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Abstract
Three coordination polymers (CPs), formulated as [Ag(bpy)]2(tdc)·4H2O (BUC-78), [Ag(bpe)]2(tdc)·6H2O (BUC-79) and 
[Ag(bpp)]2(tdc)·8H2O (BUC-80) have been synthesized from the reactions between  AgNO3, 4,4′-bipyridine (bpy),1,2-bis(4-
pyridyl)ethylene (bpe),1,3-bis(4-pyridyl)propane (bpp) and 2,5-thiophenedicarboxylic acid (tdc) by slow evaporation at room 
temperature. The X-ray crystal structures of all three CPs were determined, revealing that they are all comprised of 1D infinite 
cationic [Ag(L)] chains interspersed with discrete deprotonated  tdc2− counterions. These CPs exhibit good photocatalytic 
performances for the degradation of methylene blue and rhodamine B, giving up to 97% degradation under UV irradiation 
within 120 min. A possible photocatalytic mechanism is proposed, based on the results of active species capture experiments.

Introduction

Coordination polymers (CPs) have attracted wide attention, 
not only due to their fascinating structural characteristics [1, 
2], but also thanks to their potential functional applications 
which include adsorption [3–6], separation [7, 8], gas stor-
age [9], catalysis [10] and photocatalysis [11–13]. Among 
the transition metals, silver(I) is a soft Lewis acid with a 
good affinity for N-donor ligands, which possesses flexible 
coordination numbers from 2 to 6 in various geometries [1]. 
In its complexes, silver(I) generally adopts linear or quasi-
linear coordination geometries to form N–Ag–N chains 
between suitable pyridine-based ligands [4, 11, 14–18]. 
Encouraged by our previous research achievements on silver-
based CPs with different organic dicarboxylates as counteri-
ons [5, 12, 16–21], in this paper, three CPs constructed from 
4,4′-bipyridine (bpy), 1,2-bis(4-pyridyl)ethylene (bpe) and 

1,3-bis(4-pyridyl)propane (bpp) with 2,5-thiophenedicarbo-
xylic acid (tdc) as a counterion are reported (Scheme 1). All 
three CPs exhibited good photocatalytic performance for the 
decomposition of methylene blue (MB) and rhodamine B 
(RhB) as model organic pollutants.

Experimental

Materials and methods

All chemicals were sourced commercially and used as 
received without further purification. Powder X-ray diffrac-
tion (PXRD) patterns of the samples were obtained on a 
Dandonghaoyuan DX-2700B diffractometer employing Cu 
Kα radiation. CHN elemental analyses were obtained on 
an Elementar Vario EL-III instrument. FTIR spectra were 
recorded on a Nicolet 6700 FTIR spectrophotometer from 
4000 to 400 cm−1 with KBr pellets. UV–Vis diffuse reflec-
tance spectra (UV–Vis DRS) were recorded on a Lambda 
650S spectrophotometer using  BaSO4 as a reference with 
100% reflectance.

Synthesis of complex BUC‑78

An ammonia solution (125.0 mL, 0.5 mol/L) of  AgNO3 
(0.21 g, 1.25 mmol) plus 2,5-thiophenedicarboxylic acid 
(0.22 g, 1.25 mmol) was added dropwise to an ethanol 
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solution (125.0 mL) of 4,4′-bipyridine (0.20 g, 1.25 mmol). 
The mixture was stirred vigorously for 15 min until a clear 
solution was obtained. This was allowed to evaporate slowly 
at room temperature in the dark. White rod-like crystals of 
[Ag(bpy)]2(tdc)·4H2O (BUC-78) were harvested with a yield 
of 59.2% based on  AgNO3 after 4 weeks. Anal. Calcd. for 
 C26H23Ag2N4O8S (%):C, 40.5%, H, 3.6%, N, 7.3%. Found: 
C, 40.6%, H, 3.7%, N, 7.3%. FTIR(KBr)/cm−1: 3394m, 
3080m, 3046m, 3029m, 1599s, 1581s, 1525m, 1486w, 
1411m, 1385s, 1349m, 1315w, 1220m, 1071w, 1036w, 
994w, 962w, 867w, 847w, 805s, 786m, 677w, 622m, 565w, 
509w, 462w.

