
Citation: Novikov, A.S.

Non-Covalent Interactions in

Polymers. Polymers 2023, 15, 1139.

https://doi.org/10.3390/

polym15051139

Received: 2 February 2023

Accepted: 23 February 2023

Published: 24 February 2023

Copyright: © 2023 by the author.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

polymers

Editorial

Non-Covalent Interactions in Polymers
Alexander S. Novikov 1,2

1 Institute of Chemistry, Saint Petersburg State University, Universitetskaya Nab., 7/9,
199034 St. Petersburg, Russia; a.s.novikov@spbu.ru or novikov@itmo.ru

2 Infochemistry Scientific Center, ITMO University, Kronverksky Pr., 49, bldg. A, 197101 St. Petersburg, Russia

Abstract: Non-covalent interactions are one of the key topics in modern chemical science. These
inter- and intramolecular weak interactions (e.g., hydrogen, halogen, and chalcogen bonds, stacking
interactions and metallophilic contacts) have a significant effect on the properties of polymers. In
this Special Issue, “Non-covalent interactions in polymers”, we tried to collect fundamental and
applied research manuscripts (original research articles and comprehensive review papers) focused
on non-covalent interactions in polymer chemistry and related fields. The scope of the Special Issue
is very broad: we welcome all the contributions that deal with the synthesis, structure, functionality
and properties of polymer systems involving non-covalent interactions.

Non-covalent interactions are one of the key topics in modern chemical science. These
inter- and intramolecular weak interactions (e.g., hydrogen, halogen, and chalcogen bonds,
stacking interactions and metallophilic contacts) have a significant effect on the properties
of polymers. This Special Issue of Polymers entitled “Non-covalent interactions in polymers”
aims to address the most recent progress in the rapidly growing field of non-covalent inter-
actions in polymer chemistry and related fields. Both experimental and theoretical studies,
fundamental and applied research, application of machine learning and artificial intelli-
gence in studies of non-covalent interactions in polymers and any forms of manuscripts
(for example, reviews, mini-reviews, full papers, short communications, technical notes,
and highlights) are welcome for consideration. The scope of the Special Issue is very broad:
we welcome all the contributions that deal with the synthesis, structure, functionality and
properties of polymer systems involving non-covalent interactions. This Special Issue will
address the following bullet-point topics: experimental studies of non-covalent interactions
in polymers; theoretical modeling of supramolecular polymeric systems; application of ma-
chine learning and artificial intelligence in studies of non-covalent interactions in polymers;
development of polymer materials (1D, 2D, 3D) via non-covalent interactions; databases of
non-covalent polymers. We welcome researchers focused on polymer science and related
topics to contribute their research to our Special Issue.

To date, there are many interesting publications in the field of fundamental studies of
non-covalent interactions in polymers. In [1], authors observed that dihalomethanes CH2X2
(X = Cl, Br, I) can be co-crystallized with the isocyanide complexes trans-[MXM

2(CNC6H4-
4-XC)2] (M = Pd, Pt; XM = Br, I; XC = F, Cl, Br) to yield an extended series comprising
fifteen X-ray structures of isostructural adducts featuring 1D metal-involving hexagon-
like arrays linked via halogen bonding. In [2], the novel iodine-rich iodobismuthates(III),
where the halometalate anionic fragments are linked by diiodine spacers into 1D- or 2D-
supramolecular polymeric systems, were discovered. In [3], the authors observed that reac-
tions of chlorotellurates(IV) and Br2 afford the formation of one-dimensional supramolec-
ular complexes of general formula Cat2{[TeCl6](Br2)} (Cat = Me3N+, PyH+, 4-MePyH+

