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Metal-organic frameworks (MOFs) and covalent organic frameworks (COFs) are two innovative classes of porous

coordination polymers. MOFs are three-dimensional materials made up of secondary building blocks comprised of

metal ions/clusters and organic ligands whereas COFs are 2D or 3D highly porous organic solids made up by light

elements (i.e., H, B, C, N, O). Both MOFs and COFs, being highly conjugated scaffolds, are very promising as

photoactive materials for applications in photocatalysis and artificial photosynthesis because of their tunable

electronic properties, high surface area, remarkable light and thermal stability, easy and relative low-cost synthesis,

and structural versatility. 
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1. Metal-organic frameworks (MOFs) and covalent organic
frameworks (COFs)

In the last decades, the demand for sustainable clean energy sources, particularly solar energy, has constantly

raised. In spite of the fact that the energy supplied by the Sun's radiation over one year is roughly 10,000 times

higher than the world current rate of energy consumption, the state-of-art of the photovoltaic devices are not yet

satisfactory because of their low efficiency, high cost and/or limited scale .

Both MOFs and COFs belong to the wide family of porous coordination polymers (PCP). Among PCP, MOFs and

COFs are becoming more and more attractive (Figure 1). These features can be very interesting for their

application in photovoltaics. Indeed, MOFs and COFs crystallinity allows obtaining highly ordered and usually

conjugated polymers both in 2D and/or 3D structure. This will give the opportunity to tune the electronic properties

of these classes of materials and modify their charge transport ability by slight modification of both metal center (in

MOFs) and organic linkers (in both MOFs and COFs).

MOFs and COFs usually possess a π-conjugated systems and a wide porous volume that can be tuned with a

careful selection of the linker which has strong effects on the structure of the material, especially the electronic one

. Additionally, COFs show short interlayer distances that could lead to conductive features throughout their

structure by organizing an interface between donor and acceptor moieties at a molecular level . MOFs  and

COFs  are generally synthesized by hydrothermal or solvothermal synthesis and based on condensation
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reaction. In this method, one of the key roles is played by temperature and solvents mixtures. In particular, in order

to favor the synthesis of a crystalline form, solvents should possess different polarities and boiling points . This is

of utmost importance as highly crystalline samples are mandatory to apply powerful structural characterization

techniques as X-ray or neutron diffraction in order to determine the atomistic structure of the material. While MOFs

are synthesized at a thermodynamical regime where bonds are simultaneously formed and broken, permitting the

growth of nice crystals, the same is not true for COFs in which covalent bonds are formed very often in a concerted

way. This phenomenon is reasoning the general low crystallinity of COFs, which was tackled by some authors very

often with a careful optimization of the synthetic conditions .

Figure 1. Categorization of porous materials based on their pore size and the material varieties.

Notwithstanding their promising feature the effective application of this compound is limited by solubility issues

affecting the processability of the material itself. This is mainly a drawback when COFs are compared to other

porous organic polymers, such as amorphous conjugated microporous polymers (CMPs) or polymers with intrinsic

microporosity (PIMs) (Figure 1), that are highly processable .

1.1. Metal-Organic Frameworks (MOFs)

Metal-organic frameworks are three-dimensional porous coordination polymers made up of secondary building

blocks comprised of metal ions/clusters and organic ligands . The name metal-organic framework was coined

for the first time in 1995 . Afterwards, Cu(II) tricyanomethanide polymeric (crystalline) structures were presented

by Biondi et al. . Interestingly, in 1990, a study on the design of scaffold-like materials using Cu(I) centres and

tetracyanotetraphenylmethane were reported by Hoskins and Robson . In 1999, Yaghi and his group extended
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this metal framework to the 3D form by creating a highly porous crystalline structure known as MOF-5 . Later,

they also created an isoreticular family of this MOF by employing different carboxylate linkers .

