







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Photonics]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature photonics

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 05 July 2009



                    Pressure-assisted tip-enhanced Raman imaging at a resolution of a few nanometres

                    	Taka-aki Yano1, 
	Prabhat Verma1,2, 
	Yuika Saito3, 
	Taro Ichimura1 & 
	â€¦
	Satoshi Kawata1,4Â 

Show authors

                    

                    
                        
    Nature Photonics

                        volumeÂ 3,Â pages 473â€“477 (2009)Cite this article
                    

                    
        
            	
                        2208 Accesses

                    
	
                        181 Citations

                    
	
                            3 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Scanning probe microscopy methods1,2 can image samples with extremely high resolutions, opening up a wide range of applications in physics3, chemistry4 and biology5. However, these passive techniques, which trace the sample surface softly, give indirect topographic information. Here, we show an active imaging technique that has the potential to achieve optically a molecular resolution by directly interacting and perturbing the sample molecules. This technique makes use of an external pressure, applied selectively on a nanometric volume of the sample through the apex of a sharp nanotip, to obtain a local distortion of only those molecules that are pressurized. The vibrational frequencies of these molecules are distinctly different from those of unpressurized molecules. By sensing this difference, our active microscopic technique can achieve extremely high resolution. Using an isolated single-walled carbon nanotube and a two-dimensional adenine nanocrystal, we demonstrate a spatial resolution of 4Â nm.
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                    Figure 1: Extremely high spatial resolution in optical microscopy is achieved by sensing the localized pressure applied by a nanosized tip.[image: ]


Figure 2: Slight local deformation in a SWNT due to tip-applied pressure is sensed by means of Raman spectra.[image: ]


Figure 3: One-dimensional optical image of a SWNT at extremely high spatial resolution.[image: ]


Figure 4: Reversible and irreversible Raman intensity responses determine the threshold value of the tip-applied force for plastic deformation.[image: ]


Figure 5: High spatial resolution for a two-dimensional nanocrystal of adenine.[image: ]
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