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Covalent organic frameworks (COFs) are a class of crystalline porous organic polymers with polygonal porosity and highly
ordered structures. The most prominent feature of the COFs is their excellent crystallinity and highly ordered modifiable
one-dimensional pores. Since the first report of them in 2005, COFs with various structures were successfully synthesized
and their applications in a wide range of fields including gas storage, pollution removal, catalysis, and optoelectronics
explored. In the meantime, COFs also exhibited good performance in chemical and biological sensing, because their
highly ordered modifiable pores allowed the selective adsorption of the analytes, and the interaction between the analytes
and the COFs’ skeletons may lead to a detectable change in the optical or electrical properties of the COFs.
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1. Designing a COF or COF-Based Hybird Material for Selective
Adsorption

The porous structure of the COF results in its extraordinary adsorption capacity. However, compared with other types of
porous materials, the predominant characteristic of COFs is the designability of the pores. Inspired by the recognition
between the enzyme and its substrate, the key points to design a COF that can enrich the analyte are creating a suitable
space allowing the load of the analyte and introducing binding sites to selectively interact with the analyte. Hence, the
shape and size of the COF pores should be firstly considered. In general, the shape of the pores is mainly determined by
the topology of the “knot” monomer (Figure 1). For example, to obtain a hexagonal pore, three-armed planar rigid “knot”
monomers, such as the derivatives of triazine, triphenyl benzene, triphenylene derivatives, et al. were usually applied. In
addition, four-armed planar rigid “knot” monomers were often used for fabricating a tetragonal pore, while the size of the
COF pores depends on the length of both the “edge” monomer and the arms of the “knot” monomers. As shown in Figure
2, it can be easily enlarged by choosing a longer “edge” monomer or a “knot” molecule with longer arms. Thus, it can be
found that both the shape and size of the COFs pores can be pre-designed by choosing the “knot” and “edge” monomers
[Wi2 To effectively adsorb the analyte, the pore shape and size should be carefully designed to at least allow the analyte
molecule to enter. Furthermore, for discriminating the interferents of a similar molecular shape and size, in general, a
binding site is needed that can selectively interact with the analyte. The binding site can be the innate groups on the COF
skeleton. For example, as shown in Figure 3a, the imine linkage is pH sensitive. It is a good binding site for capturing H*
in the solution or the acid gases like HCI and Trifluoroacetic acid (TFA) B4, However, in other cases, as shown in Figure
3b, the binding site is pre-linked onto one of the monomers before the synthesis of the COFs. For example, thiol or
thioether groups are able to selectively adsorb the heavy metal ions like Hg2*. Thus, thioether was covalently pre-linked
onto the “edge” monomer, yielding a thioether-containing COF (COF-LZU8) 3. It was shown that COF-LZU8 performed
well in selectively capturing and detecting Hg?*. In addition, the binding site can be also introduced after the formation of
COFs, which is also called “post-functionalization” of COFs. For instance, Au nanoparticles (AuNPs) can form an
amalgam layer with Hg?* under the reduction of citric acid (Figure 3c). Hence, to efficiently capture and detect the trace
amount of Hg?*, AUNPs were doped on the nanosheet of a bipyridine-containing COF by the in situ growth method to form
a COF-based hybrid material. It was found that the huge specific surface area of the COF-AuNPs hybrid material can
significantly enhance the sensitivity of the Hg?* detection €. Moreover, except for in situ growth, the binding site can be
also externally introduced onto the 2D sheet of the COFs. For example, as shown in Figure 3d, to selectively detect
enrofloxacin, a kind of antibiotic, an enrofloxacin-targeted aptamer was immobilized onto a 2D sheet of COF via m-1t
stacking and electrostatic interaction to yield an aptamer-functionalized COF hybrid 2. Then the hybrid was coated onto a
gold electrode. It can selectively capture the enrofloxacin in the sample solution and result in a detectable change in the
electrode conductivity.
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Figure 1. The basic topology of the COFs.
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Figure 2. Modulating the pore size of the COFs.
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Figure 3. Introducing the binding site that can selectively capture the analyte. (a) capturing H* by imine linkage; (b)
Intruding thioether binding site for capturing Hg?*; (c) Introducing AuNPs by in situ growth for mercury capture; (d)
Externally immobilizing enrofloxacin-targeted aptamer onto the 2D sheet of the COF for capturing enrofloxacin.

| 2. Signals Produced by the Adsorption of the Analyte

Apart from the selective uptake and enrichment of the analyte, the other key problem in constructing a COF-based sensor
is to make the uptake of the analyte produce a detectable signal. By ingenious structural design, a large number of COFs
of which the color, fluorescence, conductivity or capacitance can quantitatively change with the uptake of the analyte have
been synthesized [8l. Besides that, in some reports the adsorption of the analyte can also produce some detectable
signals which do not originate from COFs (6119,

