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Co(I), Zn(I) and Cd(I) Coordination Polymers Based on
N-((3-Pyridine)sulfonyl)aspartate: Syntheses, Magnetic and Fluorescence Properties
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Abstract: The title coordination polymers of [M(HL),], (M=Co, 1; Zn, 2; Cd, 3) based on H,L (H,L.=N-((3-pyridine)
sulfonyl)aspartate) have been synthesized under hydrothermal conditions. X-ray diffraction analysis of three
complexes show that they are isomorphic. The values of the Curie and Curie-Weiss constants of 1 are C,=4.66

cm’+mol™+K and #=-21.23 K. The fluorescence spectra indicate that emission of 2 and 3 show obvious blue shift

due to the ligand-to-metal charge-transfer (LMCT) effect. CCDC: 1445365, 1; 1426017, 2; 1426018, 3.
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0 Introduction maintain the life macromolecular complex structures
and function as an active center. Over the years, the

Amino acids are the basic unit of building blocks N-acylated amino acid complexes catch much

of proteins giving a specific protein molecular attention of researchers!”, and a number of innovative
structure and morphology, and they have biological results were reported®®. N-sulphonylated amino acid
activity. When amino acids and metal ions form amino refers to the introduction of sulphonyl in the nitrogen-
acid complexes by coordination bond, these complexes containing carbonic acid ligands. From the viewpoint

not only still have biological activity, but also of biological effects, not only the N-sulphonylated
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amino acid contains the peptide bond, but also the
carboxyl-terminal is very similar to peptide chain. So,
N-sulphonylated amino acid and its derivatives are a
very promising ligand®". Studies have shown that
when the amino acid changes, the protein molecules
will lose the biological activity. At the same time, the
fluorescent probes can be applied to the detection of
amino acids. Therefore, the study of small molecular
fluorescent probe technique and its application for
protein detection are very important. In this article we
report three new coordination polymers based on N-
((3-pyridine)sulfonyl)aspartate (H,L) ligand: [Co (HL),],
(1); [Zn(HL),}, (2); [Cd(HL),], (3), and their magnetic

and fluorescent properties.
1 Experimental

All solvents, chemicals were commercial reagents
and used without further purification. H,L. was synth-
esized according to the reference!™. Elemental analyses
(carbon, hydrogen and nitrogen) were performed with a
Perkin-Elmer 240 elemental analyzer. The crystal
structure was determined by an Agilent supernova
diffractometer. The magnetic measurements were
carried out with a Quantum Design MPMS-XL7 and a
PPMS-9 ACMS magnetometer.

1.1 Synthesis of polymers
1.1.1  Synthesis of [Co(HL),], (1)

A mixture of Co(NOs),+6H,0 (0.058 2 g; 0.2 mmol),

H,L (0.054 8 g, 0.2 mmol) ,10 mL of water and 10 mL of

methanol was stirred for 10 min at room temperature,
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Ligand H,L and its coordination modes

and the pH value was adjusted to about 6 with
triethylamine solution. Then the solution was sealed in
a 25 mL Teflon-lined stainless steel container and
heated at 100 °C for 3 days. The mixture was cooled
to room temperature at a rate of 10 °C-h™, and red
needle crystals of 1 were obtained with yield of 46%
(based on Zn). Anal. Caled. for CigH;sCoN,O125:(%): C,
35.68; H, 2.97; N, 9.25; S, 10.57. Found (%): C, 35.60;
H, 2.87; N, 9.26; S, 10.50.

1.1.2  Synthesis of [Zn(HL),], (2)

A mixture of Zn,(OH),CO; (0.089 9 g, 0.4 mmol),
H,L (0.054 8 g, 0.2 mmol) and 20 mL distilled H,0 was
stirred for 10 min at room temperature, and the following
procedure was similar to synthesis of 1 except that the
reaction temperature was 120 “C. Colorless needle
crystals of 2 were obtained with yield of 50% (based
on Zn). Anal. Caled. for CigH;sN4ZnO,S, (%):C, 35.30;
H, 2.94; N, 9.15; S, 10.46. Found (%): C, 35.27; H,
2.96; N, 9.25; S, 10.51.

