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Abstract

Two coordination polymers based on 1,4-bis(benzimidazo-1-ly)benzene (L) and O-donor linking co-ligands, namely
{[ZnL(mipa)(H,0)]},, (1) and {[Cd,L,(sdba)Cl,]}, (2) (H,mipa=5-methylisophthalic acid, H,sdba=4,4"-sulfonyldibenzoic
acid), have been synthesized under solvothermal conditions and structurally characterized by X-ray single-crystal diffrac-
tion. Compound 1 has a 1D chain structure, forming 2D layers by hydrogen bonds. Adjacent layers stack over each other in
an ABCD manner along the c-axis to further pack into a 3D supramolecular structure supported by z—x interactions. Com-
pound 2 possesses an intriguing 3D architecture, which is constructed from dinuclear [Cd,L,Cl,] secondary building units
and V-shaped sdba~ linkers. Both compounds show strong photoluminescence at room temperature with peaks at 362 and
356 nm, respectively, assigned to intraligand and/or ligand-to-ligand charge transfer transitions. Compound 2 can be used as
a highly selective probe for Hg>* detection in aqueous solution based on luminescence quenching. The activity of compound
2 as a photocatalyst for the degradation of methylene blue under UV irradiation has been explored.

Introduction

Coordination polymers (CPs) as a relatively new class of
crystalline materials have drawn considerable interest, due to
their potential applications in a wide variety of fields includ-
ing catalysis [1-3], luminescent materials [4-6], gas stor-
age and separation [7-9], magnetism [10] and photocatalytic
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materials [11]. Compared with the more traditional zeolites,
the pores and surfaces of CPs possess tunable functionally
active sites, such as Lewis acidic/basic sites and open metal
sites, which can be adjusted by modification of the organic
ligands and judicious choice of metal centers. In order to
construct such materials, the design and synthesis of organic
linkers with appropriate functional groups are an important
consideration. Among numerous available ligands, five-
membered N-donor heterocycles (e.g., imidazole, tetra-
zole, triazole) and their derivatives have attracted extensive
attention [12—14]. In this work, we chose a typical N-donor
heterocyclic ligand (1,4-bis(benzimidazo-1-ly) benzene)
as a basis for the construction of functional coordination
polymers, based on the following considerations. First, this
ligand usually exhibits simple bridging modes, which should
simplify the range of structures of its complexes. Second,
such ligands may have good photoluminescent properties,
owing to the conjugated aromatic rings. Finally, this ligand
is neutral and so allows for modulation of the architecture of
the resulting complexes by the use of linking co-ligands. It is
known that the coexistence of different ligands in coordina-
tion polymers allows for greater tunability of architectures
than a single one, thus providing more versatile CPs. In par-
ticular, the combination of neutral and negatively charged
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ligands can influence the charge density distribution and pro-
vide an additional level of control in the resulting structures.
A variety of coordination polymers have been prepared by
self-assembly from 1,4-bis(benzimidazo-1-ly) benzene with
metals including Co, Cd and Zn [15-18]. However, coordi-
nation polymers based on 1,4-bis(benzimidazo-1-ly) ben-
zene with polycarboxylic acids as co-ligands are relatively
rare [19, 20].

In this study, 1,4-bis(benzimidazo-1-ly) benzene and two
different O-donor co-ligands were used based on a dual-
ligand strategy, to give two coordination polymers, formu-
lated as {[ZnL(mipa)(H,0)]}, (1) and {[Cd,L,(sdba)CL,]},
(2). Both compounds were characterized by thermogravimet-
ric analyses, elemental analysis, powder X-ray and single-
crystal X-ray diffraction. In addition, the photoluminescent
properties and photocatalytic activities of the compounds
have been investigated.

