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ABSTRACT: A Mn(II)-based homometallic porous metal−
o r g a n i c f r a m e w o r k , M n 5 ( b t a c ) 4 ( μ 3 -
OH)2(EtOH)2·DMF·3EtOH·3H2O (1, btac = benzotriazole-
5-carboxylate), has been solvothermally synthesized and
structurally characterized by elemental analysis, thermogravi-
metric analysis, and X-ray crystallographic study. 1 is a 3D
neutral framework featuring 1D porous channels constructed
by {Mn−OH−Mn}n chains and btac linkers. Magnetic studies
show that 1 is a 3D metamagnet containing 1D {Mn−OH−
Mn}n ferrimagnetic chains. High-pressure H2 adsorption
measurement at 77 K reveals that activated 1 can absorb 0.99 wt % H2 at 0.5 atm and reaches a maximum of 1.03 wt % at
5.5 atm. The steep H2 absorption at lower pressure (98.2% of the storage capacity at 0.5 atm) is higher than the corresponding
values of some MOFs (MIL-100 (16.1%), MOF-177 (57.1%), and MOF-5 (22.2%)). Furthermore, activated 1 can adsorb CO2
at room temperature and 275 K. The adsorption enthalpy is 22.0 kJ mol−1, which reveals the high binding ability for CO2.
Detailed gas sorption implies that the exposed Mn(II) coordination sites in the activated 1 play an important role to improve its
adsorption capacities.

■ INTRODUCTION
Porous metal−organic frameworks (MOFs) have attracted
great interest, not only because of their versatile intriguing
architectures but also because of their potential applications as
functional materials.1−3 The design and construction of
functional porous MOFs with additional physical properties,
such as magnetism, is a challenge because it is difficult to obtain
simultaneously larger pore sizes and relatively strong magnetic
interactions.4 The porosity usually depends on the use of
relatively long bridging ligands. However, magnetic super-
exchange requires relatively short exchange pathways between
two adjacent metal centers. In general, these multifunctional
MOFs have usually been focused on two general synthetic
strategies: (1) Using a stable organic radical ligand link to the
adjacent metal centers to build porous hybrid skeleton;5 (2)
using topological magnetic chains or clusters connected by
longer organic linkers to form a porous open framework.6

Several hydroxide-bridged porous coordination polymers have
been reported,2a,b,7 which show interesting magnetic properties.
Organic carboxylate ligands have been widely used in

synthesizing porous MOFs8 or magnetic materials9 with
esthetical topologies and unusual properties because of the
controllable length of ligand and the various coordination
modes of the carboxyl group. Because the conditions of
noncompensation of the individual spin moments are generally

difficult to achieve in 3D homometallic systems, the 3D
homometallic systems containing ferrimagnetic behaviors have
been rarely reported.10 Herein, we present a study of a 3D
h omome t a l l i c p o r o u s MOF , Mn 5 ( b t a c ) 4 ( μ 3 -
OH)2(EtOH)2·DMF·3EtOH·3H2O (1), (btac = benzotria-
zole-5-carboxylate), with metamagnetic properties, containing
ferrimagnetic chains and high H2 adsorption ability at low
pressure.

■ EXPERIMENTAL SECTION
Materials and Methods. All chemicals for synthesis were

commercially available reagents of analytical grade and were used
without further purification. The C, H, and N microanalyses were
carried out with Perkin-Elmer 240 elemental analyzer. The FT-IR
spectra were recorded from KBr pellets in the 4000−400 cm−1 range
on a Nicolet 5DX spectrometer. Thermogravimetric analyses (TGA)
were taken on a Perkin-Elmer Pyrisl (25−600 °C, 5 °C min−1, flowing
N2(g)). Powder X-ray diffraction (PXRD) analyses were recorded with
a Bruker AXS D8 advanced automated diffractometer with Cu Kα
radiation. Gas sorption isotherms were performed with a Belsorp-Max
automatic volumetric adsorption apparatus. A sample of 1 was soaked
with CH2Cl2 for 24 h. After the removal of CH2Cl2 by decanting, the
sample was dried under dynamic vacuum (<10−3 Torr) at room
temperature (25 °C) overnight. Before the measurement, the sample
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was dried again by using the “outgas” function of the surface area
analyzer for 4 h at 150 °C. The detailed ac and dc magnetic data were
collected on a Quantum Design MPMS SQUID-XL-5 magnetometer
using the crushed single-crystal samples. Magnetic data were corrected
for the diamagnetic contribution calculated from Pascal constants11

and a background of the sample holder.
S o l v o t h e r m a l S y n t h e s i s . M n 5 ( b t a c ) 4 ( μ 3 -

