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            Abstract
Recent years have seen a surge of interest in tuning the optical properties of metals for a wide range of applications. In contrast to the well-studied plasmonic metals (mainly Au and Ag), which have distinct absorption peaks, tuning the absorption peak of small (<10â€…nm) Pt nanoparticles in the visible spectral region, but without increasing their size, has been a major challenge. Here we report, for the first time, a new light absorption model to modulate the absorption peak of supported small Pt nanoparticles in the visible spectral region by adjusting their dielectric environment instead of changing their size. In this model, the Pt nanoparticles can absorb the scattered light in the near field of the dielectric surface of a spherical SiO2 support, thereby exhibiting well-defined visible-light absorption peaks and driving photocatalytic redox reactions. This discovery could open a promising new route to using Pt nanoparticles as visible-light photon absorbers for solar energy conversion.
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                    Figure 1: Optical and chemical properties of Pt nanoparticles and supported Pt/SiO2-SA composites.[image: ]


Figure 2: Theoretical modelling results.[image: ]


Figure 3: Near-field intensity maps.[image: ]


Figure 4: Structure and optical properties analysis.[image: ]


Figure 5: Photoactivity evaluation for selective oxidation and wavelength- and intensity-dependent photoactivity.[image: ]


Figure 6: Photocatalytic hydrogen production and photocurrent responses.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Suppressing material loss in the visible and near-infrared range for functional nanophotonics using bandgap engineering
                                        
                                    

                                    
                                        Article
                                         Open access
                                         07 October 2020
                                    

                                

                                Mingsong Wang, Alex Krasnok, â€¦ Yuebing Zheng

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Achieving maximum overall light enhancement in plasmonic catalysis by combining thermal and non-thermal effects
                                        
                                    

                                    
                                        Article
                                        
                                         12 October 2023
                                    

                                

                                Zhijia Geng, Yifan Yu, â€¦ Jie Liu

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Light-enhanced catalytic activity of stable and large gold nanoparticles in homocoupling reactions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         16 January 2024
                                    

                                

                                Jian Hou, Jemima A. Lartey, â€¦ Jun-Hyun Kim

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Xia, Y., Xiong, Y., Lim, B. & Skrabalak, S. E. Shape-controlled synthesis of metal nanocrystals: simple chemistry meets complex physics? Angew. Chem. Int. Ed. 48, 60â€“103 (2009).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Gramotnev, D. K. & Bozhevolnyi, S. I. Plasmonics beyond the diffraction limit. Nature Photon. 4, 83â€“91 (2010).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Rosi, N. L. & Mirkin, C. A. Nanostructures in biodiagnostics. Chem. Rev. 105, 1547â€“1562 (2005).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Burda, C., Chen, X., Narayanan, R. & El-Sayed, M. A. Chemistry and properties of nanocrystals of different shapes. Chem. Rev. 105, 1025â€“1102 (2005).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Linic, S., Christopher, P. & Ingram, D. B. Plasmonic-metal nanostructures for efficient conversion of solar to chemical energy. Nature Mater. 10, 911â€“921 (2011).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Mie, G. Contributions to the optics of turbid media, particularly of colloidal metal solutions. Ann. Phys. 25, 377â€“445 (1908).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Sun, Y. & Xia, Y. Shape-controlled synthesis of gold and silver nanoparticles. Science 298, 2176â€“2179 (2002).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Clavero, C. Plasmon-induced hot-electron generation at nanoparticle/metal-oxide interfaces for photovoltaic and photocatalytic devices. Nature Photon. 8, 95â€“103 (2014).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Rycenga, M. et al. Controlling the synthesis and assembly of silver nanostructures for plasmonic applications. Chem. Rev. 111, 3669â€“3712 (2011).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Jain, P. K., Huang, X., El-Sayed, I. H. & El-Sayed, M. A. Noble metals on the nanoscale: optical and photothermal properties and some applications in imaging, sensing, biology, and medicine. Acc. Chem. Res. 41, 1578â€“1586 (2008).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Li, J. F. et al. Shell-isolated nanoparticle-enhanced Raman spectroscopy. Nature 464, 392â€“395 (2010).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Barnes, W. L., Dereux, A. & Ebbesen, T. W. Surface plasmon subwavelength optics. Nature 424, 824â€“830 (2003).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Krenn, J. R. Nanoparticle waveguides: watching energy transfer. Nature Mater. 2, 210â€“211 (2003).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	MÃ¼hlschlegel, P., Eisler, H.-J., Martin, O. J. F., Hecht, B. & Pohl, D. W. Resonant optical antennas. Science 308, 1607â€“1609 (2005).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Anker, J. N. et al. Biosensing with plasmonic nanosensors. Nature Mater. 7, 442â€“453 (2008).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Atwater, H. A. & Polman, A. Plasmonics for improved photovoltaic devices. Nature Mater. 9, 205â€“213 (2010).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Christopher, P., Xin, H. & Linic, S. Visible-light-enhanced catalytic oxidation reactions on plasmonic silver nanostructures. Nature Chem. 3, 467â€“472 (2011).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Tian, Y. & Tatsuma, T. Mechanisms and applications of plasmon-induced charge separation at TiO2 films loaded with gold nanoparticles. J. Am. Chem. Soc. 127, 7632â€“7637 (2005).
ArticleÂ 
    
