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Abstract

© 2017 Swiss Chemical Society. The last few years have witnessed a wonderful technological
renaissance that boosted the development of carbon-based nanomaterials (CNMs) doped with
light heteroelements and featuring hierarchical porous architectures as valuable metal-free
catalysts for a number of key industrial transformations. To date, several approaches to their
synthesis have been developed, although many of them lack any real control of the final doping
and composition. In contrast, chemical functionalization offers a unique and powerful tool to
tailor CNMs' chemical and electronic surface properties as a function of their downstream
application in catalysis. Different catalytic processes (hydrolysis/esterification/transesterification
reactions, C-C bond forming reactions, CO2 derivatization into products of added value and
electrochemical oxygen reduction reactions (ORR)) can be conveniently promoted by these
materials. In addition, selected examples from this series offer a valuable platform for the in-
depth comprehension of the underlying reaction mechanisms. This perspective article offers an
overview on the main examples of ad hoc chemically decorated CNMs successfully exploited as
metal-free catalysts, highlighting at the same time the importance of the surface chemistry
control for the design of more active, metal-free and single-phase heterogeneous catalysts.

http://dx.doi.org/10.2533/chimia.2017.568

Keywords

C-C bond formation, Chemical functionalization, CO2 valorization, Metal-free heterogeneous
catalysts, ORR

References

[1] M. Li, F. Xu, H. Li, Y. Wang, Catal. Sci. Technol. 2016, 6, 3670.

[2] E. Pérez-Mayoral, V. Calvino-Casilda, E. Soriano, Catal. Sci. Technol. 2016, 6, 1265.
[3] X. Liu, L. Dai, Nat. Rev. Mater. 2016, 1, 16064.

[4] S. Agnoli, M. Favaro, . Mater. Chem. A 2016, 4, 5002.

[5] M. A. Patel, F. Luo, M. R. Khoshi, E. Rabie, Q. Zhang, C. R. Flach, R. Mendelsohn, E. Garfunkel, M. Szostak, H.
He, ACS Nano 2016, 10, 2305.

[6] M. Melchionna, S. Marchesan, M. Prato, P. Fornasiero, Catal. Sci. Technol. 2015, 5, 3859.
[7]1 N. Karousis, N. Tagmatarchis, Chem. Rev. 2010, 110, 5366.
[8] P.Singh, S. Campidelli, S. Giordani, D. Bonifazi, A. Bianco, M. Prato, Chem. Soc. Rev. 2009, 38, 2214.


http://dx.doi.org/10.2533/chimia.2017.568

[9]
[10]

X. Wang, R. Liu, M. M. Waje, Z. Chen, Y. Yan, K. N. Bozhilov, P. Feng, Chem. Mater. 2007, 19, 2395.
R. Liu, X. Wang, X. Zhao, P. Feng, Carbon 2008, 46, 1664.

[11] J. Ji, G. Zhang, H. Chen, S. Wang, G. Zhang, F. Zhang, X. Fan, Chem. Sci. 2011, 2, 484.

[12]

D. R. Stellwagen, F. van der Klis, D. S. van Es, K. P. de Jong, J. H. Bitter, ChemSusChem 2013, 6, 1668.

[13] J.-P. Tessonnier, A. Villa, O. Majoulet, D. S. Su, R. Schldgl, Angew. Chem. Int. Ed. 2009, 48, 6543.

[14]
[15]
[16]
[17]
[18]
[19]

[20]
[21]
[22]
(23]
[24]

[25]

[26]

[27]
(28]
[29]
[30]
(31]
[32]
[33]

[34]
[35]
[36]
[37]

A. Villa, J.-P. Tessonnier, O. Majoulet, D. S. Su, R. Schlégl, Chem. Commun. 2009, 4405.

A. Villa, ).-P. Tessonnier, O. Majoulet, D. S. Su, R. Schlégl, ChemSusChem 2010, 3, 241.

K. Liu, C. Li, X. Zhang, W. Hua, D. Yang, J. Hu, Y. Yue, Z. Gao, Catal. Commun. 2010, 12, 217.
F. Niu, J. Wu, L. Zhang, P. Li, J. Zhu, Z. Wu, C. Wang, W. Song, ACS Catal. 2011, 1, 1158.

Y. Sun, C. Cao, P. Huang, S. Yang, W. Song, RSC Adv. 2015, 5, 86082.

G. Tuci, L. Luconi, A. Rossin, E. Berretti, H. Ba, M. Innocenti, D. Yakhvarov, S. Caporali, C. Pham-Huu, G.
Giambastiani, ACS Appl. Mater. Interfaces 2016, 8, 30099.

Y.-B. Sun, C.-Y. Cao, S.-L. Yang, P.-P. Huang, C.-R. Wang, W.-G. Song, Chem. Commun. 2014, 50, 10307.
D.-H. Lan, L. Chen, C.-T. Au, S.-F. Yin, Carbon 2015, 93, 22.

G. Tuci, A. Rossin, L. Luconi, C. Pham-Huu, S. Cicchi, H. Ba, G. Giambastiani, 2017, submitted.

S. Wang, D. Yu, L. Dai, J. Am. Chem. Soc. 2011, 133, 5182.

G. Tuci, C. Zafferoni, P. D'Ambrosio, S. Caporali, M. Ceppatelli, A. Rossin, T. Tsoufis, M. Innocenti, G.
Giambastiani, ACS Catal. 2013, 3, 2108.

G. Tuci, C. Zafferoni, A. Rossin, A. Milella, L. Luconi, M. Innocenti, L. Truong Phuoc, C. Duong-Viet, C. Pham-Huu,
G. Giambastiani, Chem. Mater. 2014, 26, 3460.

G. Tuci, C. Zafferoni, A. Rossin, L. Luconi, A. Milella, M. Ceppatelli, M. Innocenti, Y. Liu, C. Pham-Huu, G.
Giambastiani, Catal. Sci. Technol. 2016, 6, 6226.

D. R. Feldman, W. D. Collins, P. J. Gero, M. S. Torn, E. J. Mlawer, T. R. Shippert, Nature 2015, 519, 339.
M. E. Mann, Proc. Natl. Acad. Sci. USA 2009, 106, 4065.

G. A. Ozin, Energy Environ. Sci. 2015, 8, 1682.

M. North, R. Pasquale, C. Young, Green Chem. 2010, 12, 1514.

M. Cokoja, M. E. Wilhelm, M. H. Anthofer, W. A. Herrmann, F. E. Kihn, ChemSusChem 2015, 8, 2436.
W. Wang, S. Wang, X. Ma, J. Gong, Chem. Soc. Rev. 2011, 40, 3703.

M. Aresta, 'Carbon Dioxide as Chemical Feedstock', Wiley-VCH Verlag GmbH & Co. KGaA, betz-druck GmbH,
Darmstadt, 2010.

L. Dai, Y. Xue, L. Qu, H.-J. Choi, J.-B. Baek, Chem. Rev. 2015, 115, 4823.

M. Zhou, H.-L. Wang, S. Guo, Chem. Soc. Rev. 2016, 45, 1273.

K. Gong, F. Du, Z. Xia, M. Durstock, L. Dai, Science 2009, 323, 760.

K.-H. Wu, D.-W. Wang, D.-S. Su, I. R. Gentle, ChemSusChem 2015, 8, 2772.