and 1-MePy+) where dibromine fragments are “trapped” by [TeCl6]3− via specific Br· · ·Cl
interactions (halogen bonding). In [4], 1D iodine-rich iodobismuthates(III) with the high-
est fraction of “captured” I2 molecules in the halometalates network (for p-elements)
were reported. In [5], thermally stable supramolecular polymers of chloroplumbate(IV)
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and chlorostannate(IV) with Cl2 linkers were reported. In [6], authors found that ox-
ochloroselenate with incorporated Cl2 units, (tetramethylammonium)3{[Se2O2Cl7](Cl2)},
features very strong halogen bonding in solid state and high thermal stability. In [7],
three polymeric group 11 transition metal polymers featuring metallophilic interactions
were obtained directly via the self-assembly of metal ions and 4-pyridinethiol ligands.
In [8,9], the influence of non-covalent interaction on the self-healing of mechanical prop-
erties in supramolecular polymers was discussed. In [10], non-covalent interactions in
polymer–graphene nanocomposites and their effects on electrical conductivity were ana-
lyzed. In [11], core/shell conjugated polymer/quantum dot composite nanofibers through
orthogonal non-covalent interactions were presented. In [12], the importance of CH···X
(X = O, π) non-covalent interactions in Cu(II) coordination polymers was highlighted.
In [13], the effect of molecular structure on the chain mobility of dichalcogenide-based
polymers with self-healing capacity was analyzed. In [14], the influence of non-covalent
contacts on photoluminescence properties of Cd and Cd-Ln pentafluorobenzoates with
2,2′:6′,2′-terpyridine derivatives was investigated. In [15], the effect of non-covalent in-
teractions on the 2,4- and 3,5-dinitrobenzoate Eu-Cd Complex structures was discussed.
In [16], chitosan functionalization via covalent and non-covalent interactions was reviewed.
In [17], self-healing supramolecular hydrogels based on reversible physical interactions
were introduced. In [18], surface plasmon resonance studies on molecular imprinting
and the influence of non-covalent interactions on these processes were discussed. In [19],
theoretical insight into the interaction between chloramphenicol and functional monomer
(methacrylic acid) in molecularly imprinted polymers was introduced. In [20], advances
in the multi-orthogonal folding of single polymer chains into single-chain nanoparticles
were reviewed. In [21], enhancing the mechanical performance of a polymer material
by incorporating pillar[5]arene-based host–guest interactions was highlighted. In [22], a
combined molecular dynamics and DFT simulation study of the molecular and polymer
properties of a catechol-based cyclic oligomer of polyether ether ketone was performed.
In [23], chemomechanical polymers as sensors and actuators for biological and medicinal
applications involving non-covalent interactions were discussed. In [24], various appli-
cations of supramolecular gels were reviewed. In [25], electrically self-healing thermoset
composites based on Diels–Alder cycloaddition and hydrogen bonds were reported. In [26],
copolymers and hybrids based on carbazole derivatives and their nanomorphology inves-
tigation were discussed. Finally, in [27], phytosterol recognition via rationally designed
molecularly imprinted polymers and non-covalent interactions was highlighted.

I hope that other authors will follow my initiative and readers of this Special Issue of
Polymers will have the opportunity to get acquainted with the achievements of researchers
in this modern topic.

Institutional Review Board Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: In commemoration of the 300th anniversary of St. Petersburg State University’s
founding. I am grateful to all my colleagues for fruitful collaboration.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Kashina, M.V.; Kinzhalov, M.A.; Smirnov, A.S.; Ivanov, D.M.; Novikov, A.S.; Kukushkin, V.Y. Dihalomethanes as bent bifunctional

XB/XB-donating building blocks for construction of metal-involving halogen bonded hexagons. Chem. Asian J. 2019, 14, 3915–3920.
[CrossRef]

2. Adonin, S.A.; Usoltsev, A.N.; Novikov, A.S.; Kolesov, B.A.; Fedin, V.P.; Sokolov, M.N. One- and two-dimensional iodine-rich
iodobismuthate(III) complexes: Structure, optical properties and features of halogen bonding in the solid state. Inorg. Chem. 2020,
59, 3290–3296. [CrossRef] [PubMed]

3. Usoltsev, A.N.; Adonin, S.A.; Novikov, A.S.; Abramov, P.A.; Sokolov, M.N.; Fedin, V.P. Chlorotellurate(IV) supramolecular
associates with “trapped” Br2: Features of non-covalent halogen···halogen interactions in crystalline phases. CrystEngComm 2020,
22, 1985–1990. [CrossRef]

http://doi.org/10.1002/asia.201901127
http://doi.org/10.1021/acs.inorgchem.9b03734
http://www.ncbi.nlm.nih.gov/pubmed/32037811
http://doi.org/10.1039/C9CE01820D


Polymers 2023, 15, 1139 3 of 3

4. Usoltsev, A.N.; Korobeynikov, N.A.; Novikov, A.S.; Plyusnin, P.E.; Kolesov, B.A.; Fedin, V.P.; Sokolov, M.N.; Adonin, S.A.
One-dimensional diiodine–iodobismuthate(III) hybrids cat3{[Bi2I9](I2)3}: Syntheses, stability, and optical properties. Inorg. Chem.
2020, 59, 17320–17325. [CrossRef] [PubMed]

