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Since the introduction of metal–organic frameworks (MOFs),
framework structures of coordination polymers have become
a focus of chemistry research.[1] These structures are, for
example, promising absorbers for the storage of hydrogen and
other gases.[2] The chemistry of the rare-earth metals should
offer a new angle on this research, as their large ionic radii,
considering their relatively low oxidation numbers, enable a
large bandwidth of coordination numbers (CNs; CN= 3–16)
in molecular complexes, depending on the steric demand of
the ligands.[3] Thus, a large variety of linkage patterns should
be available for coordination polymers. Because of the
extraordinary oxophilicity of the rare-earth elements, the
framework chemistry of these metals is mainly based on
oxygen coordination polymers.[4] Only a few rare-earth MOFs
are known in which the metal ions are coordinated by
nitrogen atoms, and these contain the five-membered aro-
matic nitrogen heterocycles 1,2,4-triazole or imidazole.[5]

Solvent-free syntheses in the melt of the corresponding
amine[6] have been used to produce amide frameworks of the
lanthanide (Ln) metals [Eq. (1)]. Attempts to use the UV
absorber[7] 1H-1,2,3-benzotriazole to attain extended conju-
gated systems of triazoles led instead to one-dimensional
coordination polymers, some of which exhibit interesting
luminescence properties.[8] . The backbone of CH groups from
the benzotriazole ligands prevents higher-dimensional con-
nectivity in this system.

Ln þ xHNR2
DT
�!LnðNR2Þx þ x=2 H2 ð1Þ

Herein, we present the construction of a complex three-
dimensional network, 3

1[Eu(Tzpy)2] (Tzpy�=C5H4N4
�),

through the use of 1H-1,2,3-triazolo[4,5-b]pyridine. The
introduction of an additional nitrogen atom into the benzo-
triazole ligand enables 1,3-chelate bonding, which allows
multidimensional connectivity. With respect to the synthetic

strategy, a transition from the chemistry of the triazoles, which
contain three nitrogen atoms, to the high-temperature
chemistry[6] of N4 ligands is also achieved (see Scheme 1).

3
1[Eu(Tzpy)2] is novel, as the chelate bonds of six

pyridinotriazolate anions to a single EuII atom (Eu3) result
in a coordination number of 12, the highest known for
europium, and in a coordination environment that is a nearly
undistorted icosahedron (Figure 1). Icosahedral coordination

has not previously been reported for coordination polymers
and frameworks. It results in an unprecedented complexity in
the topology of a lanthanide coordination polymer. This
extraordinary type of Ln–N coordination polyhedron is only
known for the monomeric salts [Pr(C8H6N2)6][ClO4]3,

[9a] in
which six 1,8-naphthyridine ligands coordinate the PrIII atom
through 1,3-chelate bonds, and [La(C6H9N3)4]-
[ClO4]3·CH3CN,[9b] in which the cation contains four three-
fold-coordinating ligand caps. The cations in the few known
networks of rare-earth amides have lower coordination

Scheme 1. 1H-1,2,4-triazole, 1H-1,2,3-benzotriazole, 1H-1,2,3-triazolo-
[4,5-b]pyridine (from left to right).

Figure 1. The icosahedral coordination environment of Eu3 in 3
1[Eu-

(Tzpy)2]. Six pyridinotriazolate ligands form 1,3-chelate bonds to the
EuII center, resulting in a coordination number of 12. The coordination
polyhedron is depicted by lines between nitrogen atoms, which do not
represent bonds. Hydrogen atoms are omitted.
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numbers of six for LnIII in 3
1[Yb(Tz)3] (Tz�= 1,2,4-triazolate)

and 3
1[Tb(Im)3]@NH3

[5a,c] (Im�= imidazolate), or eight for
EuII in 3

1[Eu(Tz)5(TzH)2].[5a]

