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Synthesis, Structure, and Luminescent Property of Zinc(I) and Cadmium(l)
Complex Assembled by 1,4-Benzenebis(thioacetic acid)
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Abstract: Two d“ complexes assembled by 1,4-benzenebis(thioacetic acid) (H,L) and neutral N-based ligands,
[ZnClLys(bpp)] (1) and [Cd,L (phen), (H,0),] - L. -2.78H,0 (2) (bpp=1,3-di (4-pyridyl)propane, phen=1,10-phenan-
throline), have been hydrothermally synthesized and characterized by single crystal X-ray diffraction, elemental
analysis, IR spectroscopy, and TG analysis. In complex 1, Zn(Il) ion is four-coordinated in a distorted tetrahedron
coordination environment and is further linked to a one-dimensional (1D) double chain structure. In complex 2,
Cd(I) ion is six-coordinated in a distorted octahedral coordination environment, and is linked by possible
hydrogen bonds and 7r-7r interactions to form a 3D supramolecular structure. The luminescent property in solid
state of the two complexes was also studied and discussed. CCDC: 734944, 1; 819445, 2.
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0 Introduction bonds have attracted much attention due to their
particular topologies!? and some potential applications

Recently, design and synthesis metal-organic such as catalysis, adsorption, magnetism, photochem-
hybrid complexes through coordination or noncovalent istry and NLO materials™. The selection or design of a
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suitable ligand with certain features, such as flexibility,
versatile binding modes, and the ability to form
hydrogen bonds ' is crucial to the construction of
polymeric complexes. It is reported that carboxylic
ligands, especially multibenzenecarboxylate ligands
with various coordination modes have been successfully
used to construct various extended structures with
metal ions™¥, 1,4-Benzenebis(thioacetic acid) (H,L) is a
multi-carboxylate ligand, which possesses flexibility
owing to the presence of -S-CHy- group between the
phenyl ring and carboxyl moiety. We have synthesized
some complexes that contain transition metal cations
bridged by H,L and bipyridine analogues ligands®'? to
construct more interesting structure. Herein, we report
the syntheses, structural characterizations and lumine-
scent properties of two new d' metal complexes,
[ZnClLgs(bpp)] (1) and [Cd,L(phen),(H;0),] - L-2.78H,0
(2) (bpp=1,3-di(4-pyridyl)propane, phen=1,10-phenan-
throline).

1 Experimental

1.1 Materials and characterization

H,L was obtained according to a procedure by Su
et al. using 1,4-benzenebisthiol ™.  Other reagents
were purchased commercially and used without further
purification. Data collection was performed on a Bruker
SMART APEX II CCD diffractometer with Mo Ka
radiation (A=0.071 073 nm). Elementary analyses were
performed on a Perkin-Elmer 2400 II

analyzer. IR spectra were recorded in KBr pellet on a

elemental

Nicolet 5DX FTIR spectrometer. Thermogravimetric
analyses (TGA) were performed at a rate of 10 °C -min™
under oxygen stream using a Netzsch STA449C
apparatus. Fluorescence spectra were obtained on a
HITACHI F-2500 fluorescence Spectrometer in solid
state at room temperature.
1.2 Synthesis of complex 1

A mixture of H,L (0.103 g,0.4 mmol), ZnCl,-2H,0
(0.054 g, 0.4 mmol), bpp (0.040 g, 0.2 mmol), and
NaOH (0.032 g, 0.8 mmol) in H,0O (18 mL) was placed
in a Teflon-lined stainless steel vessel and heated at
160°C for 72 h, then cooled to room temperature over 3

d. The reaction mixture was filtered and well-shaped

colourless crystals of 1 were obtained from the mother
liquor by slow evaporation at room temperature for
several days (yield 42%). Anal. Calcd. for CgH gCIN,
0,57Zn (%): C, 50.45; H, 3.98; N, 6.78; S, 7.45. Found
(%):C, 50.60; H, 4.2; N, 6.56; S, 7.50. IR (KBr, cm™):
3421,2925,1612,1400,1222,1124,1 165, 806, 698.
1.3 Synthesis of complex 2

