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Synthesis and Structure of an Extended Cluster Lead(ll) Carboxylate,
[Pb{(CO)yCo3(u3-CCO2)}2]n. Role of Core Metals in Cluster-Derived Hydrogenation
Catalysts
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The reaction of lead acetate with (GOps(uz-CCOOH) leads to the formation of [PECO)Cos(us-CCO)} 2]n,

I, in high yield. The structure dfexhibits unusual six-coordinate Pb(ll) centers with two asymmetrical chelating
cluster carboxylates (@CosPbQy; triclinic P1; a = 8.119(1),b = 14.346(2).c = 14.660(2) A;a. = 102.18(1),

B =99.01(1),y = 97.30(1); Z = 2). One oxygen of each cluster carboxylate ligand bridges between adjacent
lead atoms such that a chainlike extended structure is found in the solid state without the presence of solvent or
water. | is converted stepwise on pyrolysis into two metastable forms of solid materials (designated LT and HT),
each of which has been characterized spectroscopically. The hydrogenation of 2-butenal as a test reaction shows
that the LT catalyst exhibits selectivities similar to previous LT materials derived from other cobalt cluster metal
carboxylates and that the HT material is totally inactive. The observed release of the lead core metal under HT
activation conditions totally inactivates the catalyst and demonstrates exposure of the core metal in the HT form
of these novel catalysts.

Introduction Chart 1
While the use of organometallic complexes as catalyst cuser, o _o_ O s
. . juster
precursors is well-knowh,the use of chemically assembled /C 0,&\
1 1 1 0, | (0]
mglUcIusters as precursors to solids with metastable porous Clum?&)ﬁ Chuster- £SO Cruster
microstructures constitutes a new approach to the preparation 4 4

of heterogeneous catalysts. In our work to date, we have used et
ey . . uster
atransition metal cluster as a substituent on a ligand as a general |, . co),cocco i
- 4 5C03CCO2)6 M2{(C0)4Co3CCOL}4
strategy for the synthesis of large cluster arrays. Thus, the =MCo-4 oo / N\ <o —MCo-2

Clus[er’

cluster carboxylic acid, (CQ@Fos(u3-CCOOH), gives rise to Z//c\ 7 =Cluster
large cluster carboxylate analogs of metal acetates having the " coCcon

cluster geometries schematically shown in Chaft31The ° 4

thermolysis of these cluster arrays gives rise to high surface

area, largely metallic solids that are amorphous to X-ray and Cluster
electron diffraction in the temperature range of intefeSthe cxus(er-c;%év\b»-»..ofé
spectroscopic data have established two metastable forms of - ¥>;,’—E>\,C_C,usler
these solids. One is formed at lower temperatures (130 Cluste! s

°C; loss of CO, which is designated LT), and one, at higher (Pb{(CONCo:CCOL) n
temperatures (260250 °C; loss of CO and/or C& which is ~PbCon.

designated HT). These materials are active, stable heteroge-

neous hydrogenation catalysts for 1,3-butadiene with activities problem of the selective hydrogenation of ajB-unsaturated
and selectivities that depend on the geometry of the cluster arrayaldehyde to the unsaturated alcohdBy variation of the catalyst

as well as the identity of the core metalln fact, the use of precursor, good yields of the desired kinetic product can be
large molecules as precursors to heterogeneous catalysts permitsbtained under mild conditions.

the systematic variation of the structural and compositional Comparison of both the spectroscopic and catalytic measure-
characteristics of the resulting catalysts. This is clearly ments of materials prepared from £ (CO)}Cos(u3-CCO)} 6
demonstrated in the application of our method to the difficult vs Cof{(CO)Cos(us-CCQy)} 4 [CoCo-4 vs CoCo-2], C{ (CO)-
Coz(uz-CCQOy}6 Vs ZnO{ (COXCos(us-CCQy)}6 [CoCo-4 vs
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derived from the cluster arrays. However, it is not clear which




