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ABSTRACT

Plasmonic hybrid nanostructure including Semiconductor-metallic nanoparticles, and graphene-plasmonic 
nanocomposites have great potential to be used as photocatalyst for hydrogen production and for pho-
todegradation of organic waste. Also, they are potential candidate as active materials in photovoltaic 
devices. Plasmonic-magnetic nanocomposites could be used in photothermal therapy and biomedical 
imaging. This chapter will focus on the environmental impact of these materials and their in-vitro and 
in-vivo toxicity. In addition, the applications of these hybrid nanostructures in energy and environment 
will be discussed in details.

1. INTRODUCTION

Recently, population growth and fast urbanization and industrialization have been increased dramatically. 
Therefore, several serious environmental issues such as; climate changes, global warming and pollution 
of water resources were still a main challenge for the whole world. These issues may become even worse 
if no efficient/sustainable solutions has been developed to reduce their reasons.(Li et al. (2015)) Due to 
these tremendous advances, the search for the suitable platforms, and materials to be used in wide-variety 
of environmental applications became the main target for several research groups.

Plasmonic materials and their hybrid nanostructures have unique and intriguing physico-chemical 
and biological properties compared to their bulk counterparts. This is attributed to their high surface-
to-volume ratio, shape and size dependent optical properties and their localized surface Plasmon.(Li et 
al. (2001), Sharma et al. (2008), Iglesias-Silva et al. (2007), Huang and Yang (2008) and El-Nour et al. 
(2010)) Additionally, the ease of surface modification functionalization to be utilized in different ap-
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plications.(Qu et al. (2013), Cuenya (2010), and Zhang et al. (2010)) Therefore, plasmonic nanomateri-
als and their hybrid nanocomposites represent new class of materials which could be good candidates 
to provide promising solutions for the most environmental issues.(Guo and Wang (2011), Cao et al. 
(2013), and Corma and Serna (2006)) These possible applications can varies either from their catalytic 
and photocatalytic applications, light harvesting, sensing, and antimicrobial applications (Figure 1). (Li 
et al. (2015))

2. ENVIROMENTAL APPLICATIONS OF PLASMONIC NANOPARTICLES

a. Silver Nanoparticles

Silver nanoparticles exhibit unique optical, catalytic, sensing and antimicrobial characteristics which made 
them have huge industrial demands, pegged at 16,000 to 24,000 tons per year. As an antimicrobial agent, 
silver nanoparticles are expected to have annual demand of 2800 tons/year in the fields of ‘food, hygiene 
and water purification, in addition to 3125 tons/year for medicine. Only 36% of the silver consumed in 
these industrial processes is being recycled and the rest is let out to the environment. The widespread 
application of Ag NPs in our daily life will unavoidably increase the human and ecosystem exposure. 
Furthermore, during their production, transport, erosion, washing or disposal of Ag NP containing prod-

Figure 1. Schematic illustration of the possible applications od plasmonic nanoparticles in the environ-
mental field. Reproduced from[Li, J., Zhao, T., Chen, T., Liu, Y., Ong, C.N. and Xie, J., 2015. Engineering 
noble metal nanomaterials for environmental applications. Nanoscale, 7(17), pp.7502-7519] Published 
by The Royal Society of Chemistry



 

 

16 more pages are available in the full version of this document, which may

be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/hybrid-plasmonic-nanostructures/162332

Related Content

MXene-Based Nanocomposite Photocatalysts for Wastewater Treatment
Gao Li, Ali Raza, Sarfraz Aliand Zhiwen Li (2022). Innovative Nanocomposites for the Remediation and

Decontamination of Wastewater (pp. 53-81).

www.irma-international.org/chapter/mxene-based-nanocomposite-photocatalysts-for-wastewater-treatment/312010

Sequential Voronoi Diagram Calculations using Simple Chemical Reactions
B. P. J. de Lacy Costello, I. Jahanand A. Adamatzky (2011). International Journal of Nanotechnology and

Molecular Computation (pp. 29-41).

www.irma-international.org/article/sequential-voronoi-diagram-calculations-using-simple-chemical-reactions/99584

Exploring Simple, Interpretable, and Predictive QSPR Model of Fullerene C60 Solubility in

Organic Solvents
Lyudvig S. Petrosyan, Supratik Kar, Jerzy Leszczynskiand Bakhtiyor Rasulev (2017). Journal of

Nanotoxicology and Nanomedicine (pp. 28-43).

www.irma-international.org/article/exploring-simple-interpretable-and-predictive-qspr-model-of-fullerene-c60-solubility-in-

organic-solvents/188867

Spinal Cord Injury (SCI) Rehabilitator
Jisha Jijo, Divya R., Helena Nerin Anthony, Pooja Venugopalan, Sruthi Satheeskumarand Upana Uthaman

(2011). International Journal of Biomaterials Research and Engineering (pp. 32-38).

www.irma-international.org/article/spinal-cord-injury-sci-rehabilitator/63612

Entry Barriers to the Nanotechnology Industry in Turkey
Neslihan Aydogan-Dudaand Irge Sener (2010). Nanotechnology and Microelectronics: Global Diffusion,

Economics and Policy  (pp. 167-173).

www.irma-international.org/chapter/entry-barriers-nanotechnology-industry-turkey/43324

http://www.igi-global.com/chapter/hybrid-plasmonic-nanostructures/162332
http://www.irma-international.org/chapter/mxene-based-nanocomposite-photocatalysts-for-wastewater-treatment/312010
http://www.irma-international.org/article/sequential-voronoi-diagram-calculations-using-simple-chemical-reactions/99584
http://www.irma-international.org/article/exploring-simple-interpretable-and-predictive-qspr-model-of-fullerene-c60-solubility-in-organic-solvents/188867
http://www.irma-international.org/article/exploring-simple-interpretable-and-predictive-qspr-model-of-fullerene-c60-solubility-in-organic-solvents/188867
http://www.irma-international.org/article/spinal-cord-injury-sci-rehabilitator/63612
http://www.irma-international.org/chapter/entry-barriers-nanotechnology-industry-turkey/43324