A mixture of HyL. (0.103 g,0.4 mmol), Cd(Ac),*
3H,0 (0.104 g, 0.4 mmol), phen (0.040 g, 0.2 mmol),
and NaOH (0.032 g, 0.8 mmol) in C,HsOH (2 mL)/H,0
(16 mL) was placed in a Teflon-lined stainless steel
vessel and heated at 160 °C for 72 h, then cooled to
room temperature over 3 d. The reaction mixture was
filtered and well-shaped colourless crystals of 2 were
obtained from the mother liquor by slow evaporation at
room temperature for several days (yield 42%). Anal.
Caled. for CgHseNsOS,Cd, (%): C, 53.65; H, 3.56; N,
7.35; S, 8.49. Found (%): C, 53.37; H, 3.76; N, 7.32; S,
8.38. TR (KBr, cm™): 3421,1596,1522,1513,1211,
1104, 847, 728.
1.4 X-ray crystallography

Two crystals of 1 (0.30 mmx0.17 mmx0.15 mm)
and 2 (0.22 mmx0.10 mmx0.07 mm) were selected for
structure analyses. The diffraction data were collected
on a Bruker SMART APEX Il CCD diffractometer
equipped with a graphite-monochromatized Mo Ko
radiation (A=0.071 073 nm) at 296(2) K. Intensity data
were corrected by Lorentz-polarization factors and
empirical absorption. The structures were solved with
direct methods and expanded with difference Fourier
techniques. Except the location of the hydrogen atoms
on oxygen atoms from the difference Fourier maps, the
other hydrogen atoms were generated geometrically. All
calculations were performed using SHELXS-97 ™ and
SHELXL-97" program package. In 1, the C1, C2, C3,
C4, S1 of L?° ligands are disordered over two
positions in 0.86 :0.14 ratio. In 2, the lattice water
molecules are disordered over two positions in 0.59:
0.27 and 0.30:0.23 ratios, respectively. The crystallo-
graphic data and structural determination parameters
are summarized in Table 1, and selected bond lengths
and bond angles are listed in Tables 2.

CCDC: 734944, 1; 819445, 2.



%3 W ZERAF 1,42 0 £ IR G AR SR B (IT) B S (I PC 75 400 18 45 i PR 54 2 5 ek It 615

Table 1 Crystal data and structure refinement for 1 and 2

Complex 1 2

Empirical formula CsHsCIN,O,SZn CegHs756N5012768:Cd

Formula weight 427.22 1 544.30

Crystal system Triclinic Triclinic

Space group Pl Pl

a/ nm 0.564 80(3) 1.015 000(10)

b/ nm 1.285 47(7) 1.255 48(2)

¢/ nm 1.291 10(7) 1.381 10(2)

al () 76.940(2) 97.013 0(10)

B/ 86.836(3) 90.354 0(10)

v /(%) 88.742(3) 110.977 0(10)

VI nm? 0.911 7(1) 1.628 6(5)

A 2 1

D./ (g-cm™) 1.556 1.575

w/ mm™ 1.622 0.852

F(000) 438 784

Orivs O 1 (°) 1.62, 27.54 1.49, 27.54

Reflections collected 15 763 26 040

Unique reflections (R;,) 4 189 (0.026 6) 7 425 (0.036 5)

Data with I>207(1) 3613 6 002

Parameters refined 262 451

R, wR (observed reflections) 0.032 8, 0.079 9 0.036 8, 0.096 2

R, wR (all reflections) 0.041 8, 0.086 6 0.049 2, 0.103 1

Goodness-of-fit (on F?) 1.069 1.038

AP s Apin | (€-nm) 361, =236 628, -379

Table 2 Selected bond lengths (nm) and bond angles (°) for complex 1 and 2
1
Zn(1)-0(1) 0.194 40(2) Zn(1)-N(2)' 0.203 44(2) Zn(1)-N(1) 0.204 24(2)
Zn(1)-CI(1) 0.225 24(6)

O(1)-Zn(1)-N(2)' 118.35(8) O(1)-Zn(1)-CI(1) 109.78(6) O(1)-Zn(1)-N(1) 106.03(8)
N(2)-Zn(1)-CI(1) 106.28(6) N(2)-Zn(1)-N(1) 110.50(7) N(1)-Zn(1)-CI(1) 105.19(5)
2

