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Syntheses, Crystal Structures and Photoluminescence of Two Metal Coordination Polymers
Constructed from 2-Mercaptobenzoic Acid and Its in situ Oxidized Ligand

YANG Fang DONG Bao-Xia TANG Meng LIU Wen-Long™
(College of Chemistry and Chemical Engineering, Yangzhou University, Yangzhou, Jiangsu 225002, China)

Abstract: Two novel coordination polymers, [Cd(2-mba)(bimb)],(1) and [Pb(2-sb)].(2) [Ha(2-mba)=2-mercaptobenzoic
acid, bimb=44-bis(1-imidazolyl)bibenzene, sh**=2-sulfinobenzoate] have been solvothermal synthesized and
characterized by elemental analysis, IR, powder X-ray diffraction and single crystal X-ray diffraction. Complex 1
features a two-dimensional (2D) net structure in which 1D [Cd(2-mba)], chains are interconnected by bimb ligands. In
complex 1, the ligand 2-mercaptobenzoic acid was oxidized into 2-sulfinobenzoate under solvothermal conditions via
in situ ligand reactions. Complex 2 exhibits a 2D (4, 4)-connected framework bridged with carboxylate and sulfinate

groups of 2-sulfinobenzoate ligands. The thermal stabilities and solid state photoluminescent properties of two

compounds were also investigated. CCDC: 1056796, 1; 1056797, 2.

Keywords: cadmium(Il); lead(Il); coordination polymer; solvothermal synthesis in situ ; crystal structure; luminescence

The  construction of novel metal-organic variety of architectures and topologies™. The selection
coordination polymers (CPs) continues to attract great of organic ligands plays crucial roles as even small
interest due to their potential applications in many changes in conformation or symmetry of the ligands can
fields, such as catalysis, material science, luminescence result in a remarkable diversity of architectures and
and magnetochemistry, as well as their intriguing functions®”. The ligands containing O atoms, such as

Weks B A .2015-09-27,, WlE BchE H I .2015-11-13,
E & A RBF# 5 4 (No.21371150,21301152) VL I8 2B #E% 01 H (No.2014-132) % Bl
SEEBR A E-mail ; liuwl@yzu.edu.cn; Tel: +86 514 87975244 ;43 51 %1 %5 . SO6N6893M 1405,



5 OBk

#o% 4R %32 %

organic aromatic polycarboxylate and sulfonate ligands,
have been extensively employed in the construction of
coordination  polymers  with

a rich variety of

fascinating structures and potential applications #'%,
due to their versatile coordination conformations and
coordination ability.

However, the systematic investigations of
coordination polymers based on bifunctional S and O
donors are rare . Recently, the ligands with S and
O donors have been paid more and more attentions to
construct coordination polymers because such ligands
can adopt versatile conformations. 2-Mercaptobenzoic
acid [H,(2-mba)] which has both hard (carboxylate-0)
and soft (thiolate-S) donor sets, is an ideal building
block for the formation of coordination polymers since
the organothiolato-carboxylates in particular offer the
possibility of variable coordination and chelation
modes towards metal ions. Up to now, a series of
complexes with the 2-mercaptobenzoic acid ligand
were successfully synthesized and documented "%,
However, only 2-mercaptobenzoic acid ligand is used
in these complexes, the incorporation of second ligand
into coordination polymers of 2-mercaptobenzoic acid
is rare!™,

Furthermore, the thiolate-S of 2-mercaptobenzoic
acid may transform into other oxidation forms and
form 2-sulfinobenzoate ligand in situ; this may lead to
some novel hybrid materials through new coordination
patterns. Sulfinate, including an S atom with low
oxidation trigonal  pyramid

state, possesses a

configuration in  comparison with  planar for
carboxylate and the tetrahedron for sulfonate. While
compared to the many carboxylate and sulfonate
bridged species, the sulfinate group may possess
different binding angles and strong coordination
ability relative to the carboxylate and sulfonate group
to construct interesting architecture®. However, to our
knowledge, few compounds incorporating the sulfinate
ligand have previously been reported™, those reported
metal-sulfinate complexes are all discrete species or
one dimensional coordination polymers ¥,  The
synthesis of high dimensional compounds bridged with

sulfinate ligand is still a challenge.

