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An 8-fold interpenetrating diamondoid network, [Ni(cyclam)]2[TCM]‚
2DMF‚10H2O, has been prepared by the self-assembly of a Ni-
(II)cyclam macrocyclic complex and sodium tetrakis[4-(carboxyphenyl)-
oxamethyl]methane in DMF/water. The network shows an unusual
[4 + 4] mode of interpenetration, generating 1D channels of
effective window size 6.7 Å × 4.7 Å. The network shows flexible
behavior: it becomes nonporous on removal of the guest molecules
occupying the channels, but the open structure is restored when
the desolvated solid is immersed in the mixture of H2O/DMF (1:1,
v/v) for 5 min. The desolvated host has different binding capacities
for n-butanol, pyridine, and ethanol.

Assembly of metal-organic open frameworks (MOFs) has
attracted great attention, and MOFs with various network
topologies have been prepared from the metal and organic
building blocks.1-5 They have the potential for being applied
to selective molecular recognition and separation,2 gas
storage,3 ion-exchange,4 and heterogeneous catalysis.5 It is
of interest to build diamondoid networks with big cavities
because they have the perspective to be used as porous
materials or for a catalytic purpose. Interpenetrating dia-
mondoid networks with open structures including counterions
and guest molecules have been demonstrated.6-8

Our design strategy was to build a neutral diamondoid
network by interconnecting a big pseudotetrahedral anionic
ligand and a metal ion having two coordination sites at the
trans position (Scheme 1). We chose tetrakis[4-(carboxyphe-
nyl)oxamethyl]methane (TCM) ligand9 as the tetradentate
organic building block and Ni(II)cyclam10 macrocyclic
complex as the metal building block. Macrocyclic complexes
have been rarely employed as metal building blocks in the
assembly of metal-organic frameworks,2,11-13 mainly be-
cause of the difficulty of synthesis and weak ligand binding
affinity at the axial sites. However, they have advantages
over the free metal ions. Macrocyclic complexes in square
planar coordination geometry can act as the linear linkers
for the ligand, and thus make the design and prediction of
the networks possible. In addition, bulkiness of the macro-
cycle often prevents interpenetration of the network. Inter-
penetration is a major impediment in the achievement of
channels or cavities in MOFs even though it occasionally
provides open structures.13-15

Self-assembly of [Ni(cyclam)](ClO4)2 and Na4TCM in
DMF/water (1:1, v/v) resulted in [Ni(cyclam)]2[TCM] ‚
2DMF‚10H2O (1).16 Compound1 is insoluble in water and
common organic solvents. The crystal retains transparency
even after exposure to air.

In the X-ray crystal structure of1,17 each Ni(II) ion is
coordinated with two different TCM ligands at the axial sites
to display distorted octahedral coordination geometry, and
each TCM ligand binds four Ni(II)cyclam complexes in a
tetrahedral fashion, which gives rise to a diamondoid network
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formed of large adamantanoid cages. The adamantanoid cage
exhibits maximum dimensions (the longest intracage dis-
tances) of 49.2× 50.8 × 44.3 Å3 (C‚‚‚C edges; 20.9 Å)
(Figure 1). Such a large cavity causes the unusual 8-fold
interpenetration of the networks, which can be best described
as two sets of a normal 4-fold net. The two sets are related
to a noncrystallographic 2-fold rotation, whose axis lies in
the middle of two sets and on theac plane. The interpenetra-
tion vector in each set is along thea + c. Therefore, this
interpenetration is rototranslational equivalent, and compound
1 is regarded as a [4+ 4] interpenetrating diamondoid
system.6

Despite the 8-fold interpenetration, the structure generates
1D channels of effective window size 6.7 Å× 4.7 Å. The
channels are filled with guest molecules, 2 DMF and 10
water molecules per unit formula of the host, as evidenced
by the elemental analysis and TGA/DSC data. In the X-ray
structure refinement, however, guest molecules could not be
located because of their high thermal disorder, and the final
structural model was refined without the solvent molecules
by using a SQUEEZE routine of PLATON.18 The voids
volume estimated by PLATON is 30.1%. TGA data obtained
for the freshly prepared sample indicate that all guest
molecules can be removed at 30-105 °C, and the guest-
free framework is stable up to 320°C.

