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Effect of Phosphine Substitution on the Electronic Structure of Cobalt Tricarbonyl Nitrosyl
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The He-I ultraviolet photoelectron spectra of a series of phosphine-substituted organometallic complexes,
Co(CO)}NOL (L = CO, PMe, PE%, PPg, PBu, PCy;, PPh, and P(OMe)) are reported. The first vertical
ionization energy of the complexes was found to be 8.75 (CO), 7.85 {PV€9 (PE$), 7.47 (PP%), 7.49

(PBw), 7.71 (PCy), 7.58 (PPHk), and 8.15 eV (P(OMg) + 0.03 eV. Quantum chemical calculations at the

HF, DFT (B3LYP), and EOMIP-CCSD levels of theory were employed to interpret both the trends in the
series and the most important features of the spectra. Photoelectron spectra of some of the complexes are
also reported at He-Il photon energy. Intensity changes in the photoelectron bands between He-l and He-II
photon energies are discussed on the basis of the orbital compositions.

Introduction also recorded to study the orbital compositions. The obtained
hotoelectron spectra were compared to each other to see the
ffect of the change in the alkyl or aryl group in the phosphine

ligand.

Transition-metal complexes are used as catalysts in numerou
reactions of biological and industrial importance. Cobalt tricar-
bonyl nitrosyl has a particularly important role in organic
chemistry~2 chemical vapor depositiott® and even in nano- ,
technology’8 Experiments show that phosphine substitution, EXPerimental Approach

due to its effect on the electronic structure and its steric demand, Preparation of the SamplesThe synthesis of Co(C@YOPR,
may strongly affect the stability and catalytic activity of (R = Me, Et Pr, Bu, Cy Ph. and OMe) has been previously

transition-metal carbonyfs.*! Therefore, CO(CQNOI.DF% (R described by others. The following method was used to
= Me, Et Pr, Bu, Cy, _Ph' and OMe) seem to be an ideal ;et_of synthesize all the samples. At room temperature, 5.0 mmol of
systems to study the influence of tertiary phosphine substitution the appropriate phosphine was dissolved in 50 mL of tetrahy-
on the electronic structure of an organometallic complex. drofuran (THF), and 5.0 mmol (0.865 g) of Co(GED was

In recent years, several studies were carried out on the 3qqeq to it under an atmosphere of nitrogen. The reaction
electronic structure of Co(CENO. The first He-I photoelectron mixture was stirred for 26 h, and then the solvent and the

spectrum (PES) was published by Hillier gtl%ﬂrhey assigned  oycess of the reactants were removed at reduced pressure. Co-
the recorded3 ffectrum using Koopmans _theo?érlrater, Cl  (CORNOPR; (R = Me, Et, Pr, Bu, and OMe) were isolated as
and Xo-SWS calculations showed the inadequacy of this  qar_red liquids. For R= Cy and Ph, the products were obtained
approximation. The latest theoretical stifipy Decleva et al. iy the form of dark-red solids. The yield was 80% or above in
predicts the following order of valence orbitals: 188, 7€, 5| cases, and the samples were stored under an inert atmosphere

6e, la, be, 4e, 7a 6a, 3e, starting with the lowest ionization at—25°C. Co(COYNO (Strem Chemicals) and the phosphines
potential. The order of the first two orbitals is obscured by the (Sigma-Aldrich) were used without further purification.

fact that these peaks are not resolved in the PES.
However, no photoelectron spectrum of the phosphine deriva-
tives of Co(CO)NO has been published. Still, the approximate

Ultraviolet Photoelectron Spectra.He-I and He-Il photo-
electron spectra were recorded on a custom-built ATOMKI

; TN ESA-32 instrument, which has been described in an earlier
adiabatic ionization energy of some of the complexes has been

: . paper:®
known from the El mass spectrometry studies of Distefano et
alis P y Some of the samples (Co(CNO, R = Me, Et, and OMe),

of which the vapor pressure was high enough, were evaporated
into the ionization chamber at room temperature, whereas the
others with lower vapor pressure (REt, Pr, Bu, Ph, and Cy)