Considering the points mentioned above, we
report here the hydrothermal synthesis and structures
of two Cd(I)/Pb(I) coordination polymer based on 2-
mercaptobenzoic acid and its in situ oxidized ligand 2-
sulfinobenzoate, [Cd (C;H,055) (CisHuNJ)|, (1) and [Pb
(C;H,0.5)].,

fluorescent properties are discussed.

(2), and their thermal stabilities and

1 Experimental

1.1 Instruments and Materials

The ligand bimb was prepared according to the
literature method ™. All other reagents and solvents
employed were commercially available and used as
received without further purification. Elemental
analyses for C, H, N and S were carried out with a
Perkin-Elmer 240 elemental analyzer. The IR spectra
were obtained as KBr pellets on a Bruker VECTOR
22 spectrometer in the 4 000 ~400 c¢m ™' region.
Thermogravimetric analyses (TGA) were performed on
a Perkin Elmer TG/DTA 6300 thermal analyzer from
room temperature to 750 “C with a heating rate of 10
C +min~" in nitrogen environment. The powder XRD
data were collected on a Bruker D8 diffractometer

(A=0.154 18 nm) over the 26

range of 5°~40° at room temperature. Luminescence

with Cu Ka radiation

spectra for the solid samples were recorded with a
Perkin-Elmer LS55 fluorescence spectrophotometer.
1.2 Synthesis and Characterization
[Cd(C/H40,5)(CisHuNL)], (1): To 5 mL of a DMF-
water (3:2, V/V) solution was added CdO (12.8 mg,
(154 mg, 0.1
mmol), and bimb (28.6 mg, 0.10 mmol) with stirring at

0.10 mmol), 2-mercaptobenzoic acid

room temperature. After a few minutes, the cloudy
solution was sealed in a 25 mL Teflon-lined stainless
steel vessel, which was heated at 160 °C for 3 d. After
the mixture was slowly cooled to room temperature
over 24 h, colourless block crystals of 1 were obtained
with 52% yield based on CdO. Elemental analysis
calculated for CpsH;sCAN,OS(%): C, 54.50; H, 3.29; N
10.17; S, 5.82. Found(%): C, 54.32; H, 3.41; N 10.09;
S, 5.73. IR data (KBr pellet, cm™): 3 044(w), 1 567(s),
1 513 (s), 1 431 (m), 1 384 (s), 1 257 (w), 1 123(w),
1 068(m), 857(m), 814(m), 732(s), 648(m), 464(m).
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[Pb(C,H40,5)], (2): A mixture of Ph(NO3), (0.033 1
g, 0.10 mmol), 2-mercaptobenzoic acid (0.015 4 ¢,
0.10 mmol), MeOH (3 mL), H,O (2 mL) was sealed in
a 25 ml Teflon-lined stainless steel vessel and heated
at 80 °C for 2d. After the mixture had been slowly
cooled to room temperature over 24 h, block
colourless crystals of 2 suitable for X-ray analysis
were obtained with 45% yield based on Pb. Elemental
analysis calculated for C;H,O,PbS (%): C, 21.48; H,
1.03; S, 8.19. Found (%): C, 21.36; H, 1.11; S, 8.15.
IR data (KBr pellet, em™): 3 040(w), 1 569(m), 1 506
(s), 1 434(w), 1 376(s), 1 281(w), 1 114(w), 1 055(m),
1 008(s), 858(s), 750(s), 709(w), 652(m), 591 (w), 552
(m), 476(w). In the product 2 the ligand 2-mercapto-
benzoic acid was oxidized into 2-sulfintobenzoate in
situ by O, in solvent medium, which is similar to that
in previous reports™*!l,
1.3 X-ray crystallography

Single-crystal X-ray diffraction analyses of 1 and 2

were carried out on a Bruker SMART APEX Il CCD
diffractometer with graphite-monochromated Mo Ko
radiation (A=0.071 073 nm) at 296(2) K. Empirical
absorption corrections were applied by using the
SADABS program™.