OH)2(EtOH)2·DMF·3EtOH·3H2O (1). A reaction mixture of Mn-
(CH3COO)2·4H2O (0.5 mmol, 0.123 g), H2btac (0.4 mmol, 0.065
g), DMF (4 mL), and EtOH (4 mL) was stirred for 20 min in air, then
transferred and sealed in a 18-mL Teflon-lined autoclave, which was
heated in an oven to 473 K for 72 h, followed by slow cooling (5 K
h−1). The resulting light yellow crystals were washed with distilled
water and dried in air (yield: ca. 33%). Elemental analysis calcd (%) for
1 C41H57Mn5N13O19: C, 37.57; H, 4.38; N, 13.89. Found: C, 37.83; H,
4.41; N, 13.68%. IR (KBr pellets, cm−1): 3429 (m), 1595 (s), 1558 (s),
1476 (w), 1401 (s), 1308 (vs), 1196 (s), 784 (s).
X-ray Crystallography. Crystallographic data of 1 were collected

at 173 K with a Apex II diffractometer with Mo Kα radiation (λ =
0.71073 Å) and graphite monochromator using the ω-scan mode. The
structure was solved by direct methods and refined on F2 by full-matrix
least-squares, using SHELXTL.12 Crystallographic data and exper-
imental details for structural analyses are summarized in Table 1. The

selected bond lengths and bond angles are listed in Table 2. The
CCDC reference number is 823231 for 1. A copy of the data can be
obtained free of charge on application to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK [Fax: int code +44(1223)336−033. E-mail:
deposit@ccdc.cam.ac.uk].

■ RESULTS AND DISCUSSION

Solvothermal reaction of Mn(CH3COO)2·4H2O and H2btac in
the presence of DMF and EtOH leads to the generation of light
yellow crystals with an overall formula of Mn5(btac)4(μ3-
OH)2(EtOH)2·DMF·3EtOH·3H2O (1), which was determined
based on an X-ray single-crystal diffraction, elemental analysis,
and TGA. Compared with the large amount of reported metal-
carboxylate complexes, only one complex with btac ligand,

[Co3(OH)(btac)2]·3.7H2O, has been reported,10b which shows
different structure.

Crystal structure. X-ray crystallography revealed that 1,
crystallized in the space group P1̅, exhibited an interesting 3D
porous metal−organic framework constructed by pentanuclear
Mn(II) subunits and btac bridges. The asymmetric unit consists
of five Mn(II) ions, four btac ligands, two μ3-OH groups, two
coordinated EtOH molecules, and some solvent molecules
located in the crystal lattice. The Mn(1) atom is six-coordinated
by four nitrogen atoms from four different btac ligands and two
oxygen atoms from two individual EtOH molecules to form a
distorted octahedral geometry. Mn(2) and Mn(5) are also six-
coordinated and surrounded by two nitrogen atoms from two
different btac ligands and four oxygen atoms from two distinct
btac ligands, one EtOH molecule and one μ3-OH group. Unlike
Mn(1), Mn(2), and Mn(5), Mn(3) and Mn(4) are five-
coordinated and surrounded by four oxygen atoms and one
nitrogen atom from three individual btac ligands and two μ3-
OH groups, forming a trigonal bipyramidal geometry (Figure
1). The btac ligand has two types of different bridging modes:
one adopts μ5 bridging mode through three btac nitrogen
atoms and μ2,η2-carboxylate group (Scheme 1a), another
adopts μ4-bridging mode through two btac nitrogen atoms
and μ2,η2-carboxylate group (Scheme 1b). Thus, Mn(1) is
linked to Mn(2) via two −N−N− bridges and a μ2-OH of
EtOH, Mn(2) is linked to Mn(3) through one −N−N− bridge
and one μ3-OH bridge, Mn(2) is linked to Mn(4) through two
syn-syn μ2-carboxylate bridges and one μ3-OH bridge, Mn(3) is
linked to Mn(4) through two μ3-OH bridges, Mn(4) is linked
to Mn(5) through one −N−N− bridge and one μ3-OH bridge,
Mn(3) is linked to Mn(5) through two syn-syn μ2-carboxylate
bridges and one μ3-OH bridge, forming a pentanuclear Mn(II)
subunit with the Mn−O−Mn angle ranging from 101.4 to
113.9°. The pentanuclear Mn(II) subunits are further
connected through μ3-OH groups to form a extended {Mn−
OH−Mn}n chain (Figure 2). Furthermore, the extended
infinite chains were connected by btac ligands to form a 3D
porous MOF (Figure 3a). The solvent-accessible volume of the

