
Luminescent Triarylboron-Functionalized Zinc Carboxylate Metal−
Organic Framework
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ABSTRACT: A luminescent triarylboron ligand function-
alized with three carboxylic groups has been synthesized
and fully characterized. Its use in boron-containing metal−
organic frameworks (B-MOFs) has been demonstrated by
the synthesis and isolation of a ZnIIB-MOF compound (B-
MOF-1). The crystals of B-MOF-1 belong to the cubic
space group F432 with 8-fold interpenetrated networks
and ∼21% void space. B-MOF-1 exhibits blue fluorescence
and is capable of modest gas sorption of N2, argon, and
CO2.

Carboxylate-based metal−organic frameworks (MOFs) are
among the most extensively investigated and most robust

MOF systems.1 Recent research of MOFs has focused on the
development of functional substrates that are capable of gas
storage,2 light harvesting,3 catalysis,4 proton conduction,5

chemical sensing,6 or drug delivery.7 Examples of luminescent
MOF systems are especially interesting because theymay be used
as highly effective sensory systems, where the origin of emission
can be from either the backbone ligands,8 the metal centers (e.g.,
many lanthanide-based MOFs),9 or the luminescent guest
molecules.10 With the aim of developing potential solid-state
sensing systems for gas molecules, we recently initiated the
investigation of triarylboron-containing MOFs. This study is
motivated by the fact that Lewis acidic triarylboryl groups are
usually luminescent and capable of binding to and sensing small
guest molecules such as fluoride and cyanide.11 Thus, the
incorporation of triaryboryl units into MOFs can provide new
functionality and capability to the MOF architecture.
We have shown recently that the introduction of a carboxylate

group to a triarylboron molecule can lead to facile syntheses of
discrete triarylboron-containing bimetallic compounds such as
copper(II) carboxylate paddlewheel complexes and lanthanide
compounds.12 We now report the extension of this system into
three dimensions as the first example of a luminescent zinc(II)
carboxylate metal−organoboron framework (B-MOF). The
porosity and luminescent response of the new B-MOF toward
gas uptake have been examined. The only previously reported
examples of B-MOFs are based on a neutral linker tris(4-
pyridyl)durylborane13 and were not evaluated for gas-uptake
capacities.
Ligand 1, a C3-symmetric star-shaped molecule, was

synthesized (Scheme 1) by Suzuki coupling of tris(4-
bromoduryl)borane (2)14 with excess boronic acid (3), yielding
the triester (82% yield), followed by saponification with LiOH

(89% yield). Free ligand 1 exhibits purple-blue fluorescence at
397 nm (λex = 330 nm, THF, 298 K, Φ = 0.03), which is
comparable to the monotopic carboxylate ligand that we
previously reported.12 Crystals15 of 1 obtained from a toluene
and methanol solution belong to the monoclinic space group
P21/c. In the crystal lattice, molecules of 1 form an extended,
interweaved 2D hydrogen-bonded network via the three
carboxylic groups, as shown in Figure 1. Toluene solvent
molecules are found within and between the 2D networks of 1
(see the Supporting Information, SI).
The ability of ligand 1 to form B-MOFs is demonstrated by the

successful synthesis of B-MOF-1 via solvothermal conditions by
reacting ligand 1 and Zn(NO3)2·6H2O in N,N-dimethylforma-
mide (DMF) at 95 °C for 3 days in a sealed tube. Single crystals
of B-MOF-1, which nucleated on the side of the reaction vessel
during the course of the reaction, were isolated in 62% yield. The
crystalline solid exhibits blue emission characteristic of the
triarylboryl moiety at 402 nm (λex = 330 nm, 298 K,Φ = 0.29; see
Figures S5 and S6 in the SI). Elemental analysis indicated that B-
MOF-1 has the composition of Zn1.5[L-1

3−](H2O)3[(NH2Me2)-
NO3](DMF)0.5, while X-ray diffraction (XRD) analysis con-
firmed that the B-MOF-1 framework has the composition of
Zn1.5[L-1

3−](H2O).
The crystal data15 of B-MOF-1 were collected several times.

The quality of the XRD data of B-MOF-1 is consistently poor
because of the crystals’ small dimensions and the difficulty in
locating/modeling guest/salt molecules inside the lattice.
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Scheme 1. Synthetic Procedures of L-1 and B-MOF-1
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Nonetheless, we were able to establish the key features of the
framework (Figures 2 and 3). B-MOF-1 belongs to the chiral

cubic space group F432. There are two distinct environments for
the ZnII ions: dinuclear paddlewheel sites with tetrahedral
geometry and mononuclear chelate sites with distorted
octahedral geometry (Figure 2a). The ZnII ions are disordered
over these sites, with a total occupancy factor of∼80% and∼20%
for the tetrahedral and octahedral sites, respectively (see the SI).

