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Synthesis, Structure and Properties of a Porous Ni(I) Coordination Polymer Constructed
from 1,1’-(1,4-Butanediyl)bis(imidazole) and o-Phthalate Acid
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Abstract: A coordination polymer [Ni(Pht)(bbim-4)], (Pht=o0-phthalate acid anion,bbim-4=1, 1"-(1, 4-butanediyl)
bis (imidazole) was synthesized by hydrothermal reaction and characterized by elemental analysis, powder X-ray
diffraction, TGA and X-ray single crystal diffraction. The crystal belongs to monoclinic system, space group C2/c.
Coordination polymer [Ni (Pht) (bbim-4)], is a three-dimensional porous coordination polymer with triangular
channels. The coordination polymer shows an overall ferromagnetic behavior. Gas sorption studies suggest that the

coordination polymer has selectivity in adsorption of N, and CO, gas. CCDC: 818068.
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The increasingly rapid development of metal polymers (PCPs) over the past two decades has

organic frameworks (MOFs) or porous coordination attracted considerable attention because of their
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interesting  molecular  topologies and  potential Based on above mixed bridging ligands, a novel

[1-2] |

applications such as gas adsorption ", separation,

45 et al. To date, a large number of

Storage
coordination polymers with complicated architectures
have been synthesized successfully . However, the
controllable synthesis of coordination polymer is still a
great challenge because there are many factors that
play important roles in their self-assembling such as
the chemical structures of the ligands !, the anions®,

1 and hydrogen

reaction temperature Bl pH value
bonds ™). But Among these factors, it is well-known
that structures of the ligands play crucial roles in the
design and construction of desirable coordination

12, coordination

polymers Recently, polymers
constructed by bent N-donor ligands of five-membered
ring backbone such as 2,2'-his(1H-imidazolyl)ether!™,
and bis (imidazole) ligands ™ bearing alkyl spacers
have been widely reported. Because the flexible
nature of spacers allows the ligands to bend and rotate
when coordinating to metal centers so as to conform to
the coordination geometries of metal ions .
Furthermore, flexible N-containing polydentate ligands
have multipie coordination sites and adopt versatile
conformations and coordination networks made from
long bridging ligands can give rise to the formation of
large voids according to the literature®. Tn this work,
we chosen 1,1"-(1,4-butanediyl)bis (imidazole) (bbim)
as the first ligand, and o-phthalate are selected as the

second ligand for possible increasing dimensionality.

Scheme 1

1.2 Syntheses of [Ni(Pht)(bbim-4)],

A mixture of Ni (NO;)-6H,0 (0.029 1 ¢, 0.10
mmol), H,Pht(0.0116 g, 0.10 mmol), bbim-4 (0.019 0
g, 0.10 mmol), LiOH (0.006 g), and water (10 mL) was
sealed in a Teflon reactor (15 mL), which was heated

at 160 °C for 3 d and then gradually cooled to room

coordination polymer [Ni(Pht)(bbim-4)], have been syn
thesised.

1 Experimental

1.1 Reagent and apparatus

All  reagents and solvents employed were
commercially available and used as received without
further purication. The bbim-4 ligand (Scheme 1) as
N-donor ligand was synthesized by following the
procedures described previously ", The C, H and N
microanalysis were carried out with a Vario ELIII
elemental analyzer. Power XRD pattern of sample was
collected on a Bruker-AXS SMART CCD area
detector diffractometer with graphite monochromated
Cu Ka radiation (A =0.154 18 nm) and 26 ranging
from 10°~60°. The FT-IR spectra was recorded from
KBr pellets in the range 4 000 ~400 cm ™ on a
NEXUS-870

analyses were carried out on a Shimadzu-50 thermal

spectrometer. The thermogravimetric
analyzer in flowing air with a heating rate of 10 °C -
min " in the temperature range 30 ~600 °C . The
adsorption isotherm for N, and CO, gas were measured
with an automatic adsorption apparatus (Micromeritics
TriStar II 3020 V1.03) at 77 K. The magnetic field
was  approximately 100  Oe. The magnetic
measurements were performed with Quantum Design

SQUID MPMS -7 instruments. The diamagnetism of

the sample and holder were taken into account.

Structure of the biim-4 ligand

temperature. Lastly, green granular crystals were
collected. Caled. for CigHsN,NiOy (%): C, 52.34; H,
4.39; N, 13.56. Found (%): C, 49.70; H, 4.15; N,
12.80.

1.3 X-ray crystallography

coordination

A green single crystal of the
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polymer (0.42 mmx0.38 mmx0.32 mm) was put on a
Gemini S Ultra, Oxford Diffractometer diffractometer
equipped with a graphite-monochromatic Mo K«
radiation (A=0.071 073 nm) at 293 K using an scan
mode (3.71°<6<26.36°). Absorption correction was

applied with the multi-scan technique. All the
structures were solved by the direct method of
SHELXS-97 and rened by full-matrix least-squares
techniques using the SHELXL-97 program™. All non-

hydrogen atoms were refined anisotropically, and the

hydrogen atoms of organic ligands were generated
geometrically!". The detailed crystallographic data and
structure renement parameters are summarized in
Table 1. Selected bond lengths(nm) and bond angles(®)
for the coordination polymer are given in Table 2.
Further details of the crystal structure determination
deposited  to  the

have  been Cambridge

Crystallographic  Data  Centre as supplementary
publication.

