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There has been tremendous interest in the synthesis and crystal
structure of open-framework materials due to their potential
applications in catalysis, separations, and ion exchange proéesses.
A variety of organic molecules, including bi-, tri-, and tetradentate
(diamondoid) ligand3have been used in the construction of many
fascinating structures. 1,4-Benzenedicarboxylic acigh@d), a
rodlike bifunctional ligand, has afforded a number of extended
structures by virtue of an exodentate coordination nfode.
interesting lanthanidebdc system has been reported recently that
consists of a microporous structure generated upon removal of
water from a condensed phase. This system is potentially
important as a fluorescent probe.

Our previous studies on dicarboxylic acids have shown that
they are highly reactive toward metals under hydrothermal
conditions® In this work, 1,4-benzenedicarboxylic acid has been
selected as a ligand and a water/ethanol solution as a solvent.
Hydrated Er(NQ); (0.075 g), Hbdc (0.036 g), HO (10 mL),
and EtOH (1 mL) in the mole ratio of 1:1:2645:83 were placed
in a 23 mL acid digestion bomb and heated at 16Gor 3 days.

The pH of the final solution was 4.5. The pink crystals of-Er
(bdc)-6H,0 (1) (0.074 g, 74.2%) were collected after washing
by water (3x 10 mL) and by acetone (8 10 mL), respectivel§?

A microcrystalline sample of gfbdc) (2) resulted afterl (23
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observed and calculated PXRD patterns. FT-IR (KBr){COO") = : ;
1554.6 cm?, »(COO") = 1418.6 cm, It does not dissolve in common transformation was confirmed by PXRD, IR, and elemental

organic solvents such as benzene, diethyl ether, acetoninii- microanalysis3 is isostructural to Ti{bdc)-4H,0* and can also
dimethylformamide, and dimethyl sulfoxide. (b) Found (calcd) for be prepared using the same method described in fef 4.

Er024CagH24 (2): C, 34.71 (34.86); H, 1.43 (1.47). (c) Found (calcd) ; i ;
for ErOwCaHo (3 . 32.11 (32.08): H, 2.43 (2.25). (d) Found (caled) The crystal structure of is a condensed three-dimensional

for Er,016C24H20 (3) following the preparation procedure described in !’IEtWQrKY There are four CryStaHOQraphi(_:a”Y independent erbium
ref 4: C, 32.09 (32.06); H: 2.30 (2.25). ions in this structure. The local coordination geometry around
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Figure 2. Structural transformation from Kbdc)-6H,0O (1, left) to En(bdck-4H,0 (3, right). Water molecules are omitted in both structures for

clarity.

Erl is a dodecahedron which consists of six oxygen atoms from
six bdc and two from water molecules. The coordination

polyhedron around Er2 is a capped trigonal prism which contains
five carboxylate oxygen and two water oxygen atoms. The
coordination environments of Er3 and Er4 are both pentagonal
bipyramidal. The pentagonal planes are composed of four

suggests that the existence of ethanol was crucial for the formation
of 1. The strong adsorption peaksig{(COO") = 1554.6 cm*
andv{(COO") = 1418.6 cm! in the IR spectrum ofl showed

that carboxylate groups of bdc coordinate to erbium ions in a
bridging fashior?. This is in agreement with the result of the X-ray
structure analysidl is more condensed than Abdck-4H,0. The

carboxylate oxygen atoms and a water oxygen atom, and the twounoccupied volume was calculated to be 20.41%ilfdyased on
apical sites are taken by another two carboxylate oxygen atomsthe unit cell volume, and 21.17% for J{bdc)-4H,0.

(Figure 1a). A perspective view of the structure alongakexis
is illustrated in Figure 1b. All Erl and Er2 are located in one

Thermogravimetric analysis (TGA) study revealed tHat
underwent a two-step decomposition process, with its first weight

plane whereas all Er3 and Er4 are located in the other planeloss occurring at 99133 °C. The weight lost corresponded to
(Figure 2, left side). The separation between the adjacent planessix water molecules per formula unit (found 6.3%, calcd 6.1%).