In the present work, we report the He-I and He-II photoelec-
tron spectra of Co(CQNO as well as EOMIP-CCSD calcula-
tions for the parent compound. Because of its high computational - .
cost EOMIPp-CCSD stupdies of large organomegt’allic ch))mpIexes were |ntr0d'uced mto the chambg r at elevated temperatures (60
are few and far betweét.It nevertheless proved to be useful 120 C,:) using a direct-sample inlet system. )
and sometimes the only feasible way to get an appropriate During the measurements, the energy resolution was better
assignment of the photoelectron bands. than 30 meV. Argon was used as an internal standard and the

We changed the R group in a systematic manner and took Spectra were calibrated against the?Ry;; peak (IE= 15.759

He-l photoelectron spectra of Co(CRIOPR; (R = Me, Et, eV), and theZ=" peak of CO could also be gsed for Co-_
Pr, Bu, Cy, Ph and OMe). In some cases, He-Il spectra were (QO)zNOPPh because the complex suffered partial decomposi-
tion at the measurement temperature. The He-Il spectra of
T Part of the special issue “Tomas Baer Festschrift”. Co(CONO, CO(CO)NOPMQ’ and CQ(COQNOP(O.Me)‘.We.re .
* Corresponding author. Address:” ey Pder seany 1/A., 1117- also recorded. The obtained experimental vertical ionization
Budapest, Hungary. E-mail: szb@elte.hu. potentials are collected in Table 1.

10.1021/jp047939h CCC: $27.50 © 2004 American Chemical Society
Published on Web 09/24/2004



9958 J. Phys. Chem. A, Vol. 108, No. 45, 2004 Gengeliczki et al.

TABLE 1: Experimental Vertical lonization Potentials of Co(CO),NOL (eV)

L
banag CO PMe PEg PPg PBus PCys PPh P(OMe}
A 8.75-9.11 7.85-8.30 7.69-8.13 7.47 7.497.82 7.71 7.58 8.158.56
9.82 9.08-9.40 9.05 8.71 8.60 8.879.83 8.86-9.37 9.47
B 10.82-11.27 10.33 10.33 10.55 10.57 10.49 10.90
C 11.96-12.90 11.13-11.66 10.83 10.95 11.1612.27 11.76-12.34
12.81
D 11.56-11.91
14.14-15.20  13.6#15.08  12.38-13.77  13.0+14.19  11.25 13.42 13.00
13.81 13.89
@ As indicated in Figure 1.
Quantum Chemical Calculations Results and Discussion

To help the interpretation of the photoelectron spectra, we The He-l and He-Il spectra of Co(C§O and the calculated
carried out quantum chemical calculations to compute the ionization potentials are shown in Figure 1. The first two bands
ionization energies of both the parent compound, CogNO) in the photoelectron spectrum are expected to be due to
and the phosphine substituted complexes at the Harfreek, ionization from molecular orbitals with a strong d character.
DFT (B3LYP functional)!® and EOMIP-CCSD? levels of The calculated contribution of the d atomic orbitals of the metal
theory. For the HF and B3LYP calculations, the 6-311G** and center is indeed quite substantial in the three uppermost
6-31++G** basis sets, respectively, were used as implemented molecular orbitals, and this contribution is decreased in the next
in the Gaussian @3 program system. At the EOMIP-CCSD two orbitals, in line with the intensity changes between the He-I
level, the pvdz, pvtz (as published by Ahlrichs and co- and He-ll photoelectron spectra, that is, the higher the relative
workerg?), and 6-311G** basis sets were used for the parent intensity of the He-ll peak compared to that of the He-I peak,
compound only. the higher the d contribution. These molecular orbitals can be

To obtain equilibrium geometries, we performed full geo- regarded as-type bonds formed by the metallic d orbitals and
metry optimizations at the respective levels of theory, with the the z* orbitals of the ligands. Replacing one carbonyl with a
exception of the EOMIP-CCSD calculations, where the less- strong electron-donor phosphine or phosphite causes the desta-
expensive B3LYP/6-3t+G** geometries were used. bilization of these molecular orbitals and a decrease in the

