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The interaction of carbon monoxide with metal atom is of 014
considerable interest from an academic or an industrial viewpoint. 0124 (e
It is generally accepted that the bonding scheme of transition-metal N A ®
carbonyls involves a-type dative interaction between the lone- o 7
pair electrons of CO and the vacant orbitals of the metal atom and E 008+ ©
mt-type back-donation from the filled,crbitals of the metal atom g 006 )
to the vacantt* orbitals of CO molecule$? In contrast with the ©
extensive experimental and theoretical studies of the interactions 0049
of CO molecules with the transition-metal and main-group-element 0024 ®
atoms? however, almost nothing is known about a simple zinc 000 — @
carbonyl molecule. Here we report a study of the reactions of laser- 2000 1690 1980 1970 1960
ablated zinc atoms with CO molecules in excess argon. IR Wavenumber (o)

spectroscopy coupled with theoretical calculations provides obvious Figure 1. IR spectra in the 20001960 cn* region for laser-ablated Zn

. . . . atoms co-deposited with 0.5% CO in argon at 7 K: (a) 60 min of sample
evidence for the formation of an unprecedented zinc tricarbonyl, deposition, (b) after annealing to 30 K, (c) after annealing to 34 K, (d)

Zn(CO};, the next member of the series of 18-electron metal car- after 20 min of broad-band irradiation, (e) after annealing to 36 K, and (f)
bonyls Cr(COj — Fe(CO} — Ni(CO),, but no evidence for the  doping with 0.05% CG} after annealing to 34 K.

formation of the zinc mono- and dicarbonyls Zn(G@) = 1, 2).

The matrix-isolated Zn(CQ@)molecules were produced by co-
deposition of laser-ablated Zn atoms with CO in excess argon at 7
K and investigated using FTIR spectroscdecent studies have
shown that, with the aid of an isotopic substitution technique, matrix S, 1975.8 1931.1 1931.0 1.0231 1.0232
isolation infrared spectroscopy combined with quantum chemical cale 1974.7 1928.5 1930.2 1.0240 1.0231
calculation is very powerful in investigating the spectrum, structure,  atyo matrix trapping sites were observed, and only the major site
and bonding of novel specié&f The IR spectra in the 2060 absorption is listed heré.Only the IR-active antisymmetric CO stretching
1960 cn1! region are shown in Figure 1. The 1986.1 and 1975.8 mode (&) is listed. Details are reported in the Supporting Information.
cm™! bands were produced on sample annealing (Figure 1a,b),

Table 1. Observed and Calculated Vibrational Frequencies (cm™1)
and Isotopic Frequency Ratios for the Zn(CO); Molecule

IZCISO 13C160 12C180 12C/13C 160/180

almost unchanged after broad-band irradiation, and slightly de- 1.156
creased upon further anr_1ea|ing. On the basis o_f the growth/_d_ecay '9‘&463 1188 Qe
characteristics as a function of changes of experimental conditions, ., 8240 _1.137 1759 _,+" 1322 %, Q

. . : 0---- 1136 C
the absorptions in the 2086960 cnt! region can be grouped O’ﬁ O\O OZ“

together to one species in different matrix trapping sites. The 1975.8 7,00 15+ ¢, Z0(COY, Ay, Con 770 7.9 Z0(CO)s, 1AL, Doy

—1 H H H B . —
cm™* absorption, with larger intensity relative to the 1986.1°¢m Figure 2. Optimized structures (bond lengths in angstrom, bond angles in

band, is used for discussions. Doping with €@b an electron degree), electronic ground states, and point groups of the ZR(@C}
scavenger has no effect on these bands, indicating that the producti—3) molecules. For Zn(CQ)the letter 1* denotes the imaginary frequency

is neutral (Figure 1). (in cm™).

The main 1975.8 cnt absorption shifted to 1931.1 crhwith with analytical second derivatives. The natural bond orbital (NBO)
13C1%0 and to 1931.0 crt with *2C80, respectively (Table ),  approach was employed to elucidate the electron configuration and
exhibiting isotopic frequency ratio#C'¢0/*C1%0, 1.02312C*¢0/ the bonding characteristiés The calculated €O stretching
12C180, 1.0232) characteristic of-€0 stretching vibrations. Inthe  vibrational frequencies and isotopic frequency ratios of Zn¢CO)
12C150 + 13C1%0 and 12C1%0 + '2C'®O experiments, the mixed  are presented in Table 1. The optimized structures, along with the
isotopic spectra are quartets with approximately 2:1:1:2 relative ground states and point groups, are illustrated in Figure 2.
intensities, which demonstrates the doubly degenerate vibrationalMeanwhile, the calculations for the Zn(GOn = 1, 2) species
mode for a trigonal speciésThe 1975.8 cm! band is therefore  have also been considered at the same theory level, and salient
assigned to the antisymmetric-© stretching vibrations (g of results are showed in Figure 2.
the Zn(CO) molecule withDg, symmetry. Our DFT calculations predict that the Zn(GOnolecule has a

To support the experimental assignment and to provide insight singlet ground state witlDs, symmetry, whereas a triplet state
into the structure and bonding in Zn(CPwe have performed exhibits no geometry convergence. The geometry optimization
guantum chemical calculations at the BP86/6-8315(3df,3pd) procedures starting witl3;, C,,, andCz, symmetry all result in a
level of theory with the Gaussian 03 program systéAGeometries structure closer t®3, symmetry. The correctness of this predicted
were fully optimized, and vibrational frequencies were calculated ground state and structure for Zn(G@ evident in the calculated

8906 = J. AM. CHEM. SOC. 2005, 127, 8906—8907 10.1021/ja052329w CCC: $30.25 © 2005 American Chemical Society
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00 orbital (FMO) theory:® This promotion increases the Z&O

—4 5 4 bonding by decreasing therepulsion and significantly increasing
the Zn 4sp hybrid orbitals> CO * back-donation. NBO analysis
shows that the quenching from Z#® atom to!S in Zn(CO}

*

K
0.1

g o ‘3‘3 55 corresponds to the stabilization by the overlappeg@mDitals (see
= - —ds the MO pictures), and the Spybrid orbitals of Zn atom are favored
< aq to bond three CO molecules. It is also found that the absorption of
-0.34 3

Zn(CO) does not disappear until the argon matrix evaporates upon

heating, demonstrating its thermal stability.

T 5o cu Ag z 3d, In summary, the reaction of laser-ablated zinc atoms with CO
has produced the Zn(C®jmolecule, which has the favored 18-

Figure 3. Energy levels of the valence ¢ 1)d, ns, and np orbitals of the . . .
Cu, Ag, and Zn atoms and those of the lone-pair electrons of CO and its €l€ctron configuration as the next member of the series CECO)

vacantz* orbitals. Fe(COj}, and Ni(CO).
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In the mixed isotopic spectra, the calculated symmetricCC ] ) ] ] ]
stretching mode (i.e., ZHC0)(3CL60),, 2047.6 cm?, 82 km/ Supporting Informapon Avallable: Isotopic IR data, NBO a_na|y5|s _
mol) has an intensity much lower than the antisymmetric one (Zn- results_, molecular orbital plctyres, and the complete ref 9. This material
(12C160),, 1974.7 cmt, 1707 km/mol)l in agreement with the is available free of charge via the Internet at http:/pubs.acs.org.
absence of this absorption in the mixed isotopic spectra. These
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