Experimental section
Materials and methods

All chemicals were commercially available reagent grade
and used without further purification. The C, H, N elemental
analyses were obtained on a PerkinElmer 240C elemental
analyzer. Thermogravimetric analyses (TGA) were con-
ducted on a NETZSCH STA 449 F5 Jupiter TGA analyzer
under nitrogen at a heating rate of 10 °C/min. Powder X-ray
diffraction (PXRD) patterns were collected on a Shimadzu
XRD-6000 X-ray diffractometer using a Cu-Ka radiation
(A=1.54056 A) at room temperature. UV—vis spectra were
recorded using a PerkinElmer Lambda 25 spectrophotom-
eter. Photoluminescence (PL) spectra were obtained on a
PerkinElmer LS 55 fluorescence spectrophotometer.

Synthesis of compound 1

A mixture of Zn(NO;),-6H,0 (0.0148 g, 0.05 mmol),
H,mipa (0.0090 g, 0.05 mmol) and L. (0.0155 g, 0.05 mmol)
in DMF (2 mL) plus H,0 (0.5 mL) was sealed in an auto-
clave equipped with a Teflon liner (25 mL). The mixture
was heated at 110 °C for 3 days and then cooled to room
temperature. Yellowish block single crystals of compound
1 were collected in ca. 29% yield based on L. Elemental
analysis for C;,H,4N,ZnOs, caled (%): C, 62.6; H, 4.6, N,
9.1. Found (%): C,61.7; H, 4.9, N, 8.5.

Synthesis of compound 2
A mixture of Cd(NO;),-4H,0 (0.0155 g, 0.05 mmol),

H,sdba (0.0153 g, 0.05 mmol) and L. (0.0155 g, 0.05 mmol)
in DMF (2 mL), H,O (1 mL) and 150 pL of HCI (6 mol/L)
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was sealed in an autoclave equipped with a Teflon liner
(25 mL). The mixture was heated at 100 °C for 3 days and
then cooled to room temperature. Colorless block single
crystals of 2 were collected in ca. 31% yield based on L.
Elemental analysis for Cs,H;cC1,N3SCd,Oq caled (%): C,
53.1; H, 3.0; N, 9.2. Found (%): C, 52.4; H, 3.0; N, 9.0.

Crystal structure determinations

Single-crystal X-ray data collections of both compounds
were performed on a Siemens (Bruker) SMART CCD dif-
fractometer using graphite-monochromated Mo-Ka radia-
tion (A=0.71073 A) at 296 K. The SMART and SAINT
software packages were used for data collection and extrac-
tion, respectively, and data absorption corrections were per-
formed using the SADABS program [21]. The structures
were solved by direct methods and refined on F? by full-
matrix least-squares methods using the SHELXS program
of the SHELXTL package [22]. All the non-hydrogen atoms
were refined anisotropically. All H atoms were placed in
geometrically calculated positions and refined using the rid-
ing model. Details of structural determination and refine-
ment are summarized in Table 1. Selected bond lengths and
angles are given in Table 2.

Results and discussion
Synthesis

The two compounds were synthesized solvothermally from
the rigid ligand L with different co-ligands and metal salts
under similar conditions. The two structures are very dif-
ferent. Many factors can influence the structures of such
coordination polymers, including the type of metal, counter-
anions, pH value and reaction temperature. In this work, we
carried out a series of experiments to investigate the effect
of the reaction conditions on the crystallinity and identity
of the final products. The results indicate that the acid plays
an important role in the formation of compound 2 in our
reaction system. A small amount of acid could influence the
nucleation and/or crystal growth. The absence of the acid
resulted in the production of unknown powders. Besides,
slight differences in temperature and reagent concentra-
tions have a minor impact on the crystallinity of the result-
ing products.

