







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 26 April 2007



                    Weighing of biomolecules, single cells and single nanoparticles in fluid

                    	Thomas P. Burg1Â na1, 
	Michel Godin1Â na1, 
	Scott M. Knudsen1, 
	Wenjiang Shen3, 
	Greg Carlson3, 
	John S. Foster3, 
	Ken Babcock3,4 & 
	â€¦
	Scott R. Manalis1,2Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 446,Â pages 1066â€“1069 (2007)Cite this article
                    

                    
        
            	
                        14k Accesses

                    
	
                        981 Citations

                    
	
                            24 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Nanomechanical resonators enable the measurement of mass with extraordinary sensitivity1,2,3,4,5,6,7. Previously, samples as light as 7â€‰zeptograms (1â€‰zg = 10-21â€‰g) have been weighed in vacuum, and proton-level resolution seems to be within reach8. Resolving small mass changes requires the resonator to be light and to ring at a very pure toneâ€”that is, with a high quality factor9. In solution, viscosity severely degrades both of these characteristics, thus preventing many applications in nanotechnology and the life sciences where fluid is required10. Although the resonant structure can be designed to minimize viscous loss, resolution is still substantially degraded when compared to measurements made in air or vacuum11,12,13,14. An entirely different approach eliminates viscous damping by placing the solution inside a hollow resonator that is surrounded by vacuum15,16. Here we demonstrate that suspended microchannel resonators can weigh single nanoparticles, single bacterial cells and sub-monolayers of adsorbed proteins in water with sub-femtogram resolution (1â€‰Hz bandwidth). Central to these results is our observation that viscous loss due to the fluid is negligible compared to the intrinsic damping of our silicon crystal resonator. The combination of the low resonator mass (100â€‰ng) and high quality factor (15,000) enables an improvement in mass resolution of six orders of magnitude over a high-end commercial quartz crystal microbalance17. This gives access to intriguing applications, such as mass-based flow cytometry, the direct detection of pathogens, or the non-optical sizing and mass density measurement of colloidal particles.
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                    Figure 1: 
                        Illustration of two mass measurement modes enabled by a fluid-filled microcantilever.
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Figure 2: 
                        Micrographs and frequency response of a suspended microchannel resonator.
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Figure 3: 
                        Resonance frequency shifts caused by accumulation of proteins inside the cantilever.
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Figure 4: 
                        Histograms of peak frequency shifts caused by particles and bacteria flowing through the resonator.
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