Synthesis of complex BUC‑79

The synthesis of white block-like crystals of 
[Ag(bpe)]2(tdc)·6H2O (BUC-79) followed the synthesis pro-
cedure as for BUC-78, replacing the bpy ligand by 1,2-bis(4-
pyridyl)ethylene (0.23 g, 1.25 mmol) (yield 76.7% based on 
 AgNO3). Anal. Calcd. for  C30H34Ag2N4O10S (%): C, 41.9%, 
H, 4.0%, N, 6.5%. Found: C, 42.1%, H, 4.1%, N, 6.6%. FTIR 
(KBr)/cm−1: 3432m, 3039m, 1601s, 1561s, 1525m, 1498w, 
1417m, 1385s, 1349m, 1316w, 1205w, 1074w, 1035w, 
1010m, 997m, 989w, 973m, 867w, 827m, 802m, 785m, 
677w, 554m, 548m, 492w, 461w.

Synthesis of complex BUC‑80

The synthesis of high transparency white block crystals of 
[Ag(bpp)]2(tdc)·8H2O (BUC-80) followed the same proce-
dure as for BUC-78, except that the bpy was replaced with 
1,3-bis(4-pyridyl)propane (0.25 g, 1.25 mmol) (yield 86.3% 
based on  AgNO3). Anal. Calcd. for  C32H46Ag2N4O12S (%): 

C, 41.4%, H, 5.0%, N, 6.0%. Found: C, 41.6%, H, 5.1%, N, 
5.9%. FTIR (KBr)/cm−1: 3423m, 3071w, 2927w, 2861w, 
1936w, 1605s, 1582s, 1525m, 1498w, 1456m, 1421m, 
1384s, 1350m, 1317w, 1219w, 1074w, 1036w, 1007w, 802s, 
787m, 752w, 677w, 613w, 512m, 462w.

X‑ray crystallography

Single-crystal X-ray diffraction data for all three CPs were 
collected with a Bruker Smart 1000 CCD area detector dif-
fractometer using graphite-monochromatized MoKα radia-
tion (λ = 0.71073 Å) operating in φ−ω mode at 298(2) K. 
The SMART software package [19] was used for data 
collection and the SAINT software package [20] for data 
extraction. Empirical absorption corrections were made 
with the SADABS program [21]. The crystal structures were 
solved by direct methods (SHELXS-97) [22] and refined 
by full-matrix least-squares techniques on F2 with aniso-
tropic thermal parameters for all of the non-hydrogen atoms 
(SHELEL-97) [22]. All hydrogen atoms were located by 
Fourier difference synthesis and geometrical analysis. The 
hydrogen atoms were allowed to ride on their respective par-
ent atoms. All structural calculations were processed with 
the SHELX-97 program package [22]. Crystallographic data 
and structural refinements for the three CPs are summarized 
in Table 1. Selected bond lengths and angles are listed in 
Table 2.

Photocatalytic degradation experiments

Methylene blue (10 mg/L) and rhodamine B (10 mg/L) were 
selected as model organic pollutants to study the photocata-
lytic activities of the complexes under UV light (500 W Hg 

Scheme 1  The structural 
formulae of the organic ligands 
used in this study
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lamp, Beijing Aulight Co., Ltd) irradiation in a photocata-
lytic reaction system. A 20.0 mg portion of the powdered 
complex with particle size less than 0.08 mm was added 
to 200 mL of an aqueous solution of the organic dye. The 

resulting suspensions were stirred in the dark for 1 h to 
achieve adsorption–desorption equilibrium before photo-
catalytic reaction. During the photocatalytic experiments, 
2.0 mL aliquots were extracted and filtered using 0.45-μm 
syringe filters at 10-min intervals. A Laspec Alpha-1860 
spectrometer was used to determine the residual concentra-
tion of the organic dyes at their corresponding absorbance 
maxima of 664 and 554 nm for MB and RhB, respectively.

