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Reactivity of “Eu(O'Pr),” with Phenols: Formation of Linear Eu 3, Square Pyramidal Eus,
Cubic Eug, and Capped Cubic Ew Polymetallic Europium Complexes
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The direct reaction of europium with 2-propanol and phenols has been investigated under a variety of conditions.
The reaction of europium metal with 2,6-dimethylphenol and 2,6-diisopropylphenol in 2-propanol at reflux revealed
that polymetallic europium complexes could be generated by this methffEigDs(OCsHsMex-2,6)5(O'Prg],

1, and H[EusOs(OCsH3Pr-2,6)s(NCCHg)g], 2, were isolated by recrystallization in the presence of hexanes and
acetonitrile, respectively, and characterized by X-ray crystallography. Coniples a cubic arrangement of
europium ions with face-bridgings-O donor atoms, edge-bridgingO(phenoxide/phenol) ligands, and terminal
O(isopropoxide/2-propanol) ligands. Compl2is mixed valent and has a square pyramidal europium core with
four Eu(ll) ions at the basal positions and one Eu(lll) ion at the apex. Since these reactions gave complicated
mixtures of products from which and2 could only be obtained in low yields, direct reactions under less forcing
reaction conditions were investigated. Europium reacts slowly at room temperature to form arene-soluble divalent
[Eu(OPry(THF)n, 3. Complex3 reacts with 2,6-dimethylphenol to form the arene-insoluble compléfEu-
(OCsH3Me2)2(O'PN}n, 4. Recrystallization of4 in the presence of THF results in the crystallographically
characterizable divalent trimetallic complex [Eu(§{3Mez-2,6),(THF),]3, 5, which has an unusual linear metal
geometry. In the presence of ERD at ambient conditions in the glovebox, crystalssaflowly convert to the
mixed valent Ho[EugOg(OCsHsMex-2,6)10(O'Pri(THF)g], 6, which was found to have a cubic arrangement of
europium atoms similar td@ by X-ray crystallography. Comple#, upon heating under vacuum, followed by
reaction with THF, forms the arene-soluble divalent complex FEusOg(OCsHzMex-2,6)1o( THF)7][EugOg(OCsH3-
Mez-2,6)io(THF)6]}, 7, which contains two types of capped cubic arrangements of europium ions in the solid
state.

Introduction been investigating reactions of europium metal that lead directly
L . ) . to alkoxide and aryloxide complexes. Syntheses starting with
The emission properties of Eu(ll) in the blue and Eu(lll) in 6 elemental metal are experimentally desirable, since problems
the red make europium a desirable component in phosphor-q¢ 4rving precursor salts and incorporation of extraneous ligands
based devices such as color televisions, flat panel displays, ant.5, be avoided.
energy eff|C|_ent trichromatic fl_uorescent lamplsnprovements Several approaches to polymetallic europium complexes have
in these devices could be derived from (a) a more homogeneous, ey explored. Since europium dissolves in liquid ammonia,

distribution of the guropium in the optically.in.ert matrix, () @ e ct syntheses in this solvent were investigated, and it was
better understanding of the factors that limit the amount of found that phenols react directly with europium in liquid

europium that can be put into the matrix, and (c) better control , o\ qnia to provide europium aryloxide complexes in good
of par_t|cle Size. Informa_tlon on po_Iymetthc a_nd heteropoly- yield 34 Structurally characterizable mono-, bi-, and tetrametallic
metallic europium alkoxide, aryloxide, and oxide compounds complexes EU(OHsBU-2,6)(NCMe), Et(OCsHaMes-2,6)-
could be helpful in this r_egard, since these compound:_; could (DME)s, and EU(OCeHaPr-2,6)5(OH):(NCMe)s were obtained
be useful precursors via sefel techniques to europium- j, is" way depending on the substitution of the phefol.
containing oxide materiafs. . o ~ Subsequently, it was found that acetonitrile amhethylimi-

As part of a program to establish the principles of synthesis gazole were also suitable solvents for reactions of europium
and structure of polymetallic europium compleXeéwe have with phenols, and the bimetallic species,@CsHsMex-2,6)-
(N-methylimidazoley and Ey(OCsH3Me,-2,6,(NCCHz)s were
*To whom correspondence should be addressed. E-mail: wevans@uci.eduisolated by this rout&.An additional approach to europium
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of Eu(GsFs)2, which can be generated directly from europium
metal and Hg(@Fs)2, with phenols to generate Eu(GQH:!Bu,-
2,6-R-4)(THF), (R = H, Me, and'Bu).? Divalent lanthanide

Evans et al.

variety of solvents was attempted. For the=RVie case, extraction of
the product with hexanes followed by recrystallization from hexanes
yielded <30 mg of dark-orange crystals bfafter several days at room

aryloxides can also be made from amide precursors as showrf€mperature. For the R 'Pr case, extraction of the product with &H

in 198910
The formation of europium alkoxides directly from the metal
has proven to be much more difficult than the aryloxide

CN followed by recrystallization yielded<30 mg of dark-orange
crystals of2 after several daysl and 2 were identified by X-ray
crystallography. Attempts to obtain large amounts of these compounds
for further study were unsuccessful, and syntheses of similar complexes

chemistry. In 1970, it was reported that europium in the presenceunder milder conditions were sought.

of mercury chloride reacts with 2-propanol at reflux to form
“Eu(O'Pr)”; however, little information was available about this
compositiont! Many years later, it was found that europium
reacts directly with MeOH, EtOHRrOH,'BuOH, and MeOCh
CH,OH without the addition of mercury saltd? Magnetic
susceptibility and Mossbauéf data indicated that europium
is in the divalent oxidation state in all of these compounds, but
structural information on these alkoxide complexes has been
elusive. However, in the chelating 2-methoxyethanol system,
it was found that the subsequent addition of phenols led to
crystallographically characterizable tetrametallic compleitds,
[Eu(OCH,CH,OMe)(OCsH3R,-2,6)T 4 (R = Me, 'Pr) 8 Hence,
the combination of the aryloxide and alkoxide chemistry led to
more tractable products.

