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Experimental Section

General: All experiments were performed under an atmosphere of dry nitrogen or argon using
standard schlenk and glove box techniques. Solvents were freshly distilled under nitrogen from Na
(toluene), Na/benzophenone (THF, diethylether, hexanes), P,Os (dichloromethane) and calcium
hydride (acetonitrile). Nuclear magnetic resonance spectra were recorded on a Bruker Avance 300
spectrometer operating at 300 MHz for 1H, 75.5 MHz for 13C and 121.5 MHz for 31P. 1H and 13C
chemical shifts are reported in ppm relative to Me,Si as external standard. 31P shifts are relative to a
85% H;PO, external reference. Coupling constants are given in hertz. The following abbreviations are
used: br, broad; s, singlet; d, doublet; dd, doublet of doublets; t, triplet; m, multiplet; v, virtual.
Elemental analyses were performed by the "Service d'analyse du CNRS", at Gif sur Yvette, France.
High resolution mass spectra (EI-MS) were recorded with a JEOL GCmate instrument. [Pd(allyl)Cl],
was purchased from Strem. Phosphinine 1 and [(COD)PdCl,] were prepared according to the
following literature procedures:

N. Avarvari, P. Le Floch and F. Mathey, J. Am. Chem. Soc. 1996, 118, 11978

D. Drew, J. R. Doyle, in Inorganic Syntheses, Vol. 28 (Ed. R. J. Angelici), John Wiley and Sons, Inc,
New Tork, 1990, 110.

Synthesis and characterization of Phosphabarrelene 2:

Me 35 26 SiMej

2-Bromofluorobenzene (0.57 mL, 5.21 mmol) was slowly added to a mixture of Phosphinine 1 (1.00
g, 3.72 mmol) and Magnesium turnings (135.7 mg, 5.58 mmol) in THF (20 mL) at room temperature.
The reaction mixture is stirred during 4 h at room temperature. The solvent was evaporated and H,O
was added to the residue and extracted with CH,Cl, (3 x 100 mL). After evaporation of the solvent the
title compound was obtained as an off-white crystalline solid after recrystallization from MeOH.

Yield: 960.2 mg (2.79 mmol, 75 %),
Elemental composition (Found: C 66.4; H, 8.5. Calc. for C;9H»PSi,: C: 66.2; H: 8.5 %.)

'H NMR(CDCls): & 0.20(s, 18 H, SiMe), 2.20(s, 6H, Me), 4.95(s, 1H, C4H), 7.05(t, *Jyy= 7.0 Hz, 1H
CoH), 7.13(t, *Juy=7.2 Hz, 1H, C,oH), 7.36(d, *Ju= 7.2 Hz, 1H, C,,H), 7.60(t, *Ju=7.2 Hz, 1H CH).

BC NMR(CDCL): & 0.5 (d+ sat *Jpc=7.3 Hz, 'J5;c=52.8 Hz, SiMes), 24.2 (d, *Jpoc= 2.9 Hz, Me), 71.5
(d, *Joc= 9.4 Hz, C,H), 123.7 (d, *Joc= 0.9 Hz, C;H), 124.4 (d, “Jpc=11.5 Hz, C;H), 126.4 (d,
3 Jpc=1.5 Hz, CoH), 129.8 (d, “Jpc= 36.1 Hz, CsH), 135.9 (d, 'Jpc=46.2 Hz, C,,Cs), 143.1 (d, *Jpc=20.3
Hz, C),), 148.3(d, 'Jpc=3.6 Hz, C,), 167.3 (d, 2Jpc=4.4 Hz, C;,Cs)
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3P NMR(CDCl5): & -60.1(s).
HRMS EI': 344.1551 (calcd 344.1545 for C1oHaoPSi,)

Single crystals were grown by recrystallization of 2 from methanol.

ORTEP-plot (50 % thermal ellipsoids) of the X-Ray-crystal structure of 2 (hydrogen atoms were
omitted for clarity). Selected bond lengths [A] and angles [°]:P1-C1: 1.863(2), P1-C6: 1.835(2) C1-
C2:1.342(2), C6-C11:1.400(3), Z(CPC): 287.7

Synthesis and Characterization of Pd-complex 3:

10 9

A mixture of ligand 2 (34.5 mg, 0.10 mmol) and [Pd(C;Hs)Cl], (18.3 mg, 0.05 mmol) in CH,Cl, (10
mL) was stirred for 15 min at room temperature . The color of the solution turned from light green to
pale yellow. The title compound was obtained as an off-white solid after evaporation of the solvent.

Yield: 51.6 mg (0.098 mmol, 98 %).
Elemental composition (Found: C 49.95; H, 6.5. Calc. for C»H34,PSi,PdCl: C: 50.1; H: 6.5 %.)