Results and discussion

Structure analysis of BUC‑78

The structure of [Ag(bpy)]2(tdc)·4H2O (BUC-78) consists 
of infinite 1D cationic [Ag(bpy)]nn+ chains and fully depro-
tonated  tdc2− anions along with lattice water molecules, as 
illustrated in Fig. 1. In the [Ag(bpy)]nn+ chains, which are 
aligned along the c-axis (Fig. 1a), the  Ag+ atoms have a 
linear coordination geometry, being coordinated by nitro-
gen atoms from two different bpy ligands. The Ag–N bond 
lengths and N–Ag–N bond angles are similar to those 
in previously reported complexes [4, 15]. The adjacent 
[Ag(bpy)]nn+ chains are connected into cationic layers via 

Table 1  Details of single-
crystal X-ray diffraction data 
collection and refinement for 
the complexes

BUC-78 BUC-79 BUC-80

Formula C26H23Ag2N4O8S C30H34Ag2N4O10S C32H46Ag2N4O12S
M 767.28 858.41 926.53
Crystal system Orthorhombic Monoclinic Monoclinic
Space group Cmca P2(1)/c C2/c
a (Å) 6.9550(6) 10.3148(9) 35.465(3)
b (Å) 18.0131(17) 17.8756(15) 9.2125(8)
c (Å) 45.415(3) 17.7822(16) 24.083(2)
α (°) 90 90 90
β (°) 90 91.5100(10) 106.585(3)
γ (°) 90 90 90
V (Å3) 5689.7(8) 3277.6(5) 7541.0(12)
Z 8 4 8
Dcalcd (mg m−3) 1.791 1.74 1.632
μ (Mo, Kα)  (mm−1) 1.505 1.321 1.158
Total reflection 13,618 15,988 18,479
Unique 2745 5758 6645
F(000) 3048 1728 3776
GOF on F2 1.049 1.062 0.998
Rint 0.0825 0.0506 0.0494
R1 0.0771 0.0613 0.049
ωR2 0.2064 0.1687 0.109
R1 (all data) 0.1050 0.0977 0.1055
ωR2 (all data) 0.2064 0.1848 0.1313
Largest diff. peak and hole 

(e/Å3)
1.474, − 1.671 1.282, − 1.086 0.678, − 1.547

Table 2  Selected bond lengths (Å) and angles (°) for the complexes

Bond lengths (Å) Bond angles (°)

BUC-78
Ag(1)–N(1) 2.163(10) N(1)–Ag(1)–N(3) 178.0(4)
Ag(1)–N(3) 2.167(9) N(4)–Ag(2)–N(2) 172.6(5)
Ag(2)–N(2) 2.154(12)
Ag(2)–N(4) 2.129(11)
BUC-79
Ag(1)–N(3) 2.133(5) N(3)–Ag(1)–N(1) 168.2(2)
Ag(1)–N(1) 2.136(5) N(4)–Ag(2)–N(2) 175.0(2)
Ag(2)–N(4) 2.142(6)
Ag(2)–N(2) 2.153(6)
BUC-80
Ag(1)–N(1) 2.118(4) N(1)–Ag(1)–N(2) 168.39(18)
Ag(1)–N(2) 2.129(4) N(4)–Ag(2)–N(3) 177.9(2)
Ag(2)–N(4) 2.106(4)
Ag(2)–N(3) 2.111(4)
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Ag…Ag (3.7043(5) Å for Ag1…Ag1 and 3.6514(5) Å for 
Ag2…Ag2) plus Ag…N (3.6778(32) Å for Ag1…N1 and 
3.6257(26) Å for Ag2…N4) interactions, as illustrated in 
Fig. 1d. The  tdc2− anions are not coordinated to  Ag+, but 
rather act as counterions for the cationic [Ag(bpy)]nn+ layers. 
In other words, the [tdc/H2O]n2n− anionic sheets are stacked 
between the [Ag(bpy)]nn+ layers to build a sandwich-like 
supramolecular 3D structure supported by electrostatic inter-
actions (Fig. 1b). The  tdc2− anions are disordered over two 
positions, such that all of the carbon and oxygen atoms and 
their corresponding hydrogen atoms were split during refine-
ment, with a site occupancy factor of 0.50/0.50. The oxygen 
atoms of the lattice water molecules are also disordered over 
two positions, with their site occupancy factors again found 
to be 0.50/0.50.

