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NANOMETRIC CHEMICAL SENSING OF SOLUTION IONIC CONCENTRATIONS ABOVE SURFACES
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The goal of our research is to develop an optical technique to measure ionic concentration on and above surfaces with nanometric precision.  This presentation focuses on the concentration of protons above such surfaces with special emphasis on negatively charged biological membranes.  Our approach is based on near-field optics with its capability to confine light in nanometric dimensionalities of x, y and z.  We combine such nanometric confinement of light with the measurement of proton concentration on and above both negatively and positively charged surfaces.  A Nanonics MultiView 1000 NSOM/SPM/Confocal System was employed together with the Free View Liquid CellTM and cantilevered near-field optical fiber probes (Nanonics Imaging Ltd).  The probe is totally immersed in the solution above the charged surface which contains dissolved pyranine.  The normal force sensing of the probe allows complexing an atomic force approach curve with the measurement of the fluorescence excited in the near-field of the probe from the surrounding pyranine solution.  The pyranine fluorescence is a monitor of the pH of the solution above the charged surface and the fluorescence is accessed every 4 nm during both the approach of the probe and the retraction of the probe.  Measurements of pH changes on and above three types of surfaces have been investigated:

a. Negatively charged surface

b. Positively charged surface

c. Cell membrane surfaces as exemplified by an oriented purple membrane sample

Control experiments using near-field optical absorption and fluorescence imaging correlated with AFM topography has also been completed.  The surprising and important result of these experiments is that such a charged surface has an effect on the pH of the solution up to 4 – 6 (m from the surface being investigated.
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Fig. 1:
A.  The trace and retrace force curve of a 150 nm NSOM cantileverd optical fiber probe (Nanonics Ltd) as 
       it approaches and withdraws from a negatively charged surface in aqueous media.  
B.  The resulting fluorescence of pyranine in the solution above the surface, elicited by the near-field 
       optical aperture at the tip of the probe, is monitored at 4 nm intervals during the trace and retrace 
       portion of the force curve 