'H NMR(CDCl5): § 0.22-0.34 (m, 18H, SiMe;), 2.27 (s, 6H, Me), 2.98 (d, *Jyy= 11.4 Hz, 1H, C;sH,),
3.87 (dd, *Jyy= 10.6 Hz, 2/py=13.3 Hz, 1H, C;3H,), 4.40 (d, *Jyy=5.3 Hz, 1H, C;sH,), 4.87 (br, 2H,
C13H, and C4H) 5.43-5.60 (m, C4H), 7.13 (m, 2H,CoH and C,oH), 7.30 (m, 1H, C;;H), 7.77 (m, 1H,
CSH)a
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BC NMR(CDCl): & 2.53 (s, SiMe;), 26.1 (d, *Jpc= 9.1 Hz, Me), 51.6 (d, 2Jpc= 2.5 Hz, C;sH, of allyl),
70.1 (d, *Jpc= 27.4 Hz, C14H of allyl), 79.8 (d, “Jpc= 32.4 Hz, Ci3H, of allyl), 115.6 (d, *Jpc= 5.7 Hz,
C,), 124.3(d, *Joc=3.2 Hz, C1;H), 125.3(d, *Jpc=11.9 Hz, C1oH), 127.5 (d, *Jpc= 2.0 Hz, CoH), 129.5 (d,
*Joc=19.4 Hz, CgH), 133.2 (dd, Jpc= 8.1 Hz, 'Jpc=54.1 Hz, C,,Cs), 139.2 (d, *Jpc=27.3Hz, C;,), 146.9
(d, 'Jpc=2.7 Hz, C), 169.9 (dd, 'Jpc=6.6 Hz, 'Jpc=11.1 Hz, C5,Cs).

*'P NMR(CDCls): & -6.1 (s)
HRMS EI'": 526.0653 (caled 526.0660 for Cy,H3,PSi,PdCl)
Single crystals were grown by slow evaporation of a solution of 3 in toluene.

Synthesis and Characterization of Pd-complex 4:

10 9

I/

12)—7

4 P------ Pd------- :
Me W4~ SiMes Me3Si/: 4" Me
Me 35 26 SiMes Me;Si Me

To a mixture of ligand 2 (69.0 mg, 0.20 mmol) and [(COD)PdCl;] (28.5 mg, 0.10 mmol) in
acetonitrile (10 mL) cobaltocene (37.8 mg, 0.20 mmol) was added as a solid. The reaction mixture was
stirred for 24 h at r.t.. The resulting dark-green suspension was taken to dryness and the residue was
extracted with hexanes (10 mL). The product was isolated as a pale yellow solid after the evaporation
of the solvent.

Yield: 71.6mg (0.09 mmol, 90 %)
Elemental composition (Found: C, 57.35; H, 6.4. Calc. for C5sHssP,Si,Pd: C, 57.4; H, 6.5 %.)

"H NMR(C4De): 8 0.65(s, 18H, SiMes); 2.03(s, 6H, Me); 4.61(s, 1H, C4H); 6.94(t, *Jiy=7.3 Hz , 1H,
CioH), 7.05(t, *Juy=7.3 Hz , 1H, CoH), 7.12(d, *Ju=7.3 Hz, 1H, C;;H), 8.85(pseudo-q, *Juy=7.5 Hz ,
1H, CgH).

BC NMR(C¢Dg): & 2.0(pseudo-t, ZJpc= 6.3 Hz, SiMes); 24.0(pseudo-t, ZJpc= 7.5 Hz, CHs);
70.3(pseudo-t, TJpc= 22.7 Hz, C4) 123.2(s, C11H), 124.3(pseudo-t, SJpc= 13.3 Hz, CoH), 126.8(s,
CioH), 133.2(pseudo-t, XJpc=30.2 Hz, CgH), 135.7(pseudo-t, ZJpc= 15.8 Hz, C,,Cs), 142.1(pseudo-t,
YJpc=20.7 Hz, C15), 146.5(s, C7) 166.9(pseudo-t, ZJpc= 6.5 Hz, C3,Cs).

P \NMR: § -28.8 (s)

Single crystals were grown from a concentrated solution of 4 in hexanes at -20 °C.
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Literature references for known biaryls:

4-Cyano-biphenyl, CAS-Registry-Nr. : 2920-38-9

Q) )-on

Liu, L.; Zhang, Y.; Xin, B. J. Org. Chem. 2006, 71, 3994-3997.

2-Cyano-biphenyl, CAS-Registry-Nr. : 24973-49-7

NC

Zapf, A.; Beller, M.; Chem Eur. J. 2000, 6, 1830-1833
4-Acetyl-biphenyl CAS-Registry-Nr. : 92-91-1
— o)
L=
Liang, L-C.; Chien, PS.; Huang, M-H. Organometallics 2005, 24, 353-357.

4-Nitro-biphenyl CAS-Registry-Nr. : 86-00-0

Liu, L.; Zhang, Y.; Xin, B. J. Org. Chem. 2006, 71, 3994-3997.