Crystal structure of compound 1
Compound 1 crystallizes in a monoclinic P21/c space

group (No. 14) with four asymmetric units per unit cell.
The asymmetric unit consists of one zinc atom, one L
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Table 1 Crystal data and structure refinements for compounds 1-2

Table 2 Selected bond distances (/&) and angles (°) for compounds

Compound reference 1 2

Chemical formula C3,HgN,O5Zn  C54H3cCd,CLLNgO6S

Formula mass 613.97 1220.67

Crystal system Monoclinic Monoclinic

alA 10.2154(6) 24.5840(13)

bIA 22.9054(12)  12.5350(6)

oA 11.7484(7) 17.3554(9)

al® 90 90

pl° 96.798(2) 100.2880(10)

y/° 90 90

Unit cell volume/A> 2729.7(3) 5262.3(5)

Temperature/K 173(2) 296.15

Space group P21/c C2lc

VA 4 4

No. of reflections measured 17,912 17,485

No. of independent reflections 4916 6033

Rine 0.0535 0.0303

F(000) 1272 2440

Limits of data collection/® 3.068-25.436  2.101-27.493

u (mm™") 0.951 1.007

Final R, values (I>20(])) 0.0399 0.0301

Final wR(F?) values 0.0860 0.0701
I>20(1))

Final R, values (all data)* 0.0679 0.0443

Final wR(F?) values (all data) 0.0932 0.0760

Goodness of fit on F2 1.050 1.002

CCDC 188,2745 188,2746

AR, =ZNF | —IF W/ZIF|, wR = [Ew(F% — F2Y/Zw(F2)4 V2

ligand, one fully deprotonated H,mipa ligand and one
coordinated water ligand. As shown in Fig. 1, each Zn
center is tetra-coordinated by one nitrogen atom from
an L ligand (Zn1-N1=2.017(2) A), two oxygen atoms
from two crystallographically equivalent mipa2~ ligands
(Zn1-01=1.9720(19) A; Zn1-04 =1.968(2) A) and one
oxygen from the water ligand (Zn1-05=1.986(2) A),
forming a tetrahedral coordination geometry. The bond
distances are comparable to those reported for similar zinc
complexes [19].

Each fully deprotonated mipa®~ ligand, in a “V-shaped”
conformation, connects two Zn atoms by a monoden-
tate mode to construct a 1D infinite [Zn(mipa)], chain,
while the L and water ligands occupy the remaining
coordination sites, with an adjacent Zn---Zn distance
of 10.215 A (Fig. 2a). The L ligand is neutral, and its
two benzimidazole rings are coplanar, with a dihedral
angle of 0°. The dihedral angle between the benzene ring
(C20-C21-C22-C23-C24-C25) and the benzimidazole
ring (C14-C15-C16-C17-C18-C19-N2-C13-N1) is
33.42°. The benzimidazole rings of L within the chains

1-2

Compound 1
Zn1-01 1.9720(19) Zn1-05 1.986(2)
Zn1-041 1.968(2)  Znl-NI 2.017(2)
01-Zn1-05 105.55(8) 04-7Zn1-05 108.74(8)
01-Zn1-N1 116.71(9) 04-Zn1-N1 106.98(9)
04-Zn1-01 102.66(8) 05-Zn1-N1 115.29(9)

Compound 2
Cd1-Cll 2.5854(7)  Cdl1-0O1 2.2940(18)
Cd1-Clt! 2.6014(7)  Cd1-02 2.4155(18)
Cd1-N1 2.3820(19) Cd1-N4f 2.3559(19)
cli-cdi-ciit 93.79(2) N1-Cd1-Cl1 92.70(5)
01-Cd1-Cl1 156.91(6) N1-Cd1-Cl1 95.22(5)
01-cd1-c1it 109.26(5) N1-Cd1-02 83.46(7)
01-Cd1-02 55.80(7) N1-Cd1-C1 84.36(8)
01-Cd1-N1 86.60(7) N4'_Cd1-Cl1 91.28(5)
01-Cd1-N4i 88.54(7) N4i_cd1-c1i 87.57(5)
02-Cd1-Cl1 101.17(5) N41_Cd1-02 92.76(7)
02-Cd1-Cl1} 165.02(5) N41_Cd1-N1 174.98(7)

Symmetry transformations: for 1 (i) x+1, y, z; (i) x—1, y, z; for 2
(1) 2.5-x,05-y, —z (ii)) 0.5+x, 0.5+, z; (iii) 2—x, y, 0.5—z; (iv)
—0.5+x,-0.5+y,z

C31 c30 o N5 @z

Fig.1 Coordination environment of Zn center in compound 1

are parallel to each other, with an interplanar distance of
5.056 A.