Additionally, the crystal structure of 3
1[Eu(Tzpy)2] con-

tains two further europium sites, which are eightfold (Eu2)
and ninefold (Eu1) coordinated by h1:h1:h1- and h2:h1-
triazolate rings of Tzpy� ions. The different coordination
numbers are also reflected by the Eu�N distances, which
range from 258(2)–284(2) pm for CN= 8 (Eu2), to 263(1)–
294(2) pm for CN= 9 (Eu1), to 296(1)–311(1) pm for CN= 12
(Eu3) in the icosahedron. Note that the chelate bonds consist
of nitrogen donor interactions exclusively, whereas the
shorter Eu�N distances represent cation–anion interactions.
The Ln�N distances in the icosahedron of 3

1[Eu(Tzpy)2] are in
good agreement with those in [Pr(C8H6N2)6][ClO4]3 (Pr�N
274–277 pm) and [La(C6H9N3)4][ClO4]3·CH3CN[9] (La�N
273–283 pm), because the bonds in these compounds also
significantly exceed the expected values for LaIII and PrIII.[9,10]

Assuming that none of the ligands in 3
1[Eu(Tzpy)2] is reduced

to a dianion, all three europium sites contain EuII,[10] in
accordance with other europium amides.[11] 151Eu MDßbauer
spectroscopy confirms that the europium cations in 3

1[Eu-
(Tzpy)2] are divalent.[12]

The framework of 3
1[Eu(Tzpy)2] consists of interlinked

coordination polyhedra around the different europium sites.
The icosahedra are responsible for the linkages along the
c axis, and the other two types of polyhedra are responsible
for the linkages within the a1–a2 plane (Figure 2). This
connectivity results in a large rhombohedral unit cell with
an extraordinarily long c axis of 6940.9(6) pm.[13]

Experimental Section
3
1[Eu(Tzpy)2]: Europium (0.5 mmol, 76 mg, ChemPur 99.9%), 1H-
1,2,3-triazolo[4,5-b]pyridine (TzpyH; 1.5 mmol, 180 mg, Aldrich
98%), and pyridine (7.5 mmol, 600 mg), as well as mercury
(0.1 mmol, 20 mg) for the activation of the europium metal, were
filled in a Duran-glass ampoule. The reaction mixture was frozen with
liquid nitrogen and degassed three times. The ampoule was sealed
under vacuum. The reaction mixture was heated to 100 8C over 4 h
and then to 190 8C over 100 h (such that pyridine (b.p.= 115 8C) was
under solvothermal conditions), and was held at this temperature for
144 h. It was cooled to 90 8C over 400 h and then to room temperature
over 13 h. Along with pyridine and mercury, large amounts of
transparent orange crystals of 3

1[Eu(Tzpy)2], which are air- and
moisture-sensitive, were obtained in the reaction. Yield (Eu): 144 mg
(86%). Elemental analysis (%) calcd for C10H6N8Eu: C 30.78, H 1.54,
N 28.71; found: C 31.0, H 1.6, N 28.5. Mid-IR: ñ= 3135m, 1590m,
1568m, 1517w, 1480w, 1438m, 1402vs, 1343w, 1300m, 1255m, 1176m,
1154m, 1131m, 1111m, 981m, 925w, 802m, 780vs, 704m, 650m, 595w,
563m, 459m cm�1. Far-IR: ñ= 594w, 562m, 458m, 442w, 404w, 288w,
249w, 156sh cm�1.

The reaction was also carried out without pyridine. In this case, a
reaction temperature of 205 8C (15 8C higher than that for the
pyridine-containing reaction) was necessary using the same heating
rates and reaction times. 3

1[Eu(Tzpy)2] was only obtained as a powder,
and any slight overheating results in decomposition of the ligand

(decomp 208 8C); thus, the solvothermal synthesis in pyridine is more
favorable.
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Figure 2. The framework structure of 3
1[Eu(Tzpy)2] viewed along the

[100] direction. The coordination polyhedra around the Eu1 (top,
CN=9), Eu2 (middle, CN=8), and Eu3 (bottom, CN=12) sites are
depicted.
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