2.1. Fluorescence

Among the detectable signals caused by the uptake of the analyte, fluorescence change of COFs including fluorescence
enhancement (“turn on”) and fluorescence quenching (“turn off”) is the most frequently used to respond to the
concentration of analyte. Due to the rigid structure, the large 1t-conjugated fluorescent chromophores, such as phenyl,
naphthalenyl, pyrenyl, perylenyl, triazine, and triphyenyl-benzene are usually applied for building COFs LI Moreover,
the conjugated linkages like imine and olefins can further enlarge the 1t-conjugated structure in the COFs. Therefore, it is
not unusual to find a COF with fluorescent emission. However, it was found that the adsorption of some analytes may
influence the fluorescent emission, including the change of the intensity and movement of the emission peak. The
fluorescence change may be induced by various mechanisms, such as the charge and energy transfer between the COF
and analyte, aggregation-induced emission, and exciplex formation, et al. The most common one among the above
mechanisms is the charge transfer from an electron-rich COF to an electron-deficient analyte. It can lead to a significant
fluorescent quenching which is relative to the concentration of the analyte. In the following demonstration, it can be found
that many COF-based nitroaromatic explosive sensors, iodine sensors, and transition metal ions sensors are constructed
by the charge transfer mechanism.

2.2. Chromism

Chromism is a signal that can be directly found by naked eyes. The advantage of the sensing approach based on
chromism is easy-operate. It is very convenient to be further developed into rapid testing equipment like test paper, test
kit, and wearable monitoring devices. Therefore, the COF-based sensors based on chromism are frequently reported. The
color change of the COFs can be induced in different manners. Firstly, the non-covalent interaction between COFs and
the analyte disturbs the electronic transition responsible for the coloration. For example, the adsorption of molecules with
different polarities can influence the intramolecular charge transfer from the electron donor to the electron receptor on the



COF skeleton, causing a red or blue shift of the UV-Vis absorbance 12, Secondly, in some COF-based chromism
sensors, the interaction with the analyte can isomerize some groups on the COF skeleton, resulting in the color change
(13114] | addition, it should be noted that there is also a type of COF-based chromism sensor of which the color change is
not caused by the COF itself. For example, in some sensors, COFs are used as a catalyst or a catalyst carrier, and the
adsorption of the analyte can influence the catalytic capacity which can be detected by the formation of the colored
product. Thus, the concentration of the analyte can be determined by the color change [©€I2],

2.3. Capacitance and Conductivity

The adsorption of the analyte can lead to a change in the capacitance and conductivity of the COFs L3I26Il17] Hence the
concentration of the analyte can be also determined by the change of such two electrical signals. In general, the
quantitative measurement of electrical signals is much more convenient compared with photo signals. The measuring
devices involved are much simpler. Therefore, COF-containing sensors based on the change of capacitance and
conductivity are more likely to be realized on a chip-like device. Many presented works have demonstrated that a
fingertip-size interdigital electrode (IDE) coated with a specific COF can be applied for real-time detection of humidity,
corrosive gases, or toxic gases since their adsorption results in the change of the capacitance or conductivity of the
COFs. It can be expected that such a type of device can be further developed into portable, wearable, or even implantable
sensors for real-time sensing.

2.4. Electrochemical or Photoelectrochemical Signals

Electrochemical or photoelectrochemical signals are generated by the redox reaction of the active substance. Plenty of
analytical techniques based on electrochemistry or photoelectrochemistry have been built. The signal produced by
electrochemical or photoelectrochemical reactions can be influenced by many factors such as the concentration of the
active substances, the conductivity of the electrode/electrolyte interface, the existence of catalysts, and so on. In recent
years, a number of examples of electrochemical or photoelectrochemical analysis with the participation of COFs were
reported. The COFs coated on the electrode in these examples can play various roles including: (1) enriching the analyte
that can be directly detected by the electrochemical or photoelectrochemical method; (2) concentrating the analytes to
inhibit or facilitate the transportation of charges or substances; (3) a carrier for immobilizing the catalyst which adsorption
can be affected by the analytes. All of the above allow a significant influence of the analyte on the electrochemical or
photoelectrochemical signal. Compared with the above type of COF-based sensors the advantage of the electrochemical
or photoelectrochemical signal is the high sensitivity. It is not rare to realize trace amounts of the analyte at or lower than
ppb or ng/mL level with this type of COF-based sensor.

References

1. Geng, K.; He, T,; Liu, R.; Dalapati, S.; Tan, K.; Li, Z.; Tao, S.; Gong, Y.; Jiang, Q.; Jiang, D. Covalent Organic
Frameworks: Design, Synthesis, and Functions. Chem. Rev. 2020, 120, 8814-8933.

2. Li, Z,; He, T.; Gong, Y.; Jiang, D. Covalent Organic Frameworks: Pore Design and Interface Engineering. Acc. Chem.
Res. 2020, 53, 1672-1685.

