
nanomaterials

Editorial

Electrochemical Engineering of
Nanoporous Materials

Abel Santos 1,2,3,* ID

1 School of Chemical Engineering, The University of Adelaide, Adelaide, SA 5005, Australia
2 Institute for Photonics and Advanced Sensing (IPAS), The University of Adelaide, Adelaide, SA 5005,

Australia
3 ARC Centre of Excellence for Nanoscale BioPhotonics (CNBP), The University of Adelaide, Adelaide,

SA 5005, Australia
* Correspondence: abel.santos@adelaide.edu.au; Tel.: +61-8-8313-1535

Received: 22 August 2018; Accepted: 5 September 2018; Published: 6 September 2018
����������
�������

Nanoporous materials are outstanding platforms due to their unique chemical and physical
properties at the nanoscale, which make them suitable candidates to develop advanced materials and
systems for a plethora of applications, including catalysis and photocatalysis [1–7], energy harvesting
and storage [8], photonics and optoelectronics [9,10], nanomedicine [11–15], and filtration and
separation [16–18]. Among different methods, electrochemical fabrication techniques offer many
advantages over conventional nanofabrication methods to produce nanoporous materials with
precisely engineered properties, such as controllability, reproducibility, high resolution, scalability,
high-throughput, cost-competitiveness, and time-efficient processes. Despite numerous advances
in this area, electrochemical engineering of nanoporous materials remains a highly dynamic and
broad research field that continues to enable excellent opportunities for further trans-disciplinary
fundamental and applied research.

In this context, this Special Issue of Nanomaterials collates a series of illustrative examples on
several fundamental aspects and inter-disciplinary applications of nanoporous materials produced
by different electrochemical and chemical methods, from energy to drug delivery. It is thus expected
that the field of electrochemically engineered nanoporous materials will continue to grow and spread
towards more sophisticated applications. Metallic and semiconductor nanoporous materials can
enable the precise control of light–matter interactions, such as surface plasmon resonance, photonic
crystal and slow photon effect at the nanoscale for optical sensing and biosensing, energy harvesting,
and environmental remediation applications. Nanoporous materials with well-defined nanostructures
enable new opportunities to study molecular interactions to develop advanced materials with unique
chemical and physical properties for ultra-efficient separation and filtration processes, such as water
desalination. Nanoporous materials based on inert and non-cytotoxic materials provide an excellent
matrix to load and accommodate therapeutics, which can be passively or actively released by local or
remote triggers in a timely fashion for personalised medical therapies. These structures also provide
unique template platforms for the synthesis of other nanostructures with controlled geometric features.

Finally, I would like to thank all authors of this Special Issue of Nanomaterials for their contributions
and all referees for their valuable comments, suggestions and time, as well as the editorial office for
their constant and swift support throughout.

Funding: The author thanks the support provided by the Australian Research Council (ARC) through the grant
number CE140100003, the School of Chemical Engineering, the University of Adelaide (DVCR ‘Research for
Impact’ initiative), the Institute for Photonics and Advanced Sensing (IPAS), and the ARC Centre of Excellence for
Nanoscale BioPhotonics (CNBP).

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

Nanomaterials 2018, 8, 691; doi:10.3390/nano8090691 www.mdpi.com/journal/nanomaterials

http://www.mdpi.com/journal/nanomaterials
http://www.mdpi.com
https://orcid.org/0000-0002-5081-5684
http://www.mdpi.com/2079-4991/8/9/691?type=check_update&version=1
http://dx.doi.org/10.3390/nano8090691
http://www.mdpi.com/journal/nanomaterials


Nanomaterials 2018, 8, 691 2 of 2

References

1. Hu, Y.S.; Guo, Y.G.; Single, W.; Hore, S.; Balaya, P.; Maier, J. Electrochemical lithiation synthesis of nanoporous
materials with superior catalytic and capacitive activity. Nat. Mater. 2006, 5, 713–717. [CrossRef] [PubMed]

2. Xu, W.; Zhu, S.; Lian, Y.; Li, Z.; Cui, Z.; Yang, X.; Inoue, A. Nanoporous CuS with excellent photocatalytic
property. Sci. Rep. 2015, 5, 18125. [CrossRef] [PubMed]

3. An, H.R.; Park, S.Y.; Kim, H.; Lee, C.Y.; Choi, S.; Lee, S.C.; Seo, S.; Park, E.C.; Oh, Y.K.; Song, C.G.; et al.
Advanced nanoporous TiO2 photocatalysts by hydrogen plasma for efficient solar-light photocatalytic
application. Sci. Rep. 2016, 6, 29683. [CrossRef] [PubMed]

4. Geng, Z.; Zhang, Y.; Yuan, X.; Huo, M.; Zhao, Y.; Lu, Y.; Qiu, Y. Incorporation of Cu2O nanocrystals into TiO2

photonic crystal for enhanced UV-visible light driven photocatalysis. J. Alloys Compd. 2015, 644, 734–741.
[CrossRef]

5. Lu, Y.; Yu, H.; Chen, S.; Quan, X.; Zhao, H. Integrating plasmonic nanoparticles with TiO2 photonic crystal
for enhancement of visible-light driven photocatalysis. Environ. Sci. Technol. 2012, 46, 1724–1730. [CrossRef]
[PubMed]

