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Abstract: Two complexes, {{Cdy(L;)(1,4-NDC),]-2H,0}, (1) and {[Zn,(L,)(1,4-NDC),|- DMF-3H,0)}, (2) (L=tetrakis
(4-pyridyloxymethylene)methane, L,=tetrakis(3-pyridyloxymethylene)methane, 1,4-NDC=naphthalene-1,4-dicarbox-
ylic acid) are obtained by the self-assembly reaction of L, or L,, 1,4-NDC, and d'® metal ions under solvothermal
conditions. The X-ray analysis reveals that 1 is constructed from a 1D zigzag chain [Cd(1,4-NDC)], which is
linked by L, ligand to yield a 3D framework. And yet in case of 2, one double helix is mutually interdigitated by
another 1D chain into a 2D network. Above all, the effect of steric hindrance of the auxiliary linker on the
structural diversity of CPs can be discussed in great detail by the introduction of two kinds of auxiliary linkers

with different steric hindrance. Additionally, their luminescent properties are also observed. CCDC: 1019510, 1;
1019511, 2.
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(CPs) has

received increasing interest owing to their fascinating

The study of coordination polymers

architectures and topologies as well as many potential
applications!". The unique properties of CPs are closely
related to their specific structures. In the context, the
rational selection of metal ions and linker geometries
are of great importance in controlling their desired
architectures and functionalities®. In particular, auxil-
iary linkers also play a marvelous role in the cons-
truction of CPs. Auxiliary aromatic carboxylates have
great influence on the structural diversity by the post-
synthetic modification or the change of the position

and amounts of carboxylic groups®.

However, the
systematic study on structural change of CPs helps us
to predict and synthesize coordination polymers with
expected structures, which enable us to well-tune the
structure and function of CPs.

To a large extent, the structural diversity mainly
depends on organic linkers, which offers the oppor-
tunity to functionalize porous frameworks. In recent
years, a large number of studies have been reported
that the CPs built from mixed ligands, especially from
N-donor ligands and aromatic carboxylate, will exhibit
more diverse and fascinating networks with potential
applications™. Additionally, it is well known that using
mixed linkers will become more easy for the targeted
synthesis of CPs than using a single ligand”. However,
as far as we know, the study on the effect of steric
hindrance of an auxiliary linker on the structural
diversity of CPs remains largely unexplored.

The incorporation of mixed linkers within CPs
offers a significant opportunity to explore the influence
factor of their structural change. Herein, we have
chosen a couple of N-donor linkers, tetrakis(4-pyridy-
loxymethylene)methane (L) and tetrakis(3-pyridyloxy-
methylene)methane(L,), due to their specific configura-
tions and flexible conformers™?. Additionally, naphth-
alene-1,4-dicarboxylic acid (1,4-NDC) is used as an
auxiliary linker to explore the effect of steric hindra-
nce on structural diversity of CPs. We have prepared
two complexes: one non-interpenetration network and
another threefold interpenetration network, which are

built from L, and L, respectively™*. Herein, two

complexes based on d" metal ions, L, or I, and 1,4-
NDC have been successfully prepared under hydroth-
ermal conditions (Scheme 1). They are also character-
ized by X-ray crystallography, elemental analysis,
infrared spectra (IR), powder X-ray diffraction (PXRD),
and thermogravimetric (TG) analyses. Besides, photo-
luminescence and the effect of steric hindrance of an
auxiliary linker on the structural diversity of CPs have
been discussed.
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Scheme 1 Structure of organic ligands

1 Experimental

1.1 Materials and methods

Ligand L, and L, was prepared according to the
literature!™. Reagents and solvents employed were
commercially available. The C, H, and N microa-
nalyses were carried out with a Perkin-Elmer PE 2400
I CHN elemental analyzer. Fourier transform infrared
(FT-IR) spectra of the compounds were obtained in
the 4 000~400 ¢cm™ region on a Bruker Vector 22
spectrophotometer with KBr pellets. Powder X-ray
diffraction (PXRD) measurements were obtained on a
Bruker D8 Advance X-ray diffractometer with Cu Ko
radiation. Thermal analyses (TG) were performed in a
nitrogen stream using Seiko Extar 6000 TG equipment

! Luminescence

with a heating rate of 10 °C +min -
spectra were recorded on a Hitachi 850 fluorescence
spectrophotometer.

