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Carbonyl complexes of Cu(l) are important chemical species been reported for X = CRC0,~,12 C,HsSG;~,14 CRSO;—, 14
from several points of view. They are probably involved as t-BuO~,'®> and Ask~.16 In addition, many Cu(l) carbonyl
intermediates in the large-scale industrial transformation of CO complexes with amine ligands are knowWnWith one excep-

to CHsOH using Cu-promoted ZnO cataly2tsThey may be

tion, the CO/Cu stoichiometric ratio in all known Cu(l) carbonyl

involved as intermediates in the heterogeneous Cu-catalyzedcompounds is<1.0. The exception is a report that solutions

low-temperature water gas shift reacfiamd the homogeneous
Cu(l)-catalyzed production of carboxylic acids from alkefies.

of CwO in neat HSG@F, BR-H,O, and other strong acids
absorbed up to 4 equiv of CO/equiv of Cu, the exact stoichi-

They are formed when CO is absorbed by supported or solubleometry being dependent on temperature and pre$%udm the
Cu(l) salts, processes that are used to remove CO from a varietybasis of this report, I and Rama¥ spectra of these solutions
of industrial gas strean®s.In addition, biochemists have long  were interpreted in terms of the following set of equilibria:

used CO as a probe ligand for the elucidation of structural and
dynamic properties of reduced Cu-containing proteins and Cu (solv)—‘[Cu(CO)r(soIv)

enzyme$, including hemocyanihand cytochrome oxidase?
Historically, the first evidence for Cu(l) carbonyls was the
observation by Leblafcand Bertheldf that acidic solutions

CO
—2CO

[Cu(CO)* (soIv)_-=‘Co [Cu(CO),] " (solv)

of Cu(l) salts absorbed up to 1 equiv of CO (based on Cu). The None of these carbonyl complexes could be isolated as solids.
solid compound Cu(CO)CI was first prepared by Wagner, who For reasons that are not clear, other possible interpretations of

treated solid CuCl with 100 atm of CB. Crystalline Cu(CO)-

Cl was subsequently isolated from solutions or suspensions of[Cu(CO)]*,

CuCl under 1 atm of C& Other simple Cu(CO)X salts have
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the data, especially the existence of the dicarbonyl complex
were not considered.

Prompted by this exceptiéhl®and by the growing interest
in nonclassical (predominantlg-bonded) carbonyls of the
coinage metal3} we are reinvestigating literature reports of Cu-
() carbonyls of the type Cu(CO)X. In this paper, we report
that solid CuAsk absorbs up to 3 equiv of Ch the solid
stateat < 1 atm of CO. Vibrational spectra of neat samples
recorded under precise pressures of CO indicate the existence
of [Cu(CO)][AsFg], [Cu(CO)][AsFg], and [Cu(CO)][AsFg], all
of which are very different in appearance. This suggests that
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polycarbonyls of Cu(l) should be considered potential interme- glassy solid [Cu(CQ][AsFg] (10 Torr of CO) strongly suggest
diates for heterogeneous Cu-containing catalysts in the presence linearD., symmetry for the [Cu(CQ)" ion. Note that the
of CO. Italso suggests that solid-phase gas purification systemsanalogous # ions [Ag(CO)]*,2°¢ [Au(CO),]*,2%" and [Hg-
with capacities far exceeding current systems based on CuCI(CO)]?* 2*also haveD., Ssymmetry. The IR and Raman spectra
are possible. for the bright white solid [Cu(CQJ[AsFe] (200 Torr of CO;

We prepared CuAsfaccording to a literature proced#e?? see illustrated synopsis on Table of Contents) are consistent
The off-white solid is extremely moisture-sensitive. When it with a trigonal planaDs, symmetry for the [Cu(CQ)™* ion:
was exposed to CO at 2&, some of the gas was absorbed by the band at 2183 cntin the IR and at 2179 crt in the Raman,
the solid. For a typical experiment, the stoichiometries, based which are the same within experimental error, are assigned to
on moles absorbed CO per mole of Cu, were as follows: the E mode, and the band at 2206 chis assigned to the A
CO/Cu= 0.47 at 3 Torr; CO/Cu= 1.6 at 10 Torr; CO/Cu= mode. The Emode forDs, [Ag(CO)s]* was found at 2192
2.6 at 239 Torr. At pressures from 239 to 541 Torr, the CO/ cm1.25