At the Hartree-Fock level, the ionization potentials are ionization potentials. This effect will be discussed later.
estimated to be the negative of the molecular orbital energies A wide Franck-Condon gap separates the first two peaks
according to Koopmans’ theorethAt the DFT level, however, from a wide band that starts at approximately 13.5 eV. This
the connection is not straightforward. Although it is known that band consists of several overlapping peaks and is due to
the highest occupied KokfSham orbital energy corresponds ionization from orbitals described as €60, Co-NO bonds,
to the first ionization energy if an exact DFT potential is used, and orbitals localized on the CO and NO ligands.
the practical use of this theorem and the physical meaning of As mentioned above, HF/6-311G**, B3LYP/6-3%G**,
Kohn—Sham orbitals and orbital energies have been widely and EOMIP-CCSD calculations were performed for the Co-
debated* However, Baerends and co-workers recently estab- (CORNO molecule in this study. The ionization energies
lished a connection between the Dyson and the KdBimam obtained from HartreeFock calculations with Koopmans’
orbitals and found that with a near-exact DFT potential the theorem differ significantly from the experimental ionization
Kohn—Sham orbital energies are indeed good estimates of theenergies, as is usually the case with organometallic complexes.
ionization energie3>2% They have also found that in the case Although the DFT orbital energies are lower than the experi-
of common approximate hybrid functionals, the highest occupied mental ionization energies by more than 1 eV, the differences
Kohn—Sham orbital energy does not provide a better estimate between the calculated and the experimental ionization potentials
of the corresponding ionization energy than the other orbital are roughly the same for all of the valence orbitals; therefore,
energies. However, unlike HartreBock orbital energies, which it describes the experimental spectrum more accurately, provided
often err in an unsystematic way, KohBham orbital energies  that the orbital energies are shifted by 1.44 eV so that the
obtained by the broadly used hybrid functionals, for example, HOMO orbital energy matches the experimental IE.

B3LYP, tend to underestimate the ionization potentials in a  The rather expensive EOMIP-CCSD method was found to
consistent manner for most of the studied molectid@he small be the most accurate. For the parent complex, three different
standard deviation of the errors in the ionization potentials in a basis sets were used: pvdz, pvtz, and 6-311G**. The average
molecule allows for shifting the KokSham orbital energies  difference between the experimental and the calculated IEs that
so that the HOMO will correspond to the lowest experimental was obtained with the smallest pvdz basis set is about 0.5 eV,
IE, thereby obtaining reliable estimates for the other ionization whereas the valence triple6-311G** basis gives only slightly
energies. Thus, we were able to predict the ionization potentials better results. Calculations with the pvtz basis set of Ahlrichs
to confirm the assignment of the photoelectron spectra. and co-workers were the most accurate. (Table 3).

We also used the infinite-order EOMIP-CCSD method to  The He-I and He-ll spectra of Co(CNOPMe and Co(COy
calculate the ionization energies for the parent molecule. This NOP(OMe} are also shown in Figure 1. Two new peaks can
method has been proven useful before, but in the case of largebe discerned in the PES of Co(CGRDPMe when compared
molecules, the high computational cost often prevents the useto that of Co(COJNO. Calculations and qualitative consider-
of large enough basis sets. ations suggest that these bands are due to removing an electron

The calculations were carried out using the ACE8land from the cobal-phosphorus, and because the phosphoerus
the Gaussian &3 quantum-chemical program codes. methyl bonds are not present in Co(GRp, a wide Franck
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Figure 1. He-l and He-ll photoelectron spectra of Co(GRp, Co(COYNOPMe;, and Co(CONOP(OMe}. The calculated ionization energies

are compared to the obtained spectra. See details in @xt. ipnization energies obtained from EOMIP-CCSD/pvtz calculatians; ionization

energies obtained from HF/6-311G** calculations, ane= ionization energies obtained from DFT studies, shifted so tha(HOMO) matches

the lowest experimental IE.)