Table 1. Crystal Data and Structure Refinement for 1

Mn5(btac)4(μ3-OH)2(EtOH)2·DMF·3EtOH·3H2O (1)

empirical formula C41H57Mn5N13O19

Fw 1310.70
crystal system triclinic
space group P1̅
a (Å) 11.105(1)
b (Å) 12.577(1)
c (Å) 20.075(2)
α (deg) 82.840(1)
β (deg) 77.765(2)
γ (deg) 79.258(1)
V (Å3) 2681.5(4)
ρcalcd(mg/cm

−3) 1.623
μ (mm−1) 1.229
F(000) 1342
Z 2
θ for data collection (deg) 1.04−26.00
collected reflections 14 749
Independent reflections(Rint) 10 362(0.0191)
R indices [I > 2σ (I)] a 0.0730
wR indices (all data) 0.2117
goodness-of-fit on F2 1.062
largest diff. peak and hole (e Å −3) 2.468 and −2.254

aR1 = ∑∥Fo| − |Fc∥/∑|Fo|; wR2 = ∑[w(Fo
2 − Fc

2)2]/∑[w(Fo
2)2]1/2

Table 2. Selected Bond Lengths (Å) and Angles (deg) for 1a

Mn(1)−N(1B) 2.227(4) Mn(1)−N(10) 2.229(4)
Mn(1)−O(12) 2.231(3) Mn(1)−O(11) 2.236(3)
Mn(1)−N(6A) 2.239(4) Mn(1)−N(9) 2.240(4)
Mn(2)−O(4) 2.108(3) Mn(2)−O(7C) 2.147(4)
Mn(2)−O(11) 2.217(3) Mn(2)−N(8) 2.246(4)
Mn(2)−N(5A) 2.269(4) Mn(3)−O(5D) 2.092(3)
Mn(3)−O(9) 2.103(3) Mn(3)−O(2A) 2.147(3)
Mn(3)−N(4A) 2.186(4) Mn(3)−O(10) 2.222(3)
Mn(4)−O(8C) 2.101(3) Mn(4)−O(10) 2.111(3)
Mn(4)−N(3) 2.176(4) Mn(4)−O(9) 2.246(3)
Mn(5)−O(1A) 2.110(4) Mn(5)−O(9) 2.146(3)
Mn(5)−O(6D) 2.177(3) Mn(5)−O(12E) 2.201(3)
Mn(5)−N(2) 2.259(4) Mn(5)−N(11E) 2.263(4)
Mn(5)−O(12)−
Mn(1)

107.7(1) O(10)−Mn(4)−
O(9)

78.47(11)

Mn(2)−O(11)−
Mn(1)

108.26(13) Mn(2)−O(10)−
Mn(3)

113.87(13)

Mn(4)−O(10)−
Mn(2)

102.80(13) Mn(4)−O(10)−
Mn(3)

101.35(12)

Mn(3)−O(9)−
Mn(5)

104.43(13) Mn(3)−O(9)−
Mn(4)

100.93(12)

aSymmetry operation: A x − 1, y, z; B x, y − 1, z; C −x + 1, −y + 1, z;
D −x + 1, −y + 1, −z + 1; E x, y + 1, z.
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unit cell was estimated (PLATON program13) to be 1080.9 Å3,

which accommodates lattice solvent molecules, and is

approximately 40.3% of the unit-cell volume (2681.5 Å3).

The 1D pore exhibits a dumbbell-type channel with a size of 9.6
× 7.8 Å (atom to atom distance, or 8.8 × 7.5 Å, excluding van
der Waals radii,14 Figure 3b). This is even larger than the
reported pore size (7.2 × 5.7 Å) of MAF-25,15 which shows gas
separation for N2, H2, and CO2. Compared with the previously
reported Co(II)-btac compound,10b Co(II) centers are bridged
by μ3-OH groups to form a Co3(OH)2 chain, then are linked by
btac ligands in the μ5 mode to form a 3D porous MOF.