Structure analysis of BUC‑79

The crystal structure of [Ag(bpe)]2(tdc)·6H2O (BUC-79) 
is composed of infinite 1D cationic  [Ag2(bpe)2]n2n+ chains, 
discrete deprotonated (tdc)2− anions and lattice water mol-
ecules, as shown in Fig. 2. In the  [Ag2(bpe)2]n2n+ chains, the 
linear coordination geometries of the two crystallographi-
cally non-identical  Ag+ ions (Ag1 and Ag2) are completed 

by two nitrogen atoms from different bpe ligands, which 
show slight differences between Ag–N lengths (Ag1–N 
being 2.133/2.136 Å and Ag2–N being 2.142/2.153 Å) 
and N–Ag–N angles (N–Ag1–N and N–Ag2–N angles of 
168.2(2)° and 175.0(2)°, respectively), as listed in Table 2. 
The  tdc2− anions act as counterions for the cationic 1D 
 [Ag2(bpe)2]n2n+ chains, without any detectable interaction 
between layers to form a higher dimensional structure [15].

In BUC-79, the adjacent  [Ag2(bpe)2]n2n+ chains are 
linked into 2D cationic sheets via weak Ag…N interactions 
(Ag2…N2: 3.6581(59) Å; Ag2…N3: 3.7312(59) Å; Ag1…
N4: 3.7934(59) Å; Ag1…N1: 3.8973(59) Å), as depicted in 
Fig. 2d. Similar to BUC-78, the anionic [tdc/H2O]n2n− sheets 
consist of deprotonated  tdc2− anions and lattice water mol-
ecules interconnected by hydrogen bonding interactions, 
as described in Fig. 2c and Table S1. Finally, the cationic 
 [Ag2(bpe)2]n2n+ layers and the anionic [tdc/H2O]n2n− sheets are 
stacked into a 3D sandwich-like supramolecular framework 
via electrostatic interactions, as depicted in Fig. 2b.

Crystallographic analysis of BUC‑80

The crystal structure of [Ag(bpp)]2(tdc)·8H2O (BUC-80) 
has previously been reported by Yu and coworkers [23]. 

Fig. 1  a Asymmetric unit of BUC-78; b 3D sandwich-like net-
work of BUC-78 viewed from the b-axis; c Anionic [tdc/H2O]n2n− 
sheets (orange dashes represent hydrogen bonds); d The cationic 
[Ag(bpy)]nn+ layer formed with the aid of Ag…N and Ag…Ag inter-

actions (Dashes indicate weak Ag…N or Ag…Ag intermolecular 
forces of different lengths: black: Ag2…Ag2; red: Ag1…Ag1; blue: 
Ag1…N1; pale blue: Ag2…N4.). (Color figure online)
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Fig. 2  a Asymmetric unit of BUC-79; b 3D sandwich-like net-
work of BUC-79 viewed from the a-axis; c Anionic [tdc/H2O]n2n− 
sheets (orange dashes represent hydrogen bonds); d The cationic 
 [Ag2(bpe)2]n2n+ layers constructed via Ag…N interactions. (Dashes 

indicate weak Ag…N forces of different lengths: gray: Ag1…N1; 
blue: Ag1…N4; red: Ag2…N3; black: Ag2…N2.). (Color figure 
online)

Fig. 3  a Asymmetric unit of BUC-80; b 3D sandwich-like network 
of BUC-80 viewed from the c-axis; c The 2D cationic [Ag2(bpp)]nn+ 
sheet constructed with the aid of weak Ag…N interactions (Dashes 
represent weak Ag…N forces of different lengths: black: Ag2…
N3; red: Ag2…N4.). d The parallel [Ag1(bpp)]nn+ layer directed by 

the electrostatic interactions with anionic [tdc/H2O]n2n− layers; e The 
anionic [tdc/H2O]n2n− layer constructed via hydrogen bonds between 
deprotonated  tdc2− and lattice water molecules (orange dashes repre-
sent hydrogen bonds). (Color figure online)
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However, in this work, we have obtained more accurate 
structural parameters. As illustrated in Fig. 3c and d, BUC-
80 is composed of infinite zigzag cationic [Ag1(bpp)]nn+/
[Ag2(bpp)]nn+ chains, together with discrete  tdc2− and lat-
tice water molecules (Fig. 3e). As illustrated in Fig. 3b, a 
3D supramolecular framework is constructed from cationic 
[Ag1(bpp)]nn+ and [Ag2(bpp)]nn+ sheets, together with ani-
onic [tdc/H2O]n2n− sheets and water chains.

