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One new 3D coordination polymer (1) composed of left- and 

right-handed helices containing [Cd8(p-ClPhHIDC)12(4,4′′′′-

bipy)6] cages shows selective pyridine recognition, with a 

visual colour change from pearl to pink under ultraviolet 

irradiation.  

Luminescent MOFs have attracted an upsurge interest due to their 

highly sensitive response to small molecules and potential 

applications in chemical sensors.1-4 Because some guest molecules 

within MOFs can emit and/or induce luminescence, the MOFs can 

be used to probe local environment, structure, and guest species.5-7 

As a new type of sensing materials, the luminescent MOFs have a 

bright promise.8 Thus, the design of efficient fluorescence MOFs has 

become an important goal.  

It is well known that the most practical and convenient sensor 
candidates are naked-eye colorimetric ones. So far, only a handful 
MOFs that exhibit guest-responsive naked-eye colorimetric 
properties after incorporating certain guest species (including cation, 
anion and neutral molecule) have been described.5-7 The most 
common form of signal transduction in luminescent MOFs is 
quenching, or enhancing occasionally.9-15 But in this paper, we 
report an extremely scarce case, guest molecule pyridine engender 
blue-shift of the MOF excitation and emission, which is inherently 
more attractive than luminescence quenching and enhancing because 
analyte uptake can be read out as an increase in the intensity of 
luminescence at the peak of the shifted emission band.16 

Furthermore, there are only several examples of imidazole 

dicarboxylate-based complexes as anion or cation sensors.17-19 There 

is no example of imidazole dicarboxylate-based MOFs as small 

molecular sensor. Based on the above points, herein, we selected a 

newly designed imidazole dicarboxylate compound, 2-(4-

chlorophenyl)-1H-imidazole-4,5-dicarboxylic acid (p-ClPhH3IDC), 

to react with cadmium metal to prepare a new 3D MOF, {[Cd2(p-

ClPhHIDC)2(4,4′-bipy)]·H2O}n (4,4′-bipy = 4,4′-bipyridine) (1). The 

coordination features of the p-ClPhH3IDC ligand have been 

investigated by theoretical (supporting information, Scheme S1) and 

experimental methods. More important, polymer 1 not only shows 

elaborate crystallographical structure, but also indicates interesting 

selectively recognizing for pyridine.  

  Colourless cubic blocks crystals of 1 were obtained via the 

solvothermal reaction of Cd(NO3)2 with p-ClPhH3IDC and 4,4′-bipy 

ligands in the solution of EtOH/H2O at 155°C for 96 h. It was 

formulated as {[Cd2(p-ClPhHIDC)2(4,4′-bipy)]·H2O}n based on IR, 

thermal gravimetric analysis (TGA) (see the supporting information, 

Fig. S1), elemental analysis and single-crystal X-ray diffraction 

studies, and the phase purity of bulk products was confirmed from 

powder X-ray diffraction (PXRD). The existence of the “Solvent 

Accessible VOIDS” in polymer 1 is owing to the unstable of the 

crystal. We guess that maybe the solvent molecule is escaping as the 

determining process. That is to say, at the beginning of the 

determination, some solvent may exist, but they are slowly escaping 

as the determination going. Indeed, we have not used the Squeeze. It 

should be noted that the free water molecule in compound 1 is 

confirmed by elemental and thermal analyses. That is to say, 

although the solvent water molecules are escaping as the 

determination going, the free water molecules can be determined by 

other methods, such as elemental and thermal analyses. The IR 

spectrum of 1 displays characteristic absorption bands for 

carboxylate, imidazole and phenyl units. The carboxyl can be 

observed from the absorption bands in the frequency range 1556 cm-

1 as a result of νas(COO-) and 1465 cm-1 as νs(COO-) vibrations, 

respectively. Compound 1 also shows broad absorption band in the 

range of 3400–3500 cm-1, which indicates the presence of the νO–H 

stretching frequencies of water molecules. TGA indicated that the 

framework of 1 was thermally stable up to 107.3 °C.  

The single-crystal X-ray diffraction result revealed that 1 

crystallized in the tetragonal space group I41/a, and presented an 

exquisite mesomer 3D framework. The asymmetric unit of complex 

1 consists of one Cd(II) cation, one p-ClPhHIDC2- anion and one 

half of 4,4′-bipy ligands. Each Cd(II) ion has a distorted octahedron 

[CdO3N3] geometry, which is defined by three individual p-

ClPhHIDC2- and one 4,4′-bipy ligands (Fig. S2).  
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Each p-ClPhHIDC2- ligand adopts a µ3-kN,O: kO: kN′,O′ fashion 