The 1D chains of compound 1 are linked by hydrogen
bonds (O-H---N=2.688(3) IOA) between the water ligands
and the N atoms of the benzimidazole rings of L, forming
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Fig.2 a A drawing showing 1D
chain; b, ¢ a drawing showing
the 2D layer oriented stacked by
H-bonding interactions along b
and a axis, respectively

a 2D layer along the b axis (Fig. 2b). Adjacent 2D layers
are further connected into a 3D supramolecular struc-
ture through #---7 interactions [Cgl1-Cg2=3.7532(19) A,
Cg2-Cg2=3.8199(19) A, Cg2-Cg6=3.612(2) A,
Cgd—Cg6=3.675(2) A, Cg5-Cg5=3.997(17) A] between
the phenyl and benzimidazole rings, which help to stabilize
the 3D network (Fig. 3) [23]. The sheets are stacked over
each other in an ABCD manner along the c-axis (Fig. 4a).
The 3D supramolecular structure and the stacking architec-
ture are illustrated in Fig. 4 and S3.

To further understand the architecture of compound
1, topological analysis was performed with the TOPOS
programs [24]. The Zn centers can be simplified as 4-con-
nected nodes, while the H,mipa and L ligands are con-
sidered as simple linkers. Hence, the 2D layer structure
through hydrogen bonds can be simplified as a 4-con-
nected sql net with point symbol of {4*.6?} (Fig. 4b).

Fig.3 3D supramolecular structure of compound 1 constructed
by z---x interactions viewed along the c-axis. The inset exhibits the
details of #---x interactions (shown as red dotted line; Cgl is the cen-
troid of the ring that is composed of N1, C13, N2, C19 and C14; Cg2
is the centroid of the ring that is composed of N4, C26, N5, C32 and
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C27; Cg4 is the centroid of the ring which contains C14, C15, C16,
C17, C18 and C19; Cg5 is the centroid of the ring which contains
C20, C21, C22, C23, C24 and C25; Cgb6 is the centroid of the ring
which is composed of C27, C28, C29, C30, C31 and C32)
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4

& ,' A layer \

Fig.4 a 3D supramolecular structure of 1 and the stacking manner along c-axis; b the 2D layer formed by hydrogen bonds with sgl topology

Fig.5 Coordination environment of Cd atoms in compound 2

Crystal structure of compound 2

Compound 2 crystallizes in the monoclinic space group C2/c
with four asymmetric units in each cell. The asymmetric
unit contains one crystallographically independent cadmium
atom, one chlorine atom, one L ligand and half of a fully
deprotonated H,sdba ligand. As depicted in Fig. 5, the Cd
atom is six-coordinated by two O atoms from one chelat-
ing bidentate carboxylate group of an sdba>~ ligand, two N
atoms provided by two L ligands and two Cl atoms, giving a
slightly distorted octahedral geometry. The equatorial plane
is occupied by atoms O1 and O2 from the sdba®~ ligand
and two Cl atoms, while the axial sites are occupied by two
N atoms from L ligands. The X—~Cd-X angles (where X is
a basal N or O atom) range from 55.80(7) to 174.98(7) °
and the octahedron edge lengths range from 2.2062(26) to
3.9959(21). The Cd—O and Cd-N bond lengths are in the

ranges of 2.2940(18) to 2.4155(18) A and 2.3559(19) to
2.3820(19) A, respectively.