                    Google ScholarÂ 
                

	An, C., Peng, S. & Sun, Y. Facile synthesis of sunlight-driven AgCl:Ag plasmonic nanophotocatalyst. Adv. Mater. 22, 2570â€“2574 (2010).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Bohren, C. F. & Huffman, D. R. Absorption and Scattering of Light by Small Particles (Wiley, 1983).

                    Google ScholarÂ 
                

	Peng, S., McMahon, J. M., Schatz, G. C., Gray, S. K. & Sun, Y. Reversing the size-dependence of surface plasmon resonances. Proc. Natl Acad. Sci. USA 107, 14530â€“14534 (2010).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Kelly, K. L., Coronado, E., Zhao, L. L. & Schatz, G. C. The optical properties of metal nanoparticles: the influence of size, shape, and dielectric environment. J. Phys. Chem. B 107, 668â€“677 (2003).
ArticleÂ 
    
                    Google ScholarÂ 
                

	El-Sayed, M. A. Some interesting properties of metals confined in time and nanometer space of different shapes. Acc. Chem. Res. 34, 257â€“264 (2001).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Langhammer, C., Yuan, Z., ZoriÄ‡, I. & Kasemo, B. Plasmonic properties of supported Pt and Pd nanostructures. Nano Lett. 6, 833â€“838 (2006).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Jensen, T. R. et al. Nanosphere lithography: effect of the external dielectric medium on the surface plasmon resonance spectrum of a periodic array of silver nanoparticles. J. Phys. Chem. B 103, 9846â€“9853 (1999).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Cushing, S. K. et al. Photocatalytic activity enhanced by plasmonic resonant energy transfer from metal to semiconductor. J. Am. Chem. Soc. 134, 15033â€“15041 (2012).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Gomes Silva, C., JuÃ¡rez, R., Marino, T., Molinari, R. & GarcÃa, H. Influence of excitation wavelength (UV or visible light) on the photocatalytic activity of titania containing gold nanoparticles for the generation of hydrogen or oxygen from water. J. Am. Chem. Soc. 133, 595â€“602 (2011).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Liu, Z., Hou, W., Pavaskar, P., Aykol, M. & Cronin, S. B. Plasmon resonant enhancement of photocatalytic water splitting under visible illumination. Nano Lett. 11, 1111â€“1116 (2011).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Tsukamoto, D. et al. Gold nanoparticles located at the interface of anatase/rutile TiO2 particles as active plasmonic photocatalysts for aerobic oxidation. J. Am. Chem. Soc. 134, 6309â€“6315 (2012).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Awazu, K. et al. A plasmonic photocatalyst consisting of silver nanoparticles embedded in titanium dioxide. J. Am. Chem. Soc. 130, 1676â€“1680 (2008).