1.2 Synthesis of complexes

1.2.1 Synthesis of {{Cdy(L;)(1,4-NDC),]-2H,0}, (1)

A mixture of L; (0.044 4 g, 0.1 mmol), 1,4-NDC
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(0.021 6 g, 0.1 mmol) and Cd(NO;),-4H,0 (0.061 7 g,
0.20 mmol) in CH;CN and H,O (1:1, V/V) was sealed
into a 30 mL Teflon lined stainless steel vessel and
heated to 90 °C for 3 days. After the mixture was
cooled to room temperature, brown rodlike crystals of
1 suitable for X-ray diffraction analyses were obtained
in the yield of 25.7%. Elemental analysis Caled. for
CyHiCdaNO(%): C, 51.9; H, 3.6; N, 4.9. Found(%):
C, 5.20; H, 3.7; N, 4.8. Selected IR data (KBr, cm™);
3 250 (m), 2 427(w), 1 685 (s), 1 600(m), 1 559(s),
1 536(w), 1 398(s), 1 356(m), 1 327(m), 1 294 (m),
1 258(w), 1 194(w), 933(w), 795(s).

122 Synthesis of {[Zna(L)(1,4-NDC),]- DMF-3H,0)},

?

A mixture of L, (0.044 6 ¢, 0.1 mmol), 1,4-NDC
(0.021 6 g, 0.1 mmol) and Zn(NOs),-6H,0 (0.059 5 g,
0.20 mmol) in DMF and H,0 (1:1, V/V) was sealed
into a 30 mL Teflon lined stainless steel vessel and
heated to 90 °C for 3 days. After the mixture was
cooled to room temperature, yellow block crystals of 2
suitable for X-ray diffraction analyses were obtained
in the yield of 35.2%. Elemental analysis Calcd. for
Cs, HoNsO\eZn, (%): C, 55.2; H, 4.4; N, 6.2. Found
(%).C, 55.1; H, 4.5; N, 6.1. Selected IR data (KBr,
em™): 3 152(m), 1 650(m), 1 500(m), 1 411(s), 1 400
(s), 1 359(s), 1 194(m), 1 103(m), 929(m), 788(w).

1.3 X-ray crystallography

The single-crystal X-ray data collection for 1 and
2 was performed on a Bruker SMART APEX CCD
diffractometer with graphite-monochromated Mo Ko
radiation (A=0.071 073 nm) at room temperature. Data
reductions and absorption corrections were performed
using the SAINT and SADABS software packages,
respectively. Raw frame data were integrated with the
SAINT program™. The structure was solved by direct
methods and refined by full-matrix least-squares on F*
using SHELX-97™.. An empirical absorption correction
was applied with the program SADABS™. All non-
hydrogen atoms were refined anisotropically. Hydrogen
atoms were set in calculated positions and refined by
a riding mode, with a common thermal parameter. The
relevant crystallographic data are presented and

selected bond lengths and angles are given in Table

S1~2.
CCDC: 1019510, 1; 1019511, 2.