TABLE 2: Stabilization of P, in the Co(CO),NOL orbital energies are indeed very low compared to the experi-
Complexes mental values, but with a 1.75-eV shift, the overall structure of
L free ligand complek the photoelectron spectrum is much better reproduced than by
PMe; 8.60° 1081 using Koopmans’ theorem with HartreEock orbital energies.
PE 8.3 10.33 The He-l and He-Il photoelectron spectra of Co(@0)P-
PPg 8.16 10.33 (OMe); were also recorded. From the comparison of the He-I
IE(Py) (V) IF;?OLhMe); g'gg 18'38 and He-Il spectra, the strong d character of the highest-lying
PPh 789 10.49 molecular orbitals is again quite clear, and it is in line with the
PCys 7.79 10.57 DFT calculations. However, Mulliken population analy8is

2 Ikuta, S.: Kebarle, P.; Bancroft, G. M.; Chan, T.: Puddephatt, R. indicates that unlike in the other complexes the contribution of
J.J. Am. Chem. Sod 982 104 5899.5Weiner, M. A.: Lattman, M. _Co(p) atomic orbital is significant in the HOMO and that there
Inorg. Chem1978 17, 1084.¢ Schmidt, H.; Schweig, A.; Mathey, F.; IS az-type bond formed between the Co(p), P(p), and O(p)
Miiller, G. Tetrahedron1975 31, 1287.9 Schmidt, H.; Schweig, A.; atomic orbitals. The broad band between 10.4 and 13.5 eV
Mathey, F.; Miier, G. Tetrahedron1975 31, 1287.¢ Cowley, A. H.; consists of several overlapping peaks and could not be suf-
gﬁOdmi‘g‘#-i’\é-? g”f?'g_rv Nf- A Sg”?“g_z- M.; VerksafjeéJlr(Brg. g ficiently resolved experimentally. The calculations suggest that
Bofons]say, 5 (’)rginbmstfe(;?:rlmgfé i%gatgi?’;.gbéarﬁgﬁ,ei’l.; " the ionization of the oxygen lone pair in the phosphite ligand
Oskam, A.; Stufkens, D. lhorg. Chim. Actal98q 38, 71." Present and the ionization of the CeP bond are also in this range.
work. The He-l spectra of Co(C@JOPR; (R = Me, Et, Pr, and

Bu) are compared in Figure 2, and the spectra ef Ry and
Condon gap can be found in this region in the spectrum of Ph are shown in Figure 3.
Co(CO}NO. For the assignment of the He-I spectra of Co(@@PR;

The quantum-chemical calculations indicate a strong d (R = Et, Pr, and Bu), analogies to the above-discussed spectra
character of the five highest molecular orbitals, whereas the d were used. By comparing the photoelectron spectra of Co-
character of the lower-lying orbitals is less pronounced. This (CORNO and Co(CONOPR; (R = Me, Et, Pr, and Bu) (Figure
difference in the d contributions, once again, can be compared?2), one can see that the longer the alkyl chain in the phosphine
to the intensity changes between the He-I and He-Il spectra ofligand the lower the ionization energy of the first two bands.
Co(COYNOPMe;. Going from He-l to He-Il, photon energy  This indicates a destabilization of the molecular orbitals
causes an increased intensity of the first two bands comparedattributed to back donations from the metal center toward the
to those in the 1613 eV range. The small sharp peak at 12.90 CO and NO ligands. The bands due to ionizations from the
eV is believed to be due to an impurity in the sample. cobalt-phosphorus and phosphottalkyl bonds also shift to

Hartree-Fock and DFT calculations were performed on this lower energies. The lone pair of the phosphorus atom is
molecule. As usual, Hartred-ock (Koopmans’) calculations  stabilized by 2.6-2.5 eV with respect to the free phosphines,
do not reproduce the experimental IEs very well. The DFT as summarized in Table 2.
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TABLE 3: Experimental and Calculated lonization Potentials of Co(COLNOL Complexes (L = CO, PMes, P(OMe)s)