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Ingram, D. B. & Linic, S. Water splitting on composite plasmonic-metal/semiconductor photoelectrodes: evidence for selective plasmon-induced formation of charge carriers near the semiconductor surface. J. Am. Chem. Soc. 133, 5202â€“5205 (2011).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Creighton, J. A. & Eadon, D. G. Ultraviolet-visible absorption spectra of the colloidal metallic elements. J. Chem. Soc. Faraday Trans. 87, 3881â€“3891 (1991).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Chen, J. et al. Optical properties of Pdâ€“Ag and Ptâ€“Ag nanoboxes synthesized via galvanic replacement reactions. Nano Lett. 5, 2058â€“2062 (2005).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Shiraishi, Y. et al. Platinum nanoparticles supported on anatase titanium dioxide as highly active catalysts for aerobic oxidation under visible light irradiation. ACS Catal. 2, 1984â€“1992 (2012).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Shiraishi, Y., Sakamoto, H., Sugano, Y., Ichikawa, S. & Hirai, T. Ptâ€“Cu bimetallic alloy nanoparticles supported on anatase TiO2: highly active catalysts for aerobic oxidation driven by visible light. ACS Nano 7, 9287â€“9297 (2013).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Shiraishi, Y., Sakamoto, H., Fujiwara, K., Ichikawa, S. & Hirai, T. Selective photocatalytic oxidation of aniline to nitrosobenzene by Pt nanoparticles supported on TiO2 under visible light irradiation. ACS Catal. 4, 2418â€“2425 (2014).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Li, R., Chen, W., Kobayashi, H. & Ma, C. Platinum-nanoparticle-loaded bismuth oxide: an efficient plasmonic photocatalyst active under visible light. Green Chem. 12, 212â€“215 (2010).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Zhai, W., Xue, S., Zhu, A., Luo, Y. & Tian, Y. Plasmon-driven selective oxidation of aromatic alcohols to aldehydes in water with recyclable Pt/TiO2 nanocomposites. ChemCatChem 3, 127â€“130 (2011).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Bigall, N. C. et al. Monodisperse platinum nanospheres with adjustable diameters from 10 to 100 nm: synthesis and distinct optical properties. Nano Lett. 8, 4588â€“4592 (2008).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Xiao, F. Layer-by-layer self-assembly construction of highly ordered metalâ€“TiO2 nanotube arrays heterostructures (M/TNTs, Mâ€‰=â€‰Au, Ag, Pt) with tunable catalytic activities. J. Phys. Chem. C 116, 16487â€“16498 (2012).
ArticleÂ 
    
                    Google ScholarÂ 
                

	De Stefano, L. et al. Aminosilane functionalizations of mesoporous oxidized silicon for oligonucleotide synthesis and detection. J. R. Soc. Interface 10, 1â€“7 (2013).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Taflove, A. & Hagness, S. C. Computational Electrodynamics: The Finite-Difference Time-Domain Method (Artech House, 1995).
MATHÂ 
    