The synthesis of nanostructures generally takes place through solvothermal methods: commonly, metal precursors

and organic linkers are dissolved in solvent and placed in a closed reaction vessel for the construction and self-

assembly of MOF crystals. Mostly N,N-dimethylformamide (DMF), N,N-diethylformamide (DEF), methanol, ethanol,

and acetonitrile are used as solvents, a temperature lower than 220 °C is usually employed and the crystallization

times range from several hours to several days. Recent advances indicate that new synthesis methods such as

electrochemical, microwave-assisted, mechanochemical synthesis, microfluidic synthesis methods, etc. have been

applied . These different strategies provide some opportunities to control and modify the morphology, size and

the chemical functionalization of crystals that impact on properties and performances of the obtained MOF

materials .

Up to now, more than 70,000 different MOF structures have been reported  with surface area values ranging

from 1000 to 10,000 m /g. This exceeds by far those of common porous materials such as zeolites and carbons

. Concerning applications, MOFs were firstly employed as catalysts for the first time in 1994 to promote the

cyanosilylation of aldehydes  and as hydrogen adsorption materials later in 2003 . They are very promising

for applications as (photo)active materials in photocatalysis and artificial photosynthesis because of their tunable

electronic properties, their structural versatility, and their easy and relative low-cost synthesis .

Furthermore, embodiment of photoactive ligands into MOFs represents an attractive and unconventional approach

to study energy transfer, light harvesting, and photo-excited reactivity within well-ordered and properly designed

architecture . Remarkably, MOFs have been also employed to improve the stability of

conventional solar cells as the ones based on Cu S/CdS. For instance, Nevruzoglu et al. adopted MOFs as a

source of copper to minimize the performance degradation caused by the rapid diffusion of Cu ions into the CdS

layer. Alternatively, zirconium-based MOFs could be implemented owing to their high thermal and chemical

stabilities .

1.2. Covalent Organic Frameworks (COFs)

Covalent organic frameworks (COFs) are a class of crystalline porous organic polymers with permanent porosity

and highly ordered structures. COFs possess unique conformations and morphologies generating a confined

molecular space and interface that interacts with photons, electrons, holes, spins, ions, and molecules, creating

new molecular platforms for structural design and functional development .

Self-assemblies of molecular COFs layers have recently gained attention as a feasible class of semiconducting

polymers . The full organic nature of COFs allows to obtain highly tunable structures that could be easily

functionalized with both acceptor or donor groups. Straightforwardly, COFs are starting to be implemented as

conductive polymers in photovoltaic applications. COFs are generally constituted by two different organic linkers,

that could have a ditopic (C2, two active functional groups), tritopic (C3, three active functional groups) or tetratopic

(C4, four active functional groups) geometry leading to 2D or 3D materials. Different monomers can be employed
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to obtain 2D COFs: indeed, there are not very strict requirements on the choice of starting material (e.g., from bi- to

tetradentate monomers). On the other hand, tetragonal and tetradentate monomers are necessary to obtain 3D

structures.

COFs are usually synthetized as bulk materials by using boronate esters or imine bond-bridged systems as

precursors (Figure 2) . Yet, the so obtained COFs usually have poor electric conductivity in the z axis being

constituted by stacked 2D layers. In this context, the introduction of imine-bridged pattern offers a feasible

approach to partially extend the conjugation throughout the different layers. Indeed, whereas in boronate COFs the

charge preferentially moves alongside the plane directions, imine-based COFs also allow lateral diffusion

throughout the frameworks. Therefore, boronate ester-based COFs could be considered as small molecule-based

electronics whereas imine-based COFs are generally described as conjugated conducting polymers .
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Figure 2. Reported linkage motifs for the realization of crystalline COFs. The reversible condensation reactions

were used for the formation of a broad range of COFs.

Nanostructured systems are usually synthetized by solvothermal method allowing the latter to finely control the

morphology and the crystallinity of the materials . However, this approach includes the quite harsh

experimental conditions (e.g., aggressive solvents, relatively high temperature, using sealed vessel…) as synthetic

method to produce COFs Straightforwardly, researchers have been attempting to figure out new synthetic routes to

obtain COFs: i.e., microwave and room temperature synthesis (which are mechanochemical and rapid solution-

phase approach) and massive synthesis , among others .