L=CO
EOMIP- EOMIP- EOMIP-
HF B3LYP CCsD CCsD CCsD
expt 6-311G** 6-31++G**a pvdz 6-311G** pvtz MO character
8.75 8.00 8.75 8.20 8.22 8.37 CofdyO(r)
9.11 11.60 9.27 8.41 8.46 8.59 CofdO(), NO(n)]
9.82 13.15 10.23 9.44 9.55 9.60 CofdCO(r), NO()]
14.14 17.05 14.19 14.96 15.11 15.17 Cof@0(0)
L =PMe
HF B3LYP
expt 6-311G** 6-31++G**a MO character
7.85 7.15 7.85 Co(dh)[CO(m), NO(x), P(p)]
8.07 8.45 8.09 Co(dh)[CO(), NO(x), P(p)]
8.30 10.02 8.58 Co(eh[NO(n), P(p)]
9.07 11.68 9.43 Co(eh[NO(x), P(p)]
9.40 11.78 9.51 Co(d)-C@j
10.81 12.60 10.61 Co(e)fCO(r), NO(x), P(Ip)]
11.27 13.30 11.69 +C bonds
L = P(OMe}
HF B3LYP
expt 6-311G** 6-31++G*ra MO character
8.15 7.17 8.15 Co(p,ehNO(x), CO(), P(p)-O(p)]
7.22 8.40 Co(p,dy[CO(x), NO()]
8.56 11.07 8.85 Co(eh[CO(), NO(m)]
9.47 11.98 9.76 Co(eh[CO(r), NO()]
12.89 9.79 Co(dy[CO(r), NO()]
10.94 13.00 10.29 +0O, O—C bonds
13.11 10.49 Co(p,&HP(p,s)-O(p)

a Shifted so that-¢ (HOMO) matches the lowest experimental IE.

photoelectron intensity (arb.u.)
photoelectron intensity (arb.u.)

ionization energy (eV) ionization energy (eV)
. Figure 3. He-I photoelectron spectra of Co(GNO, Co(CO)NOPPH,
Figure 2. He-l photoelectron spectra of Co and Co- . - .
(CgO)ZNOPRg R sze’ Et. Pr, and %u). Note that(iﬁlzxf)irst ionization and Co(CONOPCy. The aromatic PPRhligand is a better electron
energies decrease as alkyl chain gets longer. donor than the saturated P{ligand.

In Figure 3, the spectra of Co(COPCy; and Co(COy orbitals in the aromatic ring are strongly affected by the
NOPPh are compared to that of Co(C{O. From the coordination, and thus, the PPdppears to be a better electron
destabilization of the highest molecular orbitals, one can deducedonor than the PGyligand with nos orbitals.
that the aromatic PRhs a better electron donor toward the The electron-donor capability and the changes in the electron
cobalt center than the saturated ROy the spectrum of Co-  density around the metal center have been investigated by
(COXLNOPPHRh, the band between 9.0 and 10.0 eV can be calculating Mulliken net charges on the metal center and the
attributed to the removal of an electron from therbitals of atoms directly connected to it. The calculated charges are shown
the aromatic phenyl groups. This band appears at 9.37 eV,in Table 4. The results show that the electron density does not
showing a stabilization of approximately 0.2 eV compared to increase on the cobalt atom, whereas it does increase on the
the free triphenylphosphine ligand (IEs of theorbitals in the ligands connected to the metal center instead. The phosphorus
free ligand are 9.02 and 9.18 e%).This means that ther atom bears a large negative charge in the phosphine complexes
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TABLE 4: Net Charge on the Metal Center and the to work with him in Chapel Hill (Zs.G. 2002, 2003; A.B. 2003,
Ligands (B3LYP/6-31++G**) 2004; B.Sz. 19981999, 2000, 20012003, 2004). We thank
complex Co P N C (in CO) the Hungarian National Science FundOrsZgyos Tudomayos
Co(COYNO —0.322 0.098  +0460 Kutatasi Alap (grant number T 032489) for supporting this work.
Co(COYNOPMe ~0.157 -0.316 —-0205 +0.367 B.Sz. thankfully acknowledges the generous support of the
Co(CO)NOPE —0.166 —0.701 —0.223  +0.293 Magyary Zolta Fellowship (granted by the Alapany a
Co(COYNOPPg —0.046 —0.747 -0.213  +0.225 Magyar FelSoktatasat és Kutatsat).
Co(COYNOPBuY; +0.074 -0.799 -0.223 +0.168

