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Functionalities and Architectures of Coordination Polymers with
Multi—Dimensionalities via Transition Metals—Dicarboxylate Ligands

Xinyu Cao, Ling Li, Changxia Li, Lei Lv, Rudan Huang"

Five coordination polymers, namely, Zn(dpd)(bpy)o.s (1), Zn(Hdpd),(bpy), -H,O (2),
Cos(Hdpd),(dpd)a(bpy)s(Hy0),-2H,0 (3), Co(Hdpd)a(bpy)(H:0),2H:0 (4),
Ni(Hdpd),(bpy)(H,0),-2H,0 (5) (H,dpd = 2,4—diphenyl ether dicarboxylic acid , bpy = 4,4’—bipyridine)
with zero— (0D), one— (1D), two— (2D) and three—dimensional (3D) structures have been synthesized
under similar hydrothermal conditions by H,dpd, bpy and different transition metal salts. Compound 1
displays a 3D framework with {4-87} {4-8*-10%} topology. Compound 2 is a mononuclear structure which
is further self—assembled through both hydrogen bonding and = -m stacking interactions to generate a 3D
supramolecular structure. Compound 3 shows a 2D ladder network with {4-6%},{4%-6>-8%} topology,
which consists of 1D ladder—like chains. Compounds 4 and 5 are isostructural and feature 1D chains
which are further connected by hydrogen bonding interactions to form 2D supramolecular structures.
These compounds have been characterized by elemental analysis, infrared (IR), thermal gravimetric
analysis (TGA), and single crystal X—ray diffraction. Furthermore, fluorescence properties of 1-5 have
been investigated. The water vapor sorption studies reveal compounds 3, 4 and 5 exhibit very good water
vapor uptakes (100.71 ml/g for 3, 109.94 ml/g for 4 and 108.96 ml/g for 5). Magnetic susceptibility
measurements indicate that compounds 3 and 4 show antiferromagnetic interactions, while compound 5

shows ferromagnetic behavior.

Introduction

In recent years, the design and synthesis of metal—organic
coordination polymers have attracted intense interest in the world
owing to their diverse structures and excellent functional
applications such as sorption,' separation,” luminence® and
magnetism®. Until now, a large number of metal—organic
coordination polymers with various structures have been
synthesized.® Since many factors such as coordination modes of
different metal atoms, the configuration, rigidity, substituent and
coordination modes of the organic ligands may influence the final
structures of coordination polymers except for external factors, it
is still a major challenge to find regular rules for tuning the
structural dimensions.® '

Among the present contributions, carboxylate—based ligands
have played very important roles in the synthesis of coordination
polymers. They can form diverse structures such as 0D cages, 1D
chains, 2D grids and 3D porous frameworks with different metal
ions."" Our group tried to tune the structural dimensions of
coordination polymers by a flexible 2,4—diphenyl ether
dicarboxylic acid (Hpdpd) and rigid 4,4’—bipyridine ligands
(bpy). Hodpd has two carboxyl groups which can be completely
or partially deprotonated, adopting versatile coordination modes
and resulting in many interesting structures with different
dimensions (Scheme 1). In addition, H,dpd and bpy ligands are
also excellent hydrogen bond donors and acceptors to construct
novel structures, which can interact with small molecules
especially water molecules via strong hydrogen bonds.'> We tried
to explore the water vapor sorption applications of the
coordination polymers based on carboxylate ligands after the

solvent removal, which turned out to be perfect candidates for

so water vapor sorption since water molecules are easily to be

encapsulated in the structures through hydrogen bonds."

In this paper, five novel structures were obtained, namely,
Zn(dpd)(bpy)o.s (1), Zn(Hdpd),(bpy), H,O 2,
Co3(Hdpd)a(dpd)(bpy)s(H,0), 2H,0 (3).

ss Co(Hdpd),(bpy)(H,0)2-2H,0 (4), Ni(Hdpd),(bpy)(H,0),-2H,0

(5) based on the flexible 2,4—diphenyl ether dicarboxylic acid and
rigid 4,4’—bipyridine ligand. These compounds are characterized
by elemental analysis, IR, TGA, and single crystal X-ray
diffraction. Fluorescence properties, water vapor sorption

¢ measurements, AC Impedance and magnetic properties of these

materials are also discussed.