We report here that by combining the reactivity of europium
in 2-propanol with the coordinating ability of phenols, one can
obtain a variety of fully characterizable polymetallic europium

[Eu(O'Pr)»(THF)]n, 3. Pieces of Eu metal, typically-510 mm in
diameter (10 g, 65.8 mmol), were reacted with approximately 50 mL
of HOPr at room temperature under nitrogen for 6 days to yield an
orange solution containing some insoluble material. Exces®H@as
removed under vacuum, and the resulting orange paste was transferred
to a nitrogen glovebox. The orange paste was dissolved in THF and
centrifuged to remove insoluble materials (1.7 g). THF was removed
from the solution in vacuo to yield a soli8,(16.24 g, 80% based on
Eu). Elemental analysis was consistent with the presence of 0.4 equiv
of THF per europium. Anal. Calcd for EuQC7¢H172 Eu, 50.3; C,

30.7; H, 5.8. Found: Eu, 50.3; C, 30.1; H, 6.0. Digestior8af acid
followed by extraction with toluene yielded the organic prodiRtOH

and THF in a ratio of 2:0.3, which is consistent with the elemental
analysis of the dry product. In a synthesis in a closed system, the gas
evolved during the formation o8 was found to be H by mass
spectrometry. The product does not sublime and decomposes between
225 and 275C under vacuum. Magnetic susceptibilitys?% = 7.6

x 1075, uei?®K = 7.5 ug. IR(KBr): 2943s, 2847m, 2603w, 1454m,
1366m, 1347m, 1153s, 1133s, 967s, 816nTtnSimilar yields of

complexes whose composition depends on the reaction condi-complex3 were obtained by running the reaction at4Sfor 4 days.

tions. Synthetic details, structural characterization, and the
implications of this chemistry in constructing polymetallic arrays
of europium are discussed.

Experimental Section

All reactions were performed in a nitrogen-filled glovebox or by

using standard Schlenk and vacuum line techniques under nitrogen.

Europium ingots (Rhone Poulenc) were washed with hexanes, dried,

Attempts to make faster by conducting the reaction at reflux resulted
in formation of varying mixtures of Eu(ll) and Eu(lll) products.
{H[EU(OC ¢H3sMe,),(O'Pr)},, 4. Addition of a solution of HOGH4-
Me,-2,6 (1.83 g, 15 mmol) in 8 mL of hot toluene to a solution3of
(2.261 g, 7.5 mmol) in 2 mL of toluene formed a yellow precipitate.
Isolation of the yellow precipitate by centrifugation followed by several
toluene washes (X 3 mL) and drying under vacuum resulted in a
free-flowing yellow powder{H[Eu(OGCsH3sMe)(O'Pr)}n, 4 (2.99 g,
88%). Anal. Calcd for EugCisHz6 Eu, 33.4; C, 50.2; H, 5.8. Found:

and cut to appropriate size before use. 2-Propanol was dried by additionEu, 33.8; C, 52.1; H, 5.1. Magnetic susceptibilitys2%< = 1.77 x

of 0.02 equiv of sodium per mole of 2-propanol atZDfollowed by
vacuum transfer of the alcohol from this mixture into the reaction flasks.
2,6-Dimethylphenol (Aldrich) was thrice sublimed before use. 2,6-
Diisopropylphenol (Aldrich) was dried and vacuum-distilled from 3 A

1075, uei?®® = 7.6 ug. IR(KBr): 3430s, 2963s, 2916s, 1587m, 1460s,
1420s, 1263s, 1230s, 1157w, 1087m, 1076m, 1031m, 972w, 934w,
912w, 841s, 815w, 753s, 729w, 684m Tm

[Eu(OCe¢HsMez-2,6)%(THF) )3, 5. A sample of4 was generated in

molecular sieves. Other solvents were dried, and physical measurementgj by addition of a solution of HOgElMe,-2,6 (287 mg, 2.35 mmol)

were made as previously descridédlagnetic moments were measured
by the method of EvaA$on a Bruker DRX400 or General Electric

QE300 NMR spectrometer. Complete elemental analyses were per-

formed by Analytische Laboratorien, Lindlar, Germany. Europium
analysis was done by complexometric titration with EDTA and a
xylenol orange indicatof®

HX[EUgOe(OCeH3Mez-2,6)12(oipr)g], 1, and H5[EU5O5(OC6H3iPI'2-
2,6)(NCCHp3)g], 2. Pieces of Eu metal, typically-510 mm in diameter
(1, 250 mg, 1.65 mmol2, 561 mg, 3.69 mmol) were reacted with
approximately 10 mL of H®r and HOGH4R»-2,6 (R= Me, 400 mg,
3.3 mmol; R=Pr, 1.302 g, 7.3 mmol) at reflux underffor 1 day to
yield orange solutions. Excess H® was removed under vacuum, and
the resulting orange solids were transferred to a glovebox. In both cases
a single pure product was not obtainable and recrystallization from a

(9) Deacon, G. B.; Feng, T.; MacKinnon, P.; Newnham, R. H.; Nickel,
S.; Skelton, B. W.; White, A. HAust. J. Chem1993 46, 387.
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(13) Evans, W. J.; Chamberlain, L. R.; Ulibarri, T. A.; Ziller, J. W.Am.
Chem. Soc1988 110, 6423.
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in 6 mL of hot toluene to a solution & (710 mg, 1.17 mmol) in 1 mL
of toluene. THF was added dropwise to a stirred suspension of the
yellow precipitate until all of the precipitate was dissolved. Yellow
crystals of [Eu(O@HsMex-2,6)(THF),]3, 5 (462 mg, 74%), formed from
the solution over 2 days. Alternatively could be formed from isolated
4 following the same procedure. Anal. Calcd forsBxCr:H100 EU,
28.2. Found: Eu, 28.1. Magnetic susceptibilitys?®< = 4.4 x 1075,
U = 7.6 ug. IR(KBr): 2978m, 2926m, 2866m, 1586m, 1460s,
1422s, 1367w, 1322w, 1274s, 1234m, 1090m, 1037m, 972w, 888w,
842s, 746s, 684w cm.

H1o[EugOs(OCsH3zMe-2,6)0(O'Pr)»(THF) ¢], 6. Yellow crystals of
5 left in their mother liquor started to change color from yellow to
orange after approximately 3 weeks. After 2 months all of the yellow
crystalline material was orange. Single crystals of ora@geiitable
for X-ray diffraction were obtained from this sample. Anal. Calcd for
Ew01.CroH10¢ Eu, 37.0. Found: Eu, 37.1. Magnetic susceptibility:
228K = 4.83 x 1075, ues*®€ = 6.7 ups. IR(KBr): 3569m, 3433m,
2962s, 2721w, 1655w, 1592s, 1466s, 1425s, 1367m, 1315m, 1273s,
1231s, 1153w, 1090s, 1032m, 975w, 938w, 886w, 844s, 813w, 750s,
687m, 509m cmt.