Characterization of the complexes

All three of these complexes are stable to both air and 
water. They are insoluble in water and common organic 
solvents including ethanol, methylbenzene, chloroform, 
ether, DMSO and DMF.

PXRD patterns of powdered samples of the complexes 
were obtained in order to check the phase purities. Simu-
lated PXRD patterns obtained from the corresponding 
single-crystal structure data were utilized as references. 
As shown in Figs. 4 and S1, the measured PXRD patterns 
of all three CPs matched well with the simulations, indi-
cating a high level of phase purity. The minor differences 
in PXRD intensities can be attributed to the differences in 
crystalline plane orientations and minor impurities [14, 
24].

Optical energy gap

The optical properties of all three CPs were measured by 
UV–Vis diffuse reflectance spectrophotometry (UV–Vis 
DRS). The absorption spectra are shown in Fig. 5a. Based Fig. 4  Observed and simulated PXRD patterns of a BUC-78 and b 

BUC-79 

Fig. 5  a UV–Visible diffuse reflectance spectra of BUC-78, BUC-79 and BUC-80. b Kubelka–Munk-transformed diffuse reflectance spectra of 
BUC-78, BUC-79 and BUC-80 
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on the curves, the band gap, Eg values were calculated using 
the Kubelka–Munk function given in Eq. (1):

where F stands for the Kubelka–Munk function and R rep-
resents the reflectance of an infinitely thick layer at a given 
wavelength. The transformed plots of F versus E (light quan-
tum) are illustrated in Fig. 5b, revealing steep absorption 
edges for all three complexes. The dashes indicate the calcu-
lated Eg values at 3.4, 3.2 and 3.9 eV for BUC-78, BUC-79 
and BUC-80, respectively. These results indicate selective 
absorption in the ultraviolet region around 365, 388 and 
318 nm for BUC-78, BUC-79 and BUC-80, respectively.

(1)F = (1 − R)2∕2R

Photocatalytic performance studies

Recent studies have highlighted coordination polymers 
as an interesting new class of photocatalyst for degrada-
tion of organic pollutants that feature high tunability, good 
adsorption capacity and photocatalytic efficiency [3, 11, 
12, 25–30]. In this study, two cationic organic dyes, namely 
MB and RhB, were selected to evaluate the photocatalytic 
performance of these coordination polymers under UV irra-
diation. Control experiments on MB and RhB degradation 
in the absence of a photocatalyst were carried out under 
UV light alone. The amount of adsorption of the organic 
dyes in the different systems was negligible, as shown in 
Fig. 6, in which the adsorption of MB and RhB was found 
to be lower than 10% after allowing adsorption–desorption 

Fig. 6  Degradation profile of a MB and b RhB organic dye solu-
tion by CPs. Experimental conditions: 20 mg photocatalyst, 200 mL 
organic dye (10  mg/L), irradiation commenced at time 0. UV–Vis 

absorption spectra of c MB and d RhB UV light induced photocata-
lytic systems in the presence of BUC-79 
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equilibration for 1 h. As illustrated in Fig. 6a and c, all 
three CPs exhibited excellent photocatalytic performance 
for MB degradation, evidenced by increases in degradation 
from 36% in the absence of any catalyst to 96% for BUC-
78, 92% for BUC-79 and 97% for BUC-80 after irradiation 
for 120 min, which is comparable with previously reported 
results [30, 31]. Furthermore, these three CPs all showed 
good photocatalytic decomposition of RhB under UV irra-
diation, increasing from 41% in the absence of catalyst to 
77% with BUC-78, 73% with BUC-79 and 79% with BUC-
80, as shown in Fig. 6b and d. The results reveal that all three 
CPs are excellent candidates for photocatalytic degradation 
of organic pollutants such as MB and RhB.