Scheme 1 Coordination modes of Hdpd ligand in compounds 1-5

Experimental section

Materials and methods

os All reagents and solvents were purchased commercially and used

as—purchased without further purification. Elemental analysis for
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Table 1. Crystal and X-ray experimental data for 1-5.

C, H and N were carried out with a Perkin—Elmer 2400 CHN
elemental analyzer. The IR spectra were recorded (as KBr
pressed pellets) in the range of 400-4000 cm ' on a Nicolet
170SXFT-IR spectrometer. Thermal gravimetric analysis data
were collected on a Perkin—Elmer TGA 7 instrument in nitrogen
at a heating rate of 10 °C/min. The PXRD diagrams were
collected by a
Fluorescence spectra were measured by a Hitachi Model
RF-5301 PC fluorescence spectrophotometer with a Xenon lamp
light source. Water vapor sorption studies were determined by an
IGA-100 gravimetric analyzer (Hiden Isochema Ltd.) AC
impedance measurements were carried out with Agilent 4294A
Precision Impedance Analyzer. The magnetic measurements were
performed on the Quantum Design SQUID MPMSXL-7
instruments in a magnetic field of 1000 Oe in the temperature
range of 2—-300 K.

Synthesis of Zn(dpd)(bpy),s (1)

A mixture of Zn(OAc),4H,0 (0.2 mmol, 0.0590 g), H,dpd (0.2
mmol, 0.0512 g), bpy (0.2 mmol, 0.0312 g), 25% (C,Hs),NOH
(mass fraction) aqueous solution (0.1 ml) and H,O (5§ mL) was
sealed in a 23mL Teflon—lined autoclave and heated to 160 °C
for 3 days. After cooling to room temperature at a speed of 10
°C/h, colorless block crystals of compound 1 were obtained,
washed with H,O and dried in air (Yield: 45% based on Zn).
Anal. Calc. for C;oH,,ZnNOs: C, 57.09; H, 3.03; N, 3.50. Found:
C, 57.06; H, 3.19; N, 3.45. IR (KBr, cm '): v = 3460 (w), 2932
(w), 1631 (s), 1597 (s), 1398 (m), 1240 (s), 1097 (w), 1012 (w),
879 (m), 598 (m), 504 (w).

Synthesis of Zn(Hdpd),(bpy),-H,O (2)

diffractometer.

The synthetic procedure was similar to that of 1, except the
temperature was adjusted to 110 °C. The pale yellow block
crystals were obtained, washed with H,O and dried in air (Yield:
7% based on Zn). Anal. Calc. for C4H3ZnN,;O,;: C, 63.34; H,
3.98; N, 6.16. Found: C, 63.26; H, 3.89; N, 6.05. IR (KBr, em’):
v = 3470 (w), 2935 (w), 1626 (s), 1595 (s), 1392 (s), 1246 (s),
1118 (w), 1007 (w), 879 (w), 581 (m), 513 (w).

Synthesis of Co;(Hdpd),(dpd),(bpy);(H,0),-2H,0 (3)

The synthetic procedure was similar to that of 1, except

Co(OAc),"4H,0 (0.2 mmol, 0.0498 g) replaced Zn(OAc), 4H,0.