3218 Inorganic Chemistry, Vol. 35, No. 11, 1996 Lei et al.
Table 1. Crystallographic Data for [R§CO)Cos(us-CCO;)} 2]n Table 2. Selected Distances (A) and Angles (deg) for
formula GoCosPbOy; space group P1 (No. 2) [PB{ (COXCOs(u=-CCO)} ]
fw 1177.02 4 2 Distances
a A 8.119(1) u(Mo Ka), et 82.698 Pb—PH 4.0333(2) Co022C023 2.465(1)
b, A 14.346(2) 1A 0.071 073 Pb—Pb’ 4.1141(2) Pb-O11 2.550(3)
c, A 14.660(4) transm coeff 0.71.0 Coll-Col2 2.4723(8) PbO11 2.717(3)
a, deg 102.18(1) Pealo § CNT3 2.404 Col1-Co13 2.462(1) PbO12 2.378(3)
B, deg 99.01(1) T,K 296 Co12-Co13 2.4628(9) PbO21 2.522(3)
v, deg 97.30(1) R 0.020 C021-Co022 2.4744(9) PbO21" 2.837(3)
Vv, A3 1625.6(4) R.° 0.032 Co021-Co23 2.4584(8) Pb0O22 2.366(4)
AR = 3 (IFol — IFcl)/3IFol. ® Ry = (XW(IFo| — IFc))¥FWFoA)Y2 Angles
PE—Pb-Pb’ 170.43(1) O11-Pb-012 131.4(1)
aspects of the precursor structure are most important in goﬁ—goﬁ:goig gg-gggg 81’1%53:821 112202-3368))
i i i ; ifi 011-Co 0 . ! ! .
delterrpltnhlng activity tar|1d saeCttleIt)t/'. In ga.rttlctljlar, thte sptelc);mc Coll-Col3-Col2 8027(3) OTLPb-022 88.1(1)
role of the core metals on catalytic activity has not yet been 55 051 Co23  59.96(3) 012Pb-021 88.6(1)
revealed. We thought that the incorporation of a potent catalyst co21—co22-co23 59.70(2) 012Pb-021" 99.6(1)
poison as a core metal, e.g., lead, would lead to an inactive Co21-C023-Co022 60.34(2) 012Pb-022 83.5(1)
catalyst, if the core metal were released during either of our 011-Pb-0O11 80.10(9) 0O2t-Pb-0O21" 79.9(1)
two standard activation procedures. Thus, the objective of the gﬂ:gg:g%i lggé(é)) 82211’_'3;’;_0552 1233((1))
following experiments was to elucidate t_he role _of the core  511_pp-021’ 129.'3(1) Pb-O11—PH 99.'9(1)
metals rather than seek any improvement in catalytic properties. 511—pp—022 89.5(1) PbO21-Pb' 100.1(1)

Although the catalytic problem drives the synthesis, the

structure and properties of the precursor itself are of interest. ;emperature to 390 K and then to 490 K. BET surface areas were
The effects of a cluster substituent on simple coordination measured with a Quantachrome unit at 77 K with nitrogen as the
chemistry can be considerably different from those of a simple adsorbate and helium as the carrier gas. Chemical analysis (Galbraith
organic substituer® The ability of a cluster to act as either Laboratories, Inc.) of the 490 K material gave 47.88% Co, 30.13%
an electron acceptor or donor and the magnitude of its steric Pb, and 2.29% C. The X-ray photoelectron spectroscopic (XPS)
bulk!0-14 differ sufficiently from common organic substituents measurements were carried out in a Kratos XSAM-800 spectrometer

s0 as to produce differences in coordination mode and geometry.USiNg @ magnesium anode. Samples were prepaseditu and
Thus, the comparison of the metal coordination environment
and the structural parameters of a cluster lead carboxylate with
those of related organic lead carboxylates provided additional
impetus to the study.

Experimental Section

Precursor Synthesis. Reactions were performed under nitrogen with
standard Schlenk techniques. PbgCia,),-3H,0 (0.15 g, 0.4 mmol)
and (CO)Co;CCOOH (0.39 g, 0.8 mmol) in C¥l, were stirred at
room temperature for 30 h. Dark-red needles of{[RIOD)Cos(us-
CCQOy)}2n, |, precipitated, and 0.25 g (53% yield) was isolated from
the reaction mixture. Anal. Calcd for,,,PbCq: C, 22.45; O,
29.90; Pb, 17.60; Co, 30.04. Found: C, 22.58; Pb, 16.60; Co, 28.60.
IR (KBr, cm™1): 2108 w, 2047 vs, 2032 sh, 2014 sh, 1465 m, 1365 m,
1332 w, 780 w, 772 m, 701 m, 533 m, 508 m.