The structures were solved by direct methods and
refined by the full matrix least-squares based on F*
using SHELXTL program package®™*. All non-
hydrogen atoms were refined anisotropically. The
hydrogen atoms attached to ligands were generated
geometrically and refined using a riding model. In 1,
the O2 atom of 2-mercaptobenzoic acid ligand is
disordered over two sites with an occupancy factor of
0.436/0.564 for 02/02'. The crystal data and the details
of the structure determination for complexes 1 and 2 are
listed in Table 1. Selected bond lengths and angles are
given in Table 2.

CCDC: 1056796, 1; 1056797, 2.

Table 1 Crystal data and structure refinements for compounds 1 and 2

Compound
Chemical formula CosHisCdN4O5S
Formula weight 550.89
Crystal system Triclinic
Space group Pl
a/nm 0.754 29(13)
b / nm 0.966 13(16)
¢/ nm 1.466 6(2)
al (%) 86.649(2)
B/ 84.574(2)
v /(%) 80.039(2)
V / nm? 1.747
D./ (g-cm™) 0.825 75(18)
A 2
©/ mm™ 1.176
F(000) 552
0 range / (°) 2.142~27.370
Reflections collected 9 154
Independent reflections 4671
Riy 0.034 2

Final R indices (I>20 (1))
R indices (all data)
Goodness of fit on F 1.001

Largest diff. peak and hole / (e-nm™) 1 137 and -564

R=0.042 5, wR,=0.085 2
R=0.066 5, wR,=0.094 3

C;H.O0,PbS
391.35
Monoclinic
P2/c

1.233 31(16)
0.880 55(11)
0.792 13(10)
90.00
106.280(2)
90.00

1.047 0(3)
3.148

4

3.148

704
1.720~27.454
6 969

1 876

0.027 9
R=0.019 3, wR,=0.039 6
R,=0.026 1, wR,=0.041 8
1.045

856 and -679
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Table 2 Selected bond lengths (nm) and angles (°) for 1 and 2

Complex 1
Cd(1)-N(1) 0.233 1(3) Cd(1)-O(1)! 0.233 5(3) Cd(1)-N(3)¢ 0.234 6(3)
Cd(1)-0(1)™ 0.239 5(3) Cd(1)-S(1) 0.272 51(12) Cd(1)-S(1) 0.268 43(11)
N(1)-Cd(1)-O(1)’ 92.23(11) N(1)-Cd(1)-N(3)* 175.11(11) 0O(1)-Cd(1)-N(3)* 83.04(11)
N(1)-Cd(1)-O(1)® 88.06(11) O(1)-Cd(1)-0(1)* 74.51(10) N(@3)-Cd(1)-0(1)* 91.85(11)
N(1)-Cd(1)-S(1)" 97.72(9) O(1)-Cd(1)-S(1)* 151.13(7) N(@3)"™-Cd(1)-S(1)" 87.06(9)
O(1)™-Cd(1)-S(1)" 78.80(7) N(1)-Cd(1)-S(1) 80.77(9) O(1)-Cd(1)-S(1) 121.14(7)
N(@3)-Cd(1)-S(1) 100.59(9) O(1)"-Cd(1)-S(1) 160.86(6) S(1)"-Cd(1)-S(1) 87.30(4)
Complex 2
Pb(1)-0(1) 0.242 24(2) Ph(1)-0(1)* 0.249 16(3) Ph(1)-0(3) 0.263 23(2)
Ph(1)-0(3) 0.271 95(2) Ph(1)-0(4)’ 0.245 40(2) Ph(1)-0(2)" 0.288 03(2)
Ph(1)-0(2) 0.298 88(3) Ph(1)-0(4)" 0.290 94(3)
O(1)-Ph(1)-0(3)' 68.06(9) O(1)-Ph(1)-O(4) 80.94(10) O(1)-Pb(1)-0(1)" 70.14(10)
0(4)-Ph(1)-0(1)" 74.45(9) 0(4)-Pb(1)-0(3) 84.23(10) O(1)*-Ph(1)-0(3) 135.38(9)
0(4)-Pb(1)-0(3)" 139.28(9) O(1)"-Ph(1)-0(3)" 69.61(9) 0(3)-Pb(1)-0(3)" 108.47(10)
O(1)-Pb(1)-0(3)" 69.46(9)