2 Results and discussion

2.1 Descriptions of crystal structures
2.1.1  Crystal structure of {{Cdy(L;)(1,4-NDC),]-2H,0},
)

The crystal structure determination reveals that 1
crystallizes in the orthorhombic system and space
group Pnnm. The asymmetric unit contains one Cd
atom, a half of L,, one deprotonated 1,4-NDC and one
coordinated water molecule. Each Cd atom coordinates
to three oxygen atoms from two distinct 1,4-NDC and
(Fig.1a). The

rest of the coordination sites in each Cd atom are

two nitrogen atoms from two distinct L,

occupied by one water molecule. Thus, each Cd atom
has adopted a distorted octahedral geometry. Cd-O
and Cd-N distances lie in the ranges of 0.225 0 (3)~
0.237 8(2) nm and 0.229 4(3)~0.230 0(3) nm, respe-
ctively, and the corresponding bond angles around each
Cd atom are in the range of 27.50(12)°~169.26(12)°.
Each couple of L, shares two Cd atoms through its N-
donors to form infinite chains parallel to each other.
On the other hand, 1,4-NDC adopts u,-n'm"' or u,-n

1’-fashion alternatively to connect Cd atoms via its

Hydrogen atoms and free water molecules are omitted for clarity
in (a)
Fig.1 (a) Coordination environments of Cd atoms in 1;
(b) 1D zigzag chain formed by Cd-1,4-NDC;
(¢) 3D structure formed by the coordination of
pyridyl N-donors of L, with Cd atoms in 2D
chain; (d) Schematic view of the topological

structure of 1
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carboxylate groups, resulting in a 1D zigzag chain
[Cd(1,4-NDC)], (Fig.1b). The 1D chain [Cd(1,4-NDC)],
is threaded with L, ligand via sharing the metal sites
to yield a 3D framework (Fig.1c). Topologically, if L,
and Cd atoms are viewed as (4,4)-connected nodes,
respectively, the overall motif of 1 is a 2-nodal (4,4)-
connected (5+6%-72-8)(5*6+7 -8, network (Fig.1d).

2.1.2  Crystal structure of {{Zny(L,)(1,4-NDC),]- DMF -

3H0)} (2)

Complex 2 crystallizes in the monoclinic system
with the P2,/n space group. The single-crystal X-ray
analysis of 2 revealed one Zn(Il) atom, one L, two
deprotonated 1,4-NDC, a lattice DMF and three free
water molecules in the asymmetric unit. As shown in
Fig.2a, each Zn atom is pent-coordinated by two
nitrogen atoms from two L, and three oxygen atoms
from two 1,4-NDC. The Zn-N and Zn-O bond distances
are in range of 0.203 4(3)~0.208 7(3) nm and 0.193 §(3)
~0.198 2(3) nm, respectively. The bond angles around
the Zn atom vary from 94.47(12)° to 132.31(13)°,
adopting the trigonal bipyramid geometry. Each L,
acts as a tetradentate bridging ligand and joins four
Zn atoms to form a 1D chain. Additionally, adjacent
two 1,4-NDC are joined end to end by sharing Zn
atoms to produce an arched chain, weak interactions
accelerate the formation of an
unprecedented double helix (Fig.2b). As a result,
these helix are extended by L, to afford a 2D sheet

between which

(Fig.2c). From a topological point of view, the central

Fig.2

a) Coordination environment of Zn atoms in 2;
b) 1D chain in 2; (c) 2D layer of 2;

d) Schematic 2-nodal (4,4)-connected (4 - 6*-7)*
4%.62-7+8) net in 2

(
(
(
(

Zn atom and L, ligand are viewed as 4-connecting
nodes, respectively, the overall motif of 2 is a 2-nodal
(4,4)-connected (4-6"-7)%(4*-6%-7-8) net (Fig.2d).
2.2 Effect of steric hindrance of an auxiliary