5. Usoltsev, A.N.; Korobeynikov, N.A.; Kolesov, B.A.; Novikov, A.S.; Samsonenko, D.G.; Fedin, V.P.; Sokolov, M.N.; Adonin, S.A.
Rule, not exclusion: Formation of dichlorine-containing supramolecular complexes with chlorometalates(IV). Inorg. Chem. 2021,
60, 4171–4177. [CrossRef] [PubMed]

6. Usoltsev, A.N.; Korobeynikov, N.A.; Kolesov, B.A.; Novikov, A.S.; Abramov, P.A.; Sokolov, M.N.; Adonin, S.A. Oxochlorosele-
nate(IV) with incorporated {Cl2}: The case of strong Cl···Cl halogen bonding. Chem. Eur. J. 2021, 27, 9292–9294. [CrossRef]

7. Kolari, K.; Sahamies, J.; Kalenius, E.; Novikov, A.S.; Kukushkin, V.Y.; Haukka, M. Metallophilic interactions in polymeric group
11 thiols. Solid State Sci. 2016, 60, 92–98. [CrossRef]

8. Buaksuntear, K.; Limarun, P.; Suethao, S.; Smitthipong, W. Non-Covalent Interaction on the Self-Healing of Mechanical Properties
in Supramolecular Polymers. Int. J. Mol. Sci. 2022, 23, 6902. [CrossRef]

9. Irzhak, V.I.; Uflyand, I.E.; Dzhardimalieva, G.I. Self-Healing of Polymers and Polymer Composites. Polymers 2022, 14, 5404. [CrossRef]
10. Apátiga, J.L.; del Castillo, R.M.; del Castillo, L.F.; Calles, A.G.; Espejel-Morales, R.; Favela, J.F.; Compañ, V. Non-Covalent

Interactions on Polymer-Graphene Nanocomposites and Their Effects on the Electrical Conductivity. Polymers 2021, 13, 1714.
[CrossRef]

11. Watson, B.W.; Meng, L.; Fetrow, C.; Qin, Y. Core/Shell Conjugated Polymer/Quantum Dot Composite Nanofibers through
Orthogonal Non-Covalent Interactions. Polymers 2016, 8, 408. [CrossRef] [PubMed]

12. Seth, S.K. The Importance of CH···X (X = O, π) Interaction of a New Mixed Ligand Cu(II) Coordination Polymer: Structure,
Hirshfeld Surface and Theoretical Studies. Crystals 2018, 8, 455. [CrossRef]

13. Irigoyen, M.; Matxain, J.M.; Ruipérez, F. Effect of Molecular Structure in the Chain Mobility of Dichalcogenide-Based Polymers
with Self-Healing Capacity. Polymers 2019, 11, 1960. [CrossRef] [PubMed]

14. Shmelev, M.A.; Voronina, J.K.; Evtyukhin, M.A.; Dolgushin, F.M.; Varaksina, E.A.; Taydakov, I.V.; Sidorov, A.A.; Eremenko,
I.L.; Kiskin, M.A. Synthesis, Structure and Photoluminescence Properties of Cd and Cd-Ln Pentafluorobenzoates with 2,2′:6′,2′-
Terpyridine Derivatives. Inorganics 2022, 10, 194. [CrossRef]

15. Shmelev, M.A.; Chistyakov, A.S.; Razgonyaeva, G.A.; Kovalev, V.V.; Voronina, J.K.; Dolgushin, F.M.; Gogoleva, N.V.; Kiskin, M.A.;
Sidorov, A.A.; Eremenko, I.L. Effect of Non-Covalent Interactions on the 2,4- and 3,5-Dinitrobenzoate Eu-Cd Complex Structures.
Crystals 2022, 12, 508. [CrossRef]

16. Nicolle, L.; Journot, C.M.A.; Gerber-Lemaire, S. Chitosan Functionalization: Covalent and Non-Covalent Interactions and Their
Characterization. Polymers 2021, 13, 4118. [CrossRef]

17. Strandman, S.; Zhu, X.X. Self-Healing Supramolecular Hydrogels Based on Reversible Physical Interactions. Gels 2016, 2, 16.
[CrossRef]

18. Li, P.; Huang, Y.; Hu, J.; Yuan, C.; Lin, B. Surface Plasmon Resonance Studies on Molecular Imprinting. Sensors 2002, 2, 35–40.
[CrossRef]

