 0.20 0.21 0.26 0.14
F12.12 0.27 0.28 0.33 0.26 0.26 0.30 0.27 0.23
F13.13 1822 1840 1827 19.68 19.73 19.65  20.15 19.45
 F13,14 0.70 0.64 0.72 0.29 0.26 0.37 0.06 -0.11
F13.15 0.01 0.01 001 000 0.01 0.00 0.00 -0.01
F13.16 0.09 0.03 0.03 0.05 0.01 0.02 0.02. 0.01
F14.14 1.59 1.42 1.74 1.30 1.25 1.47 1.44 0.83
F14.15 0.01 0.03 0.01 0.01 0.02 0.00 0.00 -0.01
Fl4.16 -0.10 -0.07 0.01 -0.01 0.00 0.08 0.13 0.13
F15.15 0.38 0.35 0.41 0.31 0.30 0.35 0.30 0.25
F15.16 -0.21 -0.25 -0.30 -0.11 -0.16 -0.21 0.11 -0.02
F16.i6 0.81 0.96 1.08 0.80 0.95 1.15 1.04 0.65
Fco 18.32 18.47 1834 1970 1974  19.67  20.15 19.45
FMC 2.18 2.17 2.67 1.64 1.72 2.16 1.72 0.69
FMCO 0.36 0.33 0.38 0.30 0.28 0.33 0.29 0.25
FMCO 031 032 038 027 0.27 0.33 0.28 0.24
Fcococis  0.10 008 ~ 0.09 0.02 0.02 003 0.0 0.01
Fco,COtrans 010 - 0.07 0.07 0.02 0.01 0.01 -0.01 0.00

4 = Calculated at BP86/ECP1. Fpjc( = in molecular plane; F’\co = perpendicular to molecular plane.

See text for units.
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TABLE S12: (2) 13CO and C180 Isotopic Shifts (in em"1) for Ru(CO)5 and 0s(CO)s

Ru(13C0)s Ru(C180)s 0s(13C0o)s 0s(C180)5

exp.2  calc. calc. calc. calc.
Al vi  [CO] 50.6 449 51.2 44.1
Al vy [CO] 474 . 44.5 48.0 43.6
A1’ v3  [MC] 7.2 16.7 7.4 17.8
Al v4  [MC] 10.0 15.4 7.3 16.7
A2’ vs  [SMCO] 9.9 4.2 10.6 4.5
A2 v [CO] 452  46.1 47.2 46.3 46.7
A" v7  [BMCO] 15.1 2.2 18.1 2.5
A" v [MC] 3.5 9.9 55 114
A2" vg [6CMC] 0.2 3.9 0.2 4.0
E vig [CO] 454 458 45.7 46.1 44.8
E  vi] [MCO] 17.6 3.2 19.1 3.4
E vi2 [8MCO] 9.1 9.7 8.1 11.5
E vi3 [MC] 10.2 5.3 11.1 5.7
E  vig [SCMC] 02 - 3.7 0.4 4.4
E  vi5 [6CMC] 0.3 2.1 0.3 2.0
E° vig [8MCO] 17.1 3.2 16.9 3.4
E° vi7 [SMCO] 10.0 3.8 10.5 4.0
E° vig [8CMC] 0.4 44 0.2 3.8

TABLE S12: (b) 13CO and C180 isotopic shifts (in cm-1) for Pd(CO) and Pt(CO)4

Pd(13Cc0o), Pd(C180), Pt(13C0)y Pt(C180)4

calc. exp.b calc. exp.C calc. calc.
Al vi [CO] 48.3 47.5 49.0 46.1
Al w2 (MC] 5.8 12.3 3.8 14.6
E v3 [6MCO] 13.3 24 17.1 3.1
E vq4 [6CMC) 0.2 24 0.2 2.6
T2 vs [CO] 46.3 48.3 47.5 46.4 46.7 46.2
T2 ve [8MCO] 11.8 6.6 13.1 7.9
T2 v [MC] 5.3 4.5 6.4 6.0
T2 vg [6CMC] 0.1 2.6 0.1 3.0
Ti vo [6MCO] 6.3 2.5 1.7 3.2
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TABLE S13: 13CO Isotopic Shifts (in em-1) for [M(CO)g]?