Neighboring Cd centers (Cdl and symmetry-related
Cd1A) are linked together by two —CIl- bridges to form
a dinuclear [Cd,(COOR),N,Cl,] SBU, with the Cd---Cd
distance equal to 3.5444(6) A. Each SBU connects four L
ligands and two fully deprotonated sdba’~ ligands. The two
benzimidazole rings of the L ligands are coplanar; each SBU
connects four L ligands which are parallel to each other.
The L ligand adopts an “/-shape” conformation to connect
two neighboring SBUs to into a 1D ladder chain (Fig. 6a).
The sdba~ ligand has an approximately “L-shape” geometry
and bridges neighboring SBUs to form a linear zigzag chain
along the a direction (Fig. 6b, c). These 1D ladder chains are
extended into a 3D network by connecting with the SBUs
and sdba®~ ligands, as illustrated in Fig. 6d. In addition,
other [Cd,(COOR),N,Cl,] SBUs are oriented perpendicu-
lar to those in the 1D ladder chains, being linked by four L
ligands to form an independent unit (Fig. 6e). These units are
integrated into the above-mentioned 3D network, resulting
in a novel and complicated 3D structure (Fig. 6f).

Structural comparisons

Comparing the structures of the two compounds, the ligand
L adopts the same coordination mode acting simply as a
linker, whereas the different coordination modes and geom-
etries of the co-ligands determine the final structures. In
compound 1, each Zn atom is coordinated by two monoden-
tate carboxylate groups of different mipa®~ ligands, while
the two remaining coordination sites are occupied by L and
water ligands. Two carboxylate groups of the mipa®~ ligand
coordinate two Zn atoms to give 1D chains, which are fur-
ther extended to a 2D structure by hydrogen bonds. Only
4-connected nodes are present in the 2D network, which
can be simplified as a 4-connected sql topology. Adjacent
layers are further stacked into a 3D supramolecular struc-
ture by z---x interactions. In compound 2, two CI™ anions
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Fig.6 a 1D ladder chains formed by dinuclear [Cd,(COOR),N,Cl,]
SBUs and L ligands; b, ¢ 1D zigzag chains formed by
[Cd,(COOR),N,Cl,] SBUs and L-shaped ligands sdba’>~ along a

bridge neighboring Cd atoms into a dinuclear cluster, which
connects with four L and two sdba?~ ligands to obtain an
intricate 3D architecture.

Thermogravimetric analysis

The thermal stabilities of these compounds were investi-
gated using single-crystal samples under N, atmosphere. As
shown in Fig. 7, compound 1 exhibited a weight loss of 2.7%
at 25—-145 °C, attributed to the loss of coordinated water
(calcd 2.9%). Upon further heating, compound 1 remained
stable up to 270 °C. After that temperature, the compound
decomposed with an abrupt weight loss. The final mass
remnant corresponds to ZnO (calculated 13.2%, observed
10.2%). For compound 2, the framework remained stable
up to 260 °C. The TGA curve then showed an abrupt weight
loss of 38.4% between 260 and 320 °C (calculated 38.6%)
corresponding to the loss of ligand sdba>~ and CI~ anions.
A further weight loss between 335 and 550 °C may be
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direction; d 1D ladder chains are extended to a 3D network structure;
e other kind of [Cd,(COOR),N,Cl,] SBUs oriented perpendicular; f
3D complicated structure of compound 2

100

80 1

60 2

40 -

Weight Loss(%)

20

——
200 400 600 800 1000
Temperature / °C

Fig. 7 TGA curves for compounds 1-2
ascribed to the decomposition of the ligand L (calculated

50.8%, observed 52.0%). The remaining weight of 7.3% cor-
responds to a likely formation of CdO (calculated 10.5%).
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Photoluminescent properties

The solid-state photoluminescence spectra of both com-
pounds were recorded at room temperature. As shown in
Figure S4, the free ligands L, H,mipa, and H,sdba exhibit
maxima at 422 (4,,=343 nm), 328 (1,,=280 nm) and
350 nm (4., =310 nm), respectively, which can be assigned
to #* — x or #* — n transitions [25, 26]. Compounds 1
and 2 show blue fluorescence emission peaks at 362 nm
(Aex =320 nm) and 356 nm (4., =306 nm), respectively (Fig-
ure S5 and S6). Since Zn(II) and Cd(II) are difficult to oxi-
dize or reduce owing to their d'° electronic configurations,
the emission bands of compounds 1 and 2 are not likely to
arise from ligand-to-metal charge transfer (LMCT) or metal-
to-ligand charge transfer (MLCT). Hence, these emissions
are most probably derived from intraligand and/or ligand-to-
ligand charge transfer (LLCT) transitions [27, 28].

