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Metal-organic frameworks (MOFs), also known as coordination
polymers (CPs), are a unique type of compound in which metal clusters
are linked together by organic moieties forming porous 1-D, 2-D and 3-
D structures.1 MOFs have many applications resulting from not only
the overall structure, but also the metal center, organic “linker”, or a
combination thereof.2 The porosity of MOFs have led to the
development of exceptional gas storage materials and their high
surface areas coupled with this porosity have found use in
heterogeneous catalysis. MOFs have also been used in display
technologies, as semiconductors, and in biomedicine.2

MOFs are also currently being developed as new sensor technology.3

Nitroaromatics are key components in the fabrication of explosives.
However, current detection methods are time consuming and
expensive. Among these methods, fluorescence spectroscopy is mostly
used because of its good selectivity, high sensitivity and easy
accessibility.4 Taking this into consideration, our interest lies in
synthesizing MOFs that can be used as sensors for nitroaromatic
compounds. Our lab has developed a new Er(III) MOF based on the
linker 2-2’-bithiophene-5,5’-dicarboxylic acid (DTDC).5 Synthesis of
DTDC linker, solvothermal synthesis of the Er-DTDC MOF and
preliminary sensing studies will be discussed.

Synthesis of Er-DTDC MOF: The Er-DTDC MOF (hereto referred to as
compound 1) was synthesized using solvothermal methods. In a 23 mL
Teflon-lined Parr autoclave, 0.2 mmol (54.7 mg) of ErCl3 and 0.2 mmol
(50.9 mg) of DTDC was added to 7 mL of DMF and 8 mL of deionized
water. The autoclave was then sealed and placed in a 100 °C oven for
3 days. After 3 days, resulting light yellow crystals were decanted from
the mother liquor and washed with water followed by ethanol (~5 mL

each) three times, then left to dry at room temperature.

Figure 1. Reaction scheme of DTDC synthesis

Compound 1 is a dense, three-
dimensional framework. Distorted
square antiprismatic monomers of
ErO8 are bridged to adjacent Er ions
through DTDC linkers. Three of these
oxygens atoms form monodentate
attachments through carboxylate
moieties of the linker, two oxygen
atoms form a bidentate attachment
from one DTDC linker, and three
bound aqua ligands are coordinated
to the Er ion to saturate the
coordination environment. The
monomers are bridged together
through DTDC in the [100] and [001]
direction to afford the overall 3D
structure.5
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Figure 3. View of Er-CP down the [100] direction. Magenta polyhedra represent Er
monomers, yellow spheres are sulfur atoms, red spheres are oxygen atoms, and black
lines are carbon atoms. Hydrogen atoms have been omitted for clarity.

Crystal Structure

[Er2(C10H4O4S2)3(H2O)6]n

Formula Weight 1199.42

Crystal Class Triclinic

Space Group P-1

a (Å) 7.7389(5)

b (Å) 9.6787(6)

c (Å) 13.1985(8)

α (º) 81.999(2)

β (º) 75.000(1)

γ (º) 75.514(2)

Table 1. Basic crystallographic data

Discussion

Conclusion

A new Er MOF based on 2-2’-bithiophene-5,5’-dicarboxylic acid was
solvothermally synthesized and structurally characterized by single crystal X-
ray diffraction. The compound shows selective detection of nitroaromatic
species via luminescence quenching, indicating potential as a sensor in
detecting explosive compounds. Future studies will focus on the selectivity of
this sensor and the exploration of other MOFs as possible sensors.
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Figure 5. Emission of [Er2(C10H4O4S2)3(H2O)6]n in various nitroaromatic solutions.

Figure 4. Intensity of analytes under UV-light.
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Sensing of various nitroaromatics: For the sensing experiments, 5 mg
of 1 powder was soaked in 5 mL of 10-2 M solutions of each analyte
dissolved in ethanol. After shaking the suspensions for 1 hour,
luminescence data were collected.

Figure 2. Simplified scheme for solvothermal synthesis

Figure 6. Percentage of photoluminescence quenching of 1-Er upon addition of analytes.