In order to investigate the mechanism of photocatalytic 
reaction by these catalysts, isopropyl alcohol (IPA), a widely 
used ·OH scavenger, was introduced into the reaction system 
[32]. It was found that the presence of 1 mM IPA significantly 
decreased the rate of degradation of MB with BUC-79 as 
photocatalyst, as shown in Fig. 7. Hence, the ∙OH capture 
experiment suggest that the degradation of MB by BUC-79 
was predominantly via the attack of ∙OH radicals [31, 33]. 
Gascon and coworkers have pointed out that semiconducting 
behavior only occurs in a very limited subset of CPs [34], 
and most CPs including MOFs should be treated as molecu-
lar catalysts rather than typical semiconductors [28, 33–35], 
implying that HOMO–LUMO gap terminology can be used 
to describe the photocatalytic mechanism [33]. Thus, a pho-
tocatalytic mechanism for BUC-79 can be proposed on this 
basis. In the presence of UV light, one electron is transferred 
from the HOMO to the LUMO. This electron is then readily 
lost from the LUMO, while the HOMO based on the  Ag+ 
center rapidly acquires another electron to return to the ground 
state. This electron can be abstracted from an organic molecule 

such as MB with loss of  H+, or from the solvent to give ·OH 
radicals, which then attack the organic substrate.

Conclusion

Three silver-based CPs have been synthesized at room tem-
perature and characterized by single-crystal XRD, physico-
chemical and spectroscopic methods. The crystal structure 
studies demonstrated that all three CPs have sandwich-like 
frameworks constructed from 1D cationic [AgL] chains and 
discrete  tdc2− as counterions. The  Ag+ centers adopt lin-
ear coordination geometries to form N–Ag–N chains with 
two nitrogen atoms from the pyridyl ligands. All three CPs 
exhibited good photodegradation activities toward organic 
dyes, and the active species capture experiment results 
affirmed that ·OH is the major active species in these reac-
tions. Further study of these relatively simple structured 1D 
silver-based coordination polymers may widen our photo-
catalysis options in the fields of environmental science and 
green chemistry.

Supplementary materials

CCDC 1851373, 1851374 and 1851375 contain the sup-
plementary crystallographic data for this paper. These data 
can be obtained free of charge from the Cambridge Crystal-
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st/cif.

Acknowledgements This work was supported by National Natu-
ral Science Foundation of China (51578034), Great Wall Schol-
ars Training Program Project of Beijing Municipality Universities 
(CIT&TCD20180323), Project of Construction of Innovation Teams 
and Teacher Career Development for Universities and Colleges 
Under Beijing Municipality (IDHT20170508), Beijing Talent Project 
(2018A35), the Fundamental Research Funds for Beijing Universi-
ties and Scientific Research Foundation of Beijing University of Civil 
Engineering and Architecture (KYJJ2017033& KYJJ2017008) and 
The Fundamental Research Funds for Beijing Universities (X18076/
X18076).

References

 1. Njogu EM, Omondi B, Nyamori VO (2015) Review: multimetallic 
silver(I)–pyridinyl complexes: coordination of silver(I) and lumi-
nescence. Cheminform 46(44):3389–3431

 2. Haj MA, Aakeröy CB, Desper J (2012) Silver(I) coordination 
chemistry: from 1-D chains to molecular rectangles. New J Chem 
37(1):204–211

 3. Wang CC, Du XD, Li J, Guo XX, Wang P, Zhang J (2016) Photo-
catalytic Cr(VI) reduction in metal-organic frameworks: a mini-
review. Appl Catal B 193:198–216

 4. Liu A, Wang CC, Wang CZ, Fu HF, Peng W, Cao YL, Chu HY, 
Du AF (2017) Selective adsorption activities toward organic dyes 

Fig. 7  Reactive species trapping experiment of BUC-79 

Author's personal copy

http://www.ccdc.cam.ac.uk/data_request/cif
http://www.ccdc.cam.ac.uk/data_request/cif