Precursor Structure. Crystal data fol are summarized in Table
1. Crystals suitable for X-ray diffraction were grown by layering
hexane on top of a saturated @, solution ofl. A platelike black
crystal with dimensions 0.4@ 0.15 x 0.09 mm was mounted on top
of a glass fiber, and data were collected with an Enraf-Nonius CAD4
diffractometer equipped with graphite crystal monochromated Mo K
radiation ¢ = 0.071073 A). The structure was solved by the
MULTAN direct method and followed by successive difference Fourier
syntheses. Full-matrix least-squares refinements were employed. Full-
matrix least-squares refinements with anisotropic thermal parameters
for all atoms (460 variables refined) for 4150 reflections converged at
R (Ry) = 0.020 (0.032).

Catalyst Preparation. The TGA measurements were carried out
under H (100 mL/min, NPT) in a Cahn electrobalance. As shown in
Figure 3, the sample was heated in a stepwise fashion from room

(8) Fehlner, T. P.; Calvo-Perez, V.; Cen, W Electron Spectrosd.993
66, 29.

(9) Cen, W.; Haller, K. J.; Fehlner, T. Prganometallicsl992 11, 3499.

(10) Seyferth, DAdv. Organomet. Chenil976 14, 97.

(11) Penfold, B. R.; Robinson, B. Hicc. Chem. Red.973 6, 73.

(12) Peake, B. M.; Robinson, B. H.; Simpson, J.; Watson, Ondrg.
Chem.1977, 16, 405.

(13) Lindsay, P. N.; Peake, B. M.; Robinson, B. H.; Simpso®rgano-
metallics1984 3, 413.

(14) Worth, G. H.; Robinson, B. H.; Simpson, J. Organomet. Chem.
199Q 387, 337.

examined as powders mounted on tape. The binding energies are
referencedd a C 1s BE o285.0 eV. The diffuse reflectance infrared
spectroscopy (DRIFTS) was carried out in a reaction cell (Harrick Co.)
in a FTIR spectrometer (Mattson, Galaxy-2000). Samples were
prepared in a KBr matrix and examined in the manner described
previously?> The XRD measurements were carried out on a Philips
3520 powder diffraction system.

The catalytic activity was measured in a micro-flow reactor which
also has been described previouslf¥he catalyst was preparéusitu
from the precursor at the chosen activation temperature and conditions,
and then its activity was measured using the appropriate temperatures,
flow condition, and flow compositions. Product analysis was carried
out with a Varian 3700 gas chromatograph with a FID detector and a
10% carbowax, 20M chromosorb 80/100 mesh packed column (Al-
Itech).

Results and Discussion

Synthetic and Structural Chemistry. The reaction of lead-

(I1) acetate trihydrate with [(CQ¥Tos(us-CCOOH)] gives a good
yield of a dark red crystalline product with a composition Pb-
{(COXCo3(u3-CCOy)} 2. No H,O was found in the product, and
the difference in frequency between the symmetric and anti-
symmetric carboxylate bands (100 chnis more consistent with
chelating than with bridging ligands.

The geometric structure of in the solid state can be
understood by reference to Figures 1 and 2 and Chart 1, and
the selected structural parameters given in Table 2. The primary
bonding network is displayed in Figure 1, where it is seen that
two cluster carboxylates are chelating a single Pb(ll) center.
Secondary PbO interactions occur between an oxygen atom
of each chelating carboxylate and its adjacent Pb(ll) thereby
creating a chainlike structure and six-coordinate Pb(ll) centers
(Figure 2). The six PbO distances form three sets. For the
chelating carboxylatélppo = 2.372(6) A for the two oxygens
not involved in bridging to the neighboring RICO)Cos(us-
CCQOy)}» units anddppo = 2.536(14) A for the two that are

(15) Mehrotra, R. C.; Bohra, RMetal CarboxylatesAcademic Press: New
York, 1983; p 396.
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Figure 1. ORTEP diagram showing three REO)Cos(us-CCO,)} 2
units in the chainlike structure of The carbonyl ligands of the tricobalt
clusters are omitted for clarity.

