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Two manganese 2,6-naphthalenedicarboxylates, [Mn(ndc)-
(DMF)] (1) and [Mn3(ndc)3(DMF)4] (2) (ndc: 2,6-naphthalene-
dicarboxylate), have been isolated from a one-pot reaction
system. Single-crystal X-ray diffraction results indicate that both
compounds exhibit three-dimensional porous structures. Com-
pounds 1 and 2 can be considered pseudopolymorphs. Careful
inspection of the structures of compounds 1 and 2 suggests that
the spatial arrangement of a secondary ligand of DMF plays
a crucial role in the formation of the two supramolecular
isomers.

Porous coordination polymers (PCPs) or metalorganic
frameworks (MOFs) have attracted extensive interest in the past
two decades because of their potential applications as functional
materials in gas storage,1 separation processes,2 drug delivery,3

catalysis,4 and chemical sensing,5 coupled with their abundant
structural diversity. This class of materials can be easily
prepared through self-assembly of multidentate organic ligands
as linkers and metal ions as connecting nodes. Through the wide
choice of metals and infinite selection and design of ligands, a
great number of PCPs have been obtained in this burgeoning
field, and several are already available commercially. However,
the deliberate design of such materials still presents considerable
challenges. In particular, the final obtained structures can be
influenced by many factors, including the coordination geo-
metries of metal ions, spatial arrangements of ligands, synthetic
approaches, solvent effects, and temptation by guests or counter
ions. It has been shown that among the aforementioned factors,
solvents often play crucial roles: they can serve as secondary
ligands or guest molecules. As part of ongoing research work on
PCPs of polycarboxylates, three porous cobalt(II) 1,3,5-benzene-
tricarboxylates have been successfully prepared in our group that
are structurally dependent on the reaction solvent and additive.6

Such interesting results have intrigued us to continue to explore
the influence of solvent on the construction of PCPs. Among the
most commonly used transition-metal elements in the realm of
PCPs, manganese is attracting considerable interest because of
its ability to function as progenitor of novel magnetic molecular
materials. On the other hand, as a typical aromatic polycarbox-
ylate ligand, 2,6-naphthalenedicarboxylic acid (2,6-H2ndc) has
been used as an excellent long linear rigid ligand for PCPs. For
example, [Zn4O(ndc)3]¢(DEF)6 was reported to have a large gas
sorption capacity, while [Mg3(ndc)3(DEF)4] exhibited a high H2

adsorption enthalpy.7 Several manganese naphthalenedicarbox-
ylate PCPs were also reported.8 Herein, we present one-pot
solvothermal crystallization of two three-dimensional (3-D)
manganese 2,6-naphthalenedicarboxylates, [Mn(ndc)(DMF)] (1)
and [Mn3(ndc)3(DMF)4] (2), and the spatial arrangement of the
solvent as a secondary ligand on the final products and their
structures.

Two kinds of crystals with distinct differences in morphol-
ogy, needle for compound 1 while cubic for 2, were synthesized
from solvothermal reactions, one-pot of MnCl2¢4H2O and 2,6-
H2ndc in DMF solution at 150 °C for three days.9 While the bulk
products are cocrystallized in one-pot, the yield of compound 1
(40%) is higher than that of 2 (10%) estimated on the basis of
the morphology of crystals. Meanwhile, both compounds are
air-stable and insoluble in water and most organic solvents.
Compound 2 was previously synthesized by Xu and co-workers
under solvothermal conditions with its structure reported.10 We
provide herein a brief discussion on the synthesis and character-
ization of compound 2 to illustrate the spatial arrangement of the
secondary ligand with respect to the final products and their
structures. TGA and XRD results of compound 1 are provided
in Supporting Information.14

Single-crystal X-ray analysis reveals that 1 crystallizes in
monoclinic space group P21/c and features a 3-D porous
structure.11 There are one crystallographically independent
Mn(II) center, two halves of ndc2¹, and one DMF molecule in
the asymmetric unit. As shown in Figure 1, the Mn cation adopts
six-coordination geometry with an average MnO distance of
2.1890¡. Mn(1) is surrounded in a distorted octahedral fashion
by five carboxylate oxygen atoms from four ndc2¹ anions and
one oxygen atom from a DMF molecule. The Mn cations are
further bridged via pairs of carboxy groups to form a one-
dimensional (1-D) rod, which can be considered an infinite rod-
shaped secondary building unit (SBU).12 Each rod is directly
connected to four neighboring rods through the ndc ligands,
resulting in the formation of a 3-D structure (Figure 2). 1-D
channels are formed in compound 1 along the c axis, in which
the DMF molecules protrude.

Compound 2 consists of linear trimeric Mn3 cluster building
units, which are linked through six carboxylate groups of the ndc
ligands to form a 3-D framework. Compounds 1 and 2 can be
considered pseudopolymorphs. Careful inspection of the struc-
tures of 1 and 2 suggests that the spatial arrangement of the
secondary ligand of DMF plays a crucial role in the formation of
these two pseudopolymorphs. Its different spatial arrangement
forms two SBUs in the two compounds. As can be seen from
Figure 3, in compound 1, DMF serves as a secondary ligand
residing on the equator sites of manganese octahedrons, thus

Figure 1. Coordination environment of Mn(II) cation in
compound 1. Hydrogen atoms are omitted for clarity.
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giving infinite MnO rod-shaped SBU, while in compound 2,
two DMF molecules occupy both the axis and equator sites of
the two terminal Mn atoms in each Mn3 cluster, forming linear
trimeric Mn3 SBU.

To study the porosity of desolvated 1, carbon dioxide and
nitrogen gas adsorption isotherms (Figure 4) were measured
after DMF was removed under evacuation at 473K. The
Langmuir surface area calculated from the nitrogen gas
adsorption data are 10m2 g¹1, showing that only surface
adsorption occurs. Such behavior has previously been described
in PCPs with pore sizes of less than 10¡.13 The adsorption
of CO2 revealed a typical type I isotherm for microporous
materials. The maximum amounts of desolvated 1 adsorbed is
49 cm3 g¹1 for CO2 as measured at P/P0 = 0.9. The Langmuir
surface area calculated from CO2 is 180m2 g¹1. The quadrupole
moment of CO2 molecules presumably explains the remarkable
uptake, since it can promote favorable interactions with the host,
desolvated 1.

The project was sponsored by the Natural Science Founda-
tion of Jiangsu Province (No. BK2009262).
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Figure 3. Rod-shaped secondary building unit in compound 1
(top) and trimeric metal building unit in compound 2 (bottom).
Naphthalene rings are omitted for clarity.
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Figure 4. CO2 (top) and N2 (bottom) adsorption isotherms
at 195 and 77K for compound 1, respectively. STP: standard
temperature and pressure, P: CO2 partile pressure, and P0:
saturated vapor pressure.

Figure 2. Crystalline framework of compound 1 drawn along
the c axis, with coordinating DMF molecules omitted.
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