Prof. Cooper and co-workers attempted first time to use microwave method by synthesizing of COF-5 and COF-

102 based on boron linkage . They successfully obtain COFs 200 times faster (i.e., 20 min reaction) compared

to solvothermal method (72 h). Furthermore, mechanochemical synthesis is fast and environmentally friendly

allowing to minimize the amount of solvents employed and the energy required throughout the synthetic procedure.

COFs based on imine-bond were synthesized through this method by Biswal et al. too . A simple and facile

room-temperature solution-phase route for the fabrication of spherical COF-TpBD was carried out by Yan's group

. The obtained COFs showed quite good thermal stability and very short synthetic times (i.e., 30 min). On one

hand, MW and RT synthesis could be usefully employed in the laboratory scale; on the other hand, massive

synthesis method could be easily implemented for industrial production of COFs.

2. Conclusions

Both MOFs and COFs have a unique structure with a great tunability of their organic and inorganic components

that confer incredible chemical versatility. For this reason, they can be used in many areas: from capture, storage,

separation, and conversion of gases to (photo)catalysis and drug delivery, from optoelectronic to sensors, and from

magnetism and ferroelectricity to light harvesting and energy transfer. As far as the photovoltaic field is concerned,

they do not have a unique role but, based on their photophysical and chemical properties, they could be effectively
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employed as photoactive material, electrodes or charge carriers, accomplishing mainly all the single components of

a PV device.

References

1. Grätzel, M. Photovoltaic and photoelectrochemical conversion of solar energy. Philos. Trans. R.
Soc. A Math. Phys. Eng. Sci. 2007, 365, 993–1005, doi:10.1098/rsta.2006.1963.

2. Wu, X.-P.; Choudhuri, I.; Truhlar, D. G. Computational Studies of Photocatalysis with Metal–
Organic Frameworks. ENERGY Environ. Mater. 2019, 2, 251–263, doi:10.1002/eem2.12051.

3. Nasalevich, M. A.; Hendon, C. H.; Santaclara, J. G.; Svane, K.; Van Der Linden, B.; Veber, S. L.;
Fedin, M. V.; Houtepen, A. J.; Van Der Veen, M. A.; Kapteijn, F.; Walsh, A.; Gascon, J. Electronic
origins of photocatalytic activity in d0 metal organic frameworks. Sci. Rep. 2016, 6, 23676,
doi:10.1038/srep23676.

4. Medina, D. D. D.; Sick, T.; Bein, T. Photoactive and Conducting Covalent Organic Frameworks.
Adv. Energy Mater. 2017, 7, 1700387, doi:10.1002/aenm.201700387.

5. Stock, N.; Biswas, S. Synthesis of Metal-Organic Frameworks (MOFs): Routes to Various MOF
Topologies, Morphologies, and Composites. Chem. Rev. 2012, 112, 933–969,
doi:10.1021/cr200304e.

6. Rubio-Martinez, M.; Avci-Camur, C.; Thornton, A. W.; Imaz, I.; Maspoch, D.; Hill, M. R. New
synthetic routes towards MOF production at scale. Chem. Soc. Rev. 2017, 46, 3453–3480,
doi:10.1039/c7cs00109f.

7. Howarth, A. J.; Peters, A. W.; Vermeulen, N. A.; Wang, T. C.; Hupp, J. T.; Farha, O. K. Best
practices for the synthesis, activation, and characterization of metal−organic frameworks. Chem.
Mater. 2017, 29, 26–39, doi:10.1021/acs.chemmater.6b02626.