Cd(1)-0(1) 0.221 2(2) Cd(1)-0(1W) 0.227 9(2) Cd(1)-N(1) 0.238 9(2)

Cd(1)-N(3) 0.236 4(2) Cd(1)-N(2) 0.235 3(2) Cd(1)-N(4) 0.247 2(2)
0O(1)-Cd(1)-0(1W) 103.22(9) 0O(1)-Cd(1)-N(2) 94.55(9) O(1W)-Cd(1)-N(2) 114.01(9)
O(1)-Cd(1)-N(3) 98.83(8) O(1W)-Cd(1)-N(3) 88.74(8) N(2)-Cd(1)-N(3) 150.07(9)
O(1)-Cd(1)-N(1) 164.12(9) O(1W)-Cd(1)-N(1) 87.11(8) N(2)-Cd(1)-N(1) 70.12(9)
N(3)-Cd(1)-N(1) 93.12(9) O(1)-Cd(1)-N(4) 89.66(8) O(1W)-Cd(1)-N(4) 156.02(8)
N(2)-Cd(1)-N(4) 84.27(8) N(3)-Cd(1)-N(4) 69.24(8) N(1)-Cd(1)-N(4) 84.81(8)

Symmetry transformation used to generate equivalent atoms: 1: ' x, y, z+1.

2 Results and discussion

2.1 Crystal structure of complex 1

Single-crystal X-ray diffraction analysis reveals

that 1 is a 1D double chain structure. The asymmetric
unit consists of one Zn(Il) ion, half a L~ ligand, one bpp
molecule, and one Cl™ ion. As shown in Fig.1, the Zn(Il)
ion is four-coordinated by one carboxylate O atom from
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one L7 ligand (Zn-0 0.194 40(2) nm), two N atoms from
two bpp molecules (Zn-N 0.20424 (2) and 0.203 44(2)
nm), and one Cl"ion (Zn-Cl 0.22524 (6) nm) to form a
distorted tetrahedron geometry. 17~ ligand possesses
better flexibility owing to the presence of -S-CH,-
group, and the torsion angle of C1-S1-C5-C4 is 71.33°.
As illustrated in Fig.2, the Zn(Il) atoms are linked by
bpp molecules to generate a single-strand zigzag chain
with the Zn---Zn distance of 1.291 10(9) nm along ¢
direction. Then each 1?~ ligand serves as a bridging
ligand to link two adjacent single-strand zigzag chain,

leading to a double chain structure along ¢ direction.

Symmetry transformations used to generate equivalent atoms: ' x,
v, z+1; H atoms are omitted for clarity; Displacement ellipsoids

are drawn at the 30% probability level

Fig.1 Coordination environment of Zn(ll) atom

Symmetry transformations used to generate equivalent atoms: ' x,

y, 241, Ty, 215 T ], -y, =z Y =1, -y, 241 Y =], -y,

-z-1
Fig.2  View of the 1D chain of the complex 1

2.2 Crystal structure of complex 2

Single-crystal X-ray diffraction analysis reveals
that 2 is a discrete Cd(Il) complex, and further linked
into a 3D supramolecular structure by hydrogen bonds
a7 stacking interaction. The asymmetric unit consists
of one Cd(Il) ion, half a coordinated L* ligand, two phen
molecules, one coordinated water molecules, and half
a free 77, one point three nine lattice water molecules.
As shown in Fig.3, the Cd(Il) is six-coordinated in a
distorted octahedral coordination environment: one car-
boxylate O atom from one >~ ligand [Cd-O 0.221 2(2)
nm], four N atoms from two phen molecules [Cd-N

0.235 3(2)~0.247 2(2) nm], and one water molecule. 1>~

ligand also possesses better flexibility, and the torsion
angle of C1-S1-C4-C5 is 70.9(3)°.