Thermal Stability. The TGA curve (Figure S1 in the
Supporting Information) of 1 shows that the weight loss of the
guest and coordinated solvent molecules was well resolved. The
first step from 25 to 140 °C with ca. 19.9% loss may be
attributed to the loss of guest molecules (the weight ca. 20.2%)
(step I) and the 7.3% loss corresponds to the release of two
coordinated EtOH molecules (step II) up to ∼201 °C (ca.
7.1%). The PXRD patterns of 1 (Figure 4) show that the
diffraction patterns are almost the same as the simulated ones,
indicating the phase purity of the products. The differences in
intensity may be due to the preferred orientation of the powder
samples.16 The PXRD patterns of dehydrated samples and the
desolvated (EtOH) samples after gas sorption experiments
have been also measured and compared with that of 1. The
PXRD pattern of dehydrated samples (after heating at 110 °C
under vacuum for 4 h) is almost the same as that of the as-
synthesized 1, confirming the framework is stable after losing
the lattice water and solvent molecules. However, the PXRD
pattern of the desolvated samples (under vacuum at 150 °C for
4 h) after gas sorption exhibits a decrease in intensity, and the
position of partial peaks change, suggesting that a crystal of the
coordination network was gradually distorted as a result of the
crystal transformation after the loss of coordinated EtOH
molecules.17 TGA performed on the desolvated samples after
gas sorption experiments showed insignificant weight loss
(∼1%) up to 200 °C, confirming that all guest molecules and
coordinated solvents were removed from the pores of 1 (Figure

Figure 1. Coordination environment of the Mn(II) centers in 1. Symmetry transformations used to generate equivalent atoms: A x − 1, y, z; B x, y −
1, z; C −x + 1, −y + 1, −z; D −x + 1, −y + 1, −z + 1; E x, y + 1, z.

Scheme 1. Coordination Modes of btac in 1

Figure 2. Spin topology of homometallic ferrimagnetic chain.

Figure 3. (a) View of 3D metal organic framework in 1, in which C
atoms of EtOH molecules are highlighted in the space-filling model.
(b) Enlarged image of the micropore.
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S2 in the Supporting Information). To examine if the
framework can be recovered after the loss of the guest and
coordinated solvent molecules, a crystalline sample of 1 was
dried under vacuum at 150 °C for 4 h and then immersed in
water and wet ethanol. The PXRD patterns of samples
immersed in ethanol or water are almost the same as those
of the dried samples under vacuum at 150 °C for 4 h, indicating
that the framework change is an irreversible process after guest
molecules and coordinated EtOH molecules removed.
Magnetic Properties. The magnetic susceptibility per

Mn5 unit measured on a polycrystalline sample of 1 under an
applied field of 10 kOe is shown in Figure 5. The value of χmT

at 300 K is 18.23 cm3 K mol−1, which is lower than the spin-
only value of 21.83 cm3 K mol−1 magnetically five isolated high-
spin Mn(II) ions (S = 5/2, g = 2.0), indicating the presence of a
dominant antiferromagnetic interaction. Upon cooling, the χmT
product first decreases smoothly to a rounded minimum (5.82
cm3 K mol−1) at 20 K; then, there is an abrupt increase to 9.08
cm3 K mol−1 at 4.0 K, and finally, χmT values again decrease to
2.4 cm3 K mol−1 at 2 K. From 4 to 2 K, the decreasing
experimental χmT may be due to interchain antiferromagnetic
interactions and/or the saturation effect. This feature is similar
to that reported by Cao et al. for a similar 3D complex
containing 1D chains and is the typical signature of the so-
called topological ferrimagnetism.10b The temperature depend-
ence of the reciprocal susceptibility above 70 K follows the

Curie−Weiss law with a Weiss constant of θ = −95 K, further
confirming dominant antiferromagnetic interactions between
Mn(II) ions. The full hydration and the full dehydration of
Mn5(btac)4(μ3-OH)2(EtOH)2·DMF·3EtOH·3H2O do not in-
fluence the magnetic properties (Tc, Weiss constant) (Figure
S3 in the Supporting Information).
The magnetic behaviors of 1 are further characterized by

field-dependent measurements at low temperature (Figure 6).