Heavy metals such as Hg(II), Cr(Ill) and Cd(II) are
common contaminants in industrial wastewater, which are
easily accumulated in living organisms. To explore the
sensing ability of compounds 1 and 2, experiments were
performed on aqueous solutions of various metal ions.
However, compound 1 is soluble in water if left for suf-
ficient time. Therefore, only compound 2 was selected for
investigation as a potential sensor material. Finely ground
samples of 2 were dispersed in aqueous solutions of differ-
ent M(NO,), salts (2 mL, 0.01 mol L™") for fluorescence
measurements (M= Ca**, Mg?*, Cu*, Ni**, Co?*, Zn**,
Cd>*, Hg?*, K*, Ag*, AIP*, Fe**, Cr’*). The emission inten-
sities of compound 2 were found to vary with metal ions. As
shown in Fig. 8, the fluorescence intensity was significantly
quenched by Hg?* compared to several other metal ions
(Ca®*, Mg?*, Ni**, Co**, Zn**, K*, Ag), while Cu**, Cd**,
AP, Fe** and Cr’* revealed partial quenching behavior. To
further explore the sensitivity of 2 toward Hg?", different

—
Q
N

900 -

750

600 4

450 -

Intensity (a.u.)

300

150

350 400 450
Wavelength (nm)

concentrations of Hg(NO;), (107°-107" mol/L) were inves-
tigated in fluorescence experiments in aqueous solution.
As shown in Fig. 9, the emission intensity of 2 gradually
decreased with increasing concentrations of Hg?*, such that
the quenching efficiency reached 95% when the concentra-
tion of Hg?* was to 10~! mol/L (Fig. 10).

The quenching efficiency was calculated from the equa-
tion (I, —I)/1,x 100%, where I, and I represent the fluores-
cence intensity of compound 2 before and after the addi-
tion of Hg?", respectively. A plot of fluorescence intensity
against Hg>* concentration in the low concentration range of
0-10~> mol/L was analyzed with the Stern—Volmer equation,
Iy/T=Kgy, [Hg**1+ 1 (where Ky is the quenching constant).
The Stem—Volmer plot reveals a good linear correlation
at low concentrations, which could be fitted as I/I=Kgy
[Hg?*]+ 1.14, with a quenching constant of 6.07 x 10° L/
mol (Fig. 11).

—H,0

110 mol/L

-5%10° mol/L

750 1 1x10” mol/L

5%10° mol/L

;-‘ 600 4 1x10* mol/L

i 5%10™ mol/L

> 450- 1107 mol/L

g 1x10” mol/L

[ 1x10" mol/L
"_E 300
150

300 350 400 450
Wavelength (nm)

Fig.9 Emission spectra of 2 dispersed in aqueous with different con-
centrations of Hg** (4, =306 nm)

_
)y £
=
o

Quenching Efficiency (%

Hg* Cr* Fe®* cd® AIP* cu?* Ag® Mg® Co?* Ni?* Ca®* zn®* K*

Fig.8 a Photoluminescent spectra for compound 2 after the samples were dispersed in 1072 mol/L concentration of aqueous solutions containing

different metal ions; b quenching efficiency histogram of 2
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Fig. 10 Dependence of the quenching efficiency on the concentration
of Hg?*

0.0000 0.0002 0.0004 0.0006 0.0008 0.0010
Concentration of Hg” (mol/L)

