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ABSTRACT. A 3D network with the (42·6·83) topology of metal-organic framework possessing an open 1D 
channel was synthesized by rigid and planar tetracarboxylic acid 5,5’-(1H-2,3,5-triazole-1,4-diyl)diisophthalic 
acid (H4L). The luminescent properties of 1 shows highly sensitive response to nitrobenzene, Fe3+ and CrO4

2- 
through luminescence quenching effects, making it a promising luminescent sensor for nitro aromatic compounds, 
Fe3+ and CrO4

2-. 
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INTRODUCTION 
 

During the last ten years, continuous endeavors have been devoted to the design and preparation 
of various luminescent metal-organic framework because they might have some potential 
applications [1-5]. Extensive studies on MOF-based sensors focused on immobilization of 
Lewis basic sites within porous MOFs. A few of examples of porous MOFs with Lewis basic 
sites have been reported, including [Eu(btpca)(H2O)]·2DMF·3H2O [H3btpca = 1,1′,1″-(benzene-
1,3,5-triyl)tripiperidine-4-carboxylic acid] with multiple Lewis basic triazinyl nitrogen atoms 
for the sensing of Fe3+ ions [6], and [Eu3(bpydb)3(HCOO)(μ3-OH)2(DMF)]·(DMF)3(H2O)2 
[bpydbH2 = 4,4′-(4,4′-bipyridine-2,6-diyl)dibenzoic acid] exhibits multi-responsive lumine- 
scence sensing of small organic molecules and inorganic ions [7]. These results highlight the 
significance of such Lewis basic sites within porous MOFs for their functional properties [8-13]. 

Recently, Hou and his co-workers have prepared a new MOF of {[Zn(H2L)]·H2O}n (1), it 
has been constructed by a rigid and planar tetracarboxylic acid 5,5’-(1H-2,3,5-triazole-1,4-
diyl)diisophthalic acid (H4L) [14]. Moreover, 1 has five potential sensing sites and its sensing 
properties were not explored at all. Our group has also reported several interesting solvent-
induced MOFs in recent works [15-19], and the results indicate that sensing feature are mainly 
controlled by solvent size and polarity, however, the mechanisms of solvent effects are still 
largely unexplored. Consequently, much research work in this area remains to be done [20]. 

Given the above concerns, we selected 1 as a luminescence material. As we expected, the 
luminescent properties of 1 shows highly sensitive response to small organic molecules 
(especially for nitro aromatic), Fe3+ and CrO4

2- through luminescence quenching effects due to 
its more than sensing sites.  

EXPERIMENTAL 
 
Materials and methods 

All reagents and solvents employed were commercially available and used as received without 
further purification. The powder X-ray diffraction (PXRD) patterns were measured using a 
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Bruker D8 advance powder diffractometer at 40 kV and 40 mA for Cu Kα radiation (λ = 1.5418 
Å), with a scan speed of 0.2 s/step and a step size of 0.02o (2θ). 
 

Synthesis of {[Zn(H2L)]·H2O}n (1) 
 

A mixture of H4L (19.8 mg, 0.05 mmol) and Zn(NO3)2·4H2O (18.9 mg, 0.1 mmol) were 
dissolved in DMF (5 mL) in a capped vial, then 0.1 mL HNO3 were added into the mixture. The 
mixture was placed in a capped 15 mL vial and heated at 105 oC for 4 days [15]. 
 

Sensing method 
 

The photoluminescence sensing were performed as follows: the photoluminescence properties 
of 1 were investigated in N,N-dimethylformamide (DMF) emulsions at room temperature using 
a RF-5301PC spectrofluorophotometer. The 1@DMF inclusions were prepared by adding 5 mg 
of 1 powder into 3.00 mL of DMF and then ultrasonic agitation the mixture for 30 min before 
testing. 

RESULTS AND DISCUSSION 
 

1 shows 3D network possessing an open 1D channel with the free volume of 29.2% (707.6 out 
of the 2422.7 Å3 unit cell volume) (Figure 1a-b) [13]. It should be noted that two carboxylate 
groups have not deprotonated. From the topological view, the whole 3D framework of 1 can be 
represented as a 4-connected net with (42·6·83) topology. The phase purity of bulky samples was 
checked by powder X-ray diffraction (PXRD). For compound 1, the measured PXRD patterns 
closely match the simulated ones generated from the single crystal X-ray diffraction data 
(Figure 1c), indicating the pure phase of the products [15]. 
 

 
 
Figure 1. (a) View of the coordinative environment of metal center, (b) the 3D porous network 

and (c) the PXRD patterns of as-synthesized sample and its involving in different 
analytes in this work. 