Methyl 4-biphenylcarboxylate, CAS-Registry-Nr. : 720-75-2
— o)
@ \_/ OMe
Zhang, C.; Huang, J.; Trudell, M. L.; Nolan, S. P.; J. Org. Chem. 1999, 64, 3804-3805.

4-Trifluoromethyl-biphenyl CAS-Registry-Nr. : 398-36-7

) )

Liu, L.; Zhang, Y.; Xin, B. J. Org. Chem. 2006, 71, 3994-3997.

Biphenyl, CAS-Registry-Nr. : 92-52-4
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Pickett, T. E.; Richards, Tetrahedron Lett. 2001, 42, 3767-3769.
3-Methoxy-biphenyl CAS-Registry-Nr. : 2113-56-6
OMe
OO
Zapf. A.; Ehrentraut, A.; Beller, M. Angew. Chem., Int. Ed. 2000, 39, 4153-4155.

4-Methyl-biphenyl CAS-Registry-Nr. : 92-91-1

Liu, L.; Zhang, Y.; Xin, B. J. Org. Chem. 2006, 71, 3994-3997.
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DFT Data
CDA calculations

Description of the method.

In the CDA method the (canonical, natural, or Kohn Sham) molecular orbitals of the complex are
expressed in terms of MOs of appropriately chosen fragments. In the cases studied, the Kohn-Sham
orbitals of the calculations are formed in the CDA procedure as a linear combination of the MOs of the
phosphine ligand and those of the remaining [Ni(CO);] fragment. In all cases, the ligands and the
metal fragments were computed in the geometry of the complex. The orbital contributions are divided
in four parts: (i) the mixing of the occupied MOs of the ligand and the unoccupied MOs of the metal
fragment. This value (noted d) represents the L—M donation; (ii) the mixing of the unoccupied MOs
of the ligand and the occupied MOs of the metal fragment. This value (noted b) accounts for the M—L
back donation; (iii) the mixing of the occupied MOs of the ligand and the occupied MOs of the metal
fragment. This term (noted r), which describes the repulsive polarization between the ligand and metal
fragment, is negative because electronic charge is removed from the overlapping area of the occupied
orbitals; (iv) the residual term (A) which results from the mixing of the unoccupied MOs of the two
respective fragments. Usually this term is very close to zero for closed-shell interactions. This value
constitutes an important probe to determine whether the bonding studied can be really classified as a
donor-acceptor interaction following the Dewar-Chatt-Duncansson model. Important deviations from
A = 0 imply that the bond studied is more conventionally described as a normal covalent bond between
two open shell fragments. A more detailed presentation of the CDA method and the interpretation of
the results can be found in the literature. Compositions of molecular orbitals, overlap populations
between molecular fragments, bond orders and density-of-states spectra were calculated using the
AOMix program developed by 1. Gorelski (version 6.23)'

Ligand d b d/b b/(d+b) r A
PPh; 0,643 0,073 8,81 10,20 -0,142 -0,026
2 0,810 0,135 6,00 14,29 -0,141 -0,041
PF; 0,721 0,136 5,30 15,87 -0,081 -0,051

Structure optimization: Gaussian03?, B3PW91°/6-31G* (P, C, H, F, O) Ni: Hay Wadt-ECP* with an
additional f-polarization function’;
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Optimized geometry, three lower frequencies, thermochemistry and CDA calculations for
PPh;Ni(CO);