(supporting information, Scheme S2), and bridges Cd(II) ions to 

form left- and right-handed helical chains along the a-axis. The 

intra-chain distance of two adjacent Cd(II) ions is 6.7042(3) Å. As 

shown in Fig. 1a, the carboxyl groups act as the linkers and combine 

two types of helical chains to be a mesochain with the distance of 

two adjacent Cd(II) ions in different types of helical chains is 

3.8786(2) Å. Interestingly, via the further bridged by carboxyl 

groups and 4,4′-bipy among the helical chains, an exquisite mesomer 

3D framework structure is revealed to us (Fig. S3). Interestingly, the 

irregular cage, [Cd8(p-ClPhHIDC)12(4,4′-bipy)6], composed of eight 

Cd(II) ions, twelve p-ClPhHIDC2- ligands and six 4,4′-bipy is 

emerged (Fig. 1b), and the eight Cd atoms are not in the same plane. 

The total accessible volume within the crystal is calculated as 28.5% 

by the program PLATON. Additionally, the intermolecular hydrogen 

bonds, [O(2)–H(2A)…O(1)] (Table S3), make a contribution to the 

stability of 1. 

               
(a) 

 

(b)                                                     (c) 

Fig. 1 (a) The double helical which is composed of the left-handed and 

right-handed helical chains along the a-axis. (Cd(II) in the left-handed helical 

chains, green; Cd(II) in the right-handed helical chains, violet). (b) View of 

the cage [Cd8(p-ClPhHIDC)12(4,4′-bipy)6] in 1. (c) The 3D topological net 

observed in 1 along the b-axis.  

To understand the crystal structure well, each 4,4′-bipy in 1 can be 

regarded as a two-connected linker, each p-ClPhHIDC2- ligand 

linking three Cd atoms can be represented by a 3-connected unit and 

each Cd atom is surrounded by three p-ClPhHIDC2- and one 4,4′-

bipy ligands, which can be represented by a 4-connected unit. 

Therefore, compound 1 can be simplified as a (3, 4)-connected 

topology with a point symbol of (4.74.10)(4.72) (Fig. 1c).  

As mentioned in the above descriptions, 1 has two remarkable 

structural features: being a 3D Cd(II) MOF and containing [Cd8(p-

ClPhHIDC)12(4,4′-bipy)6] cages. The two features showed that its 

luminescence properties can be explored as small molecule 

recognition. Therefore, we selected the small molecular organic 

solvents as guest species to detect its sensing properties.  

As depicted in Fig. S4, polymer 1 shows luminescence with the 

emission maximum at 468 nm by selective excitation at 367 nm, 

which is attributed to the ligand-centered π–π* transitions, since the 

Cd2+ ion is difficult to oxidize or to reduce due to its d10 

configuration, as reported for other similar complexes with N-donor 

ligands.22-24 

Upon immersing the crystalline samples of 1 into these solvents 

for 10 h, for example, methanol, ether, acetone, THF, acetonitrile, 

DMF and pyridine, it is interesting to find that 1 shows selective 

recognition to pyridine, with a visual color change from pearl to 

pink, under the excitation of a standard laboratory UV lamp at 254 

nm (Fig. 2a), while other solvents fail to induce obvious color 

change discerned by naked eyes. In the spectra there is about 111 nm 

blue- shift of the emission band induced by pyridine, which is the 

largest shift in response to these solvents. Also, the luminescence 

intensity is largely enhanced, while other solvent molecules have no 

distinct effect to 1 (Fig. 2b). The similar case can be observed from 

the excitation spectra (Fig. 2c). That is to say, after interacted with 

pyridine, the excitation and emission spectra of 1 are strongly 

affected.  

In order to elucidate the possible mechanism for such 

photoluminescence changing by the pyridine molecule of 1, PXRD 

was employed to monitor the structure changes during different 

solvent treatment. As shown in Fig. 2d, the measured patterns of 

polymer 1 incorporated with different organic solvents are in good 

agreement with the simulated pattern from the single-crystal data 

except pyridine. XRPD studies clearly indicated that pyridine has 

been immobilized into polymer 1, coincided with above. 