The X-ray powder diffraction (XRPD) pattern of desol-
vated solid2 shows sharp peaks, but it is different from that
of original solid1 (Figure 2). This indicates that the crystal
structure was changed by the guest removal. The N2 gas

sorption study indicates that the desolvated solid became
nonporous. However, when the desolvated solid was im-
mersed in the mixture of H2O/DMF (1:1, v/v) for 5 min, the
same pattern as that of the original crystal was obtained,
indicating that the original structure was restored upon
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Scheme 1

Figure 1. X-ray structure of1. (a) An adamantanoid cage. (b) The [4+
4] interpenetrating mode of diamondoid networks. (c) View on the (101)
plane, showing that the interpenetrating networks generate 1D channels
(effective window size, 6.7 Å× 4.7 Å). One set of the [4+ 4]
interpenetrating networks is indicated in red, brick, yellow, and green, the
other set is in indigo, blue, sky blue, and light blue.

Figure 2. XRPD patterns for original solid1 (top), desolvated solid2
prepared at 120°C and 10-5 Torr for 20 h (middle), and resolvated solid
by immersion of2 in H2O/DMF (1/1, v/v) for 5 min (bottom).
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resolvation. However, when the desolvated solid was exposed
for 7 days to the vapor of DMF and H2O (10:1.8, v/v)
mixture, whose partial vapor pressure ratio is DMF/H2O )
1:5 at 38°C, the XRPD pattern of the desolvated solid was
not changed. This implies that the desolvated structure cannot
adsorb the vapor, which is in accordance with the N2 gas
sorption results. These types of flexible and dynamic
networks responding to guest molecules have been re-
ported,12,19,20and they might find applications in molecular
separation or sensors. In particular, our result that nonporous
solid2 readily adsorbs guest solvents with structural change
is similar to Atwood’s report that the nonporous calixarene
solid transports solvent molecules rapidly with significant
positional and orientational rearrangement of the host
molecules.20

Desolvated host solid2 is able to differentiate various
organic guests in the isooctane medium. It binds ethanol,
pyridine, andn-butanol, exhibiting Langmuir isotherm curves
(Figure 3), while it does not bind toluene andtert-butanol.
The amount of organic guest molecules bound to the solid
was measured by GC at various guest concentrations, and
the host-guest complex formation constant (Kf) and the

number of binding sites (moles) per gram of the host ([BS]0/
ω) for guest molecules were estimated (Table 1). TheKf

values indicate that the host binds guests in the order
n-butanol> pyridine> ethanol. This indicates that the guest
should interact with the host via hydrogen bonding interac-
tions with the carbonyl group of TCM or with secondary
amine of the macrocycle. In addition, hydrophobic interac-
tions between the host and guest are also very important
because macrocycles are exposed to the channels (Figure
1), as indicated by the largestKf value for n-butanol. As
anticipated, the maximum amount of guest molecules that
can be bound to the host depends on the size of the guest.

In conclusion, the uncommon 8-fold [4+ 4] interpenetrat-
ing diamondoid network has been assembled from a Ni(II)-
cyclam complex and tetra-carboxylate ligand. Despite of the
highfold interpenetration, the network generates a 1D chan-
nel. The network exhibits dynamic behavior: it becomes
nonporous on removal of guest molecules, but the original
open structure is restored upon immersion in the guest solvent
system for 5 min. The desolvated host solid has different
binding capacities forn-butanol, pyridine, and ethanol. A
variety of aza-macrocyclic complexes can be prepared by
attaching various functional groups to the macrocycles.21 By
employing them as the metal building blocks, we are now
preparing different types of networks, which might show high
specificity for particular guests.
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Figure 3. Binding of desolvated solid2 (in the powder form) with various
guest molecules in the isooctane medium, ethanol (b), pyridine (9), and
n-butanol (2).

Table 1. Guest Binding Data for Desolvated Host2a,b

Kf, M-1
[BS]0/ω,
mmol g-1

guest inclusion
capacity,c mol

ethanol 0.84( 0.36 12.7( 3.4 14.4
pyridine 0.93( 0.36 6.87( 1.84 7.81
n-butanol 4.36( 1.22 0.75( 0.07 0.85

a Measurements were performed according to the method in ref 2.b Kf

and [BS]0/ω indicate the binding constant and the binding capacity of host
solid with guest molecules, respectively.c Per formula unit of desolvated
host2 (fw ) 1136).
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