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Synthesis, crystal structure and adsorption properties
of a novel Fe( Ill) porous coordination polymer
containing 1, 4-naphthalenedicarboxylate ligand
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Abstract: A novel porous coordination polymer, iron
naphthalenedicarboxylate Fe ( OH) (1, 4-NDC) - 2H,O is
hydrothermally synthesized by the reaction of FeSO, - 7H,0
and 1, 4-naphthalenedicarboxylic acid (1, 4-H,NDC) at 150
. The compound crystallizes in a tetragonal space group P4,/
nmc; a=2.1447(4) nm, ¢=0.68849(14) nm, V=3.1669
(11) nm’, Z=8, R=0.084 5, wR =0.182 9. The crystal
structure exhibits a three-dimensional framework which is
composed of infinite chains of corner-sharing octahedral
Fe(OH),0, with 1, 4-NDC ligands forming two types of
channels with square-shaped cross-sections. The large channels
present a cross-section of 0. 76 nm x 0. 76 nm, while the small
channels are about 0.30 nm x 0.30 nm. No structural
transformation occurs after removing the guest water molecules,
while a robust structure generates with permanent porosity. The
adsorption measurements show that the anhydrous sample of the
compound can adsorb CO, into its pores. The adsorption
isotherms for methanol, acetone, tetrahydrofuran and benzene
are also measured.
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esign and synthesis of metal-organic frameworks

(MOFs) or porous coordination polymers ( PCPs)
have been developed into one of the most attractive topics
due to the fascinating structural diversity and potential appli-
cations in catalysis''', gas adsorption'’’, selective separa-
tion” | and gas storage'™’. Up to date, through the wide
choice of metals and deliberately designed ligands, a great
number of magnetic, electrical, optical, and catalytic prop-
erties have already been incorporated into such materials. In
recent years, not only crystallographic studies but also dy-
namic aspects of framework and adsorption properties have
been highlighted by several compounds representing special
frameworks'®' | in which the storage of important gases and
vapors, such as methane, hydrogen, acetylene, ethanol,
carbon dioxide and benzene molecules has been achieved,
which enhances the application of these frameworks in the
field of energy and environment'’'. PCPs can be easily con-
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structed by self-assembly of metal ions ( or metal clusters)
and organic linkers. The polycarboxylates have been widely
used in the construction of PCPs because of their different
possibilities of linkage with the inorganic cations ( chela-
ting, single bond, etc. ). A large number of infinite one-,
two- and three-dimensional carboxylate polymers with novel
structure and unique properties have been synthesized.

It is well known that 1,4-H,NDC is a useful ligand in
constructing various functional PCPs. In this work, we use
1,4-H,NDC and FeSO, - 7H,0 to construct one type of in-
triguing polymeric structure Fe (OH) (1,4-NDC) - 2H,O
(named as compound 1). Its architecture exhibits a three-
dimensional framework made by infinite chains of corner-
sharing octahedral Fe ( OH),0, with 1,4-NDC ligands,
forming two types of square-shaped channels. The large
channels present a cross-section of 0. 76 nm x 0. 76 nm,
while the small channels are about 0. 30 nm x 0. 30 nm. The
adsorption measurements show that the anhydrous sample of
compound 1 can adsorb CO, into its pores. The adsorption
isotherms for vapors, such as methanol, acetone, tetra-
hydrofuran and benzene, are also measured.

1 Experiment

All the reagents are of analytical grade and obtained from
commercial sources without further purification.

1.1 Synthesis of [ Fe(OH) (1,4-NDC) ] - 2H,O

The mixture of FeSO, - 7H,O (1.0 mmol, 0.278 2 g),
1,4-H,NDC (1.0 mmol, 0.216 2 g) and H,O (20 mL)
was placed in a 25 mL Teflon autoclave, and then heated at
150 C for 3 d. The reaction mixture was allowed to cool to
room temperature naturally. After filtering off and washing
with distilled water, red styliform crystal of compound 1
was obtained in pure phase (yield: 80% ). Analysis calcu-
lated for compound 1 (C,H,,FeO,): C, 44.58; H, 3.40.
Found: C, 44.74; H, 3.22.

1.2 X-ray crystallographic measurements

A red single crystal with dimension of 0. 10 mm x 0. 10
mm X 0. 20 mm was employed for data collection at 293 K
on a Bruker Smart Apex [I CCD single crystal diffractome-
ter with graphite monochromatized Mo Ko radiation (A =
0.071 073 nm) in a g-w scan mode. A total of 29 559 re-
flections and 1 906 unique ones were collected in the range
of 3.00° <6 <27.48° with R,, =0. 14, of which the ob-
served 1 906 reflections with I > 2¢g (1) were used in the
succeeding structural calculations. The raw data frames were
integrated into SHELX-format reflection files and corrected
for Lorentz and polarization effects using the SAINT pro-



108

Chen Jinxi, Meng Weiwei, and Zhang Ruobing

gram. Structure solution and full-matrix least-squares refine-
ment based on F* were performed with the SHELXS-97 and
SHELXL-97 program packages'', respectively. The non-
hydrogen atoms were refined by full-matrix least-squares
techniques on F° with anisotropic thermal parameters. The
H atoms were placed in the riding model. The unit cell vol-
ume included a large region of disordered solvent ( water)
which could not be modeled as discrete atomic sites. The
intensity contribution of the disordered water molecules were
calculated with PLATON/SQUEEZE and subtracted from
the full data set. The final formula was deduced from the
SQUEEZE results combined with elemental analysis and
TGA data. The ratio of complex to water was found to be
1:2. The new data set, with the solvent contribution re-
moved, was used in the final refinement.