1.1.3  Synthesis of [Cd(HL),], (3)

The procedures were similar to the synthesis of 2
except that the reaction temperature was 130 “C, and
colorless columnar crystals of 3 were obtained with a
yield of 70% (based on Cd), Anal. Caled. for CisHsCd
N,OLSy,(%): C, 32.78; H, 2.73; N, 8.50; S, 9.71. Found
(%): C, 32.76; H, 2.63; N, 8.54; S, 9.65.

1.2 Crystallographic data collection and
refinement

Diffraction intensities for three polymers were

collected on a computer controlled Agilent supernova
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diffractometer equipped with graphite-monochromated The hydrogen atoms were set in calculated positions

Mo Ka radiation with radiation wavelength of 0.071 073 and refined as riding atoms with a common fixed
isotropic thermal parameter. Crystallographic data for
1~3 are listed in Table 1. Selected bond lengths and
bond angles for 1~3 are listed in Table 2 and hydrogen
bonds for 1 and 2 are listed in Table 3.

CCDC: 1445365, 1; 1426017, 2; 1426018, 3.

nm by using the X-scan technique. Lorentz polarization
and absorption corrections were applied. The structure
was solved by direct methods using Olex2 program!”
and refined with Olex2 program™. Anisotropic thermal

parameters were assigned to all non-hydrogen atoms.

Table 1 Crystallographic data and structure refinement parameters for 1~3

Complex 1 2 3
Empirical formula CgHsN4,CoO .S, CisHisNZnO .S, CisHisN,CdO .S,
Formula weight 601.38 603.37 658.91
Temperature / K 293(2) 293(2) 293(2)
Crystal system Monoclinic Monoclinic Monoclinic
Space group P2/c P2/c P2/c
a/ nm 1.018 01(11) 1.018 01(11) 1.018 01(11)
b/ nm 0.717 30(6) 0.717 30(6) 0.717 30(6)
¢/ nm 1.568 89(16) 1.568 89(16) 1.568 89(16)
B/(° 97.359(1) 97.359(1) 97.359(1)
Volume / nm’ 1.136 2(19) 1.136 2(19) 1.136 2(19)
A 2 2 2
D./ (mg-m™) 1.758 1.764 1.819
Limiting indices -12 < h < 13, 12 < h < 13, -12 < h < 13,

9<k <38, 9<k<8, 9<k<8,
-8 =<1<20 -18=<1<20 -8 =<1<20

F(000) 611 614 624
0 range / (°) 2.6~28.3 2.6~28.3 2.6~28.3
S 1.04 0.9 0.88
Total collected reflections, unique 2 814, 1 805 (R;,=0.074) 2 814, 1 805 (R;,=0.074) 2 814, 1 805 (R;,=0.074)
Data, restraints, parameters 2 814, 0, 168 2 814, 0, 168 2 814, 0, 168

Final R indices [I>20(])]

Largest diff. peak and hole / (e*nm™)

R=0.065, wR,=0.192

1 490 and -940

R=0.063, wR,=0.18

1 080 and -930

R=0.073, wR,=0.215
1 220 and -1 600

Table 2 Selected bond lengths (nm) and bond angles (°) for 1~3

1
Col-01 0.207 1(3) Col-NI" 0211 1(4) Col-04" 0.228 0(3)
Col-01* 0.207 1(3) Col-NI° 0211 1(4) Col-04 0.228 0(3)

01'-Col-01 180.0 N1¢-Col-N1" 180.0 04"-Col-N1¢ 92.03(14)

N1¢-Col-01 89.89(14) 04-Col-01 81.19(13) 04"-Col-N1° 87.97(14)

N1"-Col-01 90.11(14) 04"-Co1-01 98.81(13) 04"-Col-N1" 92.03(14)

N1"-Col-0O1* 89.89(14) 04"-Col-01* 81.19(13) 04-Col-N1" 87.97(14)

N1¢-Col-O1* 90.11(14) 04"-Col-01* 98.81(13)