8. Geng, K.; He, T.; Liu, R.; Dalapati, S.; Tan, K. T. K. T.; Li, Z.; Tao, S.; Gong, Y.; Jiang, Q.; Jiang, D.
Covalent Organic Frameworks: Design, Synthesis, and Functions; 2020; p. in press;

9. Li, Y.; Chen, W.; Xing, G.; Jiang, D.; Chen, L. New synthetic strategies toward covalent organic
frameworks. Chem. Soc. Rev. 2020, 49, 2852–2868, doi:10.1039/d0cs00199f.

10. Auras, F.; Ascherl, L.; Hakimioun, A. H.; Margraf, J. T.; Hanusch, F. C.; Reuter, S.; Bessinger, D.;
Döblinger, M.; Hettstedt, C.; Karaghiosoff, K.; Herbert, S.; Knochel, P.; Clark, T.; Bein, T.
Synchronized Offset Stacking: A Concept for Growing Large-Domain and Highly Crystalline 2D
Covalent Organic Frameworks. J. Am. Chem. Soc. 2016, 138, 16703–16710,
doi:10.1021/jacs.6b09787.

11. Ascherl, L.; Sick, T.; Margraf, J. T.; Lapidus, S. H.; Calik, M.; Hettstedt, C.; Karaghiosoff, K.;
Döblinger, M.; Clark, T.; Chapman, K. W.; Auras, F.; Bein, T. Molecular docking sites designed for



MOFs and COFs | Encyclopedia.pub

https://encyclopedia.pub/entry/3357 8/10

the generation of highly crystalline covalent organic frameworks. Nat. Chem. 2016, 8, 310–316,
doi:10.1038/nchem.2444.

12. Bildirir, H.; Gregoriou, V. G.; Avgeropoulos, A.; Scherf, U.; Chochos, C. L. Porous organic
polymers as emerging new materials for organic photovoltaic applications: Current status and
future challenges. Mater. Horizons 2017, 4, 546–556, doi:10.1039/c6mh00570e.

13. Zhou, H.-C.; Long, J. R.; Yaghi, O. M. Introduction to Metal–Organic Frameworks. Chem. Rev.
2012, 112, 673–674, doi:10.1021/cr300014x.

14. Su, C. Y.; Dong, Y. Bin Metal-organic frameworks (MOFs). J. Solid State Chem. 2015, 223, 1,
doi:10.1016/j.jssc.2014.10.034.

15. Yaghi, O. M.; Li, H. Hydrothermal Synthesis of a Metal-Organic Framework Containing Large
Rectangular Channels. J. Am. Chem. Soc. 1995, 117, 10401–10402, doi:10.1021/ja00146a033.

16. Biondi, C.; Bonamico, M.; Torelli, L.; Vaciago, A. On the structure and water content of copper(II)
tricyanomethanide. Chem. Commun. 1965, 191–192, doi:10.1039/c19650000191.

17. Hoskins, B. F.; Robson, R. Design and Construction of a New Class of Scaffolding-like Materials
Comprising Infinite Polymeric Frameworks of 3D-Linked Molecular Rods. A Reappraisal of the
Zn(CN)2 and Cd(CN)2 Structures and the Synthesis and Structure of the Diamond-Related
Framework. J. Am. Chem. Soc. 1990, 112, 1546–1554, doi:10.1021/ja00160a038.

18. Li, H.; Eddaoudi, M.; O’Keeffe, M.; Yaghi, O. M. Design and synthesis of an exceptionally stable
and highly porous metal-organic framework. Nature 1999, 402, 276–279.

19. Eddaoudi, M.; Kim, J.; Rosi, N.; Vodak, D.; Wachter, J.; O’Keeffe, M.; Yaghi, O. M. Systematic
design of pore size and functionality in isoreticular MOFs and their application in methane
storage. Science 2002, 295, 469–472, doi:10.1126/science.1067208.

20. Chae, H. K.; Siberio-Pérez, D. Y.; Kim, J.; Go, Y. B.; Eddaoudi, M.; Matzger, A. J.; O’Keeffe, M.;
Yaghi, O. M. A route to high surface area, porosity and inclusion of large molecules in crystals.
Nature 2004, 427, 523–527, doi:10.1038/nature02311.