40 The purple crystals were obtained, washed with H,O and dried in
air (Yield: 63% based on Co). Anal. Calc. for CggHgsC03NgO0y4:
C, 59.22; H, 3.81; N, 4.82. Found: C, 59.26; H, 3.79; N, 4.85. IR
(KBr, cm ): v = 3458 (w), 2954 (m), 1686 (w), 1537 (s), 1364
(m), 1212 (s), 1098 (w), 987 (m), 883 (s), 592 (m), 516 (w).

as Synthesis of Co(Hdpd),(bpy)(H,0),-2H,0 (4)

The synthetic procedure was similar to that of 3, except the
temperature was adjusted to 110 °C. The orange block crystals
were obtained, washed with H,O and dried in air (Yield: 68%
based on Co). Anal. Calc. for C3gH3,CoN,Oy4: C, 56.94; H, 4.28;

so0 N, 3.49. Found: C, 56.86; H, 4.29; N, 3.45. IR (KBr, cmﬁl): y =
3463 (w), 2922 (w), 1675 (s), 1507 (w), 1390 (w), 1063 (w), 776
(m), 606 (m), 434 (w).

Synthesis of Ni(Hdpd),(bpy)(H,0),-2H,0 (5)

The synthetic procedure was similar to that of 4 except
ss Ni(OAc), 6H,0 (0.2 mmol, 0.0590g) replaced Co(OAc),-4H,0.

The pale green crystals were obtained, washed with H,O and

dried in air (Yield: 43% based on Ni). Anal. Calc. for

C3gH34NiN2014I C, 5695, H, 427, N, 3.50. Found: C, 5706, H,

4.29; N, 3.55. IR (KBr, cm '): v = 3460 (w), 2927 (w), 1676 (s),
6 1506 (s), 1394 (s), 1089 (w), 769 (m), 603 (m), 455 (w).

Single—crystal X—ray crystallography

Diffraction data for 1-5 were collected on a Bruker Smart Apex
CCD diffractometer by graphitemonochromated Mo—Ka
radiation (A = 0.71073 A). Empirical absorption corrections were

os taken from SADABS.'" Space group was determined by using
XPREP." Structures were solved by direct methods and refined
on F° with full-matrix least-squares method using the
SHELXS—97 and SHELXL-97.'"® Crystallographic data for
compounds 1-5 were summarized in Table 1. Selected bond

70 lengths and angles are given in Table S1, ESI. Hydrogen bonding
interactions of 1-5 are given in Table S2, ESI. These data can be
obtained free of charge from the Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/ cif.

1 2 3 4 5
Empirical formula ClngzzHNO5 C48H3GZHN4011 C86H66C03N6024 C33H34CON2014 C3gH34NiN2014
M 399.69 910.18 1744.24 801.60 801.38
crystal system monoclinic triclinic monoclinic monoclinic monoclinic
space group P2(1)/n P-1 P2(1)/n P2/n P2/n
a(A) 8.3355(7) 10.1894(13) 9.9601(5) 12.3741(6) 12.4477(10)
b(A) 10.7168(9) 10.3988(13) 32.5682(13) 11.3562(5) 11.2748(7)
c(A) 19.0538(18) 21.838(2) 12.2300(5) 13.6838(8) 13.6629(16)
a (°) 90 92.912(9) 90 90 90
£©) 95.0940(10) 103.316(10) 107.435(2) 107.309(2) 107.632(2)
7 (°) 90 111.412(12) 90 90 90
VA 2 2 2 2 2
D (Mg/m®) 1.566 1.458 1.530 1.450 1.456
u (mm™") 1.479 0.663 0.738 0.541 0.604
F (000) 812 940 1794 830 832
R, (I>26(D)) 0.0430 0.0647 0.0414 0.0437 0.0535
R; (all data) 0.0879 0.1470 0.0633 0.0639 0.1014
WR, (I>20(1)) 0.0593 0.0746 0.0831 0.0951 0.0940
WR, (all data) 0.0673 0.1058 0.0933 0.1084 0.1207
GOF on F* 0.957 0.932 1.048 1.029 1.042
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Results and Discussion
Synthesis

Compounds 1-5 reported here were obtained by the combination
of H,dpd, bpy and three different transition metal salts under

s similar hydrothermal conditions. Compounds 1 and 3 were
synthesized with the reactants mole ratio of 1:1:1 at 160 °C, while
adjusting the reaction temperature to 110 °C, compounds 2, 4 and
5 were obtained. Obviously, compounds 1 and 3 have higher
structural dimensionalities than 2, 4 and 5, indicating that

10 reaction temperature may have an important influence on the final
structures. In addition, different coordination modes of H,dpd
ligand also play important roles in 1—5, which can be a feasible
method to adopt proper ligands to construct coordination
polymers with target structures.

