JIAIC[S

COMMUNICATIONS

Published on Web 01/10/2004

Detection of Free Nickel Monocarbonyl, NiCO: Rotational Spectrum and
Structure

Emi Yamazaki, Toshiaki Okabayashi,* and Mitsutoshi Tanimoto
Department of Chemistry, Faculty of Science, Shizuokaéssity, 836 Oya, Shizuoka 422-8529, Japan

Received October 20, 2003; E-mail: sctokab@ipc.shizuoka.ac.jp

Unsaturated transition metal carbonyls are important in processesTable 1. Molecular Constants for Isotopic NiCO in the Ground
. . . a
such as organometallic synthesis, homogeneous catalysis, ang/iPrational States

photochemical decomposition of organometalli¢s.particular, a By (MHz) Do (kHz)
metal monocarbonyl offers a zeroth-order model for interpreting 58\j12C160 4529.97820(17) 1.13419(10)
the chemisorption of a CO molecule on a metal surface in catalytic 60N 12Ct0 4484.86808(19) 1.11288(11)
activation processésThus, quite large numbers of theoretical *NIt3C1%0 4496.76022(19) 1.12620(10)
apers which predict spectroscopic and structural properties of NGO 4451.06563(42) 1.10467(21)
Papers P P P prop 56N 12C190 4214.72861(38) 0.96634(18)
transition metal carbonyls have appeared. In general, the strong  eonjizcie0 4170.68500(23) 0.94711(11)
bonding between a transition metal and CO is interpreted as arising
from the synergistic combination oefdonation from the filled CO ~ Numbers in parentheses are one standard deviation in units of the last
50 orbital to the metal and back-donation from the metakto significant figure.
CO 27~ orbital. Table 2. Molecular Structure of NiCO
Historically, the nickel monocarbonyl NiCO has been one of .
. . . method Ni—C (pm) C-0 (pm) ref
the metal carbonyls most extensively studied by theoretical calcula- —— =
i i i i i xperiment
t|_0n5. At Ieast_50 theoretical studies have been pub_llshed on this o 167.230(41) 115.124(54) this work
simplest transition metal_ carbonyl up to the presgnt time. In :_L976, e 167.0125(17) 115.2546(13) this work
Walch and Goddafdpredicted the ground electronic state of NiCO ¢, 167.013(14) 115.262(11) this work
to be an open-shefA state, but subsequent calculation revealed rm? 166.938(18) 115.2119(84) thi; work
that it belongs to a closed-shé + state? Later, Bauschlicher et fm® 166.89002(90) ~ 115.26057(80)  this work
al* concluded thatr donation is the most important factor for the Theoretical
Ni—CO bond, andr bond interaction makes only a minor bonding =~ BPW91/6-31¥G*  167.5 116.6 17
tributi ) lsive. Thi USi red B3LYP/6-31H-G*  168.5 115.1 9
contribution or is even repulsive. This conclusion was supported c)ggcp 168.3 116.1 5
by recent high-level calculatiot'sThe NiCO molecule has been BP86/6-311-G* 1675 116.7 8
thought as a prototype molecule when the transition mei&) BP86 163.08 117.35 18
bond was studied by the theoretical calculations. However, experi- Bg'-YP/ bz 123-8 ﬁgg 13
mental evidence for NiCO is much more sparse, and the matrix CBBCL(:(eFI’) 168 117 20
isolation infrared spectroscopy was almost the sole method to study caspT2 165 117 21
NiCO experimentally® Indeed, there has been no prior confirmed  BP 166.3 117.5 22
observation of free NiCO itself nor direct measurement of its CCSD(T) 168.7 116.6 23
MP2 164.6 117.8 24

structural properties.

This Commun!catlon reports the pr.eparat_lon of _free kae_l aNumbers in parentheses are one standard deviation in units of the last
monocarbonyl, NiCO, and the observation of its rotational transi- sjgnificant figure.
tions. The NiCO molecule was generated by the sputtering reaction
of a Ni cathode in the presence of carbon monoxide CO. Accurate lines were observed strongly enough to be easily observed without
bond lengths of Ni-C and C-O were experimentally determined  data accumulation. The NiCO lines showed diamagnetic properties,
from isotopic data. The reliabilities of theoretical calculations and they rapidly disappeared when the discharge current was turned
mentioned above have been assessed for the first time throughoff. This behavior indicated that the carrier was a singlet transient
comparison between experimental and theoretical results. species.

The present experiments were carried out using a source Fifty-six lines of six NiCO isotopomers in total were observed
modulation microwave spectrometer with a free space dischargein the frequency range between 161 and 315 GHz. The molecular
cell1® As the microwave source, a multiplier following an OKI  constants derived from the least-squares analysis of the observed
klystron was employed. The radiation transmitted through the cell frequencies are listed in Table 1. The rotational and centrifugal
was detected by an InSb detector cooled at 4.2 K by liquid He. distortion constants were determined for each isotopic species. A
Line frequencies were estimated to be accurate to better than 30standard error of the fit is about 10 kHz for each species. 7the
kHz. CO gas entrained in argon gas was continuously introduced (Ni—C str.) wavenumber was estimated to be 604 tosing ws
into the free space cell. A 60-cm long nickel cathode was sputtered ~ (4B¢%/Dg)Y/2, which agreed well with the matrix-IR value, 591.1
by a dc glow discharge with current of 200 mA in the presence of cm! (ref 7).

1 mTorr of CO and 4 mTorr of Ar gas. For observation'#€ or Table 2 lists the bond lengths of NiCO obtained from the present
180 isotopic speciesCO or C80 was used as the precursor instead rotational constants by several methé#d? ro, rg, 1., rn®, and

of normal 12C'%0. The cell was cooled to about 100 K using r,@, together with some of the theoretical predictions. The
circulated liquid nitrogen. When the Ni cathode was fresh, NiCO uncertainty given is estimated from those in the fundamental
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Table 3. Experimental Molecular Structures of NiCO and Related
Molecules

molecule method Ni—C (pm) C-0 (pm) ref
PdCO rm@ 114.0 29

PtCO rm@ 114.6 30

NiCO I'm@ 166.9 115.3 this work
FeCO Is 115.9 28
Ni(CO)4 Iy 183.8 114.2 15

NiC ro 163.1 27

CcO le 112.8 25

CO, le 116.0 26

experimental and theoretical bond distances. The present experi-
mental result will be useful to refine the metalO interaction
models adopted in the quantum chemical calculations for interpret-
ing the chemisorption of a CO molecule on a metal surface in
catalytic activation processes.
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the r@ values are used for qualitative discussions, because the
rm@ method often gives a good estimation for the equilibrium
structuret® Theoretical Ni-C lengths are close to oug,@(Ni—C)
length, but most of them have errors of about 2 pm. The B3LYP
calculations give very good predicted values for the@length,

but other methods tend to overestimate for the@length. The

closest predictions have been given by B3LYP/DZ calculations (1) Igg‘zaibz"gseit“”' B.; Rosan, A. M.; Yardley, J. 3. Am. Chem. Soc.

Supporting Information Available: Observed rotational transition
frequencies of isotopic NiCO (PDF). This material is available free of
charge via the Internet at http://pubs.acs.org.
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