 
Based on the its structural feature [21], fluorescence detection experiments were carried out 

with the DMF suspension of 1, which was carefully explored for sensing metal ions, anions and 



A microporous metal–organic framework with open metal sites  

Bull. Chem. Soc. Ethiop. 2017, 31(2) 

293

small organic molecules. Firstly, to investigate this potential application of 1 for heavy metal 
ions, 1 were ground and immersed in DMF solutions of M(NO3)x (0.01 mol/L, M = Na+, Ag+, 
K+, Ca2+, Mg2+, Mn2+, Pb2+, Ni2+, Cd2+, Al3+, Fe3+ and Cu2+, respectively) for 24 h, and then 
oscillated for 30 min using ultrasonic waves to form uniform dispersion suspensions. The 
luminescent intensities of 1 are decreased sharply by Fe3+ ion, indicating its highly selective 
sensor [22-25]. To evaluate the sensing behavior for Fe3+ of 1, the titration experiments were 
applied and the results showed that luminescent intensities were gradually weakened by 
increasing the concentrations of Fe3+ ions (Figure 2b-d). The luminescence titration results can 
be treated with the Stern-Volmer equation, I0-I/I0 = 1 + Ksv[Q], where Ksv is the quenching 
constant, and Q is the quencher. The limit of detection (LOD) for Fe3+ was of 15.8 mg/L [25], 
which is relatively lower compared to reported examples. The results indicate that the different 
anions have a great influence on the luminescent intensity of 1. 

Furthermore, luminescent sensing for different solvent molecules was also employed 
carefully. It was found that luminescent intensities of 1 were dependent on the different solvents 
(Figure 3a). The luminescent intensity of 1 was completely quenched by nitrobenzene (NB) 
compared to other solvents (Figure 3b). Thus, 1 might be a potential luminescent probe for 
detection of NB molecule. Meanwhile, NB molecule was added slowly to the suspension of 1 in 
DMF solution to study the quantitative quenching effect, showing the distinctly gradual 
decrease of luminescent intensities at low concentrations. The quenching of luminescence 
intensity of 1 displays a good linear correlation with the increasing of the concentration of NB 
(from 0 to 150 mg/L). The limit of detection (LOD) for NB is of 20.5 mg/L [26]. 

 
Figure 2. (a) Emission spectra of 1 in different anions, (b) emission spectra of 1 in different 

concentrations of Fe3+ in DMF, (c) Stern–Volmer plot for the fluorescence quenching 
of 1 upon the addition of Fe3+. Inset: Stern–Volmer plot at low Fe3+concentrations and 
(d) view of the relationship of luminescent intensities and Fe3+concentration. 
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Simultaneously, the potential detecting of different anions of 1 was also examined. Similar 
to the experiments of luminescent sensing for metal ions, we have analyzed luminescence 
properties of 1 after immersed in different selected anions in DMF solution. The results show 
that the luminescence intensities are significantly different for solutions containing different 
anions and only CrO4

2- gave significant quenching effect on the fluorescence of 1, indicating the 
high selectivity of 1 for the detection and specific recognition of CrO4

2- in DMF solution (Figure 
4a). CrO4

2− as a toxic anion is badly harmful to human health and environment and can be 
accumulated in the living organisms leading to kinds of serious diseases [27]. To gain a better 
understanding of the ability of 1 to sense CrO4

2-, PL quenching titrations were performed and 
the result indicated that the luminescent intensities were gradually weakened by increasing the 
amount of CrO4

2- (Figure 4b). The luminescent intensity of 1 is almost completely quenched at a 
CrO4

2- concentration of 500 mg/L. Furthermore, a nonlinear correlation for (I0-I)/I0 and the 
concentration of CrO4

2- ions was obtained, the S–V curves deviate from the straight line (Figure 
4c-d), and this phenomenon suggests that more than one quenching mechanism appear in the 
process, including dynamic quenching and static quenching [23]. However, the Stern–Volmer 
plots for CrO4

2- are nearly linear at low concentrations (R2 = 0.9755) with the Ksv value of 3.2 
×104 M-1. It has been reported that the CrO4

2- ions may compete for the absorption of light with 
the organic molecules and thus reducing the efficiency of energy transfer from ligand to ions 
[28]. The powder X-ray diffraction (PXRD) (Figure 1c)  patterns and IR indicated possible 
structural and/or symmetry changes within the crystal structure of 1 upon dispersion in the metal 
ion solutions, though notably these changes were consistent across all metal solutions, as well as 
when soaked in Cr2O7

2- solutions.  

Figure 3. (a) Emission spectra of 1 in different small organic solvents, (b) emission spectra of 1 
in different concentrations of NB in DMF, (c) Stern–Volmer plot for the fluorescence 
quenching of 1 upon the addition of NB. Inset: Stern–Volmer plot at low NB 
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concentrations and (d) view of the relationship of luminescent intensities and NB 
concentration. 

Figure 4. (a) Emission spectra of 1 in different anions, (b) emission spectra of 1 in different 
concentrations of CrO4

2- in DMF, (c) Stern–Volmer plot for the fluorescence 
quenching of 1 upon the addition of CrO4

2-. Inset: Stern–Volmer plot at low CrO4
2- 

concentrations and (d) view of the relationship of luminescent intensities and CrO4
2- 

concentration. 

CONCLUSION 
 
This study shows that 1 could be a useful luminescent sensor for metal ions, anions and small 
organic molecules. In the subsequent study, wide applications of 1 in fluorescence test paper 
will be investigated. This opens up a way to use MOFs as hosts to build some highly sensitive 
sensors with multifunctional applications. 
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