The sigmoidal shape of the M−H curve at 2 K clearly indicates
the field-induced transition from an antiferromagnetic to a
paramagnet state, which is characteristic of a metamagnet. The
critical field is 3000 Oe, estimated as the field at which a
maximum dM/dH value is reached. Upon increasing the field
above the critical field, the magnetization increases and
saturates rapidly. The saturation magnetization is 5.03 Nβ,
confirming the S = 5/2 ground state for a pentanuclear unit,
which mainly arises from three Mn(II) moments that are
antiparallel to those of two other Mn(II) within the chain to
give the ferrimagnetic chain, and the resultant of one chain is
opposite to that of neighboring ones to give the final
antiferromagnetic interactions. As expected, the sigmoidal
feature of the magnetization curve disappears at 5 K, which is
above the critical temperature for 3D antiferromagnetic
ordering. Further measurements revealed that 1 is a soft
magnet without detectable magnetic hysteresis. The temper-
ature dependence of the ac magnetic susceptibility is also
measured and confirms the occurrence of the magnetic
ordering at 3.0 K, at which only χ′ (the in-phase component)
reach maximum value. No resolving out-of-phase signal and
frequency dependence were observed (Figure S4 in the
Supporting Information).
1 is unusual example of a 3D metamagnet containing 1D

ferrimagnetic chains. According to the ferrimagnetic behavior
and the chain topology of 1, we can determine the spin
topology of the chain and the nature of the magnetic
interactions through different bridges. There are four sets of
magnetic exchange pathways within the chain: (1) consisting of
two −N−N− bridges from a μ4-btac group and a μ5-btac group
and a μ2-OH bridge from a EtOH ligand (J1); (2) consisting of
one −N−N− bridge from a μ5-btac group and a μ3-OH bridge
(J2), (3) consisting of one syn-syn μ2-1,3-carboxylate bridge and
a μ3-OH bridge (J3), and (4) consisting of two μ3-OH bridges
(J4). It is well-known that compared with the μ2-O bridge, syn-
syn carboxylate bridges and double-atom bridges such as −N−
N− play a negligible role in mediating the magnetic exchanges.
Therefore, the magnetic exchange within the Mn−O−Mn is
dominant. The Mn−O−Mn angles within and between the
pentamers are 101.4−113.9° and 107.7° respectively, which

Figure 4. XRPD patterns of simulated, as-synthesized, and immersed
dried crystals for 24 h in different solvents.

Figure 5. Plots of χmT versus T for the polycrystalline samples of
1(○) with solid lines showing the theoretical fit to the experimental
data.

Figure 6. Magnetization curves at 2.5 K and 5 K. The inset is a blow-
up of the low field region.
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favor antiferromagnetic couplings between the Mn(II)
ions.10a,18

Prior to this study, no analytical expression was available for
determining the exchange parameters in a 1D Heisenberg
ferrimagnet consisting of alternating interactions. Furthermore,
the Bonner and Fisher numerical computation method,19 based
on rings of increasing size, is not useful here because the
number of required spins S = 5/2 lies outside the range of
computational possibilities. Given the spin value, a convenient
expression may be deduced from a classical spin model, using
the spin Hamiltonian

= − Σ − Σ +

− Σ +

− Σ +

+ + + + +

+ + +

+ + −

H J S S J S S S S

J S S S S

J S S S S

( )

( )

( )

i i i i i i

i i i i

i i i i

1 5 2 5 1 2 5 3 5 1 5 2 5

3 5 3 5 2 5 1 5

4 5 2 5 4 5 1 5

where J1, J2, J3, and J4 stand for the exchange interactions and
where the Sn are classical spin vectors. This approximation is
fully justifiable when studying manganese(II) chains that
exhibit large spins, S = 5/2. A least-squares fit of the observed
magnetic data was made, and a set of parameters, g = 2.008, J1 =
1.7 cm−1, and J2 = J3 = −4.7 cm−1, was obtained. These could
explain the overall antiferromagnetic behavior of 1. Noting that
the asymmetric unit of 1 contains odd numbers of Mn(II) ions,
the antiferromagnetically interacted Mn(II) ions should result
in an uncompensated net magnetic moment within the
pentamers, thus leading to a ferrimagnetic chain. This
phenomenon has been found in a few other homometallic
systems with an odd number of interacting metal ions.10a,18

Gas Adsorption. To check the porosity of activated 1, H2
adsorption studies were carried out at 77 K. As shown in Figure

7, the steep increase in H2 uptake at low-pressures (110
cm3(STP)/g, 0.99 wt % at ca. 0.5 atm and 112 cm3(STP)/g,
1.01 wt % at ca. 1 atm) and a maximum capacity of 114
cm3(STP)/g (1.03 wt %) at 5.5 atm was observed. The
adsorption and desorption are not reversible, which is different
from a lot of other MOFs in H2 adsorption.