Figure 2. View of the solid-state structure df along the Pb-Pb

direction (Pb atoms shaded) showing the columnar cluster array thereby

generated.

bridging. For the inter R{CO)Cos(us-CCOy)} 2 unit interac-
tionsdppo= 2.777(60) A. The angle between the twe-Bb—0

Inorganic Chemistry, Vol. 35, No. 11, 1998219

adjacent rather than opposed. The tricobalt clusters of the two
PH (CO)Cos(us-CCOy)} 2 units on either side are disposed 180
with respect to the first leading to the square columnar structure
illustrated in Figure 2.

Compound is soluble in THF, and the solution IR shows
small differences in the carbonyl region and large differences
in the carboxylate region. These observations suggest that the
chainlike structure no longer exists in THF. On the other hand,
| is slightly soluble in CHCI, and in this case both the carbonyl
(medium) and the carboxylate (weak) regions exhibit the same
features as observed in the solid state. Thus, in@}the IR
measurements suggest that intact fragments of the chainlike
structure exist in solution.

Comparison of the structure observed fowith those for
organic carboxylates reveals significant differences in the
substituent properties of the tricobalt cluster compared to an
organic substituent. In known Pb(Il) carboxyldfethe coor-
dination number around the Pb(ll) center is usually 8 and a
variety of stereochemical arrangements of the atoms in the first
coordination sphere is fourdd!® However, coordination num-
bers of 789,19 and 10?° are also known. Further, the observed
solid-state structure is known to depend strongly on the size of
the carboxylate substituent. As the substituent becomes pro-
gressively bulkier, the structure changes from a polymeric one,
to a sheetlike structure, and then to a chain structre.
Molecular structures are only observed when a polydentate
ancillary ligand is employeé® Water (or solvent) plays a
special role in some cases either in terms of coordination number
or structure. In this case, hydrogen bonding becomes important.
Note that the facile formation of lead subacetate also involves
the presence of waté?.

The structure of is most closely related to that of PBsFs-
COQ} »-2CH;OH.18 There are two important differences. First,
the two organic carboxylato ligands are symmetrically chelating
(dpb= 2.606, 2.591 A) with PO distances similar to the
longer of the two inl. The other set of PbO distances it is
~0.2 A shorter, suggesting stronger-Rd interactions. Second,
in P CsFsCOQ0}2-2CH;OH, two methanol molecules are
coordinated to the Pb(ll) centedipo = 2.709 A) thereby
generating an eight-coordinate Pb(ll) center whereas the Pb(ll)
center ofl is six coordinate and surrounded only by carboxylate
oxygen atoms. Although prepared from the hydrated lead
acetate, no water is found In Apparently the stronger PO
coordination, the bulk of the cluster substituent, and the reaction
conditions effectively exclude solvent or water from the first
coordination sphere of Pb(ll). Thus, the electronic effect of
the cluster substituent results in stronger coordination and, when
combined its steric effect, other ligands are excluded and
additional bridging interactions are prevented.

Catalyst Chemistry. The thermogravimetric analysis (TGA)
of | is shown in Figure 3, and the two-stage weight loss observed
is qualitatively characteristic of the behavior of all previous
cluster carboxylates studied by us. The temperatures at which
the weight losses are observed, Figure 3, are also similar to
those observed previously. Consequently, in the same manner
as before, the two plateaus can be used to define two metastable
forms of the product which are designated LT-Ph€Canrd HT-

(16) Abel, E. W. In Comprehense Inorganic Chemistry Pergamon
Press: Oxford, U.K., 1973; Vol. 2, p 105.

(17) Williams, D. J.; Maginn, S. J.; Davey, R. Bolyhedron1994 13,
1683.

(18) Harrison, P. G.; Steel, A. T. Organomet. Cheni982 239, 105.