linker on the structural diversity

We tried to explore the effect of steric hindrance
of an auxiliary linker on the structural diversity of
CPs. The phenomenon can be explained by the
introduction of an couple of 1,4-BDC and 1,4-NDC
within the study system. For 1 and I, the change of
the auxiliary linker will bring about the variation of
coordination modes, which vary from w,-n':n'-fashion
to wrn'm' and w,-n*:m’fashion. The change of the
auxiliary linker from 1,4-NDC to 1,4-BDC result in
the change of their topology from 2-nodal (4,4)-conn-
ected (5-6°-72-8)(5*+6-7 8%, network to 2-nodal (4,4)
-connected  (6?+8% network (1 and I in Fig.3). In
contrast, for 2 and I, they exhibit a 3D network and
2D layer structure, respectively. But it is worth
nothing that the change of the auxiliary linker enable
their structures to vary from 2-nodal (4,4)-connected
(4677 (4*-6*+7-8) net to 3-nodal (4,6)-connected
(3:4-5%-6%(3,4%5%6°-7),(4-5*-6*-7) net (2 and 1II in
Fig.3). As far as their component are concerned, the
structure of 1 and I both contain the same compone-
ntsthe central d" ions and L, except for auxiliary
linker. As a matter of fact, the difference in their stru-
cture is attributed to the significant steric hindrance
of 1,4-NDC over those of BDC. Therefore, topological

structure of 1 and 2 is a far cry from that of their

Fig.3 Schematic view of control over the structural

diversity by adjusting the steric hindrance of

an auxiliary linker
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counterparts [ and Il on account of distinct steric
hindrance of auxiliary linkers. In conclusion, the
effect of steric hindrance of an auxiliary linker will
strongly affect the structural diversity of CPs.
2.3 X-ray powder diffraction and thermal

analyses

To confirm whether the single crystal structure is
truly representative of the bulk materials, powder X-
ray diffraction measures were carried out for 1 and 2
at room temperature. As shown in Fig.S1, the peak
positions of the experimental and simulated XRPD
patterns are in agreement with each other, suggesting
the presence of the phase purity in the corresponding
samples 1 and 2. Thermal gravimetric analysis was
performed for 1 and 2 under N, atmosphere with a

"in the temperature range

heating rate of 10 °C -min~
of 25~800 °C  (Fig.S2). The TGA curve of 1 shows a
weight loss of 6.2% (Calcd. 3.2%) from room tempera-
ture to 187 “C corresponding to the release of the
surface and included water molecules and then there
is an intense weight loss from 491.8 °C, which is
attributed to the decomposition of the framework. For
2, the weight loss of 3.5% (Caled. 3.1%) attributed to
the gradual release of the surface and included water
molecules is observed in the range of 20.1~220.5 °C,
the framework retains in the temperature range of
220.5~491.8 °C, and then decomposes.
2.4 Photoluminescence

Coordination complexes with d' metal ions have
been investigated for luminescent properties as well as
their potential applications in electroluminescent
displays, chemical sensors, and photochemistry®. The
changeable luminescent features are originated from
adopting different coordination modes around d'° metal
ions, interaction with bridging linkers, and so on. The
solid state luminescent properties of free L, L,, 1 and
2 were studied at room temperature, as shown in Fig.
4. The ligand L, or L, displays obvious luminescent
intensity in the range of 400~600 nm under excitation
at 370 nm at room temperature. The emission spectra
for 1 and 2 exhibit similar emission peaks at 417 nm.
However, the relatively different intensities of the two

emissions could result from the variety of coordinating

modes of the metal ion with the bridging linker.
Additionally, in view of the structural characteristic of
d" metal ion, the luminescent properties of 1 and 2

can be attributed to the mixture of ligand-centered

emission and LMCT.

T v T v T v T i T b T
400 420 440 460 480 500
Wavelength / nm

Fig.4 Solid-state luminescent spectra of 1 and 2

3 Conclusions

In summary, we established an experimental
diagram to study the effect of the steric hindrance of
an auxiliary linker on the structural diversity of CPs
by the incorporation of two kinds of auxiliary linkers
with different steric hindrance into experimental
systems. The relationship between the structural
diversity of CPs and steric hindrance of the auxiliary
linker can be well illustrated by comparing the
topological structure 1 and 2 with those of 1 and II.
In particular, L, or L, is appropriate for constructing
MOFs due to its

configuration and flexible conformation. All this will

various specific  tetrahedral

provide us a research way to explore the structure-

properties correlation for other similar systems.

Supporting information is available at http://www.wjhxxb.cn
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