20 Such desorption
kinetics might attributed to the removal of bound EtOH
molecules and the exposed Mn(II) coordination sites that are
generated in the desolvated samples. Moreover, the rapid
increase in H2 uptake at low-pressures implies a strong
interaction between H2 and the exposed metal centers.21

Chen and co-workers have revealed that the removal of axial
water ligands from paddle-wheel secondary building units

(SBUs) by thermal activation exposes the metal binding sites in
MOF-505;22 Long et al. have shown a similar phenomenon in a
MOF with tetrazolate ligands.23 The H2 molecules proved to be
bound strongly with these exposed metal sites; therefore, the
incorporation of an accessible unsaturated metal center has
been shown to be a viable strategy to increase H2 adsorption
affinity.24 In addition, benzene rings in the organic linkers also
play an important role for H2 adsorption.

25 As in the case of the
MOF-5 and IRMOF-8 reported by Yaghi et al., their different
adsorption abilities may be attributed to differences in the
organic ligands that have been considered as significant
adsorption sites.26 These results reveal that the MOFs that
possess more aromatic rings in the organic ligands could
enhance the H2 storage capacities.27 Therefore, the rapid
increase in H2 uptake at low-pressures may result from the
presence of exposed Mn(II) sites and the double-walled linkers
exist in 1.
Although the maximum uptake of H2 is relatively low in

comparison to the high capacity coordination framework
reported to date,28 the H2 uptake of 1 at low pressures (1.01
wt %, 1 atm) is comparable to that of IRMOF-1,29 but lower
than that of Cu2(BPTC), which displays high capacities of H2
uptake (∼2.47 wt %) under similar conditions (77 K and 1
atm). At 0.5 atm, 98.2% of the H2 storage capacity of 1 has
been reached, which is higher than those for some porous
materials that have been reported to be promising for the H2
storage: MIL-100 (16.1%), MOF-177 (57.1%), and MOF-5
(22.2%).30

For further study of the gas sorption, CO2 adsorption was
measured (Figure 7) at 275 and 298 K. CO2 adsorption gave
maximum CO2 uptake of 32.3 cm

3 (STP)/g (11.0 atm, 275 K)
and 29.0 cm3 (STP)/g (15.5 atm, 298 K), respectively. Virial
analysis24 of the CO2 adsorption isotherms revealed that the
isosteric heat of adsorption of 1 at zero surface coverage is 22.0
kJ mol−1, which implies that the activated 1 has higher binding
ability to CO2. The observed value (22 kJ mol−1) is similar to
that of HKUST-1 with unsaturated metal sites, exhibiting
enthalpies in the low coverage region of around 35 kJ mol−1.31

The phenomenon may be caused by a direct interaction
between CO2 and the exposed unsaturated metal centers where
CO2 is end-on coordinated to the manganese ion of the
framework.32

■ CONCLUSION
In conclusion, a porous Mn(II) MOF (1) based on Mn5
subunits and btac bridges has been successfully synthesized.
Detailed magnetic measures show that 1 exhibits 3D
metamagetic properties with homometallic ferrimagnetic
chains. In addition, H2 and CO2 adsorption properties on the
activated 1 were also explored, which prove that the
introduction of the metal active sites and/or double-walled
linkers to the activated MOFs makes a positive effect on the gas
adsorption.
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M.; Yao, S.; Li, Y. G.; Cleŕac, R.; Lu, Y.; Su, Z. M.; Wang, E. B. J. Am.
Chem. Soc. 2009, 131, 14600−14601.
(3) (a) Seo, J. S.; Whang, D.; Lee, H.; Jun, S. I.; Oh, J.; Jeon, Y. J.;
Kim, K. Nature 2000, 404, 982−986. (b) Zheng, Y.-Z.; Tong, M.-L.;
Zhang, W.-X.; Chen, X.-M. Angew. Chem., Int. Ed. 2006, 45, 6310−
6314.
(4) (a) Kepert, C. J. Chem. Commun. 2006, 695−700. (b) Feŕey, G.
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