On the tetrahedral sites, the ZnII ions are bound by four O atoms
(three from the three bridging carboxylates and one from H2O).
On the octahedral sites, the ZnII ions are chelated by three
carboxylates. Both B and Zn atoms occupy the C3 sites. The Zn

II

ions and the trigonally arranged ligand 1 each serve as a triangular
linker, forming a large chiral cage (Figure 2b) involving seven
ZnII units and seven boron units, which are further extended into
a 3D 8-fold interpenetrated network via the same linkers (see
Figure 2 and the SI). Compared to the crystals of ligand 1 that
collapse rapidly upon removal from solution, the crystals of B-
MOF-1 are highly robust and do not show any apparent change
after being subjected to high vacuum, supporting the high
stability of the B-MOF framework.
Despite the high degree of interpenetration, the crystals of B-

MOF-1 possess modest porosity as revealed by X-ray data (21%
of void space; pore volume of 0.18 cm3 g−1 calculated from the
crystal density 1.175 g cm−3 accounting for Zn1.5[L-1

−3](H2O)-
[(NH2Me2)NO3]. As shown in Figure 3, three different spherical
void spaces of approximately 1.4, 0.7, and 0.2 nm in diameter are
present in the crystal lattice. The porosity was further probed via
gas physisorption analyses using both N2 and argon as the probe
gases. The argon adsorption−desorption isotherms of B-MOF-1
are shown in Figure 4a as linear and semilogarithmic-scale plots.

For comparison, the corresponding N2 adsorption data are
presented in Figure S10 in the SI. In both cases, the isotherms are
characteristic of a microporous material, with a type I isotherm,
typical for most MOF materials.16 The physicochemical
parameters derived from the inert gas adsorption analysis are
compiled in Table S2 in the SI. The argon Brunauer−Emmett−
Teller specific surface area and pore volume obtained for B-
MOF-1 are 368 m2 g−1 and 0.19 cm3 g−1, respectively (ca. 406 m2

g−1 and 0.21 cm3 g−1 from the N2 sorption analysis), in good
agreement with data from XRD analysis. Advanced pore-size
analysis was performed by applying modern nonlocal density
functional theory (NLDFT) method17 on the argon data
assuming a cylindrical pore model for zeolitic/oxidic pores (see
the SI). The theoretical NLDFT isotherm fits the experimental
data very well (see Figure S11 in the SI). The data indicate that B-
MOF-1 consists of mainly micropores of diameters approx-
imately 1.2 nm and less.
Both Ar and N2 isotherms show an adsorption−desorption

hysteresis over a wide pressure range, with loops that never close;

Figure 1. Crystal structure of ligand 1 (H atoms removed for clarity):
(a) illustration of the hydrogen-bonded network and the locations of
toluene molecules (pink, boron; gray, carbon; red, oxygen); (b) space-
filling diagram showing the interweaving hydrogen-bonded network.

Figure 2. (a) Diagram showing the environment around the ZnII ions
and the disordered ZnII sites (H atoms are omitted for clarity). (b)
Diagram showing the single cage and connectivity in B-MOF-1. The
central ZnII ions (Zn3A and Zn3B) occupying the chelate sites and the
aryl groups around the B atom are omitted (pink, boron; gray, carbon;
red, oxygen; turquoise, zinc).

Figure 3. 3D structure of B-MOF-1 showing the porous spaces by
yellow spheres (pink, boron; gray, carbon; red, oxygen; turquoise
polyhedra, zinc).

Figure 4. Adsorption−desorption isotherms of B-MOF-1 with Ar at 87
K. Inset: isotherms plotted in a semilogarithmic scale.
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i.e., low pressure adsorption hysteresis is observed as well. The
cause of this phenomenon is not understood yet, and further
investigation is required to properly characterize this effect. B-
MOF-1 has also been found to adsorb CO2 gas (see the SI).
In summary, we have successfully synthesized the first

triarylboron-functionalized carboxylate MOF. Its structure
exhibits an 8-fold interpenetrated network, leaving only small
pores capable of modest gas uptake. Current efforts are focused
on the synthesis of noninterpenetrated B-MOFs to create larger
pore volumes and thus enhancement of the gas-uptake capacity.
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