Co(CO)NOP(OMe}  —0.692 1525 -0.180 +0.427 References and Notes

i i i (1) Pdyi, Gy.; Sampa Szerencsg E.; Galamb V.; Patyi, J.; Markq
_b%cal:_se Off}hetStron?t el_ectron donatlog 0{ thte alkgl Ch?.[InS. TIT:S L. Hungarian Patent HU 87-2105, 19870511, 1989.
Inductive eflect resulls In an Increased electron density on the ) "rqstan, J. L.; Bisnaire, M.; Park. G.; GuillaumeJPOrganomet.
carbonyl and nitrosyl ligands. Because the highest-energy molec-chem.1988 356, 195.
ular orbitals in the complex are mainly cobalt d orbitals that l7l(3) Kubota, T.; Okamoto, H.; Okamoto, ¥pn. Catal. Lett2000 67,
interact (b_ack donat|on)_ with the anpbondlng orbitals of th(_a NO (4) Lane, P. A.: Oliver, P. E.: Wright, P. J.: Reeves, C. L.: Pitt, A. D.:
and CO ligands, the higher negative charge on these ligandscockayne, BChem. Vap. Deposition998 4, 183.
results in the destabilization of these orbitals. However, in the (5) Ivanova, A. R.; Nuesca, G.; Chen, X.; Goldberg, C.; Kaloyeros,

hosphite ligand of the Co(CENOP(OMe} molecule. the A. E.; Arkles, B.; Sullivan, J. JJ. Electrochem. Sod.999 146, 2139.

P P 9 (CeH . ( » ' (6) Smart, C. J.; Reynolds, S. K.; Stanis, C. L.; Patil, A.; Kirleis, J. T.
phosphorus atom bears a large positive charge because 0Xygefyater. Res. Soc. Symp. Pra@93 282 229.
is a good electron acceptor. The positive charge makes the cobalt  (7) Rana, R. K.; Koltypin, Y.; Gedanken, &hem. Phys. Let2001,

atom withdraw electrons from the CO and NO ligands. 344, 256.
(8) Liu, S.; Zhu, J.; Mastai, Y.; Felner, L.; Geanken,@hem. Mater.
lusi 200Q 12, 2205.
Conclusions (9) Slaugh, L. H.; Mullineaux, R. DJ. Organomet. Cheni968 13,

; . : 469.
The t.electronllc s_tructure of Co(C}gD)O _and a series of |t§ (10) Osborn, J. A.: Jardine, F. H.; Young, G. W.Chem. Soc. A966
phosphine derivatives has been investigated with ultraviolet 1711,
photoelectron spectroscopy. The assignment of the spectra was (11) Crabtree, RAcc. Chem. Red.979 12, 331.

based on qualitative trends in the series of compounds, a set ofph§/15219¢1“§2 '2-1'14 Guest, M. F.; Higginson, B. R.; Lloyd D. Rvol.
guantum-chemical calculations, and variable-energy (He-1 vs 13) Burstén, B. E.: Jensen, R.: Gordon, D. J.: Treichel, P. M.: Fenske,

He-Il) photoionization. It has been shown that the Hartree R.F.J. Am. Chem. S0od.981, 103 5226.
Fock method is inefficient not only for the parent complex but  (14) Decleva, P.; Fronzoni, G.; De Alti, G.; Lisini, Al. Mol. Struct.

; ; oo ) 1991, 226, 265.
also for_lts phosphine denvatlyes' However, the EOMIP-CCSD (15) Distefano, G.; Innorta, G.; Pignataro, S.; FoffaniJAOrganomet.
calculations were more reliable for the parent molecule. chem.1968 14, 165.
Although the ionization potentials are significantly and system-  (16) Szfaay, B.; Szepes, L.; Baer, T. Phys. Chem. 2003 107, 9486.
atically underestimated by DFT (as was expected because of (17) Thorsteinson, E. M.; Basolo, . Am. Chem. S02.966 88, 3930.

the DFT local electron correlation treatment), the errors are 195128%52??" B.; Nagy, A; Zanathy L.; Szepes Magy. Kem. Foly.