Symmetw codes: for 1:" x—1, y, z; "a—1, y+1, z41; "—x, —y+2, —z+2; “a+1, y, z; "w+1, y=1, z=1; for 2: ' —x+1, y=1/2, —z+1/2; "—x+1, —y+1,

—z+1; Wa, —y+3/2, 2+ 1/2; V—at 1, y+1/2, —2+1/2; Yx, —y+3/2, 2=1/2; ¢
2 Results and discussion

2.1 Crystal structure of complex 1

X-ray crystallographic analysis reveals that 1
crystallizes in the triclinic system, P1 space group.
The asymmetric unit of 1 consists of one independent
Cd () cation, one 2-mba’® -
auxiliary ligand. Cd1 adopts a distorted octahedral

ligand, and one bimb

coordination geometry, and is coordinated by two O
and two S atoms from two different 2-mba®~ ligands,
and two N atoms from two different bimb ligands (Fig.
la). The Cd1-0 distances are 0.233 5(3) and 0.239 5(3)
nm; the CdI-N bond lengths are 0.233 1(3) and
0.234 6(3) nm; the Cd1-S distances are 0.272 51(12)
and 0.268 43(11) nm, respectively.

The 2-mba®~ ligand adopts ws-1k'S:2%S,0:3'0
coordination mode, adjacent Cd(Il) cations are bridged
by pairs of carboxylate group and thiolate-S of 2-mba*
ligands in bridging-monodentate modes to generate a
1D chain in the ac-plane, which contains two alternate
four-membered rings Cd,S, and Cd,0, (Fig.1b). The Cd
--Cd separations in the rings are 0.391 41(7) and

—x+1, —y+2, —z+1

0.376 56(6) nm, respectively. Each bimb ligand links
the adjacent 1D chains to afford a 2D network with (4,
4) topology (Fig.1c). The two imidazolyl groups and
the biphenyl groups of bimb in 1 are almost linear.
The 2D networks are held together further by non-
classical hydrogen bonds between H atoms of
imidazolyl rings and carboxylate-O and thiolate-S
(C10-H10 --- S1* 0.393 4 (5) nm; C25-H25 --- 02"
0.328 0(3) nm;
‘i x, v, z—1) resulting in a 3D supramolecular framework
(Fig.1d).

2.2 Crystal structure of complex 2

Symmetry codes: " —x, —y+1, —z+2;

Complex 2 crystallizes in the monoclinic space
group P2,/c and its asymmetric unit contains one Ph(Il)
cation and one sh?”. As shown in Fig.2a, each Pb(Il)
cation is hemidirected and five-coordinated by five
oxygen atoms in a distorted square-pyramid geometry.
In the five-coordination, two sites were occupied by a
carboxylate-O and a sulfinate-O from one 2-
sulfobenzoate, and three others were furnished by two
carboxylate-O and one sulfinate-O from three different

2-sulfobenzoate ligands. The five Pb-O distances range
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In (a): Symmetry codes: ‘x—1, y, z; "x—1, y+1, z+1;  —x, —y+2, —z42; * x+1, y, z; *a+1, y—1, z—1; All hydrogen atoms have been omitted for clarity