It is worth noting that hydrogen bond and -7
stacking interaction play an important role in the
formation and stability of high-dimensional structures,
especially those structure containing phen and water
molecules®. In 2, the possible O-H:--O and O-H---S
hydrogen bonds link the neighboring molecules to form
a 3D supramolecular structure. Meanwhile, the adjacent
phen molecules are parallel to each other with the
centroid-centroid distance of 0.3513 nm, which would
be expected for -7 interactions (Fig.4). All hydrogen

bond parameters of this complex are listed in Table 3.

Symmetry transformation used to generate equivalent atoms:' —x,
-y -1, —z; Lattice waters molecules, free 17~ and H atoms are
omitted for clarity; Displacement ellipsoids are drawn at the 30%

probability level

Fig.3 Coordination environment of Cd(Il) atom

Fig.4 3D supramolecular structure by hydrogen bond

interactions and 77-77 interactions in 2

2.3 Photoluminescent properties
The d" metal complexes exhibit some interesting

17201 The solid-state lumin-

photoluminescent properties!
escent properties of the complexes 1 and 2 were

investigated at room temperature and the emission
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Table 3 Hydrogen bond lengths and angles

D-H-A d(D-H) / nm d(H--A) / nm d(D-A) / nm £ (DHA) / (%)
O(1W)-HIWA)---0(2)" 0.081 0.203 0.281 9(3) 165.0
O0(1W)-H(IWB)---0(3) 0.081 0.186 0.266 1(3) 171.8
0Q2W)-HQ2WB)---0(3) 0.082 0.201 0.279(2) 160.7
0Q2W)-HQ2WA)---S(1)" 0.082 0.279 0.357(2) 158.7
O(AW)-HEAWA)---0(4) 0.085 0.223 0.271 4(9) 116.5
0(5W)-H(5WB)---0(4) 0.085 0211 0.284 1(11) 144.1

i

Symmetry transformation used to generate equivalent atoms:
spectra are given in Fig.5. Complex 1 shows a blue
fluorescent, and the maximum emission wavelength at
470 nm upon photo-excitation at 337 nm. The free H,L
and bpp ligands that display the fluorescent properties
with the emission maxima at 338 nm! and 523 nm™',
respectively. Complex 2 shows a green fluorescent with
a maximum emission wavelength at 538 nm upon photo-
excitation at 390 nm. It is known that free phen-H,0
ligand displays the fluorescent property at 365 and
388 nm'™. The maximum emission bands of 2 are red-
shifted compared to free ligands. According to the
literatures™, d' configuration of Zn(Il) and Cd(Il) ions
is difficult to oxidize or to reduce. The emission bands
may tentatively be assigned to the ligand-to-ligand
charge transfer (LLCT).

470 1
=
‘B
5
=
g 2
2 538
2
g
m
450 500 550 600 650

Wavelength / nm
Fie.5 3D supramolecular structure by hydrogen bond
interactions and 77-7r interactions in 2

2.4 Thermal analyses

The TG curve of 1 exhibits two main weight losses
(Fig.6). The first weight loss of 45.1% from 220 to 475
°C corresponds to the loss of one bpp molecule (caled.
45.9%). The second weight loss of 37.4% between 475
and 600 °C corresponds to the removal of half a 1>~
(caled. 38.3% ). The final
residual may be ZnO (obsd. 18.3%, calcd. 18.9%). For
2, the first weight loss of 5.5% (caled. 5.0%) from 70 to

110 °C corresponds to the loss of the two lattice water

ligand and one Cl - ion

C—x, =y, =z Y atl, v+, 2.

molecules and two coordinated water molecules. The
further decomposition occurrs in the range of 200~645
°C, which attributes to the elimination of the organic
ligands. The final residual may be CdO (obsd. 16.6%,
caled. 16.8%).

100 ~

20

0 100 200 300 400 500 600 700
Temperature / 'C

Fig.6 TGA curves of the complexe 1 and 2

In summary, we have successfully synthesized two
new Zn (I) and Cd (I) complexes based on 1,4-
benzenebis (thioacetic acid) ligand under hydrothermal
conditions. Single-crystal X-ray diffraction analysis
reveals that 1 is a 1D double chain complex, while 2 is
a discrete Cd(Il) complex, and further linked into a 3D
supramolecular structure by possible hydrogen bonds.
These two d™ metal complexes exhibit the strong

fluorescence in solid state at room temperature.
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