15 Crystal structure of compound 1

Single crystal X—ray diffraction analysis reveals that compound 1
crystallizes in the monoclinic crystal system P2(1)/n. The
asymmetric unit contains one Zn(II) atom, one dpd®” ligand and
half a bpy ligand. As shown in Fig. la, the Zn(II) atom is
 five—coordinated by four oxygen atoms from three dpd®~ ligands
and one nitrogen atom from one bpy ligand in a distorted
pyramidal coordination geometry. The Zn—O bond lengths are in
the range of 1.930 to 2.559 A, and the Zn—N bond length is 2.003
A. The dpd® ligand in compound 1 presents a dihedral angle of
25 76.99° between the two benzene rings, which is nearly vertical.
Adjacent Zn(IT) atoms are connected by two carboxyl groups of
two different dpd”” ligands into a dinuclear [Zny(CO,),] ring with
a Zn---Zn distance of 3.614 A, which are further linked dpd®
ligands into a 2D layer (Fig. 1b). The adjacent layers are
30 connected by bpy ligands into a 3D structure. The completely
deprotonated bpd*™ ligand adopts both bridging and chelating
coordination modes in compound 1 (Scheme 1a). The Zn(II) atom
connects three dpd”™ ligands and one bpy ligand, which can be
simplified as a 4—connected node. Then, each dpd® ligand
35 connects three Zn(II) atoms as a 3—connected node. Thus, the
whole framework of compound 1 can be considered as a
(3,4)—connected net with the point symbol of {4-8%}{4-8%-10°}
(Fig. lc).

40 Fig. 1 (a) The coordination environment of Zn(II) in 1 with the ellipsoids
drawn at the 30% probability level. (b) 2D layer of 1, viewed along the a
axis. (¢) 3D structure of 1.

Crystal structure of compound 2

Compound 2 shows a mononuclear structure, and crystallizes in
45 the triclinic space group of P—/. The asymmetric unit contains
one Zn(II) atom, two Hdpd  ligands and two bpy ligands. Unlike
the compounds above, the Hdpd ligand in compound 2 is
partially deprotonated, so only one carboxyl group can chelate to
the Zn(II) atom (Scheme 1c). The Zn(II) atom is six—coordinated
so by four oxygen atoms from two Hdpd ligands and two nitrogen
atoms from two bpy ligands in a distorted octahedral coordination
geometry (Fig. 2a). The bond lengths of Zn—O and Zn—N are
1.956 to 2.167 A and 2.095 to 2.096 A, respectively. The
monomers of compound 2 are connected together by the
ss intermolecular hydrogen bonding interactions between the
uncoordinated oxygen atoms of the carboxyl groups and the
oxygen atoms of the lattice water molecules to form a 1D
supramolecular chain (Fig. 2b). The O---O distances are 2.560 to
2.766 A. These chains are further connected by the hydrogen
¢ bonding interactions between the nitrogen atoms and the
uncoordinated oxygen atoms from the carboxyl groups into a 2D
supramolecular layer (Fig. 2¢). The N---O distances are 2.691 and
2.819 A. Finally, these 2D layers are linked by the n---n stacking
interactions between the nearby benzene rings with the distances
o5 between 3.797 to 3.900 A to form a 3D supramolecular structure
along b axis(Fig. 2d).

Fig. 2 (a) The coordination environment of Zn(Il) in 2 with the ellipsoids
drawn at the 30% probability level. (b) 1D supramolecular chain of 2. (c)
2D supramolecular layer of 2. (d) 3D supramolecular structure of 2
70 onstructed by hydrogen bonding and - -7 stacking interactions.