3. Ascherl, L.; Evans, E.W.; Gorman, J.; Orsborne, S.; Bessinger, D.; Bein, T.; Friend, R.H.; Auras, F. Perylene-Based
Covalent Organic Frameworks for Acid Vapor Sensing. J. Am. Chem. Soc. 2019, 141, 15693-15699.

4. EL-Mahdy, A.F.M.; Laia, M.-Y.; Kuo, S.-W. A Highly Fluorescent Covalent Organic Framework as A Hydrogen Chloride
Sensor: Roles of Schiff Base Bonding and 1t-Stacking. J. Mater. Chem. C 2020, 8, 9520-9528.

5. Ding, S.-Y.; Dong, M.; Wang, Y.-W.; Chen, Y.-T.; Wang, H.-Z.; Su, C.-Y.; Wang, W. Thioether-Based Fluorescent
Covalent Organic Framework for Selective Detection and Facile Removal of Mercury(ll). J. Am. Chem. Soc. 2016, 138,
3031-3037.

6. Cui, W.-R.; Zhang, C.-R.; Jiang, W.; Liang, R.-P.; Wen, S.-H.; Peng, D.; Qiu, J.-D. Covalent Organic Framework
Nanosheet-Based Ultrasensitive and Selective Colorimetric Sensor for Trace Hg2+ Detection. ACS Sustain. Chem.
Eng. 2019, 7, 9408-9415.

7. Wang, M.; Hu, M.; Liu, J.; Guo, C.; Peng, D.; Jia, Q.; He, L.; Zhang, Z.; Du, M. Covalent Organic Framework-based
ElectroChemical Aptasensors for the Ultrasensitive Detection of Antibiotics. Biosens. Bioelectron. 2019, 132, 8-16.

8. Meng, Z.; Mirica, K.A. Covalent Organic Frameworks as Multifunctional Materials for Chemical Detection. Chem. Soc.
Rev. 2021, 50, 13498-13558.



10.

11.

12.

13.

14.

15.

16.

17.

. Xiong, Y.; Su, L.; He, X.; Duan, Z.; Zhang, Z.; Chen, Z.; Xie, W.; Zhu, D.; Luo, Y. Colorimetric Determination of Copper

lons Based on Regulation of the Enzyme-Mimicking Activity of Covalent Triazine Frameworks. Sens. Actuators B 2017,
253, 384-391.

Skorjanc, T.; Shetty, D.; Valant, M. Covalent Organic Polymers and Frameworks for Fluorescence-Based Sensors. ACS
Sens. 2021, 6, 1461-1481.

Guo, L.; Yang, L.; Li, M.; Kuang, L.; Song, Y.; Wang, L. Covalent Organic Frameworks for Fluorescent Sensing: Recent
Developments and Future Challenges. Coord. Chem. Rev. 2021, 440, 213957.

Ascherl, L.; Evans, E.W.; Hennemann, M.; Nuzzo, D.D.; Hufnagel, A.G.; Beetz, M.; Friend, R.H.; Clark, T.; Bein, T.;
Auras, F. Solvatochromic Covalent Organic Frameworks. Nat. Commun. 2018, 9, 3802.

Huang, W.; Jiang, Y.; Li, X.; Li, X.; Wang, J.; Wu, Q.; Liu, X. Solvothermal Synthesis of Microporous, Crystalline
Covalent Organic Framework Nanofibers and Their Colorimetric Nanohybrid Structures. ACS Appl. Mater. Interfaces
2013, 5, 8845-8849.

Jhulki, S.; Evans, A.M.; Hao, X.L.; Cooper, M.W.; Feriante, C.H.; Leisen, J.; Li, H.; Lam, D.; Hersam, M.C.; Barlow, S.;
et al. Humidity Sensing through Reversible Isomerization of a Covalent Organic Framework. J. Am. Chem. Soc. 2020,
142, 783-791.

Singh, H.; Tomer, V.K.; Jena, N.; Bala, I.; Sharma, N.; Nepak, D.; Sarkar, A.D.; Kailasam, K.; Pal, S.K. A Porous,
Crystalline Truxene-Based Covalent Organic Framework and Its Application in Humidity Sensing. J. Mater. Chem. A
2017, 5, 21820-21827.

Kulkarni, R.; Noda, Y.; Barange, D.K.; Kochergin, Y.S.; Lyu, P.; Balcarova, B.; Nachtigall, P.; Bojdys, M.J. Real-Time
Optical and Electronic Sensing with a B-Amino Enone Linked, Triazine-Containing 2D Covalent Organic Framework.
Nat. Commun. 2019, 10, 3228.

Yuan, H.; Li, N.; Linghu, J.; Dong, J.; Wang, Y.; Karmakar, A.; Yuan, J.; Li, M.; Buenconsejo, P.J.S.; Liu, G.; et al. Chip-
Level Integration of Covalent Organic Frameworks for Trace Benzene Sensing. ACS Sens. 2020, 5, 1474-1481.

Retrieved from https://encyclopedia.pub/entry/history/show/55228