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z

1 15 0 -.078934 -.050429 .047745
2 6 0 -.093004 -.048710 1.888449
3 6 0 1.138604 -.089286 2.557702
4 6 0 -1.273812 -.010577 2.641496
5 6 0 1.188168 -.104966 3.949420
6 1 0 2.061712 -.100075 1.983591
7 6 0 -1.221135 -.016455 4.035159
8 1 0 -2.236888 .030925 2.140523
9 6 0 .007623 -.066231 4.691279
10 1 0 2.150312 -.136795 4.454137
11 1 0 -2.144565 .020108 4.607734
12 1 0 .046003 -.068157 5.777623
13 6 0 -1.777409 .502409 -.394398
14 6 0 -2.832868 -.389805 -.623898
15 6 0 -2.016784 1.880140 -.498800
16 6 0 -4.102227 .089056 -.947765
17 1 0 -2.662804 -1.460633 -.555768
18 6 0 -3.287363 2.355939 -.812642
19 1 0 -1.200689 2.580758 -.340718
20 6 0 -4.332594 1.460597 -1.040049
21 1 0 -4.911465 -.613778 -1.129588
22 1 0 -3.458142 3.426625 -.889738
23 1 0 -5.322153 1.831283 -1.294962
24 6 0 -.087986 -1.839728 -.383919
25 6 0 .144095 -2.195277 -1.721049
26 6 0 -.307438 -2.851155 .559020
27 6 0 .143718 -3.532632 -2.107753
28 1 0 .332433 -1.420055 -2.459749
29 6 0 -.295792 -4.191235 .170863
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30 1 0 -.482828 -2.593639 1.599385
31 6 0 -.073053 -4.534478 -1.161116
32 1 0 .323776 -3.792768 -3.147660
33 1 0 -.461006 -4.967110 .914254
34 1 0 -.062495 -5.579248 -1.461014
35 6 0 1.068755 1.526177 -2.567918
36 6 0 1.821787 2.611442 .093536
37 6 0 3.040249 .079226 -.885156
38 8 0 .749427 1.782503 -3.643691
39 8 0 1.981455 3.565020 .718095
40 8 0 3.978187 -.587745 -.885501
41 28 0 1.586824 1.132646 -.895722
1 2 3
A A A
Frequencies -- 17.0483 18.7998 26.8268
Red. masses -- 6.6078 5.3275 4.1505
Frc consts -- .0011 .0011 .0018
IR Inten -- .0564 .0894 .1331
Atom AN X Y X Y Z X Y
1 15 .00 .00 .02 .00 -.01 -.01 .00 -.01
2 6 .00 .01 .03 .00 .00 .02 .02 .00
3 6 .04 .01 .02 .03 -.03 .10 -.04 -.04
4 6 -.04 .00 .09 .04 .03 -.04 .10 .04
5 6 .03 .01 .01 .03 -.02 .13 -.02 -.03
6 1 .07 .02 .07 .06 -.05 .14 -.10 -.07
7 6 -.04 .00 11 .04 .03 -.01 .12 .05
8 1 -.07 -.01 .14 .07 .05 -.10 .15 .06
9 6 -.01 .01 .05 .01 .01 .07 .06 .01
10 1 .06 .02 .05 .06 -.04 .19 -.07 -.06
11 1 -.08 -.01 .16 .08 .05 -.05 .18 .08
12 1 -.01 .00 .06 .01 .01 .09 .07 .02
13 6 .01 .03 .01 .01 .00 -.01 -.01 -.01
14 6 11 -.10 .00 .12 .15 -.05 -.01 -.01
15 6 -.07 .19 .05 .09 -.15 .03 -.01 -.01
16 6 .12 -.08 .03 .14 .16 -.05 -.01 -.01
17 1 .16 -.23 .02 .19 .27 -.08 -.01 -.01
18 6 -.05 .22 .07 .07 -.14 .03 -.01 -.01
19 1 -.14 .30 .06 .17 -.27 .06 -.01 -.01
20 6 .04 .08 .07 .04 .02 -.01 -.01 -.01
21 1 .20 -.19 .03 .23 .28 -.08 -.01 -.01
22 1 -.11 .35 .10 .15 -.26 .07 -.01 -.01
23 1 .05 .10 .09 .06 .02 .00 -.01 -.01
24 6 -.01 -.02 .00 .01 -.03 -.02 -.01 .00
25 6 .02 .01 .02 .02 -.07 -.07 .08 .10
26 6 -.05 -.05 .03 .05 -.01 .03 -.13 -.09
27 6 .00 -.01 .01 .02 -.09 -.08 .06 .10
28 1 .05 .04 .05 .05 -.09 -.10 .17 .18
29 6 -.06 -.07 .04 .05 -.03 .02 -.16 -.09
30 1 -.07 -.07 .04 .08 .03 .07 -.20 -.17
31 6 -.03 -.04 .02 .02 -.07 -.03 -.07 .01
32 1 .03 .01 .03 .05 -.13 -.12 .13 .18
33 1 -.09 -.10 .06 .08 -.01 .05 -.26 -.16
34 1 -.04 -.06 .03 .02 -.09 -.04 -.09 .01
35 6 -.03 -.05 .13 .03 .00 .10 .02 .00
36 6 .00 -.13 .10 .01 -.04 -.07 -.05 .00
37 6 .03 .12 .04 .02 .12 -.04 .04 .00
38 8 -.05 -.08 .20 .05 -.01 .18 .03 .01
39 8 .00 -.21 .18 .02 -.08 -.11 -.09 .01
40 8 .04 .20 .07 .03 .20 -.05 .08 .02
41 28 .00 -.01 .01 .00 .01 -.01 .00 -.01

HF=-1546.8856093

.02
.02
.14
.10
.15
.24
.09
.19
.03
.25
.18
.04
.02
.02
.01
.02
.02
.02
.01
.02
.02
.02
.02
.02
.12
.10
.11
.21
.11
.18
.01
.19
.21
.02
.04
.03
.03
.05
.03
.05
.02

Sum of electronic and zero-point Energies= -1546.585086
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Sum of electronic and thermal Energies= -1546.559657
Sum of electronic and thermal Enthalpies= -1546.558713
Sum of electronic and thermal Free Energies= -1546.645668

