
High Resolution Kelvin Probe Force 

Microscopy of Single Biomolecules

Ç Kelvin probe force microscopy (KPFM) can measure the electrostatic surface potential of a sample at the nanometrescale. 

Ç We apply dual-frequency mode to minimise the tip-sample distance at which the Kelvin probe signal is acquired and use the 

fundamental resonance of the cantilever to determine surface potential and its first overtone to detect the topography.

Ç We use KPFM to image charges on biological samples in air and at molecular resolution.  

Ç High-resolution KPFM measurements can reveal the electrostatic potential of buffer salts shielding negatively charged DNA 

molecules assembled on the substrate. 

Ç When avidin is electrosprayedat high (positive) potential, we measured a corresponding increase in the surface charge density 

of the protein in the KPFM signal. 

Ç We anticipate that visualisingthe electrostatic surface potentials of biomolecules will be important towards the understanding 

of biomolecular physics on surfaces, especially in biosensingand bionanoelectronics

Kelvin Probe Force Microscopy for Biology

Forces in KPFM Tip-Sample Separation in KPFM

Imaging Surface Charges on DNA KPFM of Electrospray Ionised Proteins

ÁPhysical technique for ionising large molecules 

ÁApplicable to large, complex, non covalent species
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ÁSingle DNA ~ -150 mV

ÁCounter-ions potential ~ +200 mV

ÁDrop-deposited single avidin = +10 mV 

Avidin drop deposited on silicon KPFM image of drop deposited avidin

KPFM of bare silicon surface KPFM of a single electrosprayed avidin

Avidin electrosprayed on silicon KPFM of electrosprayed avidin

ÁElectrosprayedavidin molecules are highly charged

Á+120 mV on a single molecule of avidin
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(a) Capacitive force as a function of DC bias 

voltage, for different tip-sample distances z. 

(b) Theoretical model for the capacitive force 

between substrate and tip.

Top: Topography (a) and KPFM scans over multiple 

DNA duplexes at decreasing tip-sample separations.

Bottom: Dual Frequency (DFM) vsLift Mode (LM) 

KPFM for extended single DNA molecules on silicon.

(a) Topography and (b) KPFM of 

single DNA plasmids deposited 

on mica.

ÁAvidin tetramer 

ÁBlue = basic

ÁRed = acidic

ÁpI = 10.5


