




 

 

 

 

 

 

Interaction at the nanoscale of fundamental biological molecules with minerals  

 

 

2. Scanning probe microscopy 
 

A peculiar characteristic of scanning probe microscopy (SPM) is identified by its versatility to 

investigate at high spatial resolution materials surfaces, both carrying out measurements of a great 

variety of physico-chemical properties and also directly manipulating the sample surface. The 

information obtained from the surface can complement those usually obtained by the well-

established bulk characterization techniques and electron microscopy and microprobe methods 

applied to biomaterials (Bocchi and Valdrè 1993, Borgia et al. 1992, Gatti et al. 1996). For this 

reason SPM is a well-suited technique to investigate surface-molecule interaction at a single-

molecule level. 

The higher spatial resolution has been achieved implementing a frequency modulation (FM-

SPM) mode of operation in ultrahigh vacuum, resolving sub-atomic features of silicon surfaces 

(Giessibl 2003). Furthermore, thanks to the high sensitivity of FM-SPM the chemical 

identification of individual surface atoms was achieved in ultrahigh vacuum at room temperature 

by detecting the short-range chemical forces between the tip and the surface (Sugimoto et al. 

2007). Working in liquid and air environment, the most used mode of operation is amplitude 

modulation (AM-SPM). However, recently, FM-SPM has also revealed great potentials for 

imaging of inorganic and organic systems both in air and liquid. For instance, the surface of a 

muscovite was atomically resolved in water, and high resolution was also obtained on 

biomolecules, visualizing the hydration layers on a lipid bilayer and β-strands constituting an 

amyloid fibril (Fukuma 2009). Generally speaking, dynamic SPM modes can also provide 

qualitative information about composition, adhesion, friction and viscoelasticity, by mapping the 

phase shift between the excitation signal and the response of the cantilever during the scan. 

SPM can also provide quantitative information on the surface potential of minerals and 

biomolecules. This measurement can be performed by Kelvin probe force microscopy (KPFM) 

and static or dynamic electric force microscopy (EFM). 

In Kelvin probe force microscopy the electrostatic surface potential can be quantitatively 

measured by electrically exciting the cantilever oscillation in a dual pass mode (Elings and Gurley 

1994) or in a single pass mode (Ziegler et al. 2007). The spatial and voltage resolution can reach a 

few nanometres and millivolts. 

In electrostatic force microscopy, the static mode works at the equilibrium when the elastic 

force of the cantilever is balanced by the electrostatic force acting between the probe and the 

specimen surface. The measured deflection is directly related to the surface potential of the 

mineral. The effective electrostatic force depends on the probe-to-specimen voltage difference and 

also on both cantilever and tip geometry. This dependence can be analysed by a numerical 

simulation to relate the probe‟s deflection to the real mineral surface potential (Valdrè and Moro 

2008a, b). Furthermore, by means of a Force Volume experiment, a tri-dimensional data set can be 

acquired, quantifying the electrostatic force distribution above the sample surface. In dynamic 

mode EFM, a conductive cantilever is mechanically excited to vibrate above the sample surface, 

and frequency, amplitude and phase detections are employed to investigate the tip–surface 

interaction. 

Fig. 1 shows an SPM observation of the surface of a freshly-cleaved chlorite, a mineral 

substrate suitable for bio-applications (Antognozzi et al. 2006, Valdrè 2007). This mineral is a 

layered silicate whose structure consists of tetrahedral-octahedral-tetrahedral (TOT) layers (with 

siloxane surface) about 1 nm thick, weakly bound to Mg(OH)2 brucite-like octahedral sheets, 

about 0.5 nm thick. The layers are stacked in an alternating sequence. After cleavage, the surface  
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