                    Google ScholarÂ 
                

	Zhang, Y., Tang, Z.-R., Fu, X. & Xu, Y.-J. Engineering the unique 2D mat of graphene to achieve grapheneâ€“TiO2 nanocomposite for photocatalytic selective transformation: what advantage does graphene have over its forebear carbon nanotube? ACS Nano 5, 7426â€“7435 (2011).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Weng, B., Wu, J., Zhang, N. & Xu, Y.-J. Observing the role of graphene on boosting the two-electron reduction of oxygen in grapheneâ€“WO3 nanorods photocatalysts. Langmuir 30, 5574â€“5584 (2014).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Kudo, A. & Miseki, Y. Heterogeneous photocatalyst materials for water splitting. Chem. Soc. Rev. 38, 253â€“278 (2009).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Mubeen, S. et al. An autonomous photosynthetic device in which all charge carriers derive from surface plasmons. Nature Nanotech. 8, 247â€“251 (2013).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Hu, S. et al. Amorphous TiO2 coatings stabilize Si, GaAs, and GaP photoanodes for efficient water oxidation. Science 344, 1005â€“1009 (2014).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Son, S., Hwang, S. H., Kim, C., Yun, J. Y. & Jang, J. Designed synthesis of SiO2/TiO2 core/shell structure as light scattering material for highly efficient dye-sensitized solar cells. ACS Appl. Mater. Interfaces 5, 4815â€“4820 (2013).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Zhang, N., Yang, M.-Q., Tang, Z.-R. & Xu, Y.-J. Toward improving the grapheneâ€“semiconductor composite photoactivity via the addition of metal ions as generic interfacial mediator. ACS Nano 8, 623â€“633 (2014).
ArticleÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
The authors acknowledge support from the National Natural Science Foundation of China (NSFC) (U1463204, 20903023, 21173045), the Award Program for Minjiang Scholar Professorship, the Natural Science Foundation (NSF) of Fujian Province for Distinguished Young Investigator Grant (2012J06003), the Independent Research Project of State Key Laboratory of Photocatalysis on Energy and Environment (no. 2014A05), the 1st Program of Fujian Province for Top Creative Young Talents and the Program for Returned High-Level Overseas Chinese Scholars of Fujian Province. This work was performed, in part, at the Center for Nanoscale Materials, a US Department of Energy, Office of Science, Office of Basic Energy Sciences User Facility (contract no. DE-AC02-06CH11357). Y.S. acknowledges start-up fund support from Temple University. J.J.F. acknowledges start-up funds from William Paterson University.


Author information
Authors and Affiliations
	State Key Laboratory of Photocatalysis on Energy and Environment, College of Chemistry, Fuzhou University, Fuzhou, 350002, China
Nan Zhang,Â Chuang HanÂ &Â Yi-Jun Xu

	College of Chemistry, New Campus, Fuzhou University, Fuzhou, 350108, China
Nan Zhang,Â Chuang HanÂ &Â Yi-Jun Xu

	Department of Chemistry, William Paterson University, 300 Pompton Road, Wayne, 07470, New Jersey, USA
Jonathan J. Foley IVÂ &Â Jason Codrington

	Center for Nanoscale Materials, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, 60439, Illinois, USA
Jonathan J. Foley IVÂ &Â Stephen K. Gray

	Department of Chemistry, Temple University, 1901 North 13th Street, Philadelphia, 19122, Pennsylvania, USA
Dongtang ZhangÂ &Â Yugang Sun


Authors	Nan ZhangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Chuang HanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yi-Jun XuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jonathan J. Foley IVView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Dongtang ZhangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jason CodringtonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Stephen K. GrayView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yugang SunView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
Y.-J.X. and Y.S. analysed the data, contributed to discussions and wrote the manuscript. N.Z. and C.H. conducted the experiments. J.-J.F., J.C. and S.-K.G. performed theoretical simulations and assisted with revising the manuscript. D.Z. contributed to improving the quality of the figures.
Corresponding authors
Correspondence to
                Yi-Jun Xu or Yugang Sun.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary information
Supplementary information (PDF 3463 kb)





Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Zhang, N., Han, C., Xu, YJ. et al. Near-field dielectric scattering promotes optical absorption by platinum nanoparticles.
                    Nature Photon 10, 473â€“482 (2016). https://doi.org/10.1038/nphoton.2016.76
Download citation
	Received: 03 February 2016

	Accepted: 17 March 2016

	Published: 02 May 2016

	Issue Date: July 2016

	DOI: https://doi.org/10.1038/nphoton.2016.76


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Photonics (Nat. Photon.)
                
                
    
    
        ISSN 1749-4893 (online)
    
    


                
    
    
        ISSN 1749-4885 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