2
Znl1-01 0.207 1(3) Zn1-03" 0.228 3(3) Znl-N1” 0211 2(4)
Znl1-01* 0.207 1(3) Znl1-03¢ 0.228 3(3) Znl-N1* 0211 2(4)
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Continued Table 2

01-Zn1-01 180.0 03"Zn1-03° 180.0 N1"-Zn1-03" 87.75(13)
03%Zn1-01 81.10(12) N12-Zn1-01 90.31(13) N1EZn1-03" 92.25(13)
03%Zn1-01 98.90(12) N1%Zn1-01 89.69(13) N1%-Zn1-03° 87.75(13)
03%Zn1-01* 81.10(12) N1:Zn1-01* 90.31(13) N1"-Zn1-03 92.25(13)
03"-Zn1-01* 98.90 (12) N1"-Zn1-01* 89.69(13)
3

01-Cdl 0.207 4(4) 03-Cdl 0.228 6(4) N1-Cd1 0.211 1(5)
N1*-CdI-N1° 180.0 03%Cd1-N1¢ 92.41(16) 01°-Cd1-03" 99.05(15)
03"-CdI-N1° 87.59(16) 01-Cd1-NI° 90.44(16) 01-Cd1-03" 80.95(15)
03%Cd1-N1* 87.59(16) 01-Cd1-NI* 89.56(16)
03"-CdI-N1* 92.41(16) 01°-Cd1-NI° 89.56(16)

Symmetry codes: * —x+2, —y+1, —z+1; P x, y=1, 23 © —a+2, —y+2, —z+1; " =42, y=1/2, —z+1/2; * x, —y+3/2, 2+1/2; ¥ x, —y+3/2, z2-1/2;
¢ _x42, y-1/2, —z43/2.

Table 3 Hydrogen bond parameters for 1 and 2

D-H--A d(D-H) / nm d(H-A) / nm d(D-+A) / nm £D-H-A /(%)
1

N2-H2---06° 0.86 0.208(1) 0.285 3(6) 150(1)
2

N2-H2---06° 0.86 0.213(1) 0.284 5(5) 136(1)

Symmetry codes: ¢ —x+2, y—1/2, —z+3/2.

2 Results and discussion that 1~3 crystallizes in monoclinic system, space group
P2//c. They are allomerism. The coordination environ-
2.1 Crystal structures of 1~3 ment of M(I) in 1~3 is shown in Fig.la (M=Co, Zn,
X-ray single-crystal diffraction analysis reveals Cd). The asymmetric unit consists of one M(II) ion, two
(a) (ios
51\1

Symmetry codes in (a): * —x+2, —y+1, —z+1; B, y=1, z; © —w42, —y42, —z+1; © =42, y=1/2, —z+1/2; * x, —y+3/2, z+1/2

Fig.1 (a) Coordination environment of M(Il) (M=Co, Zn, Cd) ions in 1~3 with thermal ellipsoids at 50% level; (b) 1D chain along
the a-axis of 1~3; (c) 2D network structure of 1~3; (d) 2D fishing net structure of 1~3; (e) Topology (4°.4") of 1~3
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HL" ligands. The M(II) ion in 1~3 is coordinated by
two nitrogen atoms (N1, N1%) and four oxygen atoms
(01%, 01, 03", 03" of two different HL.™ ligands. For
complex 1, the Co-O distances fall in the range of
0.207 1(3)~0.228 0(3) nm and the Co-N distance is
0.211 2(4) nm. The bond angles of O1*-Col-O1 and
04%-Co-0O1 are 180.0° and 98.81(13)°, respectively.
For complex 2, the Zn-O distances fall in the range of
0.207 1(3)~0.228 3(3) nm and the Zn-N distance is
0.211 2(4) nm. For 3, the Cd-O distances fall in the
range of 0.207 4(4)~0.228 6(4) nm and the Cd-N
distance is 0.211 1(5) nm. These bond angles and
bond distances all fall in the normal ranges!">".