(19) Bryant, R. G.; Chacko, V. P.; Etter, M. Ghorg. Chem.1984 23,
3580.

planes of the two chelating cluster carboxylates of a given Pb- 20y shin, v.-G.; Hampden-Smith, M. J.; Kodas, T. T.; Duesler, E. N.

(1) center is 96.67(8) such that the two tricobalt clusters are

Polyhedron1993 12, 1453.
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Figure 3. TGA analysis ofl in H,. Open circles correspond to sample Ho
weight, and the dashed line corresponds to temperature.
PbCon, respectively. The weight loss #400 K is associated 298K
with CO loss, but only 9 of the 18 terminal CO ligands are lost 348 K
in the first decomposition process. The second weight loss is 373 K
larger, albeit not as sharp timewise. The observed weight loss %.
is 50.5%, and that calculated for the loss of all CO ligands plus 393 K _/-\‘_/_\‘\h__
two CO, molecules is 50.3. This implies a solid composition 423 K |
of CosPbG (calcd: Co, 60.46%, Pb, 35.43%, C, 4.11%). The 473 K_f,/'\_z—\.,“_
observed analytical results (Co, 47.88%, Pb, 30.13%, C, 2.29%) 523 K .
suggest some oxidation (calcd for £0GOs: Co, 51.94%, 18 K — Ty
Pb, 30.43%, C, 3.53%), which is not surprising on the basis of ——
our previous experience with the bulk analyses of these air- + ; ; | ;

sensitive material$. The oxide formation probably occurs in 2200 2000 1800 1600 1400 1200 1000
sample handling due to air oxidation. We conclude that the
overall activation of the lead precursor is very similar to that
of the other cluster arrays studied previously.

The changes il during pyrolysis were observed in the

DRIFTS experiment, and the results are shown in Figure 4 or y,| 1555 of both carbonyl and carboxylate moieties af the

tEermonS|s in _He and H Thehse expenmeints are S'T'Lar tol_ highest temperatures which is consistent with the TGA and bulk
the TGA experiments except that structural aspects of the solid analytical measurements.

itself are monitored. There is no qualitative difference between — 5 expected, the XPS experiments identify the elements C,

the observations in the two reaction atmospheres. In the lowesty =, and Pb in the materials Comparison of data on precursor
temperature spectrum, bands characteristic of the tricobalt clusterar’]d céltalyst provides informa.tion on the bonding states as well
1 icti i N

arebseerll at:ZgOO cm an those charactenst};c of ttTe ((:jhelatln% as relative abundances of the elements present near the surface.
carboxylate-CO,— modes are seen as wo sharp bands at 1465 Both LT and HT materials were examined. The C(1s) ionization

and 1365 cm’. With_in_creasi_ng temperature, both preculrsor showed carbon associated with CO ligands of the precursor (BE
_banﬂ types decrtlaase In Intensity and broad band&_?m Cn; 288 eV) with a signal intensity that decreasedst40% under
in the carbonyl region and 1550 and 1420 Cmin the LT conditions and nearly completely under HT conditions.

carbpxylate region_ grow in. . . .. Signals for carbide carbon (285 eV) and for oxygen (533 eV)
With one exception, the changes in the carbonyl region mimic were observed under all conditions; however, although the

those observed previously for other cIu;ter metal carb0xylgt§sformer is expected, the latter is probably introduced during
and demonstrate the total loss of CO ligands. However, it is sample handling. The Co(2p) multiplet observed in the precur-
noteworthy that no intermediate structure with bridging CO 5 s gimilar to that reported previouslylt is observed under
bands is observed for Instead, the changes in the carboxylate | 1 ¢qngitions but was unobservable under HT conditions.
region strc_)ngly suggest reorganization of the core bonding in copat i present in the catalytic material (see analytical results
the LT region from one in which there are chelating carboxylates above) but is not near the surface under HT conditions. XPS
to one in which there are bridging carboxylates. Carboxylate i, <\ rface technique that samples-20 A deep with about
core reorganization was suggested for the other precursors, but o of the signal from the first atomic layer on the surfate.
it is particularly clear forl because the splitting of the o yhe other hand, the Pbedf signal (Figure 5) while showing
antisymmetric and symmetrie CO,— modes for a chelating 5 gingle Ph(Il) signal (BE 140 eV) in the precursor, showed