ng{ [EUgOg(OCeH;;MEz-Z,G)lo(THF) 7][EU gOg(OCeHsMEz-Z,G)m—
(THF)g]}, 7. 4was heated to 148C under vacuum at 5 10°° Torr
for 1 day. The orange/yellow solids obtained were dissolved in THF,
and after several days yellow crystals suitable for X-ray diffraction
were obtained. Subsequent attempts to reproduce crystalline products
resulted in the formation of gels rather than crystals. The following
data are for the uncrystallized product before treatment with THF. Anal.
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Table 1. Experimental Data for the X-ray Diffraction Studies of[BugOs(OCsHaMez-2,6)(O'Prg], 1, Hs[EusOs(OCsH3Pr-2,6)5(NCCHg)g], 2,
[Eu(OGsH3sMex-2,6(THF),]3, 5, Hig[EusOs(OCeHzMex-2,6)10(O'Pr)(THF)g], 6, and

Hie{ [EUsOs(OCsHaMe-2,6) o THF) ] [EugOo(OCsHsMe-2, 6 o THF)e]} , 7

compound 1 2:CH;CN 5 6 7-3.5GHg-OC4Hg
formula GuasH15EWO26 CooH120EUsNgO11 C72H100EWO12 C124H168E U026 C230.3H304E 16051
fw 3164.03 2272.82 1613.4 3290.26 3367.05
temp (K) 158 153 158 158 153
space group pPa3 C2/c P2/c P2/c P1
a(Ad) 29.9377(14) 19.268(3) 12.0468(6) 15.4628(7) 14.9535(7)
b (A) 29.9377(14) 27.986(4) 11.9257(6) 16.0409(7) 28.3557(13)
c(A) 29.9377(14) 18.794(3) 24.2959(13) 26.0241(12) 30.0169(14)
a (deg) 90 90 90 90 89.0460(10)
5 (deg) 90 90.545(13) 100.1190(10) 99.8630(10) 86.6180(10)
v (deg) 90 90 90 90 80.7500(10)
vol (R3) 26832(2) 10134(3) 3436.2(3) 6359.5(5) 12540.0(10)
V4 8 4 2 2
Deaica (Mg/N¥) 1.566 1.490 1.559 1.718 1.783
(Mo Ka) (mm™Y) 3.741 3.104 2.764 3.949 4.494

R1, wR2
radiation

0.1086, 0.3037 0.0672, 0.2048

Calcd for7: Eu, 40.6. Found: Eu, 41.§c%%8¢ = 6.5 x 1075, ue?%K
= 7.5 ug. IR(KBr): 2907m, 2846w, 2242w, 1586m, 1459s, 1419s,

0.1419, 0.2966 0.0527, 0.1023 0.0942, 0.1557

Mo Ko (1 = 0.710 730 A). Monochromator: highly oriented graphite.

used to determine the unit cell parameters and for data collection. The
raw frame data was processed using SAINand SADABS? to yield

1367w, 1271s, 1227s, 1087s, 1030m, 973w, 912w, 842s, 741s, 680mthe reflection data file. Subsequent calculations were carried out using

cm .
X-ray Data Collection and Solution and Refinement for 1 and

the SHELXTL!® program. The structure was solved by direct methods
and refined o2 by full-matrix least-squares techniques. The analytical

2. The crystals were mounted on glass fibers and transferred to a scattering factof$ for neutral atoms were used throughout the analysis.

Siemens P4 diffractometer. The determination of symmetry, crystal
class, unit cell parameters, and the crystal's orientation matrix was
carried out according to standard procedufes26/w scan technique
with Mo Ko radiation was used. The raw data were processed with a
local version of CARESS, which employs a modified version of the
Lehman-Larsen algorithm to obtain intensities and standard deviations

Hydrogen atoms were included using a riding model.

Intensity data (30 s/frame scan time for a hemisphere of diffraction
data) were collected at 158 K for a yellow crystabofith approximate
dimensions of 0.20 mnx 0.13 mmx 0.10 mm. The space group was
the centrosymmetric monoclinR2,/c. The intensity data were generally
weak because of the rather small size of the crystals diut larger

from the measured 96-step peak profiles. All data were corrected for single crystals were not obtainable in our hands. Metrical data of
absorption and Lorentz and polarization effects and were placed on anwere considered because they were internally consistent and reasonable

approximately absolute scale. All calculations were carried out using
the SHELXTL progrant® The analytical scattering factors for neutral
atoms were used throughout the analy3iStructure were solved by
direct methods and refined &7 by full-matrix least-squares techniques.
Details are given in Table 1.

A total of 3688 intensity data points were collected at 158 K for an
orange crystal ofl with approximate dimensions of 0.24 mm0.20
mm x 0.13 mm. The space group was the centrosymmetric deefic

relative to other divalent europium aryloxide complexes in the literature
(see Discussion). At convergence, wR20.2966 and GOF= 1.338
for 394 variables refined against 7989 unique data points (as a
comparison for refinement oR, R1 = 0.1419 for those 5806 data
points with| > 2.00(1)).

Intensity data (30 s/frame scan time for a hemisphere of diffraction
data) were collected at 158 K for a yellow crystabokith approximate
dimensions of 0.30 mnx 0.20 mmx 0.07 mm. The space group was

Several of the terminal ligands coordinated to the europium atoms were the centrosymmetric monoclinR2;/c. At convergence, wR2 0.1023

not identifiable. Heteroatoms were refined anisotropically. Hydrogen
atoms were included on the aryloxide ligands using a riding model. At
convergence, WR2 0.3037 and GOF= 1.038 for 212 variables refined
against 3524 unique data points (as a comparison for refinemdnt on
R1 = 0.1086 for those 1655 data points with> 2.00(l)).

A total of 10 258 intensity data points were collected at 153 K for
an orange crystal 02-CHs;CN with approximate dimensions of 0.33
mm x 0.20 mmx 0.17 mm. The space group was the centrosymmetric
monoclinic C2/c. One molecule of uncoordinated acetonitrile was
located per pentametallic unit. All atoms, except those in the uncoor-
dinated acetonitrile molecule, were refined anisotropically. Hydrogen
atoms were included using a riding model. At convergence, wR2
0.2048 and GOF= 0.973 for 534 variables refined against 9953 unique
data (as a comparison for refinement BnR1 = 0.0672 for those
6568 data points witth > 2.00(1)).

X-ray Data Collection and Solution and Refinement for 5-7.

and GOF= 1.151 for 655 variables refined against 14894 unique data
points (as a comparison for refinement BhR1 = 0.0527 for those
11 629 data points with > 2.00(1)).