21. Tao, A. R.; Habas, S.; Yang, P. Shape control of colloidal metal nanocrystals. Small 2008, 4, 310–
325, doi:10.1002/smll.200701295.

22. Moghadam, P. Z.; Li, A.; Wiggin, S. B.; Tao, A.; Maloney, A. G. P.; Wood, P. A.; Ward, S. C.;
Fairen-Jimenez, D. Development of a Cambridge Structural Database Subset: A Collection of
Metal-Organic Frameworks for Past, Present, and Future. Chem. Mater. 2017, 29, 2618–2625,
doi:10.1021/acs.chemmater.7b00441.

23. Furukawa, H.; Cordova, K. E.; O’Keeffe, M.; Yaghi, O. M. The chemistry and applications of
metal-organic frameworks. Science 2013, 341, 1230444.



MOFs and COFs | Encyclopedia.pub

https://encyclopedia.pub/entry/3357 9/10

24. Fujita, M.; Washizu, S.; Ogura, K.; Kwon, Y. J. Preparation, Clathration Ability, and Catalysis of a
Two-Dimensional Square Network Material Composed of Cadmium(II) and 4, 4ʹ-Bipyridine. J. Am.
Chem. Soc. 1994, 116, 1151–1152, doi:10.1021/ja00082a055.

25. Rosi, N. L.; Eckert, J.; Eddaoudi, M.; Vodak, D. T.; Kim, J.; O’Keeffe, M.; Yaghi, O. M. Hydrogen
storage in microporous metal-organic frameworks. Science (80-. ). 2003, 300, 1127–1129,
doi:10.1126/science.1083440.

26. Services, R.; Issue, L.; Issues, P.; Service, E.; Links, R.; Blog, C. W.; Newsvine, S.; Products, R.
Instant insight : Nothing but surface. Chem. Soc. Rev. 2009, 38, 12–14, doi:10.1039/b804680h.

27. Vitillo, J. G.; Atzori, C.; Civalleri, B.; Barbero, N.; Barolo, C.; Bonino, F. Design and
Characterization of MOFs (Metal–Organic Frameworks) for Innovative Applications. In Hybrid
Organic‐Inorganic Interfaces: Towards Advanced Functional Materials; Delville, M., Taubert, A.,
Eds.; Wiley-VCH Verlag GmbH & Co. KGaA, 2017 ISBN 9783527342556.

28. Nasalevich, M. A.; Goesten, M. G.; Savenije, T. J.; Kapteijn, F.; Gascon, J. Enhancing optical
absorption of metal-organic frameworks for improved visible light photocatalysis. Chem. Commun.
2013, 49, 10575–10577, doi:10.1039/c3cc46398b.

29. Stavila, V.; Talin, A. A.; Allendorf, M. D. MOF-based electronic and opto-electronic devices. Chem.
Soc. Rev. 2014, 43, 5994–6010, doi:10.1039/c4cs00096j.

30. Ockwig, N. W.; Chae, H. K.; Eddaoudi, M.; Kim, J.; O’Keeffe, M.; Yaghi, O. M. Reticular synthesis
and the design of new materials. Nature 2003, 423, 705–714, doi:10.1038/nature01650.

31. Hong, B. J.; Nguyen, S. T.; Hupp, J. T.; Farha, O. K.; Lee, C. Y.; Sarjeant, A. A. Light-Harvesting
Metal–Organic Frameworks (MOFs): Efficient Strut-to-Strut Energy Transfer in Bodipy and
Porphyrin-Based MOFs. J. Am. Chem. Soc. 2011, 133, 15858–15861, doi:10.1021/ja206029a.

32. Zhang, X.; Ballem, M. A.; Hu, Z. J.; Bergman, P.; Uvdal, K. Nanoscale light-harvesting metal-
organic frameworks. Angew. Chemie - Int. Ed. 2011, 50, 5729–5733,
doi:10.1002/anie.201007277.