Fig. 11 Stern—Volmer plot of 2 with different concentrations of Hg>*

Photocatalytic degradation of organic dyes

The release of industrial wastewater containing organic dyes
into the environment is a source of environmental prob-
lems, since organic dyes are usually toxic and even carci-
nogenic. A number of papers have suggested that d'* metal
complexes can show excellent photocatalytic performance
for the degradation of organic dyes under UV irradiation
[29-33]. Hence, in order to investigate the photocatalytic
activity of compound 2, four common organic dyes, namely
rhodamine B (RhB), methylene blue (MB), methyl orange
(MO) and malachite green oxalate (MGO), were selected
for degradation experiments. The results of these experi-
ments show that compound 2 is ineffective for degrading
MO, RhB and MGO. Hence, we performed further photo-
catalytic experiments for degradation of MB only. The pho-
tocatalytic reactions were carried out in aqueous solution
with UV irradiation in a typical process as follows. A sample
of compound 2 (30 mg) was dispersed in 50 mL of aqueous
MB solution and stirred in the dark for 30 min to establish
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Fig. 12 Absorption spectra of the MB solution under UV irradiation
in the presence of compound 2

1.0
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0.2 \
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0.0
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0 20 40 60 80 100 120
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Fig. 13 Plot of concentration ratios (c/c,) against irradiation time
(min) of MB

an adsorption/desorption equilibrium. The mixture was then
placed under UV irradiation from a 300 W Hg lamp and
stirred constantly. Aliquots of the mixture were removed at
15 min intervals and analyzed by UV-vis spectroscopy. As
depicted in Fig. 12, the maximum absorbance intensity of
MB decreased obviously with increasing reaction time in
the presence of 2 as a photocatalyst, such that the dye was
almost completely degraded after 120 min. As illustrated in
Fig. 13, a blank experiment was conducted for MB in the
absence of the photocatalyst, whereupon the degradation
efficiency was reduced to 12.7%.

These results indicate that compound 2 has photocatalytic
activity for the degradation of MB in water. The degradation
kinetics were evaluated by a first-order kinetic model [34]:

In(Cy/C) =kt M
where the slope k is the apparent reaction rate constant and
C, and C represent the initial concentration of dye and the
concentration at reaction time ¢, respectively. As shown in
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¢ MB without 2
2.54 ® MB with2
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Fig. 14 Photocatalytic degradation kinetics of 2 for organic dye MB
using first-order kinetic model

Fig. 14, the degradation plots gave a good fit to the first-
order kinetic function. The calculated apparent rate constant
kis 0.019 min~! in the presence of 2, while the rate constant
was 0.0011 min~"! for the blank experiment.

The possible photocatalytic mechanism can be pro-
posed based on related studies [35, 36]. Under UV-vis
light, the organic ligand L and carboxylate ligand may be
excited to generate N—Cd and/or O—Cd charge transfer,
promoting the formation of electron—hole pairs. These
photo-generated holes react with water to give hydroxyl
radicals, which can effectively decompose dyes to com-
plete the photocatalytic process [37, 38]. Moreover, the
conduction band electrons can be captured by dissolved O,
to form the superoxide radical -Og , which can be converted
to -OH radicals through combination with H* from water.

Conclusion

In summary, two novel coordination polymers based on
1,4-bis(benzimidazo-1-ly)benzene (L) and O-donor co-
ligands have been solvothermally synthesized and char-
acterized. Compound 1 has a 3D supramolecular structure
supported by hydrogen bonds and z— interactions. Com-
pound 2 is constructed from dinuclear [Cd,L,Cl,] SBUs
and V-shaped sdba®~ linkers, forming a complicated 3D
architecture. Both compounds are photoluminescent at
room temperature, and the emission of 2 can be quenched
efficiently by Hg(II) ion. Moreover, compound 2 acts as
a photocatalyst for degradation of methylene blue under
UV irradiation. The preparations of these compounds
demonstrate that the dual-ligand strategy is useful for the
construction of coordination polymers with interesting
structures and properties.

Supplementary material

CCDC 1882745 (1), 1882746 (2) contain the supplemen-
tary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystal-
lographic Data Centre via www.ccdc.cam.ac.uk/data_reque
st/cif.
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