Intensity data (20 s/frame scan time for a sphere of diffraction data)
were collected at 158 K on a yellow crystal ©8.5CHgOC4Hg with
approximate dimensions of 0.13 mm 0.10 mm x 0.07 mm. The
space group was the centrosymmeRic There were two independent
nonametallic molecules, one molecule of THF, and 3.5 molecules of
toluene present in the asymmetric unit. Toluene molecules were
constrained to a regular hexagon during refinement. At convergence,
WR2 = 0.1557 and GOF= 1.196 for 2371 variables refined against
41 419 unique data (as a comparison for refinemeri,dR1 = 0.0942
for those 26 524 data with> 2.00(l)).

Results

These crystals were mounted on a glass fiber and transferred to a Bruker R€actions in 2-Propanol at Reflux.Europium metal reacts

CCD platform diffractometer. The SMART program package was

(16) XSCANS Software Users Gujdeersion 2.1; Siemens Industrial
Automation, Inc.: Madison, WI, 1994.

(17) Broach, R. W. Argonne National Laboratory, Illinois, 1978.

(18) Sheldrick, G. MSHELXTL, version 5.10; Bruker Analytical X-Ray
Systems, Inc.: Madison, WI, 1997.

(19) International Tables of X-Ray Crystallographitluwer Academic
Publishers: Dordrecht, 1992; Vol. C.

(20) SMART Software Users Guideersion 4.21: Bruker Analytical X-Ray
Systems, Inc.: Madison, WI, 1997.

directly with 2-propanol at reflux without the need to employ
mercury salts as catalystsThe product of this reaction can be
dried under vacuum and is very soluble in ethers and somewhat
soluble in arenes. Elemental analysis and the effective magnetic
moment of europium in the product varied in a nonsystematic

(21) SAINT Software Users Guideersion 4.05; Bruker Analytical X-Ray
Systems, Inc.: Madison, WI, 1997.

(22) Sheldrick, G. MSADABS Bruker Analytical X-Ray Systems, Inc.:
Madison, WI, 1997.
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Figure 1. Ball and stick plot of KH[EusOs(OCsHzMez-2,6)12(O'Pr)],
1, with hydrogen atoms and disordered isopropyl carbons omitted for
clarity.

Scheme 1. Formation of1—7

. reflux  hexanes )
Eu + 'PrOH + HOAr ------- > mmeeeee- > Hx[EugO0g6(OAr)12(0'Pr)gl, 1
) reflux MeCN
Eu + 'PrOH + HOAr’ ------- R > H5[Eu505(0Ar’)6(NCMe)g], 2
) RT, -H, THF .
Eu + 'PrOH  -------- > eanes > [Eu(O'Pr)2(THF)xIn, 3
| HOAr
{H[Eu(OAr)2(O'Pr)]}m, 4
1 THF
Eu3(OAr)6(THF)g, 5
! HOPr
H10[EugO8(0Ar)10(OPr)2(THF)6), 6
heat THF
{H[Eu(OAr)2(0O'Pr)]}m  =-------- > eeeees >
4 vacuum

H18[Eu908(0Ar)10(THF)7][Eu909(0Ar)10(THF)6], 7

(OAr = 0C6H3Me2-2,6; OAr’ = OCgH3'Pr2-2,6)

Evans et al.

Figure 2. Thermal ellipsoid plot of HEUsOs(OCeHsPr-2,6)-
(NCCH)g], 2, drawn at the 50% probability level with hydrogens and
isopropyl groups of the aryloxide ligands omitted for clarity.

be aryloxides, phenols, alkoxides, or alcohols, or any combina-
tion thereof. The inclusion of an unknown number of protons
in the formula ofl reflects the ambiguity in oxidation states in
this compound, while the inclusion of five protons in the formula
of 2 is based on charge balance in this crystallographically well-
defined mixed valence complex. The presence of protons in
europium alkoxide complexes has been probed both structurally
and chemically in the 2-methoxyethoxide system with the
complexe§ HIEU(OCH,CH,OMe)(OCsH3R2-2,6)[ 4 (R = Me,
iPr)8 In these complexes, the bond distances and angles
suggested that the protons are hydrogen-bonded between the
alkoxide and aryloxide ligands. However, since the positions
could not be definitely determined, the protons are written
separately in these formulas and throughout the paper.
Hs[EusO5(OCgH3Pr-2,6)5(NCCH3)g], 2. Complex2 has a
square pyramidal arrangement of europium atoms (Figure 2)
and contains a 2-fold crystallographic axis that runs through
the apical europium atom and the center of the base of the square
pyramid. The Eu(basatyEu(basal) distances are 3.6410(9) and

way with reaction times and temperatures. Single crystals of 3.6634(9) A, and the Eu(apicabEu(basal) distances are
this highly soluble material suitable for X-ray crystallography 3.8733(8) and 3.9171(8) A. The basal europium atomg,in
were not obtainable in our hands. Eu(1) and Eu(2), have Etligand distances that are consistent
In efforts to generate crystallographically characterizable with reported divalent europium complexes, while the apical
products from this reaction, phenols were added at the beginningeuropium atom Eu(3) has metdlgand distances that are
of the reaction as shown in Scheme 1. This led to the isolation consistent with trivalent lanthanide compounds.
of two crystallographically characterizable polymetallic euro-  The triangular faces of the square pyramidRiare bridged
pium complexes HEugOs(OCsHzMes-2,6)1(O'Pr)g], 1 (Figure by four oxygen atoms. The 2.483(73.553(7) A Eu(basab
1), and H[EusOs(OCsH3Pr-2,6)s(NCCHg)g], 2 (Figure 2). O(us-O) distances are in the range of the 2.473(B)521(5) A
Unfortunately, the yields of these products were low, and Eu—O(uz-O) distances in divalent $Eus(OCeHzPri»-2,6)(O),-
subsequent efforts to increase the yields have not been suc{NCMe)], 8,1 and are longer than the 2.337¢7%).365(7) A
cessful. To avoid these problems, syntheses under milderEu(apical)-Ofs-O) distances ir2. The basal face of the square
conditions were sought and are described in later sections. pyramid in2 is bridged by an oxygen atom, and the 2.629(2)
The reflux reaction did show that this mixed alcohol/phenol and 2.675(2) A Eu(basahO(us-O) distances are in the range
approach could generate polymetallic species. Unfortunately, of the 2.637(5)-2.684(5) A Eu-O(us-O) distances involving
structural details can only be presentedrsince the X-ray the divalent Eu atoms in {f/EugOg(OCsHzMe,-2,6)10(O'Pr),-
data onl was of poor quality and gave only the gross structure (THF)g], 6, described later, and longer than the 2.455@174-
of the complex. Reliable bond distances were not obtained, and(4) A Eu—0(u4-0) involving the trivalent europium atom &
not all of the eight terminal ligands assigned as isopropoxide The 3.52 A Eu(apicatyO(u4-O) distance in2 is outside the
or 2-propanol were well defined. In many cases, the gross usual bonding distance range.
structure is enough to define the product, since the ligands and The apical europium atom 2 is coordinated by two
metal valences are not ambiguous. However,iboth Eu(ll) symmetry-equivalent terminal aryloxide ligands with a 2.246(8)
and Eu(lll) oxidation states are possible and the ligands could A Eu(apicaly-O(terminal aryloxide) distance. This is consistent
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with the 2.214(4) and 2.228(4) A trivalent E@(terminal OAr)
distances in E;i,u/,tg,-(O(CHzCHzO)zCHQCH3]4(M-OCeH3iPI’2-2,6)-
(OCsH4Pr-2,6)7 and the 2.087(5)2.179(5) A Sm(lll-
O(terminal OAr) distances in trivalent Sm(@dx'Pr,-2,6)-
(THF)2 22 when the differences in ionic radii are consideféd.
The 2.505(7)2.565(7) A Eu(basahO(u,-OAr) distances and
the 2.685(11)2.715(11) A Eu(basahN(NCCH; terminal)
distances are in the range of those in the divalent europium
complexes [(CHCN)x(2,61PrLCsH30)Eul(1-OCsHsMe-2,6)-
(u-NCCH)8 and 8.5