319Transition Metal Chemistry (2019) 44:311–319 

1 3

and antibacterial performance of silver-based coordination poly-
mers. J Colloid Interface Sci 512:730–739

 5. Du XD, Wang CC, Liu JG, Zhao XD, Zhong J, Li YX, Li J, Wang 
P (2017) Extensive and selective adsorption of ZIF-67 towards 
organic dyes: performance and mechanism. J Colloid Interface 
Sci 506:437–441

 6. Li JJ, Wang CC, Fu HF, Cui JR, Xu P, Guo J, Li JR (2017) High-
performance adsorption and separation of anionic dyes in water 
using a chemically stable graphene-like metal-organic framework. 
Dalton Trans 46(31):10197–10201

 7. Duan J, Jin W, Kitagawa S (2017) Water-resistant porous coordi-
nation polymers for gas separation. Coord Chem Rev 332:48–74

 8. Wang CC, Ho YS (2016) Research trend of metal—organic frame-
works: a bibliometric analysis. Scientometrics 109(1):1–33

 9. Lyu H, Zhang Q, Wang Y, Duan J (2018) Unified meso-pores and 
dense Cu2+ sites in porous coordination polymers for highly effi-
cient gas storage and separation. Dalton Trans 47(13):4424–4427

 10. Loukopoulos E, Kostakis GE (2018) Review: Recent advances 
of one-dimensional coordination polymers as catalysts. J Coord 
Chem 71:1–40

 11. Zhang J, Wang CC, Wang P, Guo XX, Gao SJ (2016) Silver-based 
coordination complexes of carboxylate ligands: crystal structures, 
luminescence and photocatalytic properties. Transit Met Chem 
41(6):1–9

 12. Xu DX, Wang CC, Wang P, Li J, Guo XX, Gao SJ (2017) Two 
novel 2D coordination polymers constructed from 5-aminoisoph-
thalic acid and 4,4′-bipyridyl ligands: syntheses, crystal structure, 
and photocatalytic performance. J Mol Struct 1135:129–137

 13. Wang CC, Li JR, Lv XL, Zhang YQ, Guo G (2014) Photocata-
lytic organic pollutants degradation in metal–organic frameworks. 
Energy Environ Sci 7(9):2831–2867

 14. Zhang J, Wang CC, Wang P, Gao SJ (2015) Three silver com-
plexes constructed from organic carboxylic acid and 1,2-bis(4-
pyridyl)ethane ligands: syntheses, crystal structures, and lumi-
nescent properties. Transit Met Chem 40(8):821–829

 15. Wang CC, Jing HP, Wang P (2014) Three silver-based complexes 
constructed from organic carboxylic acid and 4,4′-bipyridine-like 
ligands: syntheses, structures and photocatalytic properties. J Mol 
Struct 1074(1074):92–99

 16. Wang CC, Guo GL, Wang P (2013) Synthesis, structure, and lumi-
nescent properties of three silver(I) complexes with organic car-
boxylic acid and 4,4′-bipyridine-like ligands. Transit Met Chem 
38(4):455–462

 17. Wang CC, Li HY, Guo GL, Wang P (2013) Synthesis, characteri-
zation, and luminescent properties of a series of silver(I) com-
plexes with organic carboxylic acid and 1,3-bis(4-pyridyl)propane 
ligands. Transit Met Chem 38(3):275–282

 18. Wang CC, Wang P, Guo GL (2012) 3D sandwich-like frame-
works constructed from silver chains: synthesis and crystal struc-
tures of six silver(I) coordination complexes. Transit Met Chem 
37(4):345–359

 19. SMART BA (2000) Version 5.611. Bruker AXS, Madison
 20. SAINT BA (2003) Version 6.28. Bruker AXS, Madison

 21. Sheldrick G (2000) SADABS, version 2.03. Bruker Analytical 
X-Ray Systems. Inc, Madison

 22. Sheldrick G (1997) SHELX-97: programs for crystal structure 
analysis. Göttingen, Germany

 23. Yu J-H, Ding C-J, Han K-F, Zhang S-W, Guo H-Y (2006) Syn-
thesis, crystal structure and optical properties of a novel organic-
inorganic hybrid material [Ag(bpp)]2(tdc)·8H2O. Chin J Inorg 
Chem 22(4):607–611