Crystal structure of compound 3

This journal is © The Royal Society of Chemistry [year]
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Compound 3 crystallizes in the monoclinic space group P2(1)/n
revealing a 2D ladder structure. There are three Co(Il) atoms, two
Hdpd ™ ligands, two dpd® ligands, three bpy ligands,
coordinated water molecules and two lattice water molecules in
the asymmetric unit. There exist two types of crystallographically
independent Co(II) atoms in compound 3 (Fig. 3a). Col atom is
six—coordinated in a distorted octahedral coordination geometry
completed by two oxygen atoms from one dpd®™ ligands, two
oxygen atoms from Hdpd™ ligands and two nitrogen atoms from
10 two bpy ligands. Co2 atom is six—coordinated in a distorted
octahedral coordination geometry, with the equatorial sites
occupied by two oxygen atoms from two dpd® ligands and two
nitrogen atoms from two bpy ligands. The two axial sites are
taken up by two oxygen atoms from two coordinated water
1s molecules. The bond lengths of Co—O and Co—N are 2.042 to
2.092 A and 2.100 to 2.191 A, respectively. Unlike the
compounds above, one type of dpd® ligands is completely
deprotonated, exhibiting both chelating and monodentate
bridging coordination modes (Scheme 1b). The other type of
20 Hdpd™ ligand is partially deprotonated, exhibiting a chelating
coordination mode (Scheme 1c). The Co(Il) atoms are connected
by the bpy ligands into a 1D ladder—like chain (Fig. 3b). These
chains are further linked together by the dpd®” ligands into a 2D
ladder structure. From a topological perspective, the Col atom
25 can be regarded as a 3—connected node and the Co2 atom can be
simplified as a 4—connected node. Thus, the whole structure can
be topologically represented as a (3, 4)—connected net with the
vertex symbol of {4-6°},{4%6-8%} (Fig. 3c).

two

w

Fig. 3 (a) The coordination environment of Co(Il) in 3 with the ellipsoids
30 drawn at the 30% probability level. (b) 1D ladder chain of 3, viewed
along the c axis. (c) topology of 3.

Crystal structure of compound 4

Single crystal structure analysis reveals that compounds 4 and §
are isostructural and crystallize in the monoclinic crystal system
3s with P2/n space group. Hence, only the structure of 4 will be
described as a representative example here and the structural
figure of crystal 5 can be found in the Supporting Information
(Figure S1). There are one Co(Il) atom, two Hdpd™ ligands, one

bpy ligand, two coordinated water molecules and two lattice
40 water molecules in the asymmetric unit of compound 4. The
Co(Il) atom is six—coordinated in a distorted octahedral
coordination geometry, with the equatorial sites occupied by two
oxygen atoms from two coordinated water molecules and two
nitrogen atoms from two bpy ligands. The two axial sites are
ss taken up by two oxygen atoms from two Hdpd ligands. The
Co—0 bond lengths are in the range of 2.104 to 2.113 A, and the
Co—N bond lengths are 2.139 and 2.153 A. The Hdpd™ ligand in
compound 5 is partially deprotonated, and adopts a unidentate
coordination mode (Scheme 1d). Adjacent Co(Il) atoms are
so connected by bpy ligands into an infinite 1D linear chain with a
Co---Co distance of 11.356 A (Fig. 4b). Since the Hdpd ™ ligand is
partially deprotonated and the terminal water molecules occupy
two coordination nodes of the Co(Il) atoms, these two factors
together prevent the linkage between adjacent chains into higher
ss dimensional structure. Adjacent 1D chains are held together
through the hydrogen bonding interactions to form a 2D
supramolecular layer (Fig. 4c).