Reactions in 2-Propanol at Room TemperatureSince the
high-temperature europium/2-propanol reactions were not easily
controlled, room-temperature reactions were examined as shown
in Scheme 1. Although the reaction was slow, it was found that
europium would react with 2-propanol at room temperature.
After 6 days at room temperature or 4 days af@5an orange
solution was obtained. Removal of 2-propanol left a slightly
arene- and ether-soluble orange paste. Mass spectroscopi€igure 3. Ball and stick plot of [Eu(O@HsMex-2,6)(THF )]s, 5, with
analysis of the gaseous products in a sealed reaction vessefydrogen atoms omitted for clarity.
indicated that H gas was formed during the reaction, as
expected in

5,11, and12each have Eu(ll) centers connected by three doubly
bridging 2,6-dimethylphenoxide ligands. Bimetalli¢ and12
contain only one additional aryloxide ligand, which is a terminal
ligand on a six-coordinate europium. Compl&shows that
Eu(ll) can accommodate two additional 2,6-dimethylphenoxide
ligands and achieve six-coordination with six bridging aryloxide
ligands surrounding a Eu(ll) center.

Eu+ 'PrOH— [Eu(OPr),], + H, 1)

Extraction of this material with THF, removal of insoluble
materials by centrifugation, and subsequent removal of THF

provided in good yield a solid that was analyzed to be [Eu(O The coordination .
. geometry of the central europium atom,
PrR(THF){n, 3. Attempts to obtain crystals d for crystal- Eu(2), in5 is best described as triangular antiprismatic rather

|ogr?d|ci>2|cm? nalylilsnirovrc ? Yf"t'ety o C?O|rd'”a“”9 and non- yan” octahedral, since the 3:68.12 A O(OAr)-O(OAr)
coordinating solvents were not SUccessiul. distances forming the end triangles of the antiprism are much

coﬁlr:ecr?nphtehr:eos Péid. ;:T:/ezv '%Lést:zlo be;ugqggdrégc?inusfgél Icrl shorter than 4.054.09 A distance between the vertexes of the
verting uropiumyz- Xy X lon produ triangles on opposite ends. The outer Eu atoms, Eu(1) and

CE:(rgcct:?rziSz:'bzlce) hélgr)izva![?\:g ;Féu (tggﬁgg:%ﬁg(ggﬁtg?"y Eu(la), have an .identical coqrdination geometry by yirtue of

2.6)}4 (R = Me, 9 and/Pr 10) 6 the reactiozn oB with phe3néls symmetry, WhICh is clpser to trlgngula_r prismatic than_trlangul_ar

V\;as éxamined’ n contrast’to the 2-methoxyethanol system antiprismatic. The twist angle involving these two triangles is
: ’16°, compared to O for a triangular prism and 60for a

\év%'cf:) fé)rirr??gliige;:saﬂgg? ﬁ]: crfggrzi{ea?grl:;loz;ig;%(?%ﬂ eé- llow triangular antiprism. In comparison, the coordination geometries
’ y of the metal atoms ill and12 are irregular.

precipitate. After thorough washing with toluene, the yellow The 2.444(13)2.581(12) A Eu-O(u-OAr) distances ir
precipitate had an elemental analysis consistent with the formulaare in tﬁe range 'Of those B 11 and 12. Similarly. the
{H[EU(OGH:Me2)A(OPr}n, 4, similar to the previously re- 573(15)-2 642(13) A Eu(l},O(T’HF) distances in)g are
ported mixed alkoxide/aryloxide complex&and 105 The n.ormal com.pared to the 2.515(62.590(5) A Eu-O(THF)
presence of protons #is supported by the IR spectrum, which distances in divalent Eu(QE,Buy-2,6-Me-4y(THF)s, 1325

contains a sharp peak at 3430 ¢hin the O-H stretching H1dEugOg(OCsHaMez-2,6)1o(O'Pr)2(THF) ¢, 6. When crys-
frequency range. The preience of Eu(ll)4|nrs.supported by tals of5 are left in their mother liquor for several weeks, they
Its magnetic momentuer = 7.6 He, and by its subsequent change color from yellow to orange. After 2 months, an entire
reaIrE:no(r)] CChSrR/'lStryzvé'thTLiF desscrfgg _beIOV}/.THF 4i crystalline sample turns orange and the orange crystals have a
ho[t tgl(uenz f?)rnigd la)ﬁl(ew cz)zgr?ble;( Wklli'[(l:%nis?sparin;cl)y slgluble very different morphology than those bf Elemental analysis

' of the orange product revealed a noticeably higher europium

in arenes, and could be recrystallized from toluene/THF as . . - ;
’ . content (37%) than iB (28%). A slight decrease in the effective
Eus(OCeHsMe2-2,6)(THF)s, 5. Both the magnetic moment of magnetic moment from 7.6 to 6:i& suggested that the product

7.6¢B‘ ang.thtla s’iructural data presented below indicate hat | = longer solely Eu(ll?%8 = 7.8 ug) and contained
contains diva’ient europiim. some Eu(ll) fe?%8< = 4.0 ug).?8 Single-crystal X-ray diffrac-

atc?rgsmgéemxfn%?\efsorr]?:i ridetigltlitgz tg?gr?]lél%L?rrr:t%%?n;?meirn;tal tion revealed an octametallic cubic structure (Figure 4) to which,
Y on the basis of elemental analysis, magnetic moment, IR