M=Mn M=Re M=Fe : M =Ru M=0s

calc. calc. exp.b calc. expb calc. exp.b calc.

Alg Vi [CO] 51.0 52.3 51 51.8 51 529 53 534

Alg W2 [MC] 6.3 6.9 6.0 6.4 6.8
Eg V3 [CO] 48.7 49.2 51 50.5 . 50 50.8 52 51.0
Eg v4 [MC] 6.4 6.8 59 6.2 6.6

Tig Vs [BMCO] 108 10.5 ' 10.3 9.8 10.1

Tiu Ve [COl  47.1 46.9 49  49.1 50 489 49 489

Tin v7 [0MCO] 145 18.8 13.7 16.6 18.5

Tiw vg  [MC] 7.5 53 6.6 4.9 4.8

Tia Vv9 [6CMC] 0.4 0.1 0.4 0.2 0.2

T2g vio [6MCO] 193 16.9 18.5 16.7 16.7

T2g vi1 [6CMC] 03 0.4 0.3 0.3 0.4

Tou vi12 [MCO] 177 18.2 16.7 17.2 17.8

Tou vi3z [6CMC] 03 0.3 0.3 0.3 0.3

M=Co M=Rh M=Ir M=Pt M=Au
calc. calc. exp.© calc. calc. calc.

Alg V1 [CO] 52.1 53.1 54 53.8 53.3 51.3

Alg w2 MC] 5.5 6.0 6.5 5.8 4.3
Eg v3 [CO] 515 519 54 523 52.5 - 50.9
Eg v4 [MC] 5.4 5.7 6.1 5.4 3.5

Tig vs [6MCO] 9.7 93 9.7 9.2 8.6

Tia Ve [CO] 50.7 50.6 51 50.7 515 50.7

T v7 [BMCO] 12.2 15.0 18 17.3 15.5 13.2

Tiu V8 IMC] 6.2 4.6 4.4 4.3 3.5

Tiu v9 [6CMC] 0.4 0.3 0.2 0.1 0.2

T2g V10 [BMCO] - 169 154 16.0 14.7 12.6

T2g vi1 [6CMC] 0.3 0.4 0.4 0.4 04

Tou Vvi2 [6MCO] 14.9 15.7 16.8 15.2 12.5

Tou Vi3 [8CMC] 0.4 0.3 0.4 0.4 0.4

a Calculated values at BPS6/ECP2. b Reference 54.€ Reference 52.
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Figure Captions for Supplementary Material

Figure S1. BP86/ECP1 and BP86/ECP2 versus BP86/AE1 and BP86/AE2 force constants for the 3d
complexes [M(CO)g]® M = V, Cr, Mn, Fe; n = -1 to 2, respecti‘vely), M(CO)s, and Ni(CO)4, in the |
region between 14.0 and 20.0 mdyn/A (C-O stretches). The correlation line with unit slope is shown. See
text for units.

Figure S2. BP86/ECP1 and BP86/ECP2 versus BP86/AE1 and BP86/AE2 force constants for the 3d
complexes [M(CO)g]® M =V, Cr, Mn, Fe; n = -1 to 2, respectively), M(CO)s, and Ni(CO)4, in the
region between -0.5 and 4.0 mdyn/A (M-C stretches, all bends and coupling constants). The correlation

line with unit slope is shown. See text for units.

Figure S3. BP86/ECP1 versus MP2/ECP1 force constants for all neutral 4d and 5d carbonyls, in the

region between 15.5 and 17.5 mdyn/A (C-O stretches). The correlation line with unit slope is shown. See
text for units.

Figure S4. BP86/ECP1 versus MP2/ECP1 force constants for all neutral 4d and 5d carbonyls, in the

region between -0.5 and 4.5 mdyn/A (M-C stretches, all bends and coupling constants). The correlation
line with unit slope is shown. See text for units.
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