 24. Cui GH, He CH, Jiao CH, Geng JC, Blatov VA (2012) Two metal-
organic frameworks with unique high-connected binodal network 
topologies: synthesis, structures, and catalytic properties. Cryst-
EngComm 14(12):4210–4216

 25. Zhang J, Wang CC (2017) Three two-dimensional coordination 
polymers constructed from transition metals and 2,3-norbornan-
edicarboxylic acid: hydrothermal synthesis, crystal structures and 
photocatalytic properties. J Mol Struct 1130:223–230

 26. Wang FX, Chen X, Wang P, Wang CC (2018) New Zn/Cd coor-
dination polymers constructed from mixed ligands: crystal struc-
tures and photocatalytic performances toward organic dyes deg-
radation. J Inorg Organomet Polym Mater 28(4):1565–1573

 27. Wang FX, Yi XH, Wang CC, Deng JG (2017) Photocatalytic 
Cr(VI) reduction and organic-pollutant degradation in a stable 2D 
coordination polymer. Chin J Catal 38(12):2141–2149

 28. Wang CC, Gao F, Guo XX, Jing HP, Wang P, Gao SJ (2016) 
Hydrothermal syntheses and photocatalytic performance of 
three Mn-based coordination complexes constructed from 
1,10-phenanthroline and polycarboxylic acids. Transit Met Chem 
41(4):375–385

 29. Zhang YQ, Wang CC, Guo XX, Wang P, Gao SJ (2016) Two 1D 
coordination polymers constructed from 3,3′,4,4′-biphenyltetra-
carboxylic acid and 4,4′-bipyridine: hydrothermal syntheses and 
photocatalytic performance. Transit Met Chem 41(1):15–24

 30. Wang CC, Jing HP, Zhang YQ, Wang P, Gao SJ (2015) Three 
coordination compounds of cobalt with organic carboxylic acids 
and 1,10-phenanthroline as ligands: syntheses, structures and pho-
tocatalytic properties. Transit Met Chem 40(5):573–584

 31. Jing H-P, Wang C-C, Zhang Y-W, Wang P, Li R (2014) Pho-
tocatalytic degradation of methylene blue in ZIF-8. RSC Adv 
4(97):54454–54462

 32. Zhang M, Wang L, Zeng T, Shang Q, Zhou H, Pan Z, Cheng Q 
(2018) Two pure MOF-photocatalysts readily prepared for the 
degradation of methylene blue dye under visible light. Dalton 
Trans 47(12):4251–4258

 33. Wang C-C, Li J-R, Lv X-L, Zhang Y-Q, Guo G (2014) Photocata-
lytic organic pollutants degradation in metal-organic frameworks. 
Energy Environ Sci 7(9):2831–2867

 34. Nasalevich MA, Veen MVD, Kapteijn F, Gascon J (2014) Metal–
organic frameworks as heterogeneous photocatalysts: advantages 
and challenges. CrystEngComm 16(23):4919–4926

 35. Lopez HA, Dhakshinamoorthy A, Ferrer B, Atienzar P, Alvaro M, 
Garcia H (2011) Photochemical response of commercial MOFs: 
 Al2(BDC)3 and its use as active material in photovoltaic devices. 
J Phys Chem C 115(45):22200–22206

Author's personal copy


	Three silver coordination polymers constructed from 4,4′-bipyridine-like ligands and 2,5-thiophenedicarboxylic acid: crystal structures and photocatalytic performances
	Abstract
	Introduction
	Experimental
	Materials and methods
	Synthesis of complex BUC-78
	Synthesis of complex BUC-79
	Synthesis of complex BUC-80
	X-ray crystallography
	Photocatalytic degradation experiments

	Results and discussion
	Structure analysis of BUC-78
	Structure analysis of BUC-79
	Crystallographic analysis of BUC-80
	Characterization of the complexes
	Optical energy gap
	Photocatalytic performance studies

	Conclusion
	Supplementary materials
	Acknowledgements 
	References