Eu—Eu geometry: (THREu(u-OCsHsMey-2,65Eu(u-OCHs- spectroscopy, and bond lengths, we assign the formua H
Me,-2,6 3EU(THF) (Figure 3). The positions of the bridging [EusOs(OCsHaMes-2,6)o(OPr(THF)], 6, a mixed valence
aryloxide ligands in5 are similar to those in the previously complex containing’a 31 Eu(II)/Eu(II’I) r’nixture

reported DME and\-methylimidazole adducts (DMBgu(u- The distorted cubic arrangement of eight europium atoms in

OCeH3sMez-2,6 sEU(OGHsMez-2,6)(DME)® (DME = 1,2- o L .
dimethoxyethane)l 1, and (-methylimidazole)Eu(u-OCsHs- 6 is situated about a crystallographic inversion center. The

imi 5
Mez-2,6hEu(N-methylimidazoleOCsHsMe>-2,6)> 12. Hence, (25) van den Hende, J. R.; Hitchcock, P. B.; Holmes, S. A.; Lappert, M.
F.; Leung, W.-P.; Mak, T. C. W.; Prashar, .Chem. Soc., Dalton
(23) Clark, D. L.; Gordon, J. C.; Watkin, J. ®olyhedron1996 15, 2279. Trans.1995 1427.

(24) Shannon, R. DActa Crystallogr.1976 A32 751-767. (26) Evans, W. J.; Hozbor, M. Al. Organomet. Chen1.987 326, 299.
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Figure 4. Ball and stick plot of HJEusOs(OCeHzMez-2,6)0(O'Pr)-
(THF)g], 6, with hydrogens omitted for clarity.

Figure 6. Ball and stick plot of the [E¢Os(OCsHsMe2-2,6)o(THF)g]
unit “B” in 7, with hydrogen atoms omitted for clarity.

might also bridge two oxygen atoms, as was postulated in
and105°
Six us-oxygen atoms bridge the faces of the cubic array of
europium atoms; i.e., it has a face-centered cubic core. The
average of the 2.455(42.474(4) A range of Eu(HO(us-O)
distances is 0.21 A shorter than the average of the 2.637(5)
2.684(5) A range of EtO(us-O) distances involving Eu(2),
Eu(3), and Eu(4). The latter range agrees well with the
corresponding Eu(lyO(us-O) distances in2, as previously
discussed, and i, described below. Ten of the edges of the
cubic array of europium atoms are bridged by 2,6-dimethyl-
phenoxide ligands, and oxygens bridge the other two edges.
The average of the 2.342(52.369(5) A range of Eu(HO(u-
OAXr) distances is 0.15 A shorter than the average of the 2.478-
(5)—2.594(5) A range of EtO(u-OAr) distances involving
Eu(2), Eu(3), and Eu(4). The 2.276(5) A Eu¢)(u-0) distance
is also shorter than the 2.446(5) A EuZ)(u-O) bond distance.
Terminal THF ligands are coordinated to Eu(2), Eu(3), and
Figure 5. Ball and stick plot of the [EsD«(OCsHMe 2,65 THF)] Eu(4), while a terminal isopropoxide ligand is coordinated to
un%t "A i Haef [EUgOs(O%eHsMez-z, &) O(BTHF)7][3EUQE>9('0 C6H3Me; Eu(1). The 2.609(5)2.641(5) A Eu-O(THF) distances i
2,6)(THE)}, 7, with hydrogen atoms omitted for clarity. are in the range of the corresponding distances in d|va_3ent
(2.573(15)-2.647(13) A) and are generally longer but within
the range of those in divaled (2.515(6)-2.590(5) A). The
3.6029(5)-3.7193(5) A range of Eu-Eu distances and the  2.521(5) A Eu(1)-O(OPr) distance is longer than the 2.1219)
86.347(10)-94.337(11J range of Ev-Eu—Eu angles reflect the ~ 2.184(16) A Nd-O(OPr) distances in trivalent [NO(OPr) -
distortions from ideal cubic symmetry & As discussed below, ~ (HOPr)] 27 but corresponds well to the 2.511(10) A Nd
the bond lengths involving Eu(1) are consistently shorter than O(HOPT) distances. This suggests that the terminal isopropoxide
the bond lengths of the other three europium atoms. The Moieties are present as 2-propanol ligands.
differences in bond lengths between Eu(1) and Euf2)(4) H1g{ [EugOg(OCeHsMez-2,6)o( THF) 7][Eu gOg(OCeHsMe:-
to comparable ligands are consistent with the 0.19 A difference 2,6ho(THF)¢]}, 7. Compound4 was heated under vacuum in
in Shannon radii between seven-coordinate Eu(ll) and EilI). order to determine Whethgr it could be thgrmally conv.erted to
The structural evidence thus indicates that Eu(1) is trivalent and 6- The yellow/orange solid product obtained from this ther-
that Eu(2)-Eu(4) is divalent, which is consistent with the Mmolysis was found to havea:***< of 7.5ug, a value close to

magnetic data, which are basedXgvalues from the average that of divalent europium and higher than that observedfor
observed values for Eu(ll) and Eu(IfY. Attempts to grow single crystals of the solid were hampered

. - . . by gel formation from solutions, although in one case a few
This oxidation state assignment requires 10 protons for charge . . |
small single crystals were isolated from a toluene/THF mixture.
balance. Unfortunately, none of these hydrogen atoms were

located in the X-ray structure. Two of the protons are likely The structure consisted of two crystallographically independent

iated with the isoor ide livand di d bel and chemically nonequivalent nonametallic europium complexes
associated wi € 1Sopropoxide figands, as discusse eoW'per asymmetric unit that have the formulasHEugOg(OCeH3-

but the positions of the other eight protons cannot be specified ) ) ;
with certainty. If they are symmetrically located, they could be Mez-2,6)io(THF)7][EusOs(OCeH3Me2-2,6) o THF)el}, 7, Figures

associated with the eight bridging oxygen atoms, which makes (27) Helgesson, G.; Jagner, S.; Poncelet, O.; Hubert-Pfalzgraolyhe-
these bridging hydroxide rather than oxide ligands. The protons dron 1991, 10, 1559.
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5 and 6. Although this complex was not prepared in high yield, A distances involving divalent europium atoms @& The
it is included here because it provides another example of the 2.470(11)-2.592(12) A Eu+-O(us-O) distances if¥ are in good
EusOg core found inl and6. agreement with the 2.473(62.521(5) A distances reported for

