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There has been intense effort to synthesize zeolite-like materials
with an open-framework structure because such frameworks could
be suitable for applications in sorptiéh? separatiori¢ and
heterogeneous cataly$fsRecently, a number of 3D orgaric,
metal-organic? and inorganit framework materials have been
reported. One of the approaches to synthesize such compounds is
the construction of frameworks from molecular building units using
metat-ligand coordination. Many metabrganic frameworks
exhibit guest exchangégs gas adsorptiofP microporosity, or
selective catalytic activit§.However, the metal components have
been mainly limited to the main group or transition metal elements
having either tetrahedral, square pyramidal, or octahedral geom-
etries. There are currently few examples of metalganic frame-
work solids incorporating actinide elementsThese actinide
elements are likely to exhibit coordination numbers of seven, eight,
or nine. Thus, frameworks built from MXMXg, and MXg units,
where M is actinide element, would create a completely distinct
class of materials. Furthermore, actinide-containing materials can Figure 1. View of the asymmetric unit of, showing non-hydrogen atoms
be very important for applications such as catal§sige have represented by thermal ellipsoids with 80% probability. Hydrogen atoms
recently synthesized a series of new organically templated actinideMave been omitted for clarity.
materials such as uranium fluoridephosphites% phosphaté
sulfatest! and thorium fluoride®¥ by hydrothermal reaction. In this
work, we report the phase-pure synthesis, structure, and charac-®
terization of a new three-dimensionally connected, actinatganic
framework solid, thorium fluoride pyridinedicarboxylatg, ((ThzFs)-
(NC7Hs04)2 (H20)][NOg] (Figure 1).

| is synthesized in a one-step process by the reaction of thorium
nitrate with 3,5-pyridinedicarboxylic acid under hydrothermal
conditions in the presence of HF and DMR,-dimethylforma- ) o ) ) )
mide). The sarting materils, TH(NRSH.O (0570 g, 10 mmol, £ 2, Treimey sipsoits epresenteton o e backoore o

HF (40% ag., 0.120 g), ¥D (5.00 g), NGHsO, (0.279 g, 1.67 and yellow colors represent thorium, oxygen, and fluorine atoms, respec-
mmol), and DMF (0.049 g, 0.67 mmol), were placed in a Teflon- tively.

lined stainless steel autoclave at room temperature. The mixture
was heated to 120C for 24 h and cooled to room temperature at
3 °C h Ll The material is isolated as rod-shaped, pale-yellow
crystals. A monophasic crystalline product was recoveredd%
yield based on thoriurk:14

| is composed of thorium oxyfluoride chain running along the
[010] direction with cross-linking pyridinedicarboxylate (PDC)
groups (Figure 2). The chain is made up of corner-sharing thorium
oxyfluoride polyhedra containing 9-coordinate thorium. Each

:zggumed's r?:rz;dtligaetﬁ\c/iir(t;r;c;ur:t OAXIsdire;;siIa?rn:ocjlr\(/j?nzt?gr:ld?(')r:wneta 115.9(2). Three Th-Th nearest neighbor distances are 3.99, 4.48,
ppedp ) 9 Y and 4.49 A. The example of inorganic chains combining with

has been observed in condensed uranium and thorium fluorides suc%r anic linkers to form 3D-networks is found in lanthanide materials
as UFOn (Uranium Fluorides from Oxfordy = 1—3),%26TFO-n 9

. . . such as Nd-glutaraé.This contains single-polyhedron width chains
(Thorium Fluorides from Oxfordh = 1,2) %2 8-NH,UF;, LIUF5,'® composed of edge-sharing Ng(@,0) polyhedra, unlike the present
and KU,Fe.” The observed ThF bond distances, ranging from P g g Ne(:;0) poly ' P

2 307(2) 10 2.374(6) A hat sh har OHdi double-polyhedron width thorium chains.
-307(2) to 2.374(6) A, are somewhat shorter tharDhdistances Adjacent thorium fluoride chains are connected to one another

in a three-dimensional fashion by PDC linkers, which can adopt

(2.426(7)-2.502(7) A). Three oxides from a PDC and one water
molecule (TR-O(5): 2.502(7) A) are bound to each thorium center.
Each thorium center shares an edge with a neighboring thorium

through two fluorides (F(1)x 2), creating dimers. These dimers
are linked to one another through shared corners (&k(2 and
F(3) x 2), forming chains that run along the [010] direction. See
Figure 2. The Th(XyF(2)-Th(1) and Th(1)}-F(3)—Th(1) bond
angles are 152.5(%)and 147.1(3), respectively, while the angles
involving the edge-sharing fluorides (Thl(1)—Th(1)) are

T University of Oxford. ; ; :
* Current address: Department of Chemistry, Haverford College, Haverford, one of two b_ondln_g motifs. Each Carb_oxylate group on the_flrSt
PA 19041. type of PDC linker is bound to one thorium center through a single
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Figure 3. Polyhedral view of the thoriumPDC framework in along the
[010] direction with nitrate anions (large spheres) within the framework
cavity. White, red, and blue colors represent carbon, oxygen, and nitrogen
atoms, respectively.

oxide, O(1). O(2) is bound only to C(1). This forms chains that
run along the [100] direction. The C@P distances reflect the
differences in coordination of the respective oxide ligands; the
C(1)—-0(1) distance is 1.295(11) A, while the CEAQ(2) distance
is 1.218(11) A. The second type of PDC contains carboxylate

groups that are bound to two adjacent thorium centers each, as

opposed to one thorium center per carboxylate in the first type of
PDC. The thorium fluoride chains are linked along the [001]
direction by this second type of PDC. Differences in carboxylate
coordination are also reflected in the Th{l) bond lengths. The
Th(1)-0O(1) bond length is 2.426(7) A, while the Th@®(3) and
Th(1)—-0(4) bond lengths are 2.501(7) and 2.472(7) A, respectively.

The connectivity creates a cavity between the chains and pyridine

rings, in which nitrate anions reside. The cavity has a width of 3.3
A x 3.8 A, (shortest atomatom contact distance considering van
der Waals radii). The nitrate anions form weak hydrogen bonds
with the protonated pyridine moiety (N@H(5)—0O(7): 2.90 A).

A hydrogen bond is also observed between bound water and nitrate

(O(6)—H(8)—0(5): 2.81 A) (Figure 3).
Preliminary studies indicate thetindergoes anion exchange with

halides and other pseudohalides. Further studies on the anion

binding affinities and the kinetics of ion exchange are currently in
progress.

This work demonstrates the feasibility of constructing 3D metal
organic open-framework networks, in which actinide elements with
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