carboxylate is considerably less than that for bridging carboxy- p o+, Pb(0) (BE 138 eV) and Pb(ll) signals under LT and HT
lates. Observation of Pb metal in the LT material (XPS below) . qitions (in about a 1:1 ratio in the HT case). This is

suggests condensation of the core network with concomitant ., nqistent with the presence of some lead(ll) (as a carboxylate)

extrusion of Pb. The LT material is viewed as retaining & 5,4 some lead(0) under LT conditions as well as lead(ll)
carboxylate core (consistent with high surface areas; see below)

with cobalt metal and lead exposed to the gas phase (consistenz1) carison, T. APhotoelectron and Auger Spectroscppienum: New
with the XPS and catalytic activity). The DRIFTS spectra show York, 1975.

wavelength (cm'1)

Figure 4. In situ DRIFTS during heating of in He (top) and H
(bottom) at a rate of ca. 10 m per spectrum.
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Table 3. Comparison of Surface Areas for LT- and HT-Pbgo-
with Those of Related Materials @ with activation in He)

LT HT
PbCon? 49 22
CoCo-4 160 52
> CoCo-2 53 65
@ MoCo-2 60 125
° CuCo-2 7 22
o

2 Surface area of precursor: 72d.

(®) Scheme 1

< - /J \*liz

T .
145 140 135 130
Binding Energy (eV)

Figure 5. Pb(4f) ionization in the XPS spectra for (ejand (b) the H /—/'
HT-PbCon material.
/

o
450 /J +H,
400
Table 4. Comparsion of Selected Product Distributions (%) for the
1504 Catalytic Hydrogenation of 2-Butenal by Pb@awith Those of
Related Materiaks
300 - catalyst  1-butanal  2-butenol  1-butanol  conversion, %
= LT (393 K)
g 2504 PbCon 42 35 19 10
E CoCo-4 25 8 64 70
CoCo-2 21 1 78 14
200+ MoCo-2 15 6 76 35
CuCo-2 43 15 38 24
150 HT (423 K)
PbCon 0 0 0 0
100 CoCo-4 20 20 60 94
] CoCo-2 9 0 86 98
MoCo-2 43 20 30 23
50 . — . T . CuCo-2 37 59 0 3
20 40 50 60 70
10 % ” 2100% H carrier gas® 25% H, in He.
Figure 6. XRD powder diffraction spectrum for HT-PbQo-The sharp The surface areas are given in Table 3. The area of the LT

lines arise from Pb, and the broad lines from CoO. Relative particle

. A . X . material is comparable to those observed for the MCo-2
sizes estimated from line widths are 600 and 100 A, respectively.

materials as shown in the table whereas the HT material exhibits
a decreased surface area with a value on the low side of that
observed for other precursors. These data suggest that the
rearranged cluster chain bfsupports significant surface area

(perhaps as an oxide) and lead(0) under HT conditions. The
ratio of Co to Pb, from intensities corrected by standard

instrument sensitivities, goes from 74d to~0 in going from under LT conditions but that under HT conditions partial

precursor (calculated Co/Pe 6) to LT to HT materials,  eayqown of the porous microstructure occurs. On the basis
respectively. This shows a substantial build up of Pb in the ;¢ p,_ distances, the inter-PECOXCos(us-CCO)} 2 unit
first 10—20 A surface layer of the particles of the HT material. bonding in the extended rodlike structureldt weak and its
Combined with the DRIFTS results this implies that both lead disruption and rearrangement could well be competitive with
and cobalt are near the surface in the LT catalyst and only lead oo pond breaking. We have previously observed that the
is near the surface in the HT catalyst. spherical-like particles of GO{(CO)Cos(us-CCOy)}s, Which