1.3 Gas and vapor adsorption measurements

The adsorption isotherm measurements for nitrogen, ar-
gon at 77 K, carbon dioxide at 195 K, and methanol, ace-
tone, tetrahydrofuran and benzene at 298 K were carried out
using a volumetric adsorption instrument BELSORPI18 from
Bel Japan Inc.

2 Results and Discussion

2.1 X-ray single-crystal structure of compound 1

The crystal belongs to a tetragonal space group P4,/nmc:
a=2.1447(4) nm, ¢ =0.68849(14) nm, and V=3.1669
(11) nm’. The structure of compound 1 consists of a three-
dimensional framework built up from the connection of infi-
nite chains of corner-sharing octahedral Fe ( OH),0, with
1,4-NDC ligands. The bulky naphthalene rings of organic
ligand are projected onto the pore surface, resulting in the
forming of two kinds of pore apertures with a square shape.
The Fe'* is coordinated to four oxygen atoms from four car-
boxylic groups and two hydroxyl groups located in trans po-
sition (see Fig. 1). Bond valence calculations, which gener-
ate a value of 1. 29, confirm the occurrence of a hydroxide
anion on axial oxygen which is required for the electroneu-
trality balance of the structure. The Fe( OH),O, units are
linked to each other through two opposite hydroxyl groups
and an infinite chain running along the ¢ axis is generated.
The infinite Fe-OH-Fe chains are interconnected by the 1, 4-
NDC groups, creating two types of square-shaped channels
parallel to the ¢ axis. Each channel is delimited by four
walls of naphthyl units and four chains of iron octahedra.
The four walls surrounding a small channel have all the C5

Fig.1 Coordination environment of the iron( [ll) in compound 1

and C6 atoms of the naphthyl groups projecting into that
channel. The four walls surrounding the other channels can
accommodate guest water molecules, and are called large
channels (see Fig. 2). Based on the crystallographic data
and the van der Walls radii of atoms, the size of the large
channels is about 0. 76 nm x 0. 76 nm, while that of the
small channels is about 0. 30 nm x 0. 30 nm.

Fig.2 Structural diagram of compound 1 along ¢ axis direction

2.2 Thermal behavior of compound 1

The guest water molecules inside the channels can be re-
moved at an elevated temperature without collapsing the host
framework as confirmed by TGA (see Fig.3) and X-ray dif-
fraction studies (see Fig.4). The thermogravimetric trace, per-
formed under N, atmosphere at 5 C/min, shows that the first
weight loss starting at about 50 C is assigned to the removal of
water molecules. 10.5% weight loss corresponds to two water
molecules per chemical formula ( calculated: 11.1%). The
powder X-ray diffraction pattern of the anhydrous sample of
compound 1 does not show substantial changes.
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Fig.3 Thermogravimetric analysis of compound 1
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Fig.4 Powder X-ray patterns and anhydrous sample of com-
pound 1
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This result suggests that the pore dimension and geometry of
the anhydrous sample of compound 1 are similar to those of
sample 1, but in the anhydrous sample the structure is porous
and it contains an array of independent and empty channels.

2.3 Adsorption properties of compound 1

To elucidate the permanent porosity and the nature of
pores of compound 1, adsorption isotherms of various guests
were performed. The sample was subjected to water evacua-
tion at 150 C for 12 h and 0. 133 Pa, giving rise to the an-
hydrous sample.

The adsorption isotherms of N, and Ar at 77 K show that on-
ly surface adsorption occurs, indicating that N, and Ar mole-
cules do not diffuse into the channels at low temperature even
if the pore diameter is suitable for N, and Ar to pass through
(see Fig. 5). This behavior has already been described in
MOFs with pore sizes less than 1 nm"”"". The CO, ( surface ar-
ea is 0.179 nm’; kinetic diameter is 0.33 nm'") adsorption
isotherm at 195 K is described by a Type-I curve'” demonstra-
ting the microporosity of the framework. The saturation capaci-
ty of CO, is up to 105 cm’/g, corresponding to 1.34 moles
CO, per mole of naphthalene moiety. The surface area accessi-
ble to carbon dioxide is evaluated as 479 m’/g by the Langmuir
equation. Vapors, such as methanol and acetone, are also ad-
sorbed efficiently, showing Langmuir type- [ curves ( see
Fig.6). The saturation capacity for methanol and acetone
are 97 and 53 cm’/g, respectively, indicating that 4. 5 and
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Fig.5 Adsorption isotherms of anhydrous sample of com-
pound 1 for CO,, N, and Ar
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Fig.6  Adsorption isotherms of anhydrous sample of com-

pound 1 for MeOH, Actone, Benzene and THF at 298 K

2. 6 molecules per unit cell are stored. Taking into account
the volumes of the molecules of 0. 067 2 and 0. 122 nm” for
methanol and acetone, respectively, we calculate an occu-
pied value of 0.300 nm’ per unit cell. In the case of ben-
zene and tetrahydrofuran, the lower loading of 1. 1 and 1.2
molecules per unit cell at P/P, =0.95 suggests a looser in-
teraction of the benzene and tetrahydrofuran molecules with
the framework.

3 Conclusion

In summary, we have successfully synthesized and char-
acterized a three-dimensional framework made by infinite
chains of corner-sharing octahedral Fe ( OH),0O, with 1, 4-
naphthanedicarboxylate ligands. The structure shows parallel
and independent nanochannels of two different cross-sec-
tions. The adsorption measurements show that the anhy-
drous sample of compound 1 can adsorb CO, into its pores.
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