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Atomic Force Microscopy:

touching invisibles



There’s plenty of room at the bottom
Richard Feynman,

Meeting of the American Physics Society at Cal-Tech, 29/12/1959



What is the length scale?



Problem – non-linear scaling

FY=K X



Allometric scaling



Things change with the scale!



How small is 1 nanometer?



Particle configuration matters



Nanotechnology – revolution of modern era



4 generations of nanostructures



Abundance of nanostructures



How to study the structure of solids?

• By sight – microscopes: optical, (SNOM), 
TEM, SEM

• Wave phenomena: transmission, reflection, secondary
emission

• By touch – scanning probes: STM, AFM, 
MFM, EFM, LFM etc.

• Particle interactions: attractive, repulsive



Torsion balance – Cavendish (1798)



Profilometer – Schmalz (1929)



STM – Rohrer, Binnig (1981)

Nobel Prize in physics in 1986 – (semi-) conducting materials.

(IBM Zürich)



Scanning Tunneling Microscope



Electron tunneling



Atomic resolution in STM



AFM – improved STM

Binnig, Quate, Gerber (1986)



Comparison



What is AFM?

AFM images are surface property maps taken

by sampling interactions occurring between

surface and a sharp scanning tip (R ≥ 1nm).



How AFM works?



AFM = raster scanning + height profiling



Piezoelectric scanner



Scanning probe



Scanning tips



Detection of a lever deflection



Deflection modes



Imaging modes

• Contact mode: repulsive tip-sample
interaction due to close approach (less than
1 nm)

• Tapping mode: intermittent tip-sample
contact due to tip oscillation (distance
between 1 and 10 nm)

• Non-contact mode: attractive tip-sample
interaction at a distance larger than 10 nm



Contact mode



Tapping mode



Non-contact mode



Imaging modes



Tip-sample interactions



Imaging modes



PeakForce AFM



Quantitative Nanomechanical Mapping



Quantitative Nanomechanical Mapping



Measurement resolution

• Scanning tip geometry
• Curvature radius, tip apex

• External disturbances
• Thermal noise, acoustic vibrations, capillary forces

• Scanner characteristics
• Sensitivity, linearity, stability, repeatibility



What you get is not what you can see

AFM images are convolution of surface topography

and tip geometry



Tip functionalization



Atomic Force Spectroscopy



⚫ Multimode 8 + Nanoscope V 

(Bruker)

⚫ AFM + MFM + LFM + KPFM + 

CAFM 

⚫ Imaging in air/liquid

⚫ Modes: contact, tapping, peak-

force tapping

⚫ Tips: Scan-Asyst, SNL-10 (2 nm)

⚫ What you get is not what you 

could see: tip-surface 

convolution

AFM @ WMiI



Silicon gratings



S. Wilczyński, M. Petelenz, M. Florek-Wojciechowska, S. Kulesza, Sz. Brym, B. Błońska-

Fajfrowska, D. Kruk, Verification of the authenticity of drugs by means of NMR relaxometry –

Viagra® as an example, Journal of Pharmaceutical and Biomedical Analysis, 135 (2017) 199

Nanomechanical verification of drugs



Pure sildenafil, Viagra®, pseudo-Viagra



Cu-NPs embedded in glucose



Liposomes



Dried squash of sugar beets without enzymes



Dried squash of sugar beets with enzymes



Ag-NPs and the extract of raspberry leaves



Sample contaminations



Malignant (MCF-10A) vs. nonmalignant (MCF-7)
breast cancer



Elasticity of single cells



Elasticity of tissues



Stem cells



Rod-shaped Escherichia Coli



E. coli live vs. dead



Red Blood Cells



Human fingernails



Human hair



Hydrxyapatite (HAP)



MFM – magnetic tape (VHS)



Ti dental implants



Thank you for your attention!


