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A new magnesium metal-organic framework (MOF) based on an
asymmetrical ligand, biphenyl-3,40,5-tricarboxylate (H3BPT), has been
synthesized and structurally characterized. MOF Mg3(BPT)2(H2O)4
(1) consists of 1D hexagonal nanotube-like channels and exhibits
pronounced hydrogen-sorption hysteresis at medium pressure.

A major technical obstacle to the widespread use of
hydrogen as a nonpolluting fuel for automobiles is the lack
of a safe and efficient system for on-board storage.1Recently,
a new class of ordered, three-dimensional (3D) extended
solids composed of metal ions and organic linkers, known
as metal-organic frameworks (MOFs),2 has emerged as a
promising storage alternative to high-pressure and liquefied
hydrogen tanks, metal hydrides, and carbon-based adsor-
bents.3 However, for hydrogen physisorption, dihydrogen
(H2) adsorption energy (typically 4-7 kJ/mol) of this type of
network is usually very discouraging.
Several strategies have been used to enhance H2 binding

withinMOFs, thus increasing hydrogen uptake. First, frame-

works with very narrow pores that fit the size of the hydrogen
molecule can be constructed.4 Second, particular attention
has been paid to the creation of open metal sites, which has
proven to be an effective way of strengthening theMOF-H2

interaction.5 In addition, theuse of alkaline-earthmetals such
as lithium and magnesium in porous materials is appealing
because they are predicted to have strong binding affinities
for the hydrogen molecule.6 In fact, the construction of
porous coordination frameworks with lightweight metal
centers has been proven to be very advantageous for gravi-
metric hydrogen uptake.7

Recently, the Matzger group reported a MOF (named
UMCM-150) basedon anunsymmetrically substituted linker
named biphenyl-3,40,5-tricarboxylate (H3BPT).

8 H3BPT is
an excellent linker for the area of MOFs because of its
multiple coordination sites and unsymmetrical structure.
Here we choose magnesium and H3BPT as our candidates
for constructing a novel MOF.
The magnesium complex Mg3(BPT)2(H2O)4 (1) was

synthesized by the solvothermal reaction of H3BPT with
Mg(NO3)2 3 6H2O in 5:1 N,N-dimethylformamide (DMF)/
H2O at 120 �C for 48 h. The product was isolated as colorless
block crystals of 1 3 2DMF 3 3H2O at 72% yield, with the
overall formula determined by crystallography,9 elemental
analysis, and thermogravimetric analysis (TGA).
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R3, a = 31.642(5) Å, b = 31.642(5) Å, c = 14.873(3) Å, V = 12896(4) Å3,
Z = 9, T = 200 K, Fcalcd = 0.824 g/cm3, R1 [I > 2σ(I)] = 0.0553, wR2 =
0.1561, GOF = 0.957. CCDC reference number for 1: 734381.



8070 Inorganic Chemistry, Vol. 48, No. 17, 2009 Guo et al.

A single-crystal X-ray crystallographic study revealed that
1 crystallizes in rhombohedral space group R3. It adopts a
[Mg3(μ3-O)2(μ2-O)4] cluster as its secondary building unit
(SBU). It should be noted that the trinuclear SBU is the most
important magnesium cluster because the same structural
motif was found in all magnesium MOFs with a rigid 3D
framework and permanent porosity reported so far.10 The
trinuclear magnesium clusters in 1 are connected by rigid
organic linkers (BPT). TheBPT ligands in compound 1 adopt
two coordination modes that connect six Mg atoms: a
bidentate bridging mode and an asymmetric chelating brid-
ging mode. Compound 1 contains two crystallographically
independent Mg atoms, as shown in Figure 1a. The central
Mg2þ cation in each unit lies on an inversion center and is
coordinated by six carboxylate O atoms from separate BPT
ligands [Mg-O distances range from 2.074(2) to 2.152(3) Å],
whereas the terminal Mg2þ cations are coordinated by four
carboxylate O atoms from three BPT ligands [Mg-O dis-
tances range from 1.956(2) to 2.209(1) Å] and two O atoms
from aqua ligands.
Every distorted SBU connects with six BPT ligands

(Figure 1a), and every BPT connects six SBUs to form a
3D framework (Figure 2). Probably because of the bulkiness
of the SBU,noπ-π stacking is allowed in the framework and
the structure is noninterpenetrated.11 It is interesting to note
that these Mg3 SBUs are interconnected through the organic
linkers to generate one-dimensional (1D) hexagonal nano-

tube-like channels of 11.2 Å � 15.0 Å (excluding axial aqua
ligands) in the [001] direction (Figure 1b).
TGA data of 1 show a weight loss of 29.3% in the

