Understanding non-contact atomic force microscopy
imaging of insulators in water
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Atomic Force Microscopy in liquids Simulation meets experiment:
Images and movies of biological systems in  Atomic resolution images on flat surfaces in Calcite (10 i4) surface in Water
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Free energy as function of tip-surface distance z takes
into account entropic force contributions from water
molecules in hydration layers

Benchmarking: free energy calculations of a fully
solvated CaF, nanocluster tip over different sites of the
CaF, (111) surface in NVT or NpT ensembles at room
temperature, using atomistic interaction potentials

Simulated frequency  shift
iImages obtained with our virtual
AFM, using a force field derived
from the free energy
calculations with a

calcite tip, agree very

well with experimental

FM-AFM images [1]
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Free energy calculations are accurate, but computationally demanding
B. Reischl, M. Watkins and A. S. Foster, J. Chem. Theory Comput. 9, 600-608 (2013)

Simulated spectroscopy images

Using ultra small cantilevers This will help establish the link between the images seen
with over 10x higher oscillation by AFM, and the atomistic, as well as collective,
frequencies, the resolution in processes that can be observed in the simulation
FM-AFM spectroscopy has
been significantly increased in
recent experiments [1]

Force from local water densities

Sharp AFM tips that expose an OH group, or Then, the free energy profile of a
strongly bind a water molecule will interact "water molecule tip" can be calculated
strongly with individual water molecules in directly from the local equilibrium
hydration layers. water densities:

AF(z) = —ksT'In(p(z)/po)
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Simple model is computationally cheap, but not always applicable ©
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