consistent and a shift in the orbital energies to match the (19) Becke, A. D.J. Chem. Phys1992 97, 9173.
experimental first IE to the HOMO orbital energy results in (20) Lee, C.; Yang, W.; Parr, R. ®hys. Re. 1988 B37, 785.

well-reproduced photoelectron spectra. g%g Sooijen, M. Sriders, . ant. Sﬁagg&igi”gggz 26, 55.
) . . tanton, J. F.; Gauss,Jl.Chem. Y .
The calculations, in agreement with the He-Il spectra, showed  (53) Nooijen, M. The Coupled Cluster Green's Functiowrije Uni-

that the highest-lying orbitals have a strong d character, andversiteit: The Netherlands, 1992.

they serve the back donation from the metal center toward the (24) Nooijen, M. Sniideﬁsy J. Gnt. J. Quantum Chenfl993 48, 15.
CO and NO ligands. These orbitals can be destabilized by gg; ﬁggzer;'aﬁg Hfgﬂyggaﬁrggzhf' 50‘]4 Chem. Phys1992 97, 2571.
increasing the electron-donor capability of the phosphine ligand.  (27) Harbola, M. K.Phys. Re. B 1999 60, 4545.

By calculating the Mulliken net charges on the cobalt atom and ~ (28) Stowasser, R.; Hoffmann, B. Am. Chem. Sod999 121, 3414.
on the atoms directly connected to it, we found that a phosphine 208229)11?(1)986 D. P.; Gritsenko, O. V.; Baerends, EJ.JChem. Phys.
ligand with increased electron-donor capability does not entail ™~ 34" Gritsenko, 0. V.; Bra_da, B.: Baerends, E.Chem. Phy<2003
a more negative cobalt atom but rather more electron-densei119, 1937.

nitrosyl and carbonyl ligands. The high negative charge on these (31) Politzer, P.; Abu-Awwad, FTheor. Chem. Accl99§ 99, 83.

; i i ; (32) Stanton, J. F.; Gauss, J.; Watts, J. D.; Lauderdale, W. J.; Bartlett,
ligands destabilizes the high-energy molecular orbitals regardedR. 3. 1nt. 3. Quantum Chent981, 526 879.

to be _mainly Co d orbitals tha_t interact with the antibonding (33) Frisch, M. J.; Trucks, G. W.: Schlegel, H. B. Scuseria, G. E.; Robb,
a* orbitals of the CO and NO ligands. However, the P(Obe) M. A; Cheeseman, J. R.; Montgomery, J. A,, Jr; Vreven, T.; Kudin, K.
ligand, because of the electronegative oxygen atom, has a muct\-: Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.;

weaker electron-donor ability and can only destabilize these Mennucci, B.; Cossi, M Scalmani, G.; Rega, N.; Petersson, G. A
y y Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;

orbitals in a moderate way. Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,
By comparing the ionization energies of Co(GRDPPh X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Adamo, C.; Jaramillo, J.;

; : ; _ Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.;
and Co(CO)NOPCys, it was established that the triphenylphos Pomelli, C.; Ochterski, J. W.. Ayala, P. Y ; Morokuma, K.. Voth, G. A

phine group is a t_)ette_r eIeCtron d_onor than the saturated salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels,
tricyclohexylphosphine ligand. This is probably because the A. D, Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D.;
aromatic phenyl ring is also affected by the coordination, Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.;

. . - . . Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz,
highlighted by the 0.2 eV stabilization of the phemybrbitals p.'; Komaromli, |.;V,\\;|ar'ﬂn’ R. L. FC\,'X’ D. J.: IrLéeith, T' Al-Laham, ,V'| A';Z

in the complex. The saturated P{ligand has, of course, no  Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; Johnson,

occupiedr orbitals to help form the CeP bond. B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. Gaussian 03
revision B.01; Gaussian, Inc.: Pittsburgh, PA, 2003.
. . . (34) Mulliken, R. S.J. Chem. Physl955 23, 1833.

Acknowledgment. This paper is dedicated to Tom Baer on (35) Distefano, G.; Pignataro, S.; Szepes, L.; Borossay,Jrganomet.

the occasion of his birthday. All three of us had the privilege Chem.1975 102 313.