The atoms of 015, O1¢ N1, N1* are on the same
plane and occupy the octahedral equatorial plane, while
the atoms of 03" and O3* occupy the axial position.
In addition, a smooth hand-dimensional double rope
(01, NI)

from two ligands connecting two adjacent M(II) ions.

structure  (Fig.1b) is formed by two atoms
Meanwhile, the two-dimensional fishing net structure
(Fig.1d) is formed parallel to the be plane by two atoms
(01, 03) from two ligands connecting two adjacency
Co(Il) ions. The topology of 1~3 is (4°.4"?) (Fig.le).
2.2 Magnetic analysis of polymer 1

Polymer 1is a Co(Il) (d”) complex having unpaired
electrons, so its magnetic properties are studied. The
magnetic susceptibilities, x,, of 1 were measured in the
2~300 K temparature range, and shown as y,, and x..I’
versus T plots in Fig.2a and 1/, versus T in Fig.2b,
respectively. As shown in Fig.2a, the molar magnetic

susceptibility y,, increases gradually as the temperature
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lowers, and increases more rapidly below 25 K, then
reaches a maximum value of 0.92 cm®+-mol™ at 2 K.
Combined with the dccrease in the y,T value when
cooling, this result indicates the presence of weak
antiferromagnetic interactions in complex 1. The thermal
variation of the molar magnetic susceptibility obeys
the Curie-Weiss law ( x.=C/(T-6) or 1/,=(T-0)/C,) in
the whole process (2~300 K) (Fig.2b). The values of
the Curie and Curie-Weiss constants of 1 are C,=4.66
em®+mol ' +K and 6=-21.23 K. The negative 6 value
supports the presence of overall antiferromagnetic
interactions in complex 1. At 300 K, y,7'=4.32 cm®-
mol™+K, and the magnetic moment (g.;) of cobalt(Il),
which is determined by the equation w.4=2.828( x..T)"%
reaches the peak value of 5.88up. This value is
slightly higher than that expected for an isolated
divalent high-spin Co(Il) system with p.=3.87us.
2.3 Fluorescence properties of ligand and

complexes 2~3

The
complexes 2~3 are shown in Fig.3. The ligand has a

solid fluorescence spectra of H,L and

maximum emission peak at 447 nm with an excitation
(Fig.3a), which could be
attributed to the transition of m*—m or m*—n of the
ligand. As shown in Fig.3b and Fig.3¢c, though H,L

ligand displays a very weak fluorescence in the solid

wavelength of 419 nm

state at room temperature, its complexes 2 ~3 all
exhibit different intense fluorescence. For complexes 2
and 3, blue-shifted emission peak has occurred with a

peak broadening, but the degree of blue-shift is not

same. For example, the emission peak (438 nm) of
704 —4— Observed
e Curie-Weiss fitting line
60
501
g
S 401
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&
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(@) xm and x,,T vs T plots of polymer 1; (b) 1/, vs T plot of polymer 1
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Fig.3  Solid fluorescence spectra of H,L (a), 2 (b) and 3 (c)

complex 2 occurred with a slight blue shift of 9 nm
(Fig.3b, A, =371 nm), while the emission peak of
complex 3 has a blue-shift of 69 nm (Fig.3¢, A.,=378
nm, A.,=329 nm). So, the fluorescence spectra indicate
that emission of 2 and 3 show obvious blue shift due

(LMCT) effect,

which may be resulted from coordination environments

to the ligand-to-metal charge-transfer

around the metal ion, since photoluminescence

behavior is closely associated with the metal center

and the ligands!".

3 Conclusions

In summary, three new coordination polymers
based on the N-((3-pyridine)sulfonyl)aspartate had been
synthesized and characterized. Single-crystal X-ray
diffraction study reveals that the complexes 1~3 are
isostructural and have 2D network structure with
(4°.4") topology. Magnetic analysis showed that in
complex 1 antiferromagnetic coupling is dominant and
the values of the Curie and Curie-Weiss constants are
C,=4.66 ¢cm®+-mol™-K and 6=-21.23 K. The fluore-
scence spectra indicate that the emissions of 2 and 3
show obvious blue shift due to the ligand-to-metal

charge-transfer (LMCT) effect.
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