éj:gjﬁ J&J%/ﬁ?
YL
b oot

“’Q‘ \ﬁ

Fig. 4 (a) The coordination environment of Co(Il) with the ellipsoids
drawn at the 30% probability level. (b) 1D linear chain of 4. (¢) 2D
60 supramolecular layer of 4 formed through hydrogen bonding.

The effects of coordination modes of H,dpd ligand and
reaction temperature on the final structures of compounds

Compared among the structures of compounds 1-5, it is found
that the reaction temperature and coordination modes of flexible
os Hydpd ligand have important effects on the final structures of
compounds 1-5. For 1-5, we selected different reaction
temperatures (160 °C for 1, 3 and 110 °C for 2, 4 and 5) while
other reaction conditions are same. It is obvious that compounds
1 and 3 have higher dimensional structures than 2, 4 and 5. Since
70 the flexible H,dpd ligand was chosen as a main ligand in the
formation of these compounds, it is very easy tune into different
conformation modes in the self-assembly process of these
compounds. Thus diverse dimensional structures can be obtained.
Compound 1 shows 3D frameworks, while compound 3 is a 2D
ladder layer. The coordination mode of the flexible H,dpd ligand
in compound 1 is chelating and bridging, which leads 1 to a 3D
framework (Scheme 1a). In compound 3, two independent Hdpd™
ligand and dpd” ligand show different coordination modes: one
bridges two Co(II) atoms with chelating and monodentate modes
so (Scheme 1b), while the other one bridges one Co(Il) atom with
chelating modes (Scheme 1c) which prevents the linkage between
the adjacent layers of 3 into high dimensional structure.
Compound 2 shows a mononuclear structure, while the H,dpd

=
S
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ligand in 2 is partially deprotonated and one carboxyl group
exhibits a chelating coordination mode (Scheme Ic). As for
compounds 4 and 5, they show an isostructural 1D linear chain
structure, and the partially deprotonated ligand shows a

s monodentate coordination mode (Scheme 1d). Compared with
compounds 4 and 5, two coordination modes of Zn(II) atom in 2
are chelated by the Hdpd ™ ligand, which prevent the mononuclear
of 2 into a higher dimensional structure. In these manners, the
coordination modes of the flexible ligand and reaction

10 temperature impose a remarkable effect on the various
dimensional structures of the compounds.

Thermogravimetric Analysis

To study the thermal stabilities of compounds 1 and 3-5, TGA
was performed in the temperature of 30—600 °C (see Fig. 5).

15 Compound 1 remains stability up to 390 °C, and then it starts to
decompose. The TGA curve of 3 shows a weight loss of 4.81%
before 128 °C, corresponding to the removal of four water
molecules (calculated: 4.13%). After the loss of all the free water
molecules, the framework is stable up to 220 °C and begins to

20 decompose upon further heating. For 4 and 5, weight losses of
8.65% and 8.54% were observed in the temperature range of 30—
120°C and 30-126 °C, respectively, corresponding to the loss of
two coordinated water molecules and two lattice water molecules
(calculated: 8.99% and 8.99%, respectively). The residual

s compounds begin to decompose at 210 °C and 270 °C,
respectively.

—1
100 S
—4
—5
80|
£ 60
=
-=
)
Ll
Z 40
20
o T T T T T 1
0 100 200 300 400 500 600

Temperature /°C

Fig. 5 TGA curves for compounds 1-5.
Fluorescence properties

The solid—state emission spectra of compounds 1 and 3-5 with

30 Hydpd and bpy ligands have been investigated at room
temperature. As shown in Fig. 6, the main emission peaks of free
H,dpd, bpy ligands are at 361, 395 nm (4 = 250 nm),
respectively, which may be to the a*—m or n*—n transitions of the
intraligands.'” The emission peaks are at 381 nm in compound 1,

35 392 nm in compound 3, 395 nm in compound 4 and 412 nm in
compound 5 upon excitation of solid samples at 270 nm. The
emissions of these compounds may be assigned to the
cooperative effects of intraligand transition and ligand—to—metal
transfer.’® In comparison with the free ligands, the emission

40 peaks in these compounds exhibit red shifts of different degree,
which may be assigned to the differences of the coordination
environment and the structures because the photoluminescence
behavior is closely associated with the coordinated ligands and
meal ions."