is 9.5 A. The neighboring Erl and Erfor Er2 and Er2 atoms

are approximately parallel to theaxis and they are connected
by two carboxylic groups from the two bridging bdc ligarfds,
whereas Erl and Er2 are approximately parallel tdbHagis and

are connected by one carboxylic group through a bridging bdc.
There are no direct connections between the Er3 and (@r3
Er4 and Er4) atoms. The neighboring Er3 and Er4 atoms are
connected by three carboxylic groups of three different bridging
bdc ligands. There are two, and oneus coordination modes for
bdc. Each of the twa,-bdc bridges to four erbium ions through
its four carboxylate oxygen atomignd theus-bdc bonds only to
three metals using three of its carboxylate oxygen atoms. A
comparison of this structure with that of Xbdck-4H,0 reveals
the differences in the two: While metal ions form a single type
of dodecahedron in Tfbdck-4H,0, there are three different
coordination polyhedra for Er id. Similarly, the bdc utilizes
two bonding modes in the former structure while it utilizes three
in the latter. Following the same procedure described in ref 4,
we successfully isolated Ebdc)y-4H,0 (3) by replacing Tb (or
Eu) salt with erbium nitrate, which is isostructural to,{flc)-
4H,0. The formation o8 was confirmed by PXRD. Attempts to
synthesizel under hydrothermal conditions in water failed. This

(7) Pink needle crystals of Ebdc)-6H,O were analyzed at 298 K:
orthorhombic, space groupbca a = 9.661(2) A,b = 26.224(3) Ac
= 37.863(3) A,V = 9593(3) &, Z = 8, D, = 2.440 g/cr, andu(Mo
Ka) = 71.25 cnrt. Data were collected on an Enraf-Nonius CAD4
automated diffractometer using graphite-monochromated Maodtlia-
tion. The unit cell parameters for data collection were measured by least-
squares analysis of the setting angles of 25 well-centered reflections with
1457 < 0 < 18.66. A total of 10379 reflections were measured, of
which 6288 were observed with> 3.00(I) and these were used in
structure solution and refinemei®;= 0.045,R, = 0.058, GOF= 1.38.
The structure was solved and refined using the TEXSAN package.

(8) Deacon, G. B.; Phillips, R. Zoord. Chem. Re 1980 33, 227.

Increasing temperature led to the decomposition of the compound
at 510°C. The final pyrolysis was completed at 800, giving

a pink powder of E4Os. Having a flat plateau from 133 to 510
°C (a span of nearly 40%C), 1 represents one of the most stable
coordination polymers encountered so*faReabsorption of water
was probed aftet lost six water molecules. The IR spectrum of
2, the sample after the total removal of water at 300 reveals
that the broad peak around 3568450 cm* originally assigned

to water molecules inl disappeared, and the strong peaks
1,{COO") at 1539.2 cm! and v(COO") at 1426.4 cm!
confirmed the shift of ErO (metat-carboxylate oxygen) stretches.

A comparison on the PXRD patterns &f (Figure 3a) and2
(Figure 3b) also shows significant shifting, broadening, and
possibly splitting of some diffraction lines. To our surprise, the
PXRD pattern (Figure 3c) of the sample after exposur@ tj
saturated water vapor f@ h gave an almost perfect match to
that of 3 prepared following the procedures described in ref 4
(Figure 3d). The IR spectra of these two samples were almost
identical.

In structurel, the distances between Er2 and O10 are 4-838
4.854 A. Upon heating and removal of water from the compound,
the structure?) will contract as indicated by the COQibration
shift in IR. Simultaneously, the uncoordinated 010 atoms will
be highly subject to bonding to the adjacent, unsaturated Er2,
resulting in a similar coordination geometry for both Erl and Er2
as in Th(bdck-4H,0. On the other hand, the holes2rbetween
Er3 and Er4 will collapse due to the unstable pentagonal
coordination of Er3 and Er4 after removal of the two coordinated
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Figure 3. (a) Observed PXRD pattern for crystalline solids@ddc)-
6H,0 (1). (b) Observed PXRD pattern of fbdc) (2) after removal of
six waters inl. (c) Observed PXRD pattern of the rehydrated sample
after powders oR were placed in saturated water for 2 h. (d) PXRD
pattern of Es(bdck-4H,O (3) synthesized following the procedure
described in ref 4. Bottom: calculated PXRD patternXdrom single-
crystal data.
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Er3—015 and Er4-04, resulting in a Tibdck-4H,0 type
structure (Figure 2, right). Structure rearrangement of this type
has been observed only in a few coordination polyriers.
reversible process to reprodugdrom 3 was not successful.

In conclusion, we have synthesized a unique three-dimensional
condensed rare-earth metal coordination polymer via hydro-
(solvo)thermal reactions in water/ethanol. This structure not only
exhibits high thermal stability but also can be transformed to a
different structure by desorption and reabsorption of water. This
unique property may contribute to the current investigations in
the field of molecular sorbents, phase separation, and adsorption/
desorption processes.
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