CCDC: 818068.

*1 BURGYHNREFZFREMTIEZESY
Table 1 Crystal data and structure refinement parameter for coordination polymer

Crystal system Monoclinic V / nm? 1.797 84(7)
Morphology green granular Z 4
Formula CsHNNiO, D,/ (g-mm™) 1.526
Formula weight 413.05 F(000) 856
Temperature / K 293(2) Index ranges —19<h<17, -11<k<ll, -14<I<15
Wavelength / nm 0.071 073 Independent reflections 1 837 (R;,= 0.0166)
Space group C2e Data/restraints/parameters 1 837/0/124
a/ nm 1.540 79(4) Goodness-of-fit on F* 1.046
b/ nm 0.947 74(2) Final R indexes (I>20(])) R.=0.024 5, wR,=0.062 3
¢/ nm 1.274 37(3) Final R indexes (all data) R=0.0285, wR,=0.0645
B/ 104.961(3) Largest diff. peak and hole / (e-nm™) 245 and -315
x2 BRURGUHNBIEKINER
Table 2 Selected bond lengths(nm) and bond angles(°) for the coordination polymer
Nil-N1 0.20606(13) Nil-N1i 0.20606(13) Nil-02i 0.21254(12)
Nil-02 0.21254(12) Nil-01 0.2078(2) Nil-Oli 0.2078(2)
N1-Nil-N1i 180.0 02i -Nil-02 180.000(1) N1-Nil-O1i 88.26(5)
N1-Nil-02i 90.90(5) NI-Nil-01 91.74(5) NI-Nil-O1i 91.74(5)
N1i -Nil-02 89.10(5) N1i -Nil-01 88.26(5) 02i-Nil-O1i 61.50(4)
N1-Nil-02 89.10(5) 02i -Nil-01 118.50(4) 02-Nil-Oli 118.50(4)
N1i -Nil-02 90.90(5) 02-Nil-01 61.50(4) O1-Nil-O1i 180.0

Symmetry code: ' 2-x, —y, 1-z

2 Results and discussion

2.1 Crystal structures

As shown in Fig.1, the unit of coordination
polymer contains one crystallographically unique Ni(Il)
atom, one unique o-phthalate anion, and one unique
bbim-4 ligand. The Ni(Il) ion is six-coordinated by

four carboxylate O atoms from two L1 anions (Ni-O1

0.21598(14) nm, and Nil-02 0.21257(10) nm), two N
(Ni-N 0.20603 (14)

nm), showing a distorted octahedral coordination

atoms from two bbim-4 ligands

environment. The bbim-4 ligands connect the Ni(Il)
ions in a trans-comformation, generating an infinite
1D zigzag chain with the Ni---Ni distance of 1.39110
(4) nm along the b axis. These zigzag polymeric chains

are arranged on parallel levels in two different
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Hydrogen atoms omitted for clarity, displace ellipsoids are drawn at the 30% probability level. Symmetry codes:'2-x, -y, 1-z

L A A b A R T O A A 8

Fig.1 Coordination environment of Ni(ll) atom in coordination polymer

9.044 nmx9.0447 nm

P2 I S AN [ D Y — A i R I R - 2 [
Fig.2 Rod-packing diagram of the 1D chains spanning two different directions

propagating directions, rotated by 63.19° on passing an ABAB sequence and not having point of

from one level to the successive one, thus resulting in intersection  (Fig.2). Then adjacent polymeric chains
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are bridged by o-phthalate anions which adopt two
bidentate chelating coordination mode, and each o-
phthalate anion separates the metal ions by a distance
of 0.63719 nm. Lastly, a 3D three-dimensional porous
coordination polymer with rhombohedral channels is

built up from infinite 1-D chains which had been

bridged by the o-phthalate anions. Because of the o-
phthalate anions’ participating, rhombohedral channels
(Fig.3). Similar

packing fashions of 1D chain polymers have rarely

tend to form triangular channels

been observed®.