Electron donation between fragments (<0.00le for any omitted MO)

Alpha-spin MO 1->2 2->1
HOMO -69 (# 30) 0.000 -0.004
HOMO -66 (# 33) -0.001 -0.002
HOMO -62 (# 37) -0.011 0.000
HOMO -59 (# 40) 0.014 0.000
HOMO -58 (# 41) 0.002 0.000
HOMO -57 (# 42) 0.002 0.000
HOMO -53 (# 46) 0.023 -0.001
HOMO -52 (# 47) 0.001 0.000
HOMO -51 (# 48) 0.002 0.000
HOMO -47 (# 52) 0.008 -0.006
HOMO -46 (# 53) 0.006 -0.001
HOMO -45 (# 54) 0.000 0.002
HOMO -44 (# 55) 0.000 0.002
HOMO -43 (# 56) 0.004 0.000
HOMO -42 (# 57) 0.004 0.000
HOMO -41 (# 58) 0.009 0.000
HOMO -40 (# 59) 0.003 -0.001
HOMO -37 (# 62) -0.008 -0.013
HOMO -34 (# 65) 0.006 0.001
HOMO -31 (# 68) -0.008 -0.003
HOMO -30 (# 69) 0.001 -0.001
HOMO -29 (# 70) 0.001 -0.001
HOMO -27 (# 72) 0.004 -0.003
HOMO -26 (# 73) 0.004 -0.003
HOMO -25 (# 74) 0.002 0.000
HOMO -24 (# 75) -0.001 -0.003
HOMO -23 (# 76) -0.001 -0.003
HOMO -20 (# 79) 0.021 0.003
HOMO -19 (# 80) 0.004 0.000
HOMO -18 (# 81) 0.004 0.000
HOMO -17 (# 82) 0.006 0.000
HOMO -16 (# 83) 0.004 0.000
HOMO -15 (# 84) 0.001 0.000
HOMO -14 (# 85) 0.001 0.000
HOMO -13 (# 86) 0.001 ©0.001
HOMO -12 (# 87) 0.002 0.001
HOMO -11 (# 88) 0.080 0.012
HOMO -10 (# 89) -0.001 0.008
HOMO -9 (# 90) 0.000 0.008
HOMO -8 (# 91) 0.003 -0.001
HOMO -7 (# 92) 0.003 -0.001
HOMO -6 (# 93) 0.001 0.000
HOMO -5 (# 94) -0.006 -0.002
HOMO -4 (# 95) 0.002 0.000
HOMO -3 (# 96) 0.002 0.000
HOMO -2 (# 97) -0.002 0.022
HOMO -1 (# 98) -0.002 0.022
HOMO 0 (# 99) 0.130 0.007

TotalALPHA+BETA 0.643 0.073
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Repulsion and residue (Delta) terms between fragments

Alpha-spin MO 1<->2 Delta
HOMO -69 (# 30) -0.002 0.000
HOMO -66 (# 33) -0.002 0.000
HOMO -62 (# 37) 0.000 0.000
HOMO -59 (# 40) 0.002 0.000
HOMO -58 (# 41) 0.000 0.000
HOMO -57 (# 42) 0.000 0.000
HOMO -53 (# 46) 0.006 -0.001
HOMO -52 (# 47) 0.001 0.000
HOMO -51 (# 48) 0.001 0.000
HOMO -47 (# 52) 0.022 0.000
HOMO -46 (# 53) -0.013 0.000
HOMO -45 (# 54) 0.001 0.000
HOMO -44 (# 55) 0.001 0.000
HOMO -43 (# 56) 0.002 0.000
HOMO -42 (# 57) 0.002 0.000
HOMO -41 (# 58) 0.002 0.000
HOMO -40 (# 59) 0.039 0.000
HOMO -37 (# 62) -0.021 -0.001
HOMO -34 (# 65) -0.004 0.000
HOMO -31 (# 68) -0.009 -0.001
HOMO -30 (# 69) 0.004 0.000
HOMO -29 (# 70) 0.004 0.000
HOMO -27 (# 72) 0.005 0.000
HOMO -26 (# 73) 0.004 0.000
HOMO -25 (# 74) -0.007 0.000
HOMO -24 (# 75) -0.004 0.000
HOMO -23 (# 76) -0.006 0.000
HOMO -20 (# 79) 0.001 -0.002
HOMO -19 (# 80) 0.000 0.000
HOMO -18 (# 81) 0.000 0.000
HOMO -17 (# 82) 0.001 0.000
HOMO -16 (# 83) 0.002 0.000
HOMO -15 (# 84) 0.000 0.000
HOMO -14 (# 85) 0.000 0.000
HOMO -13 (# 86) 0.007 0.000
HOMO -12 (# 87) 0.006 0.000
HOMO -11 (# 88) 0.018 -0.009
HOMO -10 (# 89) -0.005 0.000
HOMO -9 (# 90) -0.005 0.000
HOMO -8 (# 91) -0.002 -0.001
HOMO -7 (# 92) -0.001 -0.001
HOMO -6 (# 93) -0.001 -0.001
HOMO -5 (# 94) -0.016 0.000
HOMO -4 (# 95) 0.001 0.000
HOMO -3 (# 96) 0.000 0.000
HOMO -2 (# 97) -0.035 0.001
HOMO -1 (# 98) -0.035 0.001
HOMO 0 (# 99) -0.108 -0.007