temperature range of 50;400 �C, corresponding to four
coordinated H2O molecules, three H2O guest solvent mole-
cules, and twoDMFmolecules residing in the open channels
of 1 (expected 29.85%). It should be noted that 1 is stable up
to 350 �C, as evidenced by a comparison of the powderX-ray
diffraction (PXRD) patterns collected at temperatures ran-
ging from 100 to 400 �C (see Figures S2 and S3 in the
Supporting Information).
PLATON12 calculations showed that the solvent-accessi-

ble volume constitutes ∼54% of the total volume of the
crystal 1 after being activated. Compound 1 exhibits perma-
nent porosity, which has been confirmed by gas sorption.
Prior to gas-sorption experiments, DMF and H2O guest
molecules are removed by solvent exchange.13 Measured
nitrogen adsorption of 1 at 77K, shown inFigure 3a, displays
typical type I sorption behavior. Compound 1 adsorbs 225
cm3/g of nitrogen at 77 K and 1 atm, corresponding to
apparent Brunauer-Emmett-Teller and Langmuir surface
areas of 714 and 837m2/g, respectively. The average pore size
is about 0.98 nm, which is within the limit of the theory pore
sizes. The nitrogen adsorption shows very good reversibility.
The hydrogen-sorption isotherm recorded at 77 K under

normal pressure shows type I behavior with no hysteresis and
no noticeable change in the properties upon repeated cycling.
1 showedan excess gravimetric hydrogenuptake of nearly 1.3
wt% at 1 atm (Figure 3b). Compared with otherMOFswith
high surface area and high porosity, theH2 adsorption of this
framework is still inspiring. To determine the hydrogen
affinity of 1, a H2 adsorption isotherm at 87 K was also
collected to calculate the heat of adsorption (Figure 4a), and
the data were fit using the Langmuir-Freundlich equation.14

Isosteric adsorption enthalpies as a function of the quantity
of hydrogen adsorbed were calculated using a variant of the
Clausius-Clapeyron equation.5b At low coverage, 1 exhibits
a moderately high H2 adsorption enthalpy of 7.5 kJ/mol
(Figure 4b), which is higher than that ofMOF-5 (5.2 kJ/mol)
and HKUST-1 (6.6 kJ/mol) but is lower than that of MOF-
74 (8.3 kJ/mol), IRMOF-11 (9.1 kJ/mol), or PCN-9 (10.1 kJ/
mol).15TheH2 sorption isothermsatboth temperatures show
no hysteresis under normal pressure.
Themedium-pressure hydrogen storage capability of 1was

evaluated at 308 K. At that temperature, the sorption
isotherm of 1 has a type I profile that is saturated at 5 bar

Figure 1. (a) Trinuclear magnesium carboxylate clusters and a repre-
sentation of the inorganic six-coordinate SBUs in 1. (b)Network of 1with
a 1D hexagonal nanotube-like channel.

Figure 2. Structure illustrated for 1, shown from the [001] direction.

Figure 3. Gas-sorption isotherms (77 K) of 1: (a) N2; (b) H2.
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with a hydrogen uptake of about 0.23 wt %. As shown in
Figure 5, the sorption isothermsdisplay noticeable hysteresis.
We hypothesize that this unusual behavior arises from the
size effect of a 1D hexagonal nanotube-like channel. Besides,
the kinetic effect may be a contributing factor to the hyster-
esis because the adsorption/desorption kinetics were very
slow.16 To deeply understand this phenomenon, further
studies are needed. The hysteretic hydrogen sorption thus
may offer the possibility of developing new porous MOFs,
which can upload hydrogen at high pressures and store it at
low pressures.
Photoluminescent properties of alkaline-earth metal com-

plexes are not well studied as compared with those of
transition-metal complexes, although there are reports on
the photoluminescent properties of alkaline-earth metal-
containing materials. The photoluminescence properties of

1 and the free ligand were examined in the solid state at room
temperature. The free ligand displays photoluminescent
emission at 360 nm under 320 nm radiations. Photolumines-
cence studies of 1 showed that the excitation of the solid
samples of 1 at 328 nm produces the same luminescence peak
at 372 nm (Figure S4 in the Supporting Information). These
intense violet-blue luminescence signals may result from a
ligand-based π-π* transition.17 These observations suggest
that this compound could find application as a potential
fluorescent porous material.18

In conclusion, we have successfully synthesized a 3D
microporous magnesium MOF (1) constructed from
[Mg3(μ3-O)2(μ2-O)4] SBUswith 1D hexagonal nanotube-like
channels. 1 exhibits very good fluorescence properties and
noticeable hydrogen-sorption hysteresis at medium pressure.
Future work will continue to focus on constructing magne-
sium-based microporous frameworks for higher hydrogen
adsorption.
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Figure 4. (a)H2 adsorption isothermsof1 at 77K (blue circles) and87K
(red circles). The solid lines correspond to Langmuir-Freundlich fits to
the experimental data. (b) H2 adsorption enthalpy for 1 calculated from
the H2 adsorption isotherms at 77 and 87 K.

Figure 5. Medium-pressure H2 adsorption isotherm for 1 at 308 K.
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