K3 AA=MIBAER 3D MEARSY

Fig.3 3D coordination polymer with triangular channels

2.2 PXRD, IR and thermal stability analysis

The sample of the selected coordination polymer
was characterized by powder X-ray diffraction at room
temperature. The powder XRD experimental and
computer-simulated patterns from the single crystal
data using Mercury 1.4 software are shown in Fig.S1
XRD

experimental pattern is in good agreement with the

(Supporting  Information).  The  powder
corresponding simulated one except for the relative

intensity variation as the result of preferred

orientations of the crystal, so the result shows that the
as-synthesized products have high degree of purity™'.
The result of IR spectra for complex is shown in
Fig.S2, Supporting Information. The strong absorption
in 3 122 cem 7' is ascribed to the characteristic
vibration of =C-H belonging to benzene ring. The
middle strong vibrations appearing around 2 949 and
2 869 cm 7' correspond to the asymmetric and
symmetric stretching vibrations of the -CH,- belonging
to the organic ligand L1. So we know that two organic
and bbim-4 are exist in

ligands  o-phthalate

coordination polymer. The strong vibrations appearing
around 1 537 and 1 415 cm ™' correspond to the
asymmetric and symmetric stretching vibrations of the
carboxylate groups. Except that, The
between v,,,(CO0) and v, (COO) is 122 em™ and less
than 200 cm ™.
groups of the complex adopt bidentate chelating

separation
The result imply that carboxylate

coordination mode according to the literature .
Obviously the result of IR analysis is in good
agreement with really crystal structure.

The TGA of coordination polymer was performed
in air atmosphere from 30 to 600 °C at a heating rate
of 10 C min™. We can see that the coordination
polymer undergo two steps of weight loss. The
consecutive weight loss from 250 to 500 °C is
probably caused by the decomposition of the o-
phthalate and bbim-4 ligands (in Fig.S3, Supporting
Information). Compared with organic ligands, stability
of coordination polymer has been improved obviously,
which are results of coordination bond formation

between organic ligand and central metal ion .
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Furthermore, TGA of the

coordination polymer shows no weight loss between 30

porous framework of
to 330 °C, suggesting no solvent guest in coordination
polymer, which is consistent with the single-crystal X-
ray diffraction analysis.
2.3 Sorption properties

No guest water molecules were found in the small
channel according to thermogravimetic analysis. This
results suggest that channels of porous coordination
polymer are hydrophobic. And such porous coordination
polymer has perhaps potential applications in gas

[24]

separation . To confirm the structure-dependent

porous properties, gas sorption experiments were
measured for N, and CO, at 77 K. As shown in Fig.4,
the amount of N, sorption increases slowly with
increasing absolute pressure and the value reaches
7.246 0 cm®-g™" at saturation, but saturation value of
CO, only reaches 1.391 7 ¢m’- g™, the saturation value
[Ni (Pht)
(bbim-4)], has very small adsorption capacity but has

reveal that the porous coordination polymer

selectivity in adsorption of N, and COs,.
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Fig.4 Gas adsorption isotherm at 77 K of coordination
polymer

For pore-skeleton of some coordination polymer,

25
1 and

only part of the free space is accessible
accessibility of the pore would decline because of
contraction of unit-cell volume at low temperature .
Also, there is a possibility of strong interaction of N,
with the pore window, which effectively blocks the
pores for access by other molecules”. All of these

would be the reasons why the gas molecules could not

diffuse into the inner channels of these solids freely
and the complex show a low adsorption ability to N,
and CO.,.
2.4 Magnetic properties

The magnetic properties of the coordination
polymer have also been studied, and the plot of yyT vs
T are shown in Fig.5. When the yyI' values reach a
maximum 1.394 cm’ *mol ' -K from 2 K to 64.3 K
rapidly. This nature of the yyT' vs T curve is a
signature of the global ferromagnetic behavior of the
coordination polymer. According to the structure of
coordination polymer, there are perhaps two different
pathways in the polymeric chain: the first coupling
between chains and/or between cations and chains,
the coupling through bbim-4 ligands which will be
very small antiferromagnetic because of the long-
length exchange. The second through the o-phthalate
anions, which can perhaps produce ferromagnetic
interaction. While the latter one can be regarded as
chains due to the distance of Ni(Il)---Ni(Il) 0.63719 nm
bridged by o-phthalate anions along the chain being
much shorter than that of 0.904 47 nm bridged by the
bbim-4 ligand; The magnetic exchange through the
bridging o-phthalate anions should be much stronger
than that through the bbim-4 ligand. Therefore, the
magnetic point of view the coordination polymer shows

an overall ferromagnetic behavior.

1.4 4

T / (cm*K-mol™)
=

T T T T T
0 50 100 150 200 250 300
T/K

Fl5  BEAY T R T /7L 2k
Fig.5 Plots of yyT' vs yyT for the coordiantion polymer

3.0 Conclusions

In summary, using rigid o-phthalate and the

flexible  bbim-4  ligands  under  hydrothermal
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conditions, we obtained a three-dimensional porous
coordination polymer with triangular channels. The gas

adsorption measurement show that the porous

coordination polymer [Ni(Pht)(bbim-4)], has very small
adsorption capacity but has selectivity in adsorption of
N, and CO,. We can conclude that adsorption capacity
of coordination polymer per unit volume is not
necessarily large, although it has stable framework and
large cavity, since the adsorption capacity is affected by
a variety of factors. Except that, the coordination

polymer shows an overall ferromagnetic behavior.
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