19. Xie, L.; Xiao, N.; Li, L.; Xie, X.; Li, Y. Theoretical Insight into the Interaction between Chloramphenicol and Functional Monomer
(Methacrylic Acid) in Molecularly Imprinted Polymers. Int. J. Mol. Sci. 2020, 21, 4139. [CrossRef]

20. Blazquez-Martín, A.; Verde-Sesto, E.; Moreno, A.J.; Arbe, A.; Colmenero, J.; Pomposo, J.A. Advances in the Multi-Orthogonal
Folding of Single Polymer Chains into Single-Chain Nanoparticles. Polymers 2021, 13, 293. [CrossRef]

21. Huang, C.; Zhang, H.; Hu, Z.; Zhang, Y.; Ji, X. Enhancing Mechanical Performance of a Polymer Material by Incorporating
Pillar[5]arene-Based Host–Guest Interactions. Gels 2022, 8, 475. [CrossRef] [PubMed]

22. Varadwaj, P.R. Combined Molecular Dynamics and DFT Simulation Study of the Molecular and Polymer Properties of a
Catechol-Based Cyclic Oligomer of Polyether Ether Ketone. Polymers 2020, 12, 1054. [CrossRef] [PubMed]

23. Schneider, H.-J.; Kato, K.; Strongin, R.M. Chemomechanical Polymers as Sensors and Actuators for Biological and Medicinal
Applications. Sensors 2007, 7, 1578–1611. [CrossRef] [PubMed]

24. Christoff-Tempesta, T.; Lew, A.J.; Ortony, J.H. Beyond Covalent Crosslinks: Applications of Supramolecular Gels. Gels 2018, 4, 40.
[CrossRef] [PubMed]

25. Macedo, R.; Lima, G.; Orozco, F.; Picchioni, F.; Moreno-Villoslada, I.; Pucci, A.; Bose, R.K.; Araya-Hermosilla, R. Electrically
Self-Healing Thermoset MWCNTs Composites Based on Diels-Alder and Hydrogen Bonds. Polymers 2019, 11, 1885. [CrossRef]

26. Aivali, S.; Kakogianni, S.; Anastasopoulos, C.; Andreopoulou, A.K.; Kallitsis, J.K. Copolymers and Hybrids Based on Carbazole
Derivatives and Their Nanomorphology Investigation. Nanomaterials 2019, 9, 133. [CrossRef]

27. Schwarz, L.J.; Leung, B.K.Y.; Danylec, B.; Harris, S.J.; Boysen, R.I.; Hearn, M.T.W. Phytosterol Recognition via Rationally Designed
Molecularly Imprinted Polymers. C 2018, 4, 13. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1021/acs.inorgchem.0c02599
http://www.ncbi.nlm.nih.gov/pubmed/33202124
http://doi.org/10.1021/acs.inorgchem.1c00436
http://www.ncbi.nlm.nih.gov/pubmed/33626273
http://doi.org/10.1002/chem.202101024
http://doi.org/10.1016/j.solidstatesciences.2016.08.005
http://doi.org/10.3390/ijms23136902
http://doi.org/10.3390/polym14245404
http://doi.org/10.3390/polym13111714
http://doi.org/10.3390/polym8120408
http://www.ncbi.nlm.nih.gov/pubmed/30974686
http://doi.org/10.3390/cryst8120455
http://doi.org/10.3390/polym11121960
http://www.ncbi.nlm.nih.gov/pubmed/31795394
http://doi.org/10.3390/inorganics10110194
http://doi.org/10.3390/cryst12040508
http://doi.org/10.3390/polym13234118
http://doi.org/10.3390/gels2020016
http://doi.org/10.3390/s20100035
http://doi.org/10.3390/ijms21114139
http://doi.org/10.3390/polym13020293
http://doi.org/10.3390/gels8080475
http://www.ncbi.nlm.nih.gov/pubmed/36005076
http://doi.org/10.3390/polym12051054
http://www.ncbi.nlm.nih.gov/pubmed/32375392
http://doi.org/10.3390/s7081578
http://www.ncbi.nlm.nih.gov/pubmed/19606275
http://doi.org/10.3390/gels4020040
http://www.ncbi.nlm.nih.gov/pubmed/30674816
http://doi.org/10.3390/polym11111885
http://doi.org/10.3390/nano9020133
http://doi.org/10.3390/c4010013

	References