6. Sheng, X.; Liu, J.; Coronel, N.; Agarwal, A.M.; Michel, J.; Kimerling, L.C. Integration of self-assembled
porous alumina and distributed Bragg reflector for light trapping in Si photovoltaic devices. IEEE Photonics
Technol. Lett. 2010, 22, 1394–1396. [CrossRef]

7. Guo, M.; Xie, K.; Wang, Y.; Zhou, L.; Huang, H. Aperiodic TiO2 nanotube photonic crystal:
Full-visible-spectrum solar light harvesting in photovoltaic devices. Sci. Rep. 2014, 4, 6442. [CrossRef]
[PubMed]

8. Li, Y.; Fu, Z.Y.; Su, B.L. Hierarchically structured porous materials for energy conversion and storage.
Adv. Funct. Mater. 2012, 22, 4634–4667. [CrossRef]

9. Zheng, X.; Meng, S.; Chen, J.; Wang, J.; Xian, J.; Shao, Y.; Fu, X.; Li, D. Titanium dioxide photonic crystals
with enhanced photocatalytic activity: Matching photonic band gaps of TiO2 to the absorption peaks of dyes.
J. Phys. Chem. C 2013, 117, 21263–21273. [CrossRef]

10. Santos, A.; Balderrama, V.S.; Alba, M.; Formentín, P.; Ferré-Borrull, J.; Pallarès, J.; Marsal, L.F. Nanoporous
anodic alumina barcodes: Toward smart optical biosensors. Adv. Mater. 2012, 24, 1050–1054. [CrossRef]
[PubMed]

11. Jeon, G.; Yang, S.Y.; Byun, J.; Kim, J.K. Electrically actuatable smart nanoporous membrane for pulsatile drug
release. Nano Lett. 2011, 11, 1284–1288. [CrossRef] [PubMed]

12. Santos, A.; Aw, M.S.; Bariana, M.; Kumeria, T.; Wang, Y.; Losic, D. Drug-releasing implants: Current progress,
challenges and perspective. J. Mater. Chem. B 2014, 2, 6157–6182. [CrossRef]

13. Anglin, E.J.; Schwartz, M.P.; Ng, V.P.; Perelman, L.A.; Sailor, M.J. Engineering the chemistry and
nanostructure of porous silicon Fabry-Pérot films for loading and release of a steroid. Langmuir 2004,
20, 11264–11269. [CrossRef] [PubMed]

14. Wu, E.C.; Andrew, J.S.; Cheng, L.; Freeman, W.R.; Pearson, L.; Sailor, M.J. Real-time monitoring of sustained
drug release using the optical properties of porous silicon photonic crystal particles. Biomaterials 2011,
32, 1957–1966. [CrossRef] [PubMed]

15. Low, S.P.; Williams, K.A.; Canham, L.T.; Voelcker, N.H. Evaluation of mammalian cell adhesion on
surface-modified porous silicon. Biomaterials 2006, 27, 4538–4546. [CrossRef] [PubMed]

16. Burham, N.; Hamzah, A.A.; Yunas, J.; Majlis, B.Y. Electrochemically etched nanoporous silicon membrane
for separation of biological molecules in mixture. J. Micromech. Microeng. 2017, 27, 075021. [CrossRef]

17. Alsawat, M.; Altalhi, T.; Santos, A.; Losic, D. Carbon nanotubes-nanoporous anodic alumina composite
membranes: Influence of template on structural, chemical and transport properties. J. Phys. Chem. C 2018,
121, 13634–13644. [CrossRef]

18. Altalhi, T.; Kumeria, T.; Santos, A.; Losic, D. Synthesis of well-organised carbon nanotube membranes for
tuneable ionic transport from non-degradable commercial plastic bags: Towards nanotechnological recycling.
Carbon 2013, 63, 423–433. [CrossRef]

© 2018 by the authors. 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 (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/nmat1709
http://www.ncbi.nlm.nih.gov/pubmed/16906142
http://dx.doi.org/10.1038/srep18125
http://www.ncbi.nlm.nih.gov/pubmed/26648397
http://dx.doi.org/10.1038/srep29683
http://www.ncbi.nlm.nih.gov/pubmed/27406992
http://dx.doi.org/10.1016/j.jallcom.2015.05.075
http://dx.doi.org/10.1021/es202669y
http://www.ncbi.nlm.nih.gov/pubmed/22224958
http://dx.doi.org/10.1109/LPT.2010.2060717
http://dx.doi.org/10.1038/srep06442
http://www.ncbi.nlm.nih.gov/pubmed/25245854
http://dx.doi.org/10.1002/adfm.201200591
http://dx.doi.org/10.1021/jp404519j
http://dx.doi.org/10.1002/adma.201104490
http://www.ncbi.nlm.nih.gov/pubmed/22266815
http://dx.doi.org/10.1021/nl104329y
http://www.ncbi.nlm.nih.gov/pubmed/21280644
http://dx.doi.org/10.1039/C4TB00548A
http://dx.doi.org/10.1021/la048105t
http://www.ncbi.nlm.nih.gov/pubmed/15568884
http://dx.doi.org/10.1016/j.biomaterials.2010.11.013
http://www.ncbi.nlm.nih.gov/pubmed/21122914
http://dx.doi.org/10.1016/j.biomaterials.2006.04.015
http://www.ncbi.nlm.nih.gov/pubmed/16707158
http://dx.doi.org/10.1088/1361-6439/aa73c8
http://dx.doi.org/10.1021/acs.jpcc.7b01257
http://dx.doi.org/10.1016/j.carbon.2013.07.003
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