Total over OMOs -0.142 -0.026
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Optimized geometry, three lower frequencies, thermochemistry and CDA calculations for
2Ni(CO);

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 .711185 .258254 2.991561
2 6 0 3.037995 1.693896 2.394182
3 6 0 1.558012 .684792 4.019145
4 1 0 -.186290 -.305417 3.225226
5 6 0 2.713917 1.402141 3.722059
6 1 0 3.944156 2.248430 2.158729
7 1 0 1.310395 .453127 5.051764
8 1 0 3.370078 1.733974 4.522777
9 6 0 1.457521 -.683190 -.783809
10 6 0 .039512 1.751955 -.656452
11 6 0 2.540925 .123734 -.777544
12 6 0 1.275060 2.295115 -.680426
13 6 0 2.445776 1.494657 -.099026
14 1 0 3.380606 2.046710 -.239596
15 14 0 1.395399 -2.378531 -1.652047
16 14 0 -1.551826 2.379570 -1.483259
17 6 0 2.193576 1.265521 1.375204
18 6 0 1.026920 .554364 1.668761
19 15 0 .039582 .070484 .182220
20 6 0 2.168690 -3.694018 -.534970
21 1 0 3.204811 -3.447492 -.275000
22 1 0 1.609040 -3.803466 .400501
23 1 0 2.172696 -4.669757 -1.036885
24 6 0 2.316900 -2.333113 -3.315585
25 1 0 1.926417 -3.140125 -3.948630
26 1 0 2.146799 -1.390111 -3.847998
27 1 0 3.398452 -2.483791 -3.236682
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0WOOANANANORRPRPRARHEHEAOARRREFAOARRPRPRPRPARREREOARKRERO

[eNeNelNeNelNeolNeoNeoNeNoNoNoNoNeoNoNoNoNoNeoNoNoNooNeoNoNoNoNeo e NoNe)

.366714
.001000
.849324
.333609
.422046
.672376
.396950
.233233
.952560
.221024
.679218
.846031
.990029
.950987
.227872
.071501
.908951
.009185
.174618
.654368
.689918

.857039

.212681
.405087
.813591
.195867
.592807
.035110
.841947
.143946
.877680

Frequencies --

Red. masses
Frc consts
IR Inten

Atom AN

H
ul
[ [

PR ORRPREAOAUONOARBRROAONONGNOGNKRKREROMNRK OO O

X
.03
.01
.04
.04
.03
.00
.05
.03
.02
.01
.00
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.01
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.01
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HOMO

.14
.02
-.06
.13
-.01
-.04
-.03
-.04
-.06
-.02
-.02
-.02
-.02
-.01
-.02
.02
.01
.00
.00
.00
.00
-.04
-.05
-.04
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of electronic
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-68 (# 55) 0.008
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HOMO -57 (# 66) -0.001 0.003
HOMO -56 (# 67) -0.002 0.002
HOMO -55 (# 68) 0.002 0.000
HOMO -54 (# 69) 0.002 0.000
HOMO -53 (# 70) 0.001 -0.001
HOMO -52 (# 71) 0.004 -0.001
HOMO -51 (# 72) 0.002 -0.011
HOMO -49 (# 74) 0.003 0.000
HOMO -48 (# 75) 0.002 -0.001
HOMO -47 (# 76) 0.000 0.003
HOMO -45 (# 78) 0.000 0.001
HOMO -44 (# 79) 0.001 0.002
HOMO -43 (# 80) -0.001 0.001
HOMO -42 (# 81) 0.002 0.001
HOMO -40 (# 83) 0.004 0.001
HOMO -39 (# 84) 0.001 -0.007
HOMO -38 (# 85) 0.002 -0.003
HOMO -36 (# 87) 0.002 0.000
HOMO -35 (# 88) 0.003 0.000
HOMO -34 (# 89) 0.003 0.001
HOMO -33 (# 90) 0.002 0.000
HOMO -32 (# 91) 0.001 0.000
HOMO -31 (# 92) 0.002 0.000
HOMO -30 (# 93) 0.005 0.001
HOMO -29 (# 94) 0.005 0.000
HOMO -28 (# 95) 0.003 0.000
HOMO -27 (# 96) 0.008 0.000
HOMO -26 (# 97) 0.001 0.000
HOMO -25 (# 98) 0.002 0.000
HOMO -24 (# 99) 0.003 0.000
HOMO -21 (#102) 0.005 0.000
HOMO -20 (#103) 0.003 0.000
HOMO -18 (#105) 0.001 0.000
HOMO -17 (#106) 0.011 0.001
HOMO -15 (#108) 0.073 0.012
HOMO -12 (#111) 0.005 0.000
HOMO -11 (#112) 0.004 0.001
HOMO -10 (#113) 0.004 0.000
HOMO -9 (#114) 0.003 0.001
HOMO -8 (#115) -0.003 0.006
HOMO -7 (#116) -0.004 0.004
HOMO -6 (#117) 0.001 -0.001
HOMO -4 (#119) 0.005 0.000
HOMO -3 (#120) 0.012 0.023
HOMO -2 (#121) 0.002 0.017
HOMO -1 (#122) 0.000 0.011
HOMO 0 (#123) 0.124 0.012