The XRD results of an HT catalyst sample (Figure 6) are are supported by strong metalxygen bonds in the core, give
informative (LT catalysts are amorphous). Under these condi- rise to a greater surface area under HT conditions than do
tions crystallites of lead are observed as well as small crystallites M { (CO)Cos(us-CCO,)} 4 with more weakly bonded corés.
of CoO. No crystalline cobalt metal is observed; however, a  The final information on the role of the metal core comes
small amount would be hidden by the oxide. As noted already, from an examination of the hydrogenation of 2-butenal (Scheme
the oxide is thought to originate by air oxidation of the sample 1). The relative number of active sites and their selectivities
during analysis. However, similar examination of ZnCo-4 toward G=C and G=O bond hydrogenation constitute a
samples prepared under similar conditions showed arGo sensitive probe of the nature of these materials vs the active
crystallites and no oxidé. The weak intensities of the lines as  materials with desirable selectivities studied earlier. Selected
well as the broad underlying features in the spectrum demon- results of the catalytic activity of the material prepared from
strates that only a small fraction of the material is crystalline are shown in Table 4 along with results from previous work
and that a considerable amount of the material remains measured under the similar conditions.
amorphous in nature. However, these results confirm the First consider the LT material. Some activity is observed
formation elemental lead and its mobility. for LT-PbCon consistent with the exposure of some cobalt
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metal to the gas feed. For the same temperature and flowbecome of full participant in the catalytic activity in the HT
conditions, the conversion is significantly lower for LT-Pb@0o-  materials. In the case d¢fits role is that of a poison whereas
than for most of the other LT-MCo materials. As surface areas in the case of the active materials it modifies catalyst behavior;
are comparable, this decrease in activity is attributed to the i.e., best selectivities are only obtained for the HT materials.

coverage of many active Co sites with Pb consistent with the  Conclusions. Previous work provided no evidence that the
spectroscopic measurements described above. Notice that theore metals played a direct chemical role in the activities of
selectivity for the desired unsaturated alcohol is actually higher the catalysts derived from clusters of clusters. Of course the
than that of any of the other LT materials. However, these geometrical role in the arrangement of the tricobalt clusters
selectivities, although reproducible, are sensitive to conditions, established by the core metals is important. However, it was
particularly in the case of the MCo-2 materials. The selectivity not possible in the case of the HT-MCo-2 and MCo-4 materials
for the saturated aldehyde is about the same as for the earlieto separate the structural and chemical roles of the core metal
catalysts studied whereas that for the saturated alcohol isatoms. The results from the Pb@aatalysts are unambiguous
significantly lower. On the basis of previous results, we believe on this point. The core metal can play a chemical role, and the
the activity resides in the exposed cobalt metal in the LT suicide of the PbCarcatalyst under HT conditions is dramatic
materials and differences in selectivity reside in precursor eyidence of this fact. Thus far, all the MCo materials have
derived microstructure. We know that the selective formation displayed reduced activity relative to the CoCo materials;
of the unsaturated alcohol is related to the steric requirementshowever, several of the MCo materials have desirable selectivi-
of the unsaturated aldehydevhich implies a sensitivity of the  ties better than those of the CoCo materials. Thus, both the
hydrogenation reaction to the geometry of the active site.  chemical identity of the core metal and the geometry it imposes
The situation is qualitatively different with the HT-Pb@o-  on the cluster of clusters structure are important in determining

material. No activity under typical reaction conditions is the catalytic properties of the derived catalyst.
observed, whereas all previous catalysts, including those derived

directly from the cluster ligand (C@Jos(u3-CCOOH) and a Acknowledgment. The financial support provided by the
conventional supported Co catalyst, show some activity. Indeed, National Science Foundation and the Petroleum Research Fund,
it is the HT materials from other precursors that show the administered by the American Chemical Society, is gratefully
optimum selectivity (HT-CoCo-2 with 100% selectivity) and acknowledged. We thank Patrick Pinhero for the XPS measure-
yield (HT-CoCo-4 with 25% vyield) for the formation of ments and Dr. Xinsheng Liu for the XRD measurements.
2-butenol. The lack of activity for HT-PbCwo-is consistent

with the spectroscopic results which define the material as one  Supporting Information Available: Tables of crystal data, atomic

of modest surface area with a single metal, Pb, exposed to thepositional and displacement parameters, and dist_anc_es and b_ond_angles
reaction atmosphere. Although there are some differences©" [P (COXCOs{usCCO}2ln (7 pages). Ordering information is
between this precursor and those studied previously, the given on any current masthead page.

similarities are sufficient to establish that the core metal can 1C951498M