The europium atoms in each nonametallic unitzdbrm a divalent8.
distorted capped cubic arrangement. In general, the cube portions  The 2.450(13)-2.550(14) A range of EdO(u-OAr) distances
of these units are similar to those band6 with face-bridging in 7 is similar to the 2.478(5)2.594(5) A range of EtO(u-
oxygen atoms and edge-bridging 2,6-dimethylphenoxide ligands. OAr) distances involving divalent europium & The 2.560-

No specific europium atoms ihhave shorter bond lengths than  (11)—2.682(11) A Eu-O(us-OAr) distances irv are generally
the rest of the metals, which is consistent with the magnetic longer than the edge-bridging aryloxide ligands, as expected.
data, which indicate that the europium atoms are all divalent. The 2.563(12)2.717(16) A range of E4O(THF) distances

To achieve charge balance in complgx18 protons must be  in 7 is larger but overlaps with those #(2.573(15)-2.647(13)
associated with the two nonametallic units. As in the previous A), 6 (2.609(5)-2.641(5) A), andl3 (2.515(6}-2.590(5) A).
complexes, these protons could not be located by X-ray

crystallography but are likely associated with bridging oxygen Discussion

atoms.

In each of the nonametallic units, one face of the cube is
capped by a europium atom, which is ligated by a terminal THF.
The europium cap is bridged to the cube through two triply
bridging oxygen atoms and two triply bridging 2,6-dimethyl-
phenoxide groups.

In the nonametallic unit [E30g(OCsH3Mez-2,6)o(THF)7],

The direct reaction of europium with 2-propanol has proven
to be a challenging system to analyze. Following the initial
report in 1970 that europium would react with 2-propanol at
reflux in the presence of mercuric salsit has subsequently
been determined that the reaction will also proceed without the
mercury additives. This product has not been proven to give
. crystalline, fully characterizable products, however. The addition
which we shall label A only the Eu.ato.ms numbered 2, 3, 5, 6, of phenols to the 2-propanol reflux reaction did lead to
7, 8, and 9 have terminal THF. This differs from compledes polymetallic europium complexes JEugOs(OCeHaMer2,6)

and 6 in which there are terminal ligands on every corner of (OPrg, 1, and H{EusO :
. . . , 4, 505(0CsH3'Pr-2,6)5(NCCHg)g], 2, and
the cube (THF or isopropoxide/2-propanol). Although europium showed that the direct reaction of Eu wiBrOH could provide

atoms 1 and 4 have no terminal ligands, they appear to havea synthetic approach to the desired polymetallic europium

gddition_al Iigatioln_ viah3.203haTd 3.254 fA EU\éIezagc:js_,tic h complexes. However, the low yields @fand 2 and the fact
Interactions involving the methyl groups of nearby 2,6-dimeth- > \ya5 mixed valence suggested that milder conditions might

ylphenoxide ligands. EerMe agostic interactions of 3.085 and b t te sinale fullv ch terizabl duct
3.160 A are also found with the capping europium atom Eu(9). ineh?gﬁilsi:%ry © generate single Tully characlterizable products

ZRZT’:n;'?rA(:’Sg;E]EUB?NQZ?&;;Szilgao?gg%éﬂagfgs n .Examinati'o.n of the europium/2-propano| reac}ion ungler
In nonametallic unit B, [Es0s(OCHaMes-2.65o(THF)] milder conditions showed that europium reacts directly Wlth
terminal THF ligands are found on the Eu ator’ns numberéd 11 2-pro_pan_o| even at room temperature. T_he product of_th|s
12,14, 15, 17, and 18. As in unit A, agostic‘Eie interactions ‘reaction is probably a Eu(ih E)ls(lsopropomde) complex, i.e.,
fill out the coordination sphere of the other europium centers. sqmethlng related to "Eu(ery", -bl-Jt full clharactenzatlon -Of
IlZu(lO) and Eu(13) havep3 164 and 3.226 A--EI\AF()a 200stic this species has proven to be difficult. Given the large size of
. : d Eu(18) h '3102 d.3 160 A fHle 9 i the lanthanide metals and their tendency to exhibit high
Interactions, an u(18) has 3. and o. agostic coordination numbers, one would expect “ER€),” to exist
|nteractlons._F_or Eu(_16), only an oxygen atom was located at 2in some oligomer and to be solvated. The fact that this Eu/2-
terminal position. This oxygen is likely attached to protons as propanol product is isolated as an orange paste could be
well, but this could not be determined from the crystgl structure. explained by the presence of several types of oligomers and
The 3.5488(13)3.7784(13) A range of EtrEu distances 2-propanol adducts. This is consistent with the NdiPf@HgCL/

iar: the cubic p.ortions of is Iarger than the 3.6029(58.7193(5) Hg(O,CCH), system in which [Nd(@r)(HOP)]s and NdO-
e e T e 01 o(OP(HOP are ormedt The adciton of THE to "
4 Y PP 9 ) q (O'Pr),” provides a more tractable material that is analyzed to

pyramid formed by the europium cap in each nonametallic unit be a THE solvate. namel i
! . ; . , y, [EU@),(THF),]n, 3. However, even
in 7, theus-O ligands form longer bonds with the basal europium this compound does not readily crystallize. Only by addition

atoms (2.634(10)2.683(11) A) than with the apical europium of a . :
R ryl alcohols have crystalline products been obtained.

atoms (2.459(11), 2.462(11) A). This situation is between those - .

iy triva(lent Y(O(g)'Pr) 29(an3‘j \EQ;O(O'Pr) 31 i which all of The addition of phenols to the room temperature europium/
S o 13 o . 2-propanol reaction product has proven to be a successful

the lanthanide-Q(-O) distances are equivalent within experi- h ide fullv ch i2abl d ¢ hi

mental error, and that &, in which only the basal europium approach to provide fully characterizable products from this

’ ' system. A similar result was observed with Eu/HOCHI,-

atoms interact with the oxygen bridging the basal face. A similar . . .
trend of longer basal-O and shorter apical-O distances has beerQCHS’ although the systems differ substantially in detaihe

observed in ¥O(OMe)(CsHg)s.® The 2.549(10y-2.71(1) A :\jo'ag%” °TthEe °ry55ta”'”$ d""""ﬁ”‘ THF add“?d[.E“f%'
Eu—O(us-O) distances in7 are longer than the 2.455(4) A )2(3 H)Z]S' : ﬁpn Irms t e/gresence ? va en(;_ff?u-
2.474(4) A Eu(1)>-0(u4-0) distances involving trivalent euro- ropium in 3. Hence, this europium/2-propanol system differs