TotalALPHA+BETA 0.810 0.135

Repulsion and residue (Delta) terms between fragments

Alpha-spin MO 1<->2 Delta
HOMO -94 (# 29) 0.000 0.000
HOMO -88 (# 35) -0.002 0.000
HOMO -79 (# 44) -0.003 0.000
HOMO -75 (# 48) 0.000 0.000
HOMO -74 (# 49) 0.000 0.000
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HOMO -73 (# 50) 0.000 0.000
HOMO -72 (# 51) 0.002 0.000
HOMO -70 (# 53) 0.002 0.000
HOMO -69 (# 54) 0.001 0.000
HOMO -68 (# 55) 0.000 0.000
HOMO -67 (# 56) 0.001 0.000
HOMO -66 (# 57) 0.000 0.000
HOMO -65 (# 58) 0.001 0.000
HOMO -64 (# 59) 0.000 0.000
HOMO -63 (# 60) 0.001 0.000
HOMO -62 (# 61) 0.001 0.000
HOMO -61 (# 62) 0.002 0.000
HOMO -60 (# 63) 0.016 0.000
HOMO -59 (# 64) 0.011 0.000
HOMO -58 (# 65) -0.009 -0.001
HOMO -57 (# 66) 0.001 0.000
HOMO -56 (# 67) 0.001 -0.001
HOMO -55 (# 68) 0.000 0.000
HOMO -54 (# 69) 0.003 0.000
HOMO -53 (# 70) 0.000 -0.001
HOMO -52 (# 71) 0.014 0.000
HOMO -51 (# 72) 0.018 0.000
HOMO -49 (# 74) 0.008 0.000
HOMO -48 (# 75) 0.000 0.000
HOMO -47 (# 76) 0.014 0.000
HOMO -45 (# 78) 0.008 0.000
HOMO -44 (# 79) 0.018 0.000
HOMO -43 (# 80) 0.004 0.000
HOMO -42 (# 81) 0.000 0.000
HOMO -40 (# 83) -0.019 0.000
HOMO -39 (# 84) 0.001 -0.001
HOMO -38 (# 85) -0.001 -0.001
HOMO -36 (# 87) -0.006 0.000
HOMO -35 (# 88) -0.008 0.000
HOMO -34 (# 89) -0.007 0.000
HOMO -33 (# 90) -0.004 0.000
HOMO -32 (# 91) -0.001 0.000
HOMO -31 (# 92) -0.002 0.000
HOMO -30 (# 93) -0.011 0.000
HOMO -29 (# 94) -0.014 0.000
HOMO -28 (# 95) -0.006 0.000
HOMO -27 (# 96) 0.000 0.000
HOMO -26 (# 97) -0.002 0.000
HOMO -25 (# 98) -0.002 0.000
HOMO -24 (# 99) -0.003 0.000
HOMO -21 (#102) -0.006 0.000
HOMO -20 (#103) -0.003 0.000
HOMO -18 (#105) 0.000 0.000
HOMO -17 (#106) 0.002 -0.001
HOMO -15 (#108) 0.025 -0.013
HOMO -12 (#111) 0.007 -0.001
HOMO -11 (#112) 0.005 0.000
HOMO -10 (#113) 0.001 0.000
HOMO -9 (#114) 0.007 0.000
HOMO -8 (#115) -0.016 0.000
HOMO -7 (#116) -0.013 -0.001
HOMO -6 (#117) -0.001 0.000
HOMO -4 (#119) 0.000 0.000
HOMO -3 (#120) -0.043 -0.002
HOMO -2 (#121) -0.026 0.000
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HOMO -1 (#122) -0.025 0.000
HOMO 0 (#123) -0.100 -0.009

Total over OMOs -0.141 -0.041
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Optimized geometry, three lower frequencies, thermochemistry and CDA calculations for
PF;Ni(CO);