Fig.1 (a) The coordination environments of the Cd(Il) ion in compound 1 with the ellipsoid of 50% probability; (b) The 1D

structure viewed along b axis; (c) Formation of 2D network in compound 1; (d) A view of the three-dimensional

supramolecular structure of 1 with blue dashed lines representing the hydrogen bonds

In (a): Displacement ellipsoids are drawn at the 30% probability level; Symmetry codes: ' —x+1, y=1/2, —z+1/2; "—x+1, —y+1, —z+1; " x, —y+3/2, z+1/2;

N1, y+1/2, —z+1/2; Y x, —y+3/2, z=1/2; ¥ —x+1, —y+2, —z+1; Dashed lines represent long Pb-O weak bonds

Fig.2 (a)The coordination environment of the Ph(Il) in 2 showing the atom numbering scheme; (b) A view of the two-dimensional

layer of 2, extending along the bc plane; (¢) A view of the 12-membered tetranuclear lead metallamacrocycle (green lines)

and 2D (4,4) net (blue lines) in 2

from 0.242 2(3) to 0.271 9(3) nm (Table 2). However,
when the Pb-O length limit extends from 0.288 03(3)
to 0.298 88(3) nm, the potential weak bonds of Pb-O
(Pb1-02" 0.288 03(2) nm, Pb1-04" 0.290 94(3) nm,
Pb1-02" 0.298 88(3) nm) can be drawn, and the

coordination number of Pb(Il) will increase from five to

eight. As a result, the coordination geometry of Pbl
will change from hemidirected into holodirected. In
fact, long Pb-O weak bonds have also been reported
in other lead complexes®™!.

The sb®~ ligand adopts ps-1x'0:26%0,0" :3k'0" :

4k'0" coordination mode, and the carboxylate group of
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each sb”~ ligand adopts a bridging-bidentate and
bridging-monodentate mode to connect three Pb (II)
cations. The sulfinate group adopts a bridging-
monodentate mode to connect two Ph(I) cations. Ph(II)
cation is chelated by one 2-sulfobenzoate ligand via a
carboxylate-O and a sulfinate-O forming a seven-
membered O,0-donor chelate ring. Two sulfinate and
two carboxylate groups from four different ligands
bridged two Phb(Il) cations, giving a binuclear motif
[Pby(S0,)2(CO,),] with Pb---Ph separations of 0.402 22(4)
nm. The binuclear units are further linked by the
bridging-monodentate carboxylate oxygen atoms to
give rise to a two-dimensional layer (extending along
the bc plane) (Fig.2b). Interestingly, in the layer, four
bridging-bidentate/monodentate  carboxylate  groups
ligands connect four Pb(Il) cations to constitute a 12-
membered tetranuclear lead metallamacrocycle (Fig.
2¢). If the binuclear unit is considered as a single
node and sb*” ligand as a linear linker, then complex
2 has a (4, 4) net, as shown in Fig.2c.
2.3 XRPD measurements, FTIR and thermal
analysis
The phase
independently confirmed by X-ray powder diffraction
(XRPD) at room temperature. All the XRPD patterns

purity of the complexes was

measured for the as-synthesized samples were in good
agreement with the XRPD patterns simulated from the
respective single-crystal X-ray data using the Mercury
2.4 program. On the basis of the XRPD results it can
be established that the single crystal selected is a
good representative of the bulk compound (Fig.3).

The IR spectra of complexes 1 and 2 show weak

(@) .
— as-synthesized

— simulated

bands at 3 040 and 3 044 c¢m ', which can be
assigned to C-H stretching frequency of the ligands.
There are no peaks observed over 1 700 and 2 500
em™ indicating that the carboxyl group and mercapto
group are completely deprotonated, which are good
agreement with the crystallographic data. The bands
in the 1 281~1 114 c¢m™ region correspond to the C-C
stretching vibrations, while the peaks at 1 434, 1 431
em™ and in the range of 750~648 ¢cm™ attribute to the
C-H in-plane and out-plane bending vibrations,
respectively. The intense peaks at 1 569, 1 506, 1 376
cm ™ for 1 and 1 567, 1 513, 1 384 ¢cm™ for 2 were
observed, These should be characteristic bands of
carboxyl groups for the antisymmetric stretching and
symmetric  stretching, which also showing the
deprotonated carboxylate groups coordinate to the
metal atoms in bridging fashion”. The peaks observed
at 1 055, 1 008, 858 cm™ for 2 can be attributed to
the characteristic vibrations of antisymmetric and
symmetric S-O stretching of sulfinate™.