; . from other lanthanide isopropoxide systems in which mercury
pium atoms irG, and they are closer to the 2.63%).684(5) catalysts are required and trivalent lanthanide products are

isolated from 2-propanol. Even the lanthanide with the next most

(28) Tilley, T. D.; Anderson, R. A.; Zalkin, Alnorg. Chem 1984 23,

2271. stable divalent state, ytterbium, forms trivalent products when
(29) Poncelet, O.; Sartain, W. J.; Hubert-Pfalzgraf, L.; Folting, K.; Caulton, reacted with 2-propangt
K. G. Inorg. Chem.1989 28, 263. The isolation of a trimetallic, linear (terminal liganu (-

(30) Evans, W. J.; Sollberger, M. 3. Am. Chem. S0d.986 108 6095. . . .
(31) Bradley, D. C.; Chudzynska, H.; Frigo, D. M.; Hammond, M. E.; OAr)SEU(“'QAr)SEU(term'na' ligand) StrUCtU_re f0r5_ IS a|30_
Hursthouse, M. B.; Mazid, M. APolyhedron199Q 9, 719. unusual. It is much more common to find bimetallic (terminal
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ligandhEu(u-OAr)sEu(terminal ligand) complexes such as  complexes such ak 6, and7 have previously been reported.
(DME)2Eu(u-OCgH3sMe,-2,6 sEu(OGHsMe,-2,6)(DME), 11, The square pyramidal unit i is also common and has been
and (N-methylimidazoleyu(u-OCsHsMez-2,6 sEu(N-methyl- seen in a variety of other polymetallic lanthanide complexes
imidazole}(OCsH3Me,-2,6),12. This is common not only for  including LnsO(OPr)s (Ln = Y, Yb)2%31 and YsO(OMek-
Eu(ll) but for other divalent metals such as ¢BIO)(HsN)Ca- (CsHs)s.30

(u-OSiPh)sCa(NHy)3%2 and (PRCO)(THF)Bag-OCPh)sBa- Crucial to the formation of these larger polymetallic species
(THF)..33 The structure oB shows that divalent europium can are small bridging ligands such as hydroxide and oxide.
accommodate a coordination environment composed of six Combining these small multiply bridging ligands with bulky

bridging aryloxide ligands. This suggests thatand12 could alkoxide/alcohol and/or aryloxide/phenol ligands can lead to
also form trimetallic structures, e.g., (DMIEU(u-OAr)sEu(u- soluble, fully chacterizable species. Synthetically these smaller
OAr);Eu(DME), and (N-methylimidazolejEu(u-OAr)sEu(u- bridging ligands, and hence larger polymetallic europium

OAr)sEu(N-methylimidazole) (Ar = CeHsMe,-2,6), but these  species, can be accessed through more forcing conditions
compositions are apparently not the favored in the solid state. primarily by heating. The decomposition 6fin the presence
Indeed, the option to form mono-, bandtrimetallic structures of IPrOH to form the cubic polymetallic europium compléx
could be one reason oils instead of single crystals may result inand the thermolysis af to form 7 is consistent with the behavior
some systems. Fortunately, S the crystallization conditions  of trivalent lanthanide isopropoxides, which readily form
were optimum for a single product. polymetallic oxoalkoxide complex&2°3lUnfortunately, ac-

For a trimetallic complex of divalent metal ions with six companying these higher temperature conditions are apparently
bridging anionic ligands, the charge is balanced if all of the an increase in the number of possible reaction pathways and
terminal ligands are neutral as B This may explain why concomitant formation of mixtures. Hence, one of the synthetic
further oligomerization does not occur. Oligomeric structures challenges in the future is to control the reactivity under

such as (terminal ligangu[(u-OAr)sEu],(terminal ligand) conditions in which oxides and hydroxides are readily formed.
seem reasonable as far as the coordination geometry of theReactions involving soluble forms of these small bridging
individual europium atoms is concerned, but for= 3, the ligands may provide a good alternative to the high-temperature

overall charge of the complex becomed. Such a structure  conditions.
would require a trivalent metal at one end, amek 4 would

require trivalent metals at both ends. Although these possibilities Conclusion
are structurally reasonable, synthetic approaches are not cur-
rently known.

Beyond the simple “[Eu(ORjsolvate)],’ and “[Eu(OAr),-
(solvate)]m’ complexes such a8—5, there appear to be a
variety of more complicated polymetallic complexes that have
incorporated oxide or hydroxide ligands and have a more
compact polyhedral structure than the linear structures b,
and12. Pentametallic, octametallic, and nonametallic examples
were found in this study, but a variety of others are likely to be
accessible under the proper synthetic conditions. The isolation
of the nonametalli@, which is a capped cubic variation of cubic
1 and6, and the ease by which new polyhedra can be generated
by capping suggest that many structural types should be able
to meet the coordination requirements of polymetallic assemblies
of europium. Since europium can exist in two oxidation states
in these complexes and hence can have two different radial sizes
there is even an extra parameter available with europium in
addition to the variations possible with fixed oxidation state
metals.

The isolation of complexek 6, and7 suggests that the §@s
core is a rather favorable polymetallic unit for these europium  Acknowledgment. For support of this research, we thank
oxides. This is reasonable because these structures effectivelyhe Division of Chemical Sciences of the Office of Basic Energy
have a face-centered cubic arrangement of metals and oxygerSciences of the Department of Energy.
atoms, which is common in solid-state chemistry. Recently, ) ) ) o
several similar molecular octametallic lanthanide complexes with _ SUPPOrting Information Available: - X-ray crystallographic files
face-centered ligands have been reported by Brennan and col” CIF_ fqrmat for the structure dete_rmlnatlonsbfZ, and?—?. This

. material is available free of charge via the Internet at http://pubs.acs.org.
workers3* In these cases the face-centered ligands are sulfur
and tellurium and, to our knowledge, no oxo-based molecular 1€9909532

We have demonstrated that fully characterizable polymetallic
europium complexes can be obtained from the europium
2-propanol reaction system by using the proper reaction
conditions and the addition of phenols. A variety of polymetallic
species are accessible in this system, and neither the reflux
temperature conditions nor the mercury catalysts originally
reported for this reaction are needed to generate europium
isopropoxides. Room temperature reactions are effective at
generating an oxide and hydroxide-free divalent species, which,
although structurally elusive, can be considered for synthetic
purposes as the equivalent of “EdR®y". This complex is a
good soluble Eu(ll) alkoxide precursor that can be readily
converted to fully characterizable divalent europium complexes
in the presence of phenols. These species can be oxidized to
mixed valent polymetallics under the proper conditions with
2-propanol and heat. Controlled synthesis of these polymetallics
remains to be accomplished, but reasonable routes to representa-
tive examples now are available so that the chemistry and
spectroscopy of this class of compounds can be investigated.
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