
Ron Reifenberger
Birck Nanotechnology Center

Purdue University

Lecture 6
Interaction forces II –

Tip-sample interaction forces
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Summary of last lecture
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Type of interaction
Ion-ion electrostatic

Dipole-charge electrostatic

Dipole-dipole electrostatic

Angle-averaged electrostatic (Keesom force)

Angle-averaged induced polarization force (Debye force)

Dispersion forces act between any two molecules or atoms
(London force)
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Adapted from J. Israelachvilli, “Intermolecular and surface forces”.2



3

Source:  http://www.ntmdt.com/spm-basics/view/intermolecular-vdv-force

CKeesom CLondonCDebye



4

Summary of Coulombic Intermolecular Forces

Coulomb 
Energy

London Dispersion 

Dipoles 
rotating

Ions          
Involved?

YESNO

Do the atoms or   
molecules have a     

permanent dipole?

YES NO

Ion – dipole  
Interaction

YESNO

Induced dipole-
induced dipole 

only

Is H bonded to                    
O, N or F                        

(permanent dipoles)?

Dipole  
rotating

Keesom 

Are there any        
atoms or               

molecules ? 

YES

NO

Polarization
Forces

Dipole – dipole          
Interactions

(hydrogen bonding)

Dipoles 
fixed

van der Waals 
Forces

Debye

System of interacting     
atoms and/or molecules 

and/or ions

Dipole       
fixed

εo or εεo?



Interaction between electrically NEUTRAL objects!
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Dispersive or van der Waals Force
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an Electrodynamic effect!
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A=Hamaker’s constant



Putting in some numbers
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R=10 nm; Q= 8 electrons
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Implications for AFM

 In AFM the tip usually has native oxide on the tip  within    
which small trapped charges or permanent dipoles can       
exist. As debris accumulates more permanent dipoles and  
charges accumulate on tip

 Dispersion potential U(r) scales as r-6 while  electrostatics       
scales as 

r-1 (ion-ion), or  
r-2 (ion-dipole), or  
r-3 (dipole-dipole)

 In reality attractive forces are due to combination of      
vdW and short range  electrostatics (i.e. covalent forces)
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