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 15 0 -.627195 .429112 -1.224908
2 6 0 -.780673 .211253 1.974463
3 6 0 1.887648 .649491 .754303
4 6 0 .553923 -1.993336 .508218
5 8 0 -1.446989 .462528 2.871092
6 8 0 .721495 -3.125764 .483839
7 8 0 2.895633 1.176824 .884584
8 28 0 .295792 -.199391 .574051
9 9 0 -.917412 -.635726 -2.368628
10 9 0 .078317 1.528879 -2.128866
11 9 0 -2.072101 1.088305 -1.173374
1 2 3
A A A
Frequencies -- 10.0805 58.4856 59.4638
Red. masses -- 18.0835 16.0158 15.9981
Frc consts -- .0011 .0323 .0333
IR Inten -- .0000 .0296 .0293
Atom AN X Y Z X Y Z X Y Z
1 15 .00 .00 .00 .00 .01 -.06 .00 -.06 .00
2 6 .00 -.14 -.02 .25 .01 -.03 -.02 .17 .03
3 6 .00 .05 .13 -.11 .07 .14 .22 .00 .08
4 6 .00 .09 -.11 -.14 -.10 L11 -.21 .04 -.09
5 8 .00 -.23 -.03 .57 .04 -.15 -.04 .38 .06
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.24
.21
.00
.01
.01

6 8 .00 .15 -.19 -.31 -.25 .20 -.47 .03
7 8 .01 .08 .21 -.24 .18 .29 .50 .06
8 8 .00 .00 .00 .00 .00 .06 .00 .05
9 9 .00 -.33 .39 .11 .01 .16 .15 .16
10 9 .01 -.17 .48 .07 .01 .17 .17 .16
11 9 .00 .50 .09 -.19 .01 -.16 .02 -.17
HF=-1151.7102687
Sum of electronic and zero-point Energies= -1151.675873
Sum of electronic and thermal Energies= -1151.662699
Sum of electronic and thermal Enthalpies= -1151.661755
Sum of electronic and thermal Free Energies= -1151.719083

Electron donation between fragments (<0.00le for any omitted MO)

Alpha-spin MO 1->2 2->1
HOMO -40 (# 11) 0.001 0.000
HOMO -36 (# 15) 0.000 -0.003
HOMO -33 (# 18) -0.001 -0.001
HOMO -32 (# 19) 0.047 -0.001
HOMO -31 (# 20) 0.005 0.000
HOMO -30 (# 21) 0.005 0.000
HOMO -26 (# 25) 0.036 -0.001
HOMO -25 (# 26) 0.001 -0.006
HOMO -22 (# 29) 0.004 0.000
HOMO -21 (# 30) 0.003 0.000
HOMO -20 (# 31) 0.012 0.000
HOMO -19 (# 32) -0.004 -0.021
HOMO -18 (# 33) 0.004 -0.004
HOMO -17 (# 34) 0.004 -0.004
HOMO -14 (# 37) -0.002 -0.003
HOMO -10 (# 41) 0.001 -0.001
HOMO -9 (# 42) 0.001 -0.001
HOMO -8 (# 43) 0.009 0.001
HOMO -7 (# 44) 0.009 0.001
HOMO -5 (# 46) 0.116 0.024
HOMO -4 (# 47) -0.001 0.013
HOMO -3 (# 48) -0.001 0.013
HOMO -2 (# 49) -0.002 0.028
HOMO -1 (# 50) -0.002 0.028
HOMO 0 (# 51) 0.114 0.008

TotalALPHA+BETA 0.721 0.136

Repulsion and residue (Delta) terms between fragments

Alpha-spin MO 1<->2 Delta
HOMO -40 (# 11) 0.000 0.000
HOMO -36 (# 15) -0.001 0.000
HOMO -33 (# 18) -0.002 0.000
HOMO -32 (# 19) 0.001 -0.002
HOMO -31 (# 20) 0.000 0.000
HOMO -30 (# 21) 0.000 0.000
HOMO -26 (# 25) 0.012 -0.001
HOMO -25 (# 26) 0.016 0.000
HOMO -22 (# 29) 0.002 0.000
HOMO -21 (# 30) 0.002 0.000
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HOMO -20 (# 31) 0.013 0.000
HOMO -19 (# 32) -0.026 -0.001
HOMO -18 (# 33) 0.000 -0.005
HOMO -17 (# 34) 0.000 -0.005
HOMO -14 (# 37) -0.005 0.000
HOMO -10 (# 41) 0.004 0.000
HOMO -9 (# 42) 0.004 0.000
HOMO -8 (# 43) -0.005 0.000
HOMO -7 (# 44) -0.005 0.000
HOMO -5 (# 46) 0.031 -0.035
HOMO -4 (# 47) -0.006 0.001
HOMO -3 (# 48) -0.006 0.001
HOMO -2 (# 49) -0.011 0.004
HOMO -1 (# 50) -0.011 0.004
HOMO 0 (# 51) -0.097 -0.010

Total over OMOs -0.081 -0.051

S21




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