6000
-~ 4000 1
5
o
2
)
c
£ 2000
£ J

0_» < ,~" : . Jklr,m, :
300 400 500 600
wavelength (nm)
45 Fig. 6 Solid state emission spectra of compounds 1-5 at room

temperature.
Water vapor sorption

Since there are many interstitial and coordinated water molecules
in compounds 3-5, we tried to study the sorption properties and
so reversibility of these compounds. From the TGA studies, the
solvent molecules could be removed by heating the samples
above 120 °C. Thus, we measured the water vapor sorption
behaviour of 3-5. Before the measurements, samples of these
compounds were heated at 120 °C for 12 h under vacuum to
ss remove the guest molecules trapped inside the pores. Water vapor
sorption isotherms at 298 K are presented in Fig. 7. All these
compounds exhibited gradual uptakes of water molecules and
reached maximum values of 100.71 ml/g (3), 109.94 ml/g (4) and
108.96 ml/g (5) at P/Py = 0.95 (P, is the saturation pressure of
o H,O at 298K), respectively, which are very high adsorption
values. Due to the high polarity, water molecules can interact
with the carboxyl groups from the dpd® ligand and nitrogen
atoms from the bpy ligand in the structures via hydrogen bonding
interactions.”! Thus, the obvious hysteresis for the desorption
os isotherms of 3-5 may suggest that the water molecules are
strongly adsorbed in the pores of these compounds because of the
hydrogen bonds. According to these compounds, the selection
toward the carboxylate—based ligand has an important effect on
desorption, which may expand the applicability for water
70 sorption—based storage materials.

Magnetic property

The variable—temperature direct current (dc) magnetic
susceptibility of compound 3 was measured under the 1000 Oe
applied field in the temperature range of 2-300 K, which is

75 shown as plots of the 1/y,, versus T and y,,T versus T in Fig. 8.
The y,.T value of 3 at 300 K of 8.249 cm’® mol ' K is larger than
the expected of two spin only HS (High—spin) Cobalt(II) (S = 3/2)
value of 3.75 cm® K mol™ with g = 2.0, owing to the significant
orbital contribution characteristics for the HS Co(II) ions.?® The

0 ¥mI value first smoothly decreases down to 120 K upon cooling,
reaching a minimum value of 5.103 ¢cm® K mol ™' at 2 K. This
feature indicates antiferromagnetic couplings. In the range of 50
K to 300 K, the fitting 1/, data according to Curie—Weiss Law
of 1/ym = (T — 6)/C gives Curie constant C = 8.54 cm® K mol ™'

ssand Weiss constant 8 = —7.01 K, which indicates an
antiferromagnetic interaction in compound 3.

This journal is © The Royal Society of Chemistry [year]
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» Conclusions
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three—dimensional structures based on flexible H,dpd ligand and
different transition metal salts under similar hydrothermal
conditions. According to the structures of these five compounds,
we found that the final architectures can be influenced by
different coordination modes of H,dpd ligand and reaction
temperatures. In addition, the thermal stabilities and fluorescence
properties for compounds 1 and 3-5 have been investigated. The
fluorescence behaviors indicate that red shifts of different degree
may be assigned to the differences of the coordination
environment and the structures which may indicate that these
compounds can be good optical materials. Compounds 3—5 also
show good water vapor uptakes, and the hysteresis of desorption
isotherms of these compounds may suggest the applicability for
water sorption—based storage materials. Moreover, magnetic
studies reveal compound 3 and 4 show antiferromagnetic
interaction, while compound 5 shows ferromagnetic behavior.
This whole work evidently indicates that the effects of
coordination modes of the flexible H,dpd ligand and reaction

temperatures are critical in construction of polymeric
arrangement.
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