33. Yan, D.; Tang, Y.; Lin, H.; Wang, D. Tunable two-color luminescence and host-guest energy
transfer of fluorescent chromophores encapsulated in metal-organic frameworks. Sci. Rep. 2014,
4, 4–10, doi:10.1038/srep04337.

34. Kent, C. A.; Mehl, B. P.; Ma, L.; Papanikolas, J. M.; Meyer, T. J.; Lin, W. Energy transfer dynamics
in metal-organic frameworks. J. Am. Chem. Soc. 2010, 132, 12767–12769,
doi:10.1021/ja102804s.

35. Kreno, L. E.; Leong, K.; Farha, O. K.; Allendorf, M.; Van Duyne, R. P.; Hupp, J. T. Metal-organic
framework materials as chemical sensors. Chem. Rev. 2012, 112, 1105–1125,
doi:10.1021/cr200324t.



MOFs and COFs | Encyclopedia.pub

https://encyclopedia.pub/entry/3357 10/10

36. Cavka, J. H.; Jakobsen, S.; Olsbye, U.; Guillou, N.; Lamberti, C.; Bordiga, S.; Lillerud, K. P. A new
zirconium inorganic building brick forming metal organic frameworks with exceptional stability. J.
Am. Chem. Soc. 2008, 130, 13850–13851, doi:10.1021/ja8057953.

37. Morris, W.; Volosskiy, B.; Demir, S.; Gándara, F.; McGrier, P. L.; Furukawa, H.; Cascio, D.;
Stoddart, J. F.; Yaghi, O. M. Synthesis, structure, and metalation of two new highly porous
zirconium metal-organic frameworks. Inorg. Chem. 2012, 51, 6443–6445, doi:10.1021/ic300825s.

38. Ding, S. Y.; Wang, W. Covalent organic frameworks (COFs): From design to applications. Chem.
Soc. Rev. 2013, 42, 548–568.

39. Yildirim, O.; Derkus, B. Triazine-based 2D covalent organic frameworks improve the
electrochemical performance of enzymatic biosensors. J. Mater. Sci. 2020, 55, 3034–3044,
doi:10.1007/s10853-019-04254-5.

40. Bonomo, M. Synthesis and characterization of NiO nanostructures: a review. J. Nanoparticle Res.
2018, 20, 222, doi:10.1007/s11051-018-4327-y.

41. Mollamahaleh, Y. B.; Hosseini, D.; Mazaheri, M.; Sadrnezhaad, S. K. Surfactant-Free Production
of Ni-Based Nanostructures. Mater. Sci. Appl. 2011, 02, 444–452, doi:10.4236/msa.2011.25059.

42. Demazeau, G. Solvothermal reactions : an original route for the To cite this version : HAL Id : hal-
00269253. J. Mater. Sci. 2008, 7, 2104–2114.

43. Zhao, W.; Xia, L.; Liu, X. Covalent organic frameworks (COFs): Perspectives of industrialization.
CrystEngComm 2018, 20, 1613–1634, doi:10.1039/c7ce02079a.

44. Campbell, N. L.; Clowes, R.; Ritchie, L. K.; Cooper, A. I. Rapid Microwave Synthesis and
Purification of Porous Covalent Organic Frameworks. Chem. Mater. 2009, 21, 204–206,
doi:10.1021/cm802981m.

45. Biswal, B. P.; Chandra, S.; Kandambeth, S.; Lukose, B.; Heine, T.; Banerjee, R.
Mechanochemical synthesis of chemically stable isoreticular covalent organic frameworks. J. Am.
Chem. Soc. 2013, 135, 5328–5331, doi:10.1021/ja4017842.

46. Yang, C. X.; Liu, C.; Cao, Y. M.; Yan, X. P. Facile room-temperature solution-phase synthesis of a
spherical covalent organic framework for high-resolution chromatographic separation. Chem.
Commun. 2015, 51, 12254–12257, doi:10.1039/c5cc03413b.

Retrieved from https://encyclopedia.pub/entry/history/show/10649