Furthermore, the EA, TGA and IR analyses of 1 immersed in 

pyridine have been investigated (see the supporting information, 

Figs. S1 and S7). Based on the TGA and EA analyses, we suspect 

that the formula of 1 immersed in pyridine is {[Cd2(p-

ClPhHIDC)2(4,4′-bipy)]·2py·H2O}n (py = pyridine). The IR 

analyses of 1 (before and after immersed in pyridine) indicated that 

the location of peaks changed on certain degree. Importantly, the 

most prominent variation is the peak at 1684 cm-1 disappeared. We 

speculate that in polymer 1, the -COOH groups of the p-ClPhHIDC2- 

ligand expressed some sort of nature of C=O, so the peak located 

1684 cm-1 arises. After soaking in pyridine, pyridine molecule may 

seize the H atom of -COOH group, and made the -COO- group to 

form a symmetric conjugated system, and thus the peak at 1684 cm-1 

disappeared. That is to say, because pyridine has suitable size and N 

donor, which could be introduced in the polymeric system, and 

interacted with the -COOH groups of the imidazole dicarboxylate 

ligand, and further change the crystal structure of 1. Consequently, 

intramolecular charge transfer (ICT) have taken place,25 which 

makes the changes of the excitation and emission spectra of 1 after 

soaked in pyridine. Unfortunately, when crystallographic 1 

immersed in pyridine, the crystal became opacity, so we could not 
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acquire its crystal structure by the single-crystal X-ray diffraction 

method.  

 
        (a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 2 (a) The color change of soaking 1 in pyridine. (b) Normalized solid-

state emission and (c) excitation spectra of 1 immersed in different solvents. 

(d) The structural variations for 1 revealed by powder X-ray diffraction. 

Simulated data (olive), original sample (black), methanol (red), ether (green), 

acetone (blue), THF (cyan), acetonitrile (magenta), DMF (yellow) and 

pyridine (dark yellow). (e) The solid-state UV-Vis spectra of 1 immersed in 

different solvents at room temperature. 

 
For further evidence, their solid-state ultraviolet absorption 

spectra have been investigated at room temperature. As shown in Fig. 

2e, the absorption spectra are similar as the polymer 1 except 

pyridine; each of which shows a maximal absorption at around 253 

nm, which can be assigned to π–π* excitations of p-ClPhH3IDC. 

Polymer 1 immersed in pyridine also has an extra absorption peak at 

311 nm, meanwhile, the absorption peak intensity receded 

significantly. This is to say, when soaked 1 in pyridine, it produced a 

new conjugated absorption band. Obviously, this is may be due to 

the existence of pyridine in polymer 1. 

To verify the selective recognition to pyridine, 2-methylpyridine, 

2-acetylpyridine and benzene have been chosen to justify the 

selectivity. Performing the same step that the crystalline sample of 1 

was immersed into these three different solvents for 10 h, the results 

show a apparent difference between these three solvents and 

pyridine in solid-state luminescent emission and  excitation spectra 

(see the supporting information, Fig. S5).   

In conclusion, an interesting 3D Cd(II) MOF, {[Cd2(p-

ClPhHIDC)2(4,4′-bipy)]·H2O}n, has been successfully synthesized 

and structurally characterized. In this compound, the left-and right-

handed helical chains are linked into a 3D charming framework. 

Immersing the samples into different organic solvents, polymer 1 

shows selective recognition to pyridine based on its specific pore 

size and pore surface characteristics, with a visual color change from 

pearl to pink, which is a rare instance. This result suggests that the 

imidazole dicarboxylate plays an important role in the 

photoluminescence variations of the title complex in response to 

guest pyridine. It is to be expected that more related microporous 

Cd-MOFs need to prepare to explore their sensing properties. 
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Notes and references 
 

College of Chemistry and Molecular Engineering, Zhengzhou University, 

Zhengzhou 450001, Henan, P. R. China.  Fax: 0086-371-67781764; E-mail: 

gangli@zzu.edu.cn. 

† Electronic Supplementary Information (ESI) available: 

[Crystallographic data for 1 in CIF formats. Details of synthetic 

procedures, seleted bond distances and angles.]. See DOI: 

10.1039/b000000x/. CCDC no. 982162 for complex 1. 

‡ Crystallographic data: For 1: C16H9CdClN3O4, M = 455.11, 

Tetragonal, space group I41/a, a = 22.0734(10) Å, b = 22.0734(10) Å, c = 

16.1233(14) Å, α = 90.00°, β = 90.00°, γ = 90.00°, V = 7855.8(8) Å3, Z = 

16, µ = 1.270 mm-1, Dc = 1.539 Mg m-3, F(000) = 3568, 4508 unique 

(Rint = 0.0414), R1 = 0.0467, wR2 = 0.1275 [I > 2σ(I)], GOF = 1.111. The 

intensity data were collected on a Bruker Smart Apex II CCD 

diffractometer with graphite-monochromated MoKα radiation (λ = 0.710 

73 Å) at room temperature. All absorption corrections were performed by 

using the SADABS program. The structure was solved by direct methods, 

and all non-H atoms were subjected to anisotropic refinement by full-

matrix least squares on F2 using the SHELXTL program.  
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A graphical contents entry 

 

 

 

One fresh 3D polymer (1) composed of left- and right-handed helices containing 

[Cd8(p-ClPhHIDC)12(4,4′-bipy)6] cages shows selective pyridine recognition, with a 

visual colour change from pearl to pink under ultraviolet irradiation. 
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