In order to examine the thermal stabilities of 1

(TGA) were

carried out between 25 and 750 °C under nitrogen

and 2, thermal gravimetric analysis
atmosphere at the heating rate of 10 °C *min ', as
shown in Fig4. The TGA curve of 1 showed the
crystal can keep stable until 295 °C. Then there is a
sharp weight loss occurring in the temperature range
of 295 ~479 °C for degradation of the bimb ligand
(Caled. 51.98%, Found 51.08%). The second weight
loss of 26.31% in the range of 479 ~720 °C
approximately amounts to the loss of the 2-mba®~

ligand and the residue accounts for 23.65%, which is

(b)
——as-synthesized
——simulated

T T T T T T 1

0O 5 10 15 20 25 30 35 40 45
20/ (°)

0 5 10 15 20 25 30 35 40 45
20/(°)

Fig.3 Simulated and experimental PXRD patterns for compound 1(a) and compound 2(b)
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Fig4 TG curves of complexes 1 and 2

nearly in agreement with the calculated value of
23.31% by assuming that the final product is CdO.
There is one major step in the TG curve of 2, which
remains intact up to 350°C. A subsequent mass loss of
424% in the temperature range of 350 ~590 °C
corresponds to the decomposition of the sh’~ ligand
(Caled. 43.0%). Finally, the residue corresponds to
PbO (Caled. 57.0%, Found 57.5%).
2.4 Photoluminescent Properties

Complexes with Cd and Pb centers and organic
ligands are promising candidates for photoluminescent

materials®#

. Thus, the photoluminescent properties of
complexes 1 and 2 in the solid state have been
investigated at room temperature. As shown in Fig.5,
upon excitation at 398 nm, a very strong and broad
emission peak is observed at 479 nm in 1. Compared
with the emission spectrum of H,(2-mba) of 456 nm

(Ax=389 nm), red shift of 23 nm in 1 was observed.

—— Complex 1
—— Complex 2
——H,(2-mba)

T T T T T T T
350 400 450 500 550 600 650
Wavelength / nm

Fig.5 Photoluminescence of 1, 2 and free ligand H,(2-

mba) in the solid state at room temperature

Complex 2 shows a slightly strong emission peak at
410 nm with excitation at 235 nm. The emissions of
the compounds may be ascribed to intraligand charge
transfer emission of the ligand due to their remarkable

resemblance of the emission bands™".

3 Conclusions

In summary, Two novel Cd(I)/Ph(I) coordination
polymers have been synthesized based on 2-
mercaptobenzoic acid, 2-sulfintobenzoate and auxiliary
N-donor ligand 4,4-bis(1-imidazolyl)bibenzene, which
display 2D topological networks. The results of this
study not only make clear that the coordination modes
and conformations of 2-mercaptobenzoate and 2-
sulfintobenzoate ligands, but also give nice example of
the N-donor ligands play an important role in the
construction of coordination polymers. Especially, 2-
sulfintobenzoate ligand from the 2-mercaptobenzoic
acid precursor has been firstly synthesized in 2 through
the in situ ligand oxidation reaction under solvothermal
conditions, which also provides a useful strategy to the
construction of novel coordination complexes or metal-
synthesis

organic frameworks via in situ ligand

reactions. In  addition, the photoluminescence
investigation shows that two coordination polymers
applied as new luminescent

appear potentially

materials.
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