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We report the first NMR observation of a zinc carbonyl, 
which was formed at 148 K inside the pore system of a zinc-
exchanged Y type zeolite. The isotropic 13C shift, 165 ppm, 
was measured with magic angle spinning (MAS), and this was 
also observed for CO on ZnO at 98 K. 

The preparation and characterization of organometallic com­
plexes on zeolite and metal oxide supports is of great interest.1-3 

Examples of processes in which surface and zeolite-supported 
organometallic complexes have roles in catalysis include 
hydrogenolysis,4 reforming,5 and olefin polymerization.6 Previ­
ous MAS NMR studies of carbon monoxide in zeolites have 
included studies of weak interactions with Br0nsted sites and 
alkali metal cations by Pfeifer7,8 and studies of more stable metal 
carbonyls formed on Rh and Ru by Takahashi9 and Apple.10'1' 

Stable organometallic compounds containing zinc are typi­
cally of the dialkylzinc, alkylzinc halide, and alkyl(alkoxy)-
zinc classes.12 There are no reports of the isolation of a zinc 
carbonyl, and the only suggestions of such species have come 
from infrared1314 or photoelectron15 studies of CO weakly bound 
to ZnO. Since metal cations in zeolites are coordinated by 
several framework oxygen sites, we view the species in the 
zeolite to be structurally analogous to the alkyl(alkoxy) com­
pounds16 with CO bound through the carbon end. 

Figure 1 shows 13C MAS NMR spectra from representative 
studies of 13CO on zeolite ZnY and polycrystalline ZnO.17 A 
single isotropic peak was observed at 165 ppm on ZnO at 98 
K, and this value, ca. 17 ppm upfield of the gas phase shift, 
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Figure 1. 75.3 MHz 13C MAS NMR spectra of carbon monoxide-l3C 
on zeolite ZnY and polycrystalline ZnO. At 98 K on ZnO, the adsorbate 
formed a zinc carbonyl with an isotropic chemical shift of 165 ppm. 
In a similar study on zeolite ZnY, carbon monoxide also formed a zinc 
carbonyl at 148 K, which at higher temperatures reverted to a weakly 
adsorbed CO species in fast exchange with free CO. CO2 formed at 
498 K. Asterisks denote spinning sidebands. 

suggests chemisorption. Even at this relatively low temperature, 
the CO was weakly bound to sites on ZnO as implied by 
dynamical averaging of the chemical shift anisotropy. An 
identical isotropic shift was seen for CO on metal sites in ZnY 
zeolite, but a complex, static on the millisecond time scale, was 
implied by the extensive sideband pattern at 148 K. Analysis 
of sideband intensities by the method of Herzfeld and Berger18 

gave principal components of the 13C chemical shift tensor of 
d\\ = 302 ppm, 622 = 265 ppm, and 3̂3 = -72 ppm; these 
values are in the range of those reported for terminal carbonyls 
in well-characterized transition metal complexes.19 Following 
Apple's work on other zeolites,11 we carried out a CPMG 
experiment at 148 K, but we saw no dipolar oscillation. This 
shows that the low-temperature species on ZnY is a monocar-
bonyl. Raising the temperature of the CO on ZnY samples 
resulted in reversible reorientational and chemical exchange 
dynamics for the CO ligands20 and, at higher temperatures, an 
irreversible water—gas shift reaction to make some CO2 (126 
ppm at 498 K).21 We also used manometry to demonstrate that 
the adsorption of CO is completely reversible at 398 K. 
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J. S. J. Chem. Phys. 1980, 73, 2559-2569). At temperatures above 
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dynamical process. A reviewer also raised the possibility of a bridged 
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Figure 2. 90.4 MHz 13C MAS NMR spectra of carbon monoxide-13C 
on zeolites NaY, HY, and RhNaY. 13CO loadings were approximately 
0.1 equiv per framework aluminum. Small upfield shifts of the CO 
resonances and facile reorientation were indicative of weak interaction 
of CO with zeolites NaY and HY. RhNaY formed a rigid metal carbonyl 
upon adsorption at 298 K, which persisted at higher temperatures. 
Asterisks denote spinning sidebands. 

The nature of the zeolite zinc carbonyl species can best be 
appreciated in the context of control experiments replicating 
observations reported on other materials (Figure 2).7,8,22 CO 
yielded only an isotropic peak at a chemical shift several parts 
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per million upfield of the gas phase value on either NaY or 
HY, even at temperatures of 148 K (shown) or as low as 123 
K. The modest change in isotropic shift and rapid dynamics 
indicate little, if any, bonding. RhNaY,23 in contrast, forms a 
tightly bound carbonyl, and this was reflected in the absence 
of ligand reorientation even at 398 K. The species formed at 
low temperature in ZnY is thus clearly a metal carbonyl like 
that on the Rh zeolite, except that the CO is far more weakly 
bound to the Zn. 

Previous IR studies1314 have reported a peak at 2187 cm-1 

upon adsorption of CO on ZnO and assigned this to a Zn-CO 
species; we repeated this observation for our material.24 The 
diffuse reflectance infrared spectrum of CO on ZnY was more 
complex, but also showed intensity in that region. The identical 
isotropic 13C NMR shift observed for CO on ZnY and ZnO 
suggests that these are similar surface carbonyls, but they differ 
in the ease of ligand dissociation. This may reflect zinc's poorer 
coordination by lattice oxygens in the zeolite compared to ZnO. 

This study suggests the possibility of identifying other weakly 
bound organometallic surface complexes through NMR inves­
tigations at suitably low temperatures. 
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(22) Neutron activation analysis and 29Si MAS NMR showed cation 
exchange efficiency and zeolite framework composition as follows: NaY 
(91% Na, SfAl = 2.6), dealuminated HY (99% H, Si/Al = 5.5), and RhNaY 
(Si/Al = 2.6, wt % Rh = 2.2, or 5% of framework sites). 

(23) RhNaY was prepared from NaY (Strem Chemicals). The exchange 
was performed with 0.014 M RhCh solution and followed a procedure 
discussed by Murray et al.: Murray, D. K.; Chang, J.-W.; Haw, J. F. J. 
Am. Chem. Soc. 1993, 115, 4732-4741. 

(24) Diffuse reflectance infrared spectroscopy was performed on a Nicolet 
510P spectrometer equipped with a Spectra-Tech diffuse reflectance cell 
utilizing ZnSe windows. Typically, 0.01 g of catalyst was heated over several 
hours to a maximum temperature of 673 K for Y type zeolites and 773 K 
for ZnO under a stream of dry nitrogen gas. 