Cu mole ratio remained constant-a.6. The highest CO/Cu A few compounds with a CO ligand bridging two Cu(l) ions
mole ratio observed at 541 Torr for any sample was 2.9. X-ray haye been reported. Typica(CO) values for the bridging CO
powder diffraction data for samples of CuAskatched the  jigands are 19091960 cnt1.26 On the basis of the very high
literature reporg! indicating that no significant amount of »(CO) values observed for [Cu(CQPASFg], we do not believe

another crystalline phase was present. Nevertheless, smalinat any of the species formed in our experiments contain
amounts of impurities may be present in even the most carefully bridging carbonyl ligands.

handled samples of CuAsFDesjardins and Passmétaoted
that CuAsk contained several percent of a paramagnetic
impurity, possible Cu(ll), but it was still white in appearance.
If we assume that the samples of CuAslentained~90% of

the stoichiometric amount of anhydrous Cu(l) ions, then the . . g .
corrected CO/Cu(l) ratios at 3, 10, and 239 Torr were 0.52, g;?lf ,2rg(slp)eclt|3v(ezl)y 'afr(l:szg( 2) Ck(?mbr?%?f;nfrg'%ﬁf); :;ed
1.8, and 2.9, respectively. These values are consistent with the ' ' ’ e

vibrational spectra discussed below. Furthermore, even thougha;it;lefgécr:;\iﬁgo(r?ti;? ll#gji:;?i;nAng 3;? dll?aﬁi(czlrllznlt:(aegreement
precise values of CO/Cu(l) are not known at this time for a P P g

particular pressure, it is clear that a significant amount of the Our results are in harmony with these measurements in that

: : CuAsk; forms a tricarbonyl complex at less than 1 atm of CO
tlrlg?r:?onyl [Cu(COXI[ASFe] is formed at pressures well below while AgSbFs does not form even a monocarbonyl complex of

Ag(l) at 1 atm of CC¥c While this may at first seem
The appearance of samples of [Cu(G{HsFe changed oo )
dramatically during the gas titrations: at O Torr CO, the solid counterintuitive because the first gas-phase Ag@P bond

o . energy is slightly larger than the third gas-phase CuQ{p bond
sample was off-white; at 3 Torr, both off-white and very dark W i
brown solids were present; at pressures slightly greater than 3energy, [CU(COZX[A.SFd has already been “promoted” in that
Torr, less off-white solid and more dark brown solid were CU()*F contacts in [Cu(CQ)[AsF¢] are undoubtedly fewer

present; at 10 Torr, the sample was almost entirely a colorless,” number and weaker in energy than in CubsFin AgSbFe.
low-melting, glassy solid with a small amount of dark solid ~ Our results suggest that other copper(l) salts of weakly
present; at pressures greater than 100 Torr, the sample wagoordinating anions may have higher affinities for more than
entirely a bright white solid which did not change in appearance ©ne CO ligand than previously believed. Our results also
up to 541 Torr, the highest pressure used. The binding of CO Suggest that the uptake of CO by acidic solutions of C#(l)
to CuAsk is reversible. At the end of the titrations, when CO and the vibrational spectra of these soluti§it8 should be
was removed under vacuum, the bright white solid quickly reinterpreted to include the likely presence of [Cu(gO)ons.

(minutes) became a colorless glassy solid. After several hours .
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Armentrout and co-workers have just reported metal-carbonyl
bond energies of the gas phase complex ions [Cu{C@nd
[Ag(CO),] T (n = 1—4):20a(CO)Cu™—CO bond energies at 0
K are 36(2), 41(1), 18(1), and 13(1) kcal mbfor x =0, 1, 2,

IR and Raman spectra (Supporting Information) are entirely
consistent with these conclusions. The IR value@O) for su ; : . - ;
- . pporting Information Available: Figure 1, showing IR and
[CU_(EO)][ASFB] (3 Torr of CO) is 2178 cm* (lit. 1 215;01 S Raman spectra of neat samples of Cu@pfiis varying pressures of
cm?). For comparisony(CO) values for Cu(CO)C# [Cu- CO (1 page). Ordering information is given on any current masthead
(CO)J[CRCO,], 13 [Cu(CO)][C:HsS O], [Cu(CO)][CRSOy], page.
and [Cu(CO)Jf-BuO]*® are 2127, 2155, 2117, 2128, and 2062

cm™1, respectively. Due to an extremely large fluorescence IC951388